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EMERGENCY BRAKING OF FAST RUNNING LOADING / UNLOADING HOISTS
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Abstract: Cranes integrated in the logistic chain are vital elements to ensure safety and economic efficiency of transport. So safety is an
essential factor for service of cranes in nuclear plants or metallurgical plants. For service of ship-to-shore-cranes the economic efficiency is
an additional dominating aspect. A main assembly of every crane is the hoist. Following is shown, which internal forces occur in the
components of a hoist with safety brake and are to be considered while dimensioning. In addition a concept for the design and the control of
the braking system is shown in order to reduce the internal forces in hoist components of the rotational part of the drivetrain as couplings
and gearing.
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the drive train occurs. Especially the case of emergency-off is
considered here with its special chronological scenario.

Due to instationary service hoists are dynamically loaded A
structures. Especially for the case of emergency-off of safety a
oriented hoists with a safety brake on the rope drum disc high
dynamic internal forces occur in the drivetrain [1, 2, 3]. Thus exists
the risk of component failure, which can be observed in practical
applications. The failure of a component, especially the hoist
gearing, results in consequences relating safety and availability and X X
is to be prevented. Thus a target oriented approach in planning of
open winches is of special relevance.

1. Starting point

. v<0, a>0 v>0, a>0
2. Hoist structure Braked lowering Accelerated hoisting

\4

Generally hoists consist of a drive train, to the ends of which
loads are applied: At one end the motor and the brake are located, at v
the other end the load is attached. At safety oriented hoists as in
ship-to-shore-cranes (Fig. 1), in nuclear plant cranes and in cranes
for transporting molten metal this looks a little bit different.
v<0, a<0 v>0, a<0
Accelerated lowering Braked hoisting

Fig. 2 Container Terminal Wilhelmshaven.

4. Reference system

For a closer look a partly redundant hoist with safety brakes is
considered (Fig. 3).

Fig. 1 Container Terminal Wilhelmshaven.

To cover a rupture of the drive train an additional safety brake Holding brake Holding brake
is located on the board disc of the rope drum mostly. Thus a load
can be applied in the middle of the drive train [1]. In comparison to Motor
the general hoist structure a modified dynamic behavior of the hoist
is the consequence.

Motor

3. Braking process

Aligning coupling E

$ Rope drum coupling

Aligning coupling

Gearing

It is task of brakes in hoists, if required, to stop the hoist within
a certain time or without exceeding a certain further hoisting
distance or lowering distance. Subsequent the hoist is to be hold in
the reached position in the first instance. Rope drum

Rope drum

$ Rope drum coupling

During deceleration a braking torque must be delivered by the
brakes. Amount and direction of the braking torque comply with the
considered load case, which can be understood as the transition
between two service conditions. The service conditions respectively
the transitions between them can be visualized in the four-quadrant-

diagram (Flg 2) Rope drive Rope drive

The actions of motor and brakes during a braking procedure are
not permanent. In fact a sequence of omitting and adding loads on Load

y
L)
y
¥

Safety brake
Safety brake

Fig. 3 Reference System.



Central element of the hoist is the gearing. The load is
suspended by a load attachment device and a rope drive with 8/2
reeving. Both ropes are running onto a drum each, which are
coupled with the gearing output shafts. On the board disc of each
rope drum a safety brake is located. The hoist is driven by two
motors which are connected to the gearing input shafts. On the
motor shafts axis a service brake is located each.

The reference hoist is described by following data:

Motor speed n;=1500min™
Hoisting speed vy=45m/min
Mass motor shaft 0,=20kgm?
Mass rope drum shaft 0,=500kgm?
Mass load attachment device m_av=10t
Mass SWL Mgy =52t
Radius rope drum r=0.5m
Gearing ratio ic=26.2

Rope drive ratio is=4

Service brake torque Mgg=5.8KNm
Dead time service brake tiotee=0.4s
Safety brake torque Mgg=130kNm
Dead time safety brake tiotsg=0.1s

Gearing stiffness c=4e4Nm/rad
Clearance drum coupling s=3°

5. Load cases

The hoist underlies in service different load cases, described by
following parameters:

= Concerning the direction of movement holding, hoisting
and lowering can be distinguished.

= Concerning the variation of speed constancy, acceleration
and deceleration can be distinguished.

= Concerning the load suspended at the rope drive loads
from dead load (load attachment device) to full load (load
attachment device plus safe working load) may occur.

Concerning the internal forces are switching processes of
interest. In doing so changes between following service conditions
can occur:

Suspended load
Hoisting
Lowering
Service-stop
Emergency-stop
Emergency-off

Following load cases are considered, which will lead to high
internal forces in the drivetrain by trend. Considered is the case of
emergency-off for a hoist, which disposes of a fast acting safety
brake and a slow acting service brake. Emergency-off means, that
energy supply is cut off spontaneously and all components react
accordingly. The motor torque is omitted and the brakes apply
mechanically.

6. Kinetics

For the hoist represented as a rigid body model the behavior of
load speed over time can be calculated. As a result for example the
speed over time for different mechanical braking scenario out of
hoisting/lowering the dead load are gained (Fig. 4).

The rigid body approach does not consider elasticity and
clearance in the hoist system. Accordingly it is of interest to
investigate the influence of these properties. Therefore the rigid
body model is expanded by adding the elasticity of the gearing and
the clearance in the rope drum coupling.
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Fig. 4 Speed characteristics for braking dead load

7. Braking during hoisting

Examinations show the special relevance of the load case
emergency-off out of hoisting the maximum load.

As observed the deceleration of the hoist occurs quickly.
This is caused mainly due to the braking by the high load.
Thus the deceleration process is finished as fast that the
service brake (holding brake) with greater dead time in
general is not or fairly not coming into action anymore.
Firstly the torque for braking the motor mass is supplied by
the load and the safety brake and transferred to the motor
mass via the drive train.

With several assumptions the maximum relative gearing
input torque for braking with the safety brake out of hoisting
(+) or lowering (-) is calculated as

IlereI max ¢5(MF(LF x BFSB)_ LF)+ LF

Here the torque jump resulting out of the change of
service condition according to the rigid body model is
assessed with the dynamic factor for drives ¢s corresponding
EN 13001-2 [4].

The dynamic peak torques (Fig. 5) can occur, as far as
they are supported by the static load, braking torque and
inertia torque. Details regarding this are to be determined by
an elasto-kinetic analysis. It is obvious for the considered
load case that internal forces resulting in the drive train are a
multiple of the static holding torque.
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8. Braking during lowering

Analyses show that especially the load case of
emergency-off out of lowering the dead load is of interest.

Emergency-off immediately initiates switch-off of the
motor and activation of the safety brake. For the mentioned
data a maximum relative gearing input torque of
Mg rel max = 8.9 is calculated (Fig. 6). That means the gearing
torque is factor 8.9 higher than the maximum static loading
of the drive train.

During lowering the hoist is driven by the load, which is
hold in steady state condition by the motor. When the safety
brake gets into action, the stoppage is executed very fast for
this case as well. On one hand this is caused by the low load
level, dead load. Assuming clearances in the drive train (in
gearing and/or couplings) it is expected furthermore, that a
flank change will occur. During this the motor side masses
and the braked load side are uncoupled. Respectively the
motor side masses need not to be decelerated.
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Fig. 6 Gearing torque according to elasto-kinetic hoist model

At an appropriate constellation the load side will stand
still before running through the clearance is finished. In this
case after running through the clearance a shock will occur.
The motor side pitches on the standing load side. Toothed
wheels and bearings in the gearing are loaded significantly
by this shock. A special shock load may occur to the
bearings of helical gearings. In this case the shock is led in

axial direction of the shafts and with it on the roller bearing
acting as fixed bearing.

9. Gearing loading

From the calculations maximum internal gearing torques
much higher than according to static or rigid body
approaches can be derived. Especially in the gearing such
shock-like internal loads appear after running through
clearances in relation with Hertzian contacts (toothing, roller
bearings). To ensure safety such maximum internal loads
must be covered statically. To ensure durability such
maximum internal loads should not lead to pre-damages,
which would lead to fatigue under further service loading.

10. ,,Intelligent* braking

As measure to reduce peak values and amplitudes of the
internal loads is considered: Synchronous and balanced
action of all brakes participating in the braking process, here
the service brake and the safety brake. This leads to a direct
participation of the service brake in the braking process. This
ideally results in a switching scenario with dead times of the
service brake and the safety brake of Atgg= Atsg=0s.
Requirement is a holding of the motor torque until both
brakes get into action.

Remains the question with which amount of torque the
safety brake and the service brake should act. Favourable
would be braking in a way that the quasi static internal
torque before braking is still present during braking.
Assuming these requirements given for the structure of the
reference hoist following braking factors for the safety brake
and the service brake for the braking out of hoisting (-) or
lowering (+) are calculated:

g

BF,, = F| LF + MF 2= 2@
M At

Oses A0

BF, = F(1— MF) AT
st

For the reference hoist the brake factors and their sums
are calculated as shown for braking out of hoisting (Fig. 7)
and out of lowering (Fig. 8).

2,5

Hoist with balanced braking:
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g. 7 Braking factors for braking out of hoisting
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Fig. 8 Braking factors for braking out of lowering

For braking out of hoisting the safety brake has to be
applied to a little account only (BFsg=5%-12%). The service
brake has to deliver a significant torque under partial load.
With increasing loads up to full load the braking torque of
the service brake is decreasing continuously (BFgg=92%-
8%).

For braking out of lowering the safety brake has to
deliver only a small torque (BFsg=5%-12%). The service
brake has to deliver a significant torque under partial load.
With increasing loads up to full load the braking torque of
the  service brake is  increasing  continuously
(BFgs=124%-208%).

11. Conclusions

For the higher internal loads occurring especially due to
emergency-off [3] the hoist may be not dimensioned
reasonably and efficiently. Assuming a corresponding hoist
concept this also applies for emergency-stop, a load case
occurring more often. Accordingly measures have to be
considered in order to reduce internal loads induced to the
drive train. The internal loads in the drivetrain are reduced
especially by “intelligent braking”. Ideally the braking
process is designed in a way, that during braking in the
drivetrain between motor and safety brake the torque during
static hoisting is present also. Hereby the maximum values as
well as the amplitudes of the internal forces are reduced
significantly. Suitable measures to be applied are:

= Reduction of clearances and increase of system
elasticity. As result shocks can be reduced and
absorbed, as well as internal loads are reduced in
connection with system damping.

= Minimization of dynamic effects. Following EN
13001-2 [4] this may be realized by little clearance
and a gradual implementation of the braking torque.

= Reduction of mass factor MF. By a small share of
the motor mass in relation to the total mass of the
drivetrain the torque put through the gearing is
reduced.

= Minimization of brake factor BFsg. A small braking
torque of the safety brake generally leads to less
braking action and reduced internal forces.

= Braking action synchronous to motor switch-off. Is
he motor moment decreasing before braking action

takes place, the drivetrain is relieved slightly. The
resulting internal forces can be prevented by
synchronity of the events.

= Synchronized application of safety brake and
service brake. In order to prevent torques put
through the drive train a synchronized application of
both brakes is inevitable. As a result the collision of
the non-braked massive drive side mass (motor) and
the braked load side mass (rope drum) is prevented.
Corresponding shocks in assemblies with clearances
as gearing and rope drum coupling are reduced. In
typical hoist structures the dead time of the safety
brake is significantly lower than that of the service
brake. An expandation of dead time of the safety
brake in most cases cannot be accepted.
Accordingly a suitable approach is to shorten the
dead time of the service brake [5].

= Balanced braking torque of safety brake and service
brake. For adjusting the torques in the drive train
defined braking torques at safety brake and service
brake are required. Advisable is the balancing of
both braking torques according to the energies to be
dissipated at the locations of brakes. These braking
torques depend on the service condition and the
suspended load. Brakes with controllable torques
are applied ideally. For cranes they are not state of
the art today. Instead of the step less adjustment of
torques a stepped adjustment of braking torques
may be considered. This is realized by a parallel
arrangement of several smaller brakes at one
braking location. Hereby an approximation of the
ideal condition is achieved.
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Abstract: Collaborative product design is an approach for supporting designers connected by network, to participate in distributed and
dynamic product development environment. In the globally competitive business environment, collaborative product development has
become an important strategy for enterprises to reduce risks and enhance their competitiveness. Nowadays, designers usually interact with
teams of distributed stakeholders using information and communication technology, aiming time/cost reductions and quality improvement. In
new product development, the buyer-supplier relationship is changing. Using 4 case studies of small and medium-sized suppliers of a
medium-sized Bulgarian enterprise doing business in the LED lighting industry, the author recognize several problems resulting from the
interaction and coordination between customer and supplier in new development processes.
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1. Bweeoenue

Juec cmocoOHOCTTa Ha OW3HEC OpraHU3aLUHUTE a MOJI3BAT
3HaHMSA OT BBHIIHATA Cpela Ce CYUTa KIIOYOB EJIEMEHT Ha
MHOBAaTHBHHUTE CHOCOOHOCTH. J[HEC MHOBAIIMUTE BCE MO-MAJKO Ce
peanusupar B OTAEIHH JaO0paTOpUH U OPTaHNU3alMOHHU 3BEHA, a B
JOTUCTUYHHM BEPUTH W OW3HEC MPEXKH, KOHTO BKIIOYBAT H
JOCTABUHUIHN Ha PECYPCH U KOMIOHEHTH.

3a nmpeojoNisiBaHE HAa HEOINPENAEICHOCTTa, CBbpP3aHa CbC
comeHaTHsi (GakT HacTosimata pabora MMa 3a el Aa U3y4d
NPUHIWIIHATE BPB3KH MEXAY CHAOIsIBaHETO C pecypcu |
MHOBAIIMOHHATA JEeHHOCT Ha OM3HEC OpraHH3alUHUTE U /a2 HACOYH
BHHUMAHHETO BBPXY €JHAa OT OCHOBHHTE ICHHOCTH, CBBP3aHH C
PECYPCHOTO OCHUTYpsIBAHE — MPEIHM3HUAT MOJ0OP HA JTOCTABUHIIH,
MpUTeXKaBallld 3HAYUTENEH MOTEHUMall Jia JIoIpuHecaT 3a
WHOBAaTHBHOCTTa Ha OW3HEC OpraHu3aluuTe. 3a Ja Cce H3ydaT
XapaKTePUCTUKUTE HA TAaKWBa JIOCTABYUIM € W3BBPIICH OOII
JUTEpaTypeH Mperiea U ca WACHTH(OUIMPAHU XapaKTePHUCTUKHUTE,
KOWTO Ca TMIIMYHU 33 MHOBATHBHHTE AocTaBuniid. Ha Tasu ocHoBa
MOXE Jia Cce MOCTHTHE pa3BUTHEC Ha TPAAWLIHOHHHA, OaszupaH
pa3xou Moaxos 3a n300p Ha TOCTABYHIIH.

JIOrHYHO BB3HHKBA BBIPOCHT 32 HACHTHOHIMPAHETO Ha
JOCTaBYHIIM, KOMTO MO3HABAT CBBP3AHHTE CHC CHTPYIHUYECTBO
npobieMn W KOWTO OWXa HManum IPUHOC 3a Ch3JaBaHe Ha
HWHOBATHBHU pelleHus. Jpyr 3HauuM mnpoOiem e cBbp3aH ¢ Ou3Hec
OpraHM3alliM, KOUTO Bb3HAMEPSABAT Ja MOBMILAT WHOBATHBHOCTTA
CH 4Ype3 Ipelu3eH Moadop Ha JOCTABYMIM, KOMTO aKTHBHO [a
ObIaT BKIIOYCHH B MHOBALMOHHH IPOEKTH. JIo MOMEHTa B
CrenManu3upaHaTa JuTeparypa HiMa JaHHU 3a CICLHHAIH3HPAHO
CPEICTBO WIIM CHCTEMa OT KPUTEPHH, KOWUTO Ja ce MOJ3BaT 3a
npeuu3eH 1oadop Ha HMHOBaTHBHM jocraBudim. Llenara Ha
HacTosimara pabora e na ce pa3paboTiAT MPEIIOKEHUS 3a TaKhBa
KPUTEPHH.

OT MHOTO TOJMHH JOCTaBYMIUTE, TOJOOHO HO MOTpeduTenure,
ce CYMTaT 3a 3HAUYMM M3TOYHHUK Ha mHOBauuH [1]. Upes m3momsBane
Ha pecypcuTe, YMEHHUSATa U CIIOCOOHOCTUTE Ha NOCTABYMIUTE WU
Haii-Beye aHTaXUPaHOCTTa UM TP TPOEKTUpaHe, OW3HEC
OpraHU3alyUTe MOTAT Ja MOIIBPKAT W 3aCHIIBAT KOHKYPEHTHOTO
CHM TpeIMMCTBO  upe3:  pexylnupaHe Ha  pasXoAuTe U
NPOJBIDKUTEIHOCTTA Ha JKU3HEHWs LHUKBI 3a Ch3/aBaHe Ha
NPOJYKTUTE; Ch3JjaBaHe Ha KbCTAMHU3UPYEMH MPOJYKTH; IIOCTUTaHe
Ha MHOT'O BHCOKO KaueCTBO Ha MPOJYKTHTE.

IIpu cepBMecTHOTO pa3paboTBaHEe HA MPOAYKTH BHUMAaHHETO €
OWIo0 BBPXY CBBP3BAaHC HA HW3WCKBAaHMATA Ha CH3JATEIUTE Ha
MPOAYKTHTE C TJEeJHaTa TOYKAa Ha JOCTABUMIMTE Ha Oa3zaTa Ha
TpaJUIMOHEH NOAX0] Ha uHTerpupane [2]. Ha npuoOmasaneTo Ha

JOCTABYHUIIUTE HE CE € OT/ENSUIO 3HAYMMO BHUMAHKE. 3aTOBA MHOTO
MCHHDKBPU CUHMTAT MPOLECa 32 WHTETPUPAHETO HA [OCTABYHIIUTE
Karo yepHa Kytus [3], [4].

Ilenta Ha HacTosmara paboTa € M3SICHABAHE Ha CHIIHOCTTA Ha
mmpomeca Ha CBHBMECTHO pa3paboTBaHe Ha MPOAYKTH MEXIY
Ch3aTeNIM M JIOCTAaBYMIM M OCOOCHO BBPXY HACHTH(HIMpPAHE Ha
npo6aeMHTe, CBBP3aHHM C ONEPAaTUBHOTO yMpaBIEHHE Ha Mpolieca
Ha CBbBMECTHO paspaborBane. IIpeanokeHu ca cpeiacrtsa H
HPOLIEYPH 3a IIPEOJI0NABAHE HA IPOOIEMHTE.

2. Hoenmugpuuyupane na oOocmaeuuuyu, Koumo
nomenyuanno  mozam  0a  O0onpunecam  3a
Op2aHU3AYUOHHUME UHOBAYWUU

Enna ot ocHOBHUTE cnabOCTH Ha CBBP3aHUTE C WHOBAIIMHUTE
nyOMMKanuy € JIMIcaTa Ha $ICHO OIpeAeleHHEe 3a IOHATHUETO
uHOBamMsA. Ta3m HeACHOTa 3aTpydHsBa CpaBHSABaHETO Ha
HMHOBaTHBHOCTTA Ha OM3HEC OpTraHU3aI|HTE.

B OwuwsHec acmekT 3HAYUTEIHO [OMNBJIHEHHE KbM oOIaTa
npencTaBa 3a MHOBALHS € 00EKTHT, CBbP3aH C MHOBALHATA — HOBOCT
3a OTAeNHa OW3HEC OpraHW3alus WIM HOBOCT 3a IislaTa Ou3HEC
cpena. Ako ce B3eMe TI0J] BHUMaHHE OCHOBHATA 1€ Ha HACTOSIIATa
pabota — WICHTUQUIMPAHETO HA JOCTABYHIM C MOTCHIUAITHO
MaKCHMAJICH TPUHOC 3a WHOBaTMBHOCTTa Ha ¢IHAa OW3HEC
OpraHu3aiys, THOBAIMUTE TPsIOBa Jia ce Pas3IIIekKIAT KaTO HOBOCTH
3a oTHejHA opraHu3anus, 0e3 Ja ce pasriiexaa HOBOCTTa B Ou3Hec
cpenara.

B T031 cMHCHII HHOBAIMHK ca HE CaMO pa3pabOTBAaHETO HAa HOBHU
NPOJAYKTH, HO W TpHJaBaHe HAa HOBH XapaKTEPUCTHKH Ha
CBIIECTBYBAIIH MPOAYKTH, 3aMsIHA HA MaTepHAIH 3a MPOIYKTH WIN
BBBEXKJaHE HO HOBO oOopyaBaHe m TexHomoruu. OT Tasu riemHa
TOYKa HE CaMO CyOeKTH HaJ0dy TII0 JIOTHCTHYHATa BEpHUTa
(moTpedbutenu, IUCTPUOYINOHHYN KaHAJIM), HO M MPEAXOAHH 3BEHA
(mocTaBYMIM) MOTAT Aa MrpasT 3HAUYMMA POJIs 32 MHOBATHBHOCTTA.
T. e. THec B3auUMOAEHCTBUATA ,,[IPO/IaBaU-KyyBau~ UMAaT KPUTHUCH
xapakrtep. 3aToBa H300pBT Ha TOYHHTE IOCTAaBUHMIM, KOUTO OMxa
MOIJIM Jla JIONPHHEcaT 3a MHOBATHBHOCTTA HAa eJHAa Ou3Hec
OpraHm3anys ce MpeBpbhIa B HOBA 3HAYMMA 3ajada Ha PeCypCHOTO
OCHUT'YpSIBaHE.

XakancoH U Epukcon [5] koHcTaTHpaT Bpb3Ka MEXIY
PECYPCHOTO OCHI'YpsIBaHE M MHOBaTHUBHOCTTa KaTo ce 0Oa3upar Ha
uaesTa 3a Mpexure. OT TakaBa IJIe[HA TOYKA HOBHUTE HJIEH C€
pa3paboTBaT B TECHHM B3aMMOACHCTBHSA C MpeXa OT MapTHHOPH,
KOeTo MMa 3a e(peKT KoomepaTuBHa MHOBATHBHA MOIIl, Oa3upaHa Ha
JedHocTHTe Ha KOHTpareHTuTe. OO0 CXBallaHe IPH CBBP3aHUTE C



MHOBAIIMUTE MOAXOAU €, ue OW3HEC OpPraHM3alMUTE HHUKOTAa HE
WHOBHMpAT u301MpaHo. Te BHUHArM B3aUMOJEHCTBAT C ApPYrU
OpraHu3anuy 3a npuaobuBane, odoraTsBaHe ¥ OOMEH Ha Pa3IHYHU
BUIIOBE 3HaHuWs, MHGOpPMALUS W IPYrH pecypcu. 3aToBa OusHec
OpraHm3alMUTe HE TpsOBa Ja Ce TpPeTUpaT KaTo H3O0JIUPAHU
CyOeKTH, KOMTO B3UMAT PEIICHUSL.

AKO ce BB3IPUEME CHCTEMEH TOAXOJ KbM WHOBAIHHUTE,
BB3HUKBA BBIIPOCHT, KOW H3BBPIIBA WHOBALUHTE. TPagUIIOHHOTO
CXBalllaHe €, Y€ TOBA Ca OTJEJIHH JIMIA WIU OTJAECIHU OpraHu3aIiy.
Opuman u Cpore [6] 3acTbmBaT Te3aTa 3a T.Hap. ,,MpexoBU
WHOBAIIMK~ KaTo MPOTHUBOIOJIOXKHOCT Ha T.Hap.”300perarencku
nHOBarMy”  (M300peTeHHs, KOUTO ca  IpPEANoCTaBKa  3a
KOMEPCHAIIM3UPAHETO Ha HMPUHIMITHO HOBU IPOAYKTH) M Ha T.HAp.
»JlabopaTopHn wWHOBamMK’ (MPH KOWUTO 3HAYUTENHH EKUMU OT
CBTPYAHUIN CHUCTEMAaTHYHO YCBBBPIICHCTBAT MPOLECH WU
HNpOAyKTH). MpEXOBH HHOBAIlMM BB3HUKBAT KOTATO AeiCTBAIIN
JMI[a OT pa3IMYHU OpPraHMW3allMk C pa3IndHu 0a3u 3HAHHA
CbueTaBaT YCWJIUATa CHU U IO TO3M HAaYMH YCHBBPIIEHCTBAT
CBIIECTBYBAIM NMPOAYKTH U JOPH CH3aBaT HOBU IPOAYKTH. 3a
pasnuka oT Jo0pe CTpyKTypHpaHaTa Hay4YHO-H3CIIeOBaTeNICKa
JEHHOCT MpPEXOBHTE WHOBAIlMM BB3HUKBAT CIHOHTAaHHO 0e3
TIaHUpPaHe.

dokychT Ha Hacrosmara pabota € BBPXY CHBMECTHOTO
pa3paboTBaHe HAa WHOBAIMU YpEe3 WHTETPUPAHE Ha JCHHOCTTAa Ha
JIOCTaBYMIIATE MIPU pa3pabOTBaHE HA HOBHU MPOAYKTH HITU MPOIIECH. .

Ilpn nyOnmkaumure, CBBbpP3aHM C HU300pa Ha JOCTABUMK
BB3HUKBAT pa3zInyHu Kiacuukanmu. EpxHa TakaBa cxema 3a
KIacu(pUIUpaHe € IbPBOHAYAJIHO OLCHSBAaHE HAa WHOBATHBHUTE
CIIOCOOHOCTH Ha JOCTaBYMIUTE MOCIEIBAHO OT IPYNUPAHETO UM U
neuHUpaHe HA TUTIOBETE AOCTaBYMIM [7]. JlocTaBuumuTe OT T.HAp.
»Ipyna A” ca cuiHO MHOBaTUBHU. Te ca B ChCTOSHHE J1a Ch3OaBaT
TEXHOJIOTMYHO HACHTEHH 3aBBPIICHH TMPOAYKTH H Tpeuiarat
MbCTpa MANUTPa OT BB3MOKHOCTH 3a mapTHupane. Haii-cma6o
WHOBATHBHH Ca JOCTABYHUIIUTE OT T.Hap. ,,rpyna C” kouTo ca ciabo
CIIEIMAIM3UPAaHN U ONepUpaT B 3HAYUTENCH Opoi WHAYCTpUATHU
cekropu. [lpyra cucrema 3a kinacu(pUKalys Ha JOCTaBUMIHUTE €
paspaborena or Kaydpman um xom. [8] u ce ocHoBaBa BBpXY
CXBAI[AHETO 3a T.HAp. ,,TeXHOJOTHYHU eKCIIePTH .

Jpyr 3HauuM MOMEHT, CBBp3aH C OpraHU3ALMOHHUTE
MHOBAIMY, € KalalUTeThT 3a Bh3IPHEMaHe Ha HHOBALUH OT On3HeC
opranusauuute. busHec opraHuzanuuTe Morar Aa M3BJIMYAT MOJI3U
OT KOONEepHpaHe IpU WHOBAMM IPH OINpPEAEICeHO HUBO Ha
cooctBenn cneuuduunn 3HaHuUSA [9]. Koraro craBa BBIpOC 3a
JOCTAaBUUIM, T€ TpsiOBa Ja NPHUTEKaBaT ONPEAECHO HHBO Ha
KOMIIETEHI[MH 3a Ja MoraT Ja HMaT IIPHHOC NPH HHOBAIUH.
Ch3aarenute Ha KpaliHU OPOLYKTH (BB3JIOKUTENUTE) € JOBEPSABAT
Ha KOMIICTCHIMMTE Ha JOCTaBYMIHTE, 3aTOBa CIIOCOOHOCTTA Ha
JOCTAaBUMLIUTE Ja HaMupaT pelleHus Ha TnpobilemMu M Ja
YIOBIETBOPSBAT M3UCKBAHUA € KIIOYOB (DAKTOp 32 MHOBATHBHUTE
pesyaratu [10],[11]. Ot Ta3u rnexHa Touka ca WACHTH(UUMpPaHH
napaMeTpuTe Ha HMHOBATUBHOCTTA Ha gocraBuuuure [12]. Korarto

CIWH Cbhb3aaTei1 Ha KpalePI IPOAYKTHU KOHCTaTupa
HCYJAOBJICTBOPUTECIIHU napamMeTpu Ha CIIOCOOHOCTHTE Ha
J0CTaBYNIH (SHC oATrOTBEHU CbTPpYyAHUIIN, HEToaAxo s

UH(POPMALIMOHHN CHCTEMH, 3JI€ pa3paboTeHa JOKyMEHTAlUus U Jp.)
YCHENIHOTO CBTPYJHUYECTBO € 3acTpamieHo. IIpoekraHTckuTe
CMOCOOHOCTH Ha JJOCTAaBUHIIUTE, MPOLECUTE UM U TO3HAHHUATA UM 32
MNPOJYKTUTE M JIOKA3aTENCTBaTa 3a TAX (cepTH(HUKATH 3a KauecTBo,
pedepeHIMM U T.H.) ca MHAUKATOPH 32 MHOBAaTHBHH JOCTaBUHIN
[13]. Kanpan u Tpaiin [12] paskpuBar, 4e HHOBATUBHUTE
JOCTABUUIM Ca AaHTAXHPAaHH B MHOXECTBO KOJIaOOpaTHBHH
OTHOIICHUSI M B pasiMyHM (OPMH Ha CHTPYIHHYECTBO (Om3HEC
MpEXH, KIBCTEPH, AINAHCH, BUPTYaIHH OPraHH3all1 U T.H.), a HE
caMO B OTHOUIEHHA C €AWH KymyBad. MHUHAIUAT ONHT Ha
JOCTAaBUULUTE B pa3sIMYHd (GopMH Ha CBTPYAHHYIECTBO €
HMHJIUKATOP 3a CHOCOOHOCTUTE UM J]a HHOBUPAT.

Koraro nocraBumiite mpuTekaBar IIOTEHIUAT 32 IIPUHOC KbM
HMHOBAILMOHHUTE MPOLECH Ha Ch3JaTeNInTe Ha MPOJYKTH TOBA HE ce
MPOsIBSIBA aBTOMATHYHO, a MOCPEJCTBOM B3aHMOJAECIHCTBHE MEXIy
JIBETE CTPaHU. YCIIEXbT Ha CH3AaBAaHETO HAa HOBH INPOIYKTH H
CIIOCOOHOCTTa 32 MHOBHMpaHE 3aBUCAT OT KauecTBOTO Ha
CBHTPYAHHYECTBOTO MEXIY CB3AaTeNd MW JocTaBumnd [ 14].
PesynTaTute oT M3BBPLICHN IPOYYBAHHUS II0OKA3BAT, Y€ 32 ycIexa Ha
pa3paboTBaHETO HA NPOJYKTH CIOCOOHOCTTAa 3a KOOIEpHpaHe Ha
JNOCTABUULIMTE € [Ba [bTH MO-BXHA OT TEXHUYCCKUTE
KomnereHuu Ha cw3parenute [15]. Uen u kon. [16] crurar po
U3BOJa, Y€ Hali-peleBaHTEH IIOKa3aTel 3a OLCHSABaHE Ha
JOCTABUHULIUTE € KaYeCTBOTO Ha B3aUMOJICHCTBUE C TSIX.

Bpp3kara ,,Cp3maren Ha MNPOAYKT-JOCTaBYMK® HWMa TaKOBa
3HAUEHHE 3al[0TO B INpOIlleca Ha MHOBALMM C€ Ch3JaBa CTOIHOCT,
YHIHTO 00XBAT HE MOXE Jia Ce MPenBUAU. ToBa Ch3aBa MpoOIeMHU
NP TPEIBapPUTETHOTO JIOTOBOPHPAHE HAa OYAKBAHUTE PE3YJTaTH.
TpsibBa na chinecTByBa yOeAEHOCT, 4Ye I MMa CIIPaBEIUIUBO
pasmnpezneneHne Ha TMOJ3UTE, KOUTO Ie ce momydar. be3 TakaBa
YBEPEHOCT CBOOOMHUAT OOMEH Ha ujeH me Obnae 3acTpamieH. bes
mporec Ha oOMeH mie ObJe TBHpJE TPYAHO Aa Ce WHOBHpA. 3aTOBa
MOJKE J]a Ce HalpaBH 3aKIIOUYCHHUETO, Ye TP WHOBAIIMU Bpb3Kara ¢
JOCTAaBUULIUTE Ie Obje IMO-IUIOIOTBOPHA, aKO Ch3IATEIUTEe Ha
MPOJYKTH MMAT YBEPEHOCTTA, Y€ MO-CIA0UAT KOHTPOJ HAMA Ja TH
HampaBu  ys3BUMH. MoraTr jga ce pa3nuyar JBa  BUzA
B3aMMOOTHOIICHUA Me>1<11y Ch31aTC/IM HA HpO}lyKTI/I U J0CTaBUYHUIIU
[11]: TexHWYecKH (ISIOBO KANUTAIOBO Y4YacTHE WM CHBMECTHH
WHBECTHUIINN); OPHUECHTUPAHU KbM CTOWHOCT rapaHnud (HOpMH Ha
noBefeHue). TakuBa HOPMH ca CONUAAPHOCT; XapMOHH3UpaHE Ha
BB3HUKBAIM KOH(JIMKTH, TOYTEHOCT HA HW3MBIHSBAHUTE DPOJIHU;
KOPEKTHOCT Ha H3IIOJI3BAHUTE CPEJCTBA; B3aMMOIIOMOII; OTKPUTH
KoMyHHKaiuu u Ap. llpoyusanms [17] mokasBar, dYe Haii-
pEJICBaHTHU TMOKa3aTelNd ca aHraKHUPAHOCTTA Ha CTPAHUTE H
noBepuero. Te ca OCHOBHM TPENNOCTaBKM 3a KayecTBOTO Ha
B3aHMOJICHCTBHATA.

ColuecTByBaT rpyna (pakTopy, KOUTO UMAT KOCBEHO BIIHSHHE,
HO Ca 3HAYMMH 3a YCIICLIHHTE B3aUMOJACHCTBHS NPH pealu3upaHe
Ha MHOBauuu. XakaHcoH [ 18] uneHTuduuupa Tpu XapakTepHUCTHKH
Ha NMOJXOAIINTE NAPTHROPH TIPH pPea3upaHe Ha NHOBALMH: 1A ca
Ha Pa3IOJIOXKEHUE; 1A IPHUTSKABaT HEOOXOMUMHS IPOH3BOJCTBCH
KalaIuTeT; Jla ca ce JOoKa3alu KaTo HapTHhOpH. Pesynratm ot
NPOYYBaHUS IIOKa3BaT, Y€ PETHOHAIHUTE B3aWMOOTHOIICHHS
(dopmupar 70-80% or CBTPYAHUYECTBOTO, JIOKaTo
MEXIYHAPOIHOTO KOOIEpHpaHe € Mo-ckopo m3kimodenue [18]. Ha
HPBB MOIVIE] 3HAYEHUETO Ha OJIM30CTTa Ha KOHTPAreHTHTE 3BYYH
HEJIOTMYHO B KOHTEKCTa Ha ChbBPEMEHHHMS MI0OAM3MPaH TUTHTAICH
cest. Crient eydopusiTa Ho eNeKTpOHHHUS OM3HEC NMa MHIUKAINA 32
IpeyBeNyaBaHe Ha 3HAYEHHETO Ha eNIEKTPOHHHUTE THPIKHIIA.

3. IIpoexmno COMPYOHUYECM 80
paspadomeane HA HOGU NPOOYKMU

npu

BB3MOXHH ca pa3MUHM MEXaHH3MH Ha CBHTPYIHUYECTBO,
KOHMTO MOTarT Jja ce KJIacH(UIUpAT CIIOpe] THIA U WHTEH3UBHOCTTA
Ha JIOTOBOpHHMTE OTHOmeHWs. Haii-3Haummure Qopmu ca:
pa3paboTBaHe TI0 JOTOBOp; KOOPJUHHMPAHO pa3paboTBaHe;
CBHBMECTHO pa3paboTBaHe.

Pa3paGoTBaHeTo MO 0roBOpP C¢ OCHOBaBa Ha OQHIHATHH
JIOTOBOPEHOCTH ¢ Ou3Hec OpraHu3anyy (JOCTaBYMLU U JIPYrd
Ou3Hec opraHm3anuy) 1 HHCTHTYIUH [19]. JloroBopuTe Onpenemsr:
obexture 3a paspaboTBaHe; 3amaunTe, KOMTO TpsiOBa 1a ce
W3BBPINAT; OrPAaHUYCHUATA, KOUTO TpsiOBa Ja ce OTYUTAT;
MIPOIBIDKUTEITHOCTTa Ha JIeHHOCTTa; (PMHAHCOBUTE OTrpPaHHUYCHUS;
YCIOBHUSATA 32 M3IOJI3BAHE Ha pe3yiTaThTe OT paspadorkara [19],
[20]. Bp3 ocHOBa Ha TakWBa JOTOBOPH JOCTABYMLIUTE M3IIBJIHIBAT
pa3BOWHH JIEHHOCTH HE3aBHCHUMO OT BbB3NOXHTeNs. CleqoBaTeIHO
BB3MOXXHOCTUTE Ha BB3JIOXKUTEIHUTE Ja BIMSAT BHPXY Ipoleca Ha
pa3paboTBaHe ca orpaHHm4YeHd. Pa3paboTBaHETO MO IOTOBOP HMa
CMUCBJI IIPY HEJOCTUT HA PECYPCH BbB Bb3jlarauniarta OpraHu3alus.
3a mpuwiaraHe Ha Ta3M (QopMa Ha CHTPYAHHYECTBO € OT



ITbPBOCTENIEHHO 3HAUEHHWE OOEKTHT Ha pa3paboTKa Ja € sCHO
neuHUpaH, pe3ynTaTuTe OT pa3paboTkara Ja ca KOJIMYECTBEHO
U3MEPUMU M PA3BOMHUTE NEMHOCTH Aa MOraT Aa Ce€ OTIENAT OT
npyru mpoektu [19], [21].

Koopmunupanoro paspadorBane ce 6a3upa Ha pasjeisHe Ha
3aJaunTe MEXAY aHTaXKHpaHHTe OW3HeC OpraHu3anud. ToBa
O3HAuUaBa, Ye BCSKAa OW3HEC OpraHu3alys ce KOHIEHTPHPa BBPXY
OIIpe/IeNICHN 3aJa4d WiIM KoMIoHeHTH. EnHm oT neliHocture ce
U3IIBJIHABAT CAMOCTOATEIHO OT BB3JIOKMTENSA, a NPU JAPYrd ca
AHTKUPAaHU M JocTaBuunuTe. ChIIECTBYBAT TPH OCHOBHHU (hopMu
Ha KOOPAWHHUPAHO CHTPYAHMUYECTBO [21]:

- ACHUMETPUYHO CHTPYAHUYECTBO (MOAPOOHM MHCTPYKIUHU
OT BB3JIOKHUTEIISN);

- CBOGOJHO CHTPYIHUUYECTBO (JOCTABYMIIUTE pa3paboTBaTe
OTJIEJIHM KOMIIOHEHTH WJIA MOJIYJIH 33 KPaeH MPOJLYKT);

- CHUCTEeMHO HapTHUpaHE (JOCTaBUUIMTE OTrOBapsT 3a
pa3paboTBaHe Ha CJIOXKHA IOJ CHCTeMa Ha KpailHUS NMPOAYKT M 3a
MHTETPUPAHETO 1 C OCTAHAINTE 1O/ CUCTEMH Ha MPOIYKTa).

IIpuHOCHT Ha BCHMYKM aHTQKUPAHH CTPAHU ONpEReNs KpailHus
pesynrar. TakaBa (opmMa Ha CHTPYIHHYECTBO C€ H3MOJ3BA IIPU
CIIO’)KHH Pa3BOMHHU IMPOEKTH, MPU KOUTO Ca aHTaKUPAHH Tpyma OT
JocTaBumiy. Beekn ocTaBuMk pa3paboTBa OMpeseicH KOMIOHSHT
OT KpaiHus MPOAYKT WM pellaBa OTIENHU 3aJlayd B paMKUTE Ha
pa3BoiiHMsT TpoeKkT. TakbB TMOAXOA cromara 3a mapajieiHo
U3BBPIIBAaHE HA pAa3BOMHU JIEHHOCTH U B KpalfHa CMETKa BPEMETO 3a
pa3paboTKa 3HAYUTEIHO CE ChKpalaBa

IIpu cbBMeCTHOTO pa3padoTBaHe UMa MO-HHTEH3MBHA Qopma
Ha CBTPYIHHYECTBO CIPSIMO pa3pabOTBAHETO MO JIOTOBOP H
KOOPAMHUPAHOTO  ChTPYAHMYECTBO. TO ce M3MON3Ba  IIpU
pa3paboTBaHe HA MPOIYKTH, KOMTO HE MOraT jJa ca pasieliiT Ha
Moxynu. CIenoBaTelHO BB3IOXKHUTEIM W JOCTaBUULH TpsiOBa 1a
HPEIOCTaBAT CBOUTE PECYpCH 3a pa3pabOTBAHETO HAa HPOEKTHUTE
[21].

4. Huosayuu upe3 cvmpyoHuuecmeo npu
cv30asane HnHa LED oceemnenue 6 Ovazapcku
UHOYCIMPUATIHU NPEONPUAMUA

Kakto e noOpe wH3BecTHO, HM3y4aBaHETO Ha KazycH €
EMITNPHYHO NPOYYBaHE HAa CHBPEMEHHH KOHKPETHH CHUTYal[iH OT
peanHa O6m3Hec cpena. M3ydaBaHeTo Ha Ka3ycH € M3CIeIoBaTelcKa
cTpaTerus 3a U3y4yaBaHe Ha AMHAMHKATA HA KOHKPETHATA CUTYalUs.
ITpouecute 3a pazpaboTBaHe HA MPOJAYKTH Ca TBBPAE XETEPOT€HHU
M CBIIECTBYBAT 3HAYMMHU DA3NIU4YMA IpPH pa3pabOTBaHETO Ha
npoxyktute. Kakto 0O KOHCTaTHpaHO TIPH JIUTEPAaTYpPHOTO
NpoydYBaHEe, HATPYNAHOTO Ha IIO3HAaHWE BBPXY IPOLECHUTE 3a
pa3paboTBaHE HAa HPOIYKTH € BCE OIIE TBBPAE MOBBPXHOCTHO.
3aToBa 1O MHEHHETO Ha aBTOpa M3y4aBaHETO HA Ka3yCH € EIHH
aJIeKBaTeH METoJ 3a chOMpaHe Ha MbpBHYHA HH(popManus. [lenure
Ha NpUIOOMBAaHETO HA 3HAHWS 4Ype3 H3ydyaBaHe HO KazycH ca
CIICHUTE:

- Ja ce HMICHTU(UUUpAT PENCBAHTHUTE
CBBP3aHH C MIPOLIECUTE Ha ChbBMECTHA 00paboTKa;

mnpobuemu,

- Jla ce MPeUI0KAT B3MOKHH PEIICHHS Ha IPOOIeMHTE.

M3y4yaBaHeTo Ha Ka3ycH Moke jaa oOXBalla OTIENeH Ciydait
(cuTyanys) WM HAKOJIKO cirydasi. Morar J1a ce NMpaBsiT CpaBHEHHMS
clie]l aHaIM3UpaHe Ha M30paHuTe cuTyanuu. B Hacrosmiara padora
e Ce M3y4aT YETUPH CIydas, KOMTO Ca CBBP3aHU C €IHO CPETHO
roJisiMo npennpusatue — Xaycmaiicrep AJl.

Xaycmaiictep A/l ¢ OusHec opraHu3anus, KOSATO Npeaiara
KOMIUIEKCHH pelIeHus 3a aoma u odwuca. Xaycmaiicrep A/l
TpaHchepupa BOJEHIMS HEMCKHM ONHT M CTaHIApPTH, KOPEKTHOCT
KbM KJIMEHTHUTE M JOOpH NPaKTUKH 33 WHTEPHOpPEH JH3aiiH,
KAueCTBEHN PEMOHTHH M JOBBPLIMTEIHU PAOOTH, HHBECTHUIIMOHHO
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CTPOMTENICTBO,  HOJJIPBXKKA, yIpaBieHHe, (GHUHAHCUpaHE U
3aCTpaxoBaHe HA UMOTHTE Ha PaOOTELINTE U 3a€TH IPAJICKH X0pa.

W3zcnensanu ca pasandHu (GOPMH Ha CHTPYIHHUYECTBO MEXTY
Xaycmaiictep AJl ¥ TpH HEroBH OOCTaBuYHMKa. JlocTaBummmre ca
OBJITapCKH MaJKM WHAYCTpUaNHW mnpeanpustus — Jlemmait BI
OOU; Enten TTT A/l; Heocer EOO/.

OHepaTI/IBHaTa JIEWHOCT 3a H3ydyaBaHC Ha CUTyallUHUTC (5]
H3BBLPIICHA HA [IBa €Taria:

- 32 BCEKH OT CIyJaWTe€ ca WHTEPBIOMPAHU KIIOUOBU
CHTPYIHUIN OTHOCHO AEHHOCTHTE MEXIY BB3JIOXKHTEIS M Ou3Hec
OpraHM3anusITa JOCTAaBYMK II0 MPOTEXKEHHE Ha IENus KU3HEH
OUKBJI Ha ChOTBETHaTa paspaborka. Tasu wuHbOpMamus e
JOKyMEHTHpaHa W CTPYKTypHpaHa 1ojJ ¢opmara Ha CXEMH.
Omuncann ca B MOAPOOHOCTH MpoOieMHTe B IIpoleca Ha
B3aMMOJIEHCTBUE;

- Bb3 ocHOBa Ha mojyyeHaTa U aHaJIU3UpaHa I'bPBUYHA
nH(OpMAIHs OTHOCHO ChbBMECTHATA JAEHHOCT IO Pa3BOMHH MPOSKTH
ca TPOBEICHH CPEIIN ChC CHTPYJHHIM OT BB3IOKHTEIS U OT
gocraBuunuTe. HTepBIOMpaHM ca CBTPYAHHIHN, KOUTO ca
OTrOBAPSJIM 3a MPOSKTUTE 3a CHBMECTHA Pa3paboTKa Ha MPOIYKTH.
W36panu ca TakuBa CHTPYJHUIM, 3aIOTO T€ Ca CE COTBCKBAIH C
npo0jIeMH 1O ChTPYJHUYECTBOTO ¢ Bb3nokuTes. [IpoBenenu ca
HeT TOJIOBUH YacOBU CTPYKTYpHUpaHM HHTEpBIOTA Ha Oa3ara Ha
AQHKETHM KapTU. BbhopocuTe B KapTHTe 3acsrar mHpoOJiemH,
CBBP3aHH C pa3pabOTBAHUTE NPOEKTH U MO-KOHKPETHO BBIPOCH HA
CBHBMECTHOTO pa3paboTBaHe Ha MPOIYKTHUTE.

oT
Ha
k(&

AHamu3bpT Ha Kazycure ce Oasupa Ha pa3udHU (a3u
JKU3HEHUS LUKBI Ha pa3paboTBaHe Ha MPOAYKTH. Bb3 ocHOBa
nHpOpMAIHATA OT MHTEPBIOTAaTa, C€ CTHTA 1O 3aKIFOUYCHHETO,
npoOJieMHUTe M PEIICHUATA 3aBHCAT OT CTAlHWTE Ha Mpolleca Ha
pazpaboTka Ha TNpOAYKTH. PesynraTure OT uU3yyaBaHETO Ha
Ka3yCHTe ca MPEACTaBeHH ChOOpPA3HO YSTHUPHUTE CTaaus B Ipoleca
Ha pa3paboTka: Hawanen craguii; Konnenryanen craauit; Cranuii
Ha JETalIHO TpOeKTHpaHe; HKEHEPUHTOB W IPOU3BOJCTBEH
CTaIuH.

M3yuaBaneTo Ha Ka3ycuTe € HU3BBPUICHO 3a Aa C€ HU3SACHAT
HSKOM 3HAYMMH aCIEeKTHU 3a ONEPaTHUBHOTO YIPABJICHHE HA IPOEKTH
npH pa3paboTBaHEe HA MPOAYKTU B CHTPYIHUYECTBO JOCTABUHLH. B
YeTHpPHUTE Ka3zyca ca HICHTU(HULIUpPAHU CJICAHUTE IPOLECH 3a
CBbBMECTHO pPa3paboTBaHe Ha MPOTYKTH:

- U3BBPLICHO ¢ Kiacuduiupane crnopen ¢opmara Ha
CBTPYAHAYECTBO. PasrpaHnvaBaHeTo ce TPaBU Bb3 OCHOBA Ha TPHTE
OCHOBHH (pOPMH Ha CHTPYOHHYECTBO (pa3pabOTBaHe IO JOTOBOD;
KOOPJIMHHUPAHO pa3paboTBaHe; CbBMECTHO pa3paboTBaHe);

- CHIIECTBYBAT Pa3JIMYHK CTEIIEHN Ha WHOBanus. Hskou ot
NPOXYKTUTE ca MOAM(MKALMHM Ha CHIIECTBYBAIIM INPOLYKTH C
HHCKa CTETIeH Ha MHOBAIWs, JOKATO APYTH Ca U3LJI0O HOBU M3/CIHs
C BHCOKA CTENCH Ha MHOBalUs (CTCIICHUTE ca: HUCKA; yMEpeHa;
BHCOKA);

- Crneundurkaunure (OrpaHdUuYeHUsITA) 32 pa3paboTBaHe
Morar Ja ca CTpory; ymepenu; oommu. IIpu crporu crnenudukanum
BB3JIOKHUTEIAT II0JydaBa TOYHO H3HCKBAaHUTE DPE3YNITATH, CTUra
TOBA Jia € 110 CHIMTEe Ha JoctaB4yrka. [Ipu obmure crienudukamu
JOCTaBYUIIUTE UMAT MO-LIIHPOKO I10JIe 38 CBOU UJIEH;

- W3BbpiueHa e knacudukaius Ha 6a3a XapaKTePUCTUKHUTE
Ha BpB3KaTa MEXIy BB3JIOXKHTEI M JOCTaBYMK — JOBEpHE,
OTKPUTOCT M TOTOBHOCT Ha CBTPYAHMYECTBO M OOMEH Ha
unpopmarms. CTeneHnTe Ha OTHOLICHHATA ca: JOOpH; yMEpeHH;
oIy,

- [IpoexTupaHeTo U OIEpPaTUBHOTO YIpPaBICHUE HA Ipoleca
Ha pa3pabOTKa NpEeIMMHO C€ U3BBPIIBAT OT JBETE CTPaHH
(CBBMECTHO OIIEpaTHUBHO YIPaBJIEHHE HA IMPOIECH) WM CE BIIUSAT
OT €IUHUS OT MAPTHHOPHUTE (OMIEPATHBHO YMPABICHHE HA MPOLECH
OT BB3JOXKHUTENS WM JocTaBunka). HeOmarompusiTHa cHTyarus



BB3HHMKBA aKO € HAJIMLE HE3HAYUTEIHO ONEPATUBHO yIPABJICHUE I1a
mpoiieca Ha pa3paboTka (JIUIca Ha ONEPaTUBHO YIPaBJICHHE).

O1eHsABaHETO € H3BBPUICHO BBH3 OCHOBAa Ha HH(OpMAIMITA
THOJIy4eHa TIpU UHTEPBIOTaTa M CyOEeKTHBHATA OLICHKA Ha aBTopa. B
YeTHPUTE Pa3BOWHM IIPOEKTa Ca AHTAXHUPAHH TPH OCHOBHH
JOCTAaBUMKAa Ha BB3NOXKHUTENA. J[aHHWTE OT H3CIIeIBAHETO ca
TIPEICTaBeHU B JOJIHATA TaOJIHIIA.

Tabauuya 1. /lannu om usciedsanemo

Dopma na Crenen na Bianmo Oneparusuo
Mpoxykr JIoCTABYMK | CHLTPYIUNYECTBO | HHOBATHBHOCT | OTHOUIEHHSI |  YUPABJIEHHE HA
NPOEKTH]
1| Vmrmo LED | Jlexnaiir BI JloroBopHo Hucka JloGpu Jluncea
OCBETICHHE [el0)i}
2 | Mpommmneno | Ewren TTT CoBMECTHO Bucoka Vyepenn CBBMCCTHO
LED All
OCBET/ICHHE
Hurepuopro Heoceer Koopauuupano Cpenma Jlomm Bwinosuren
LED EOOI
OCBCTJICHHC
4 | Hurepuopro | Ewren TTT CBBMCCTHO Cpemma VyepeHn CBBMECTHO
LED All
L OCHCTICHHE | i

5. 3aknrouenue

W3scnenoBarenckuTe pe3yinTaTd ca IOJydyeHH Ha Oa3a Ha
N3y4aBaHETO Ha Ka3yCH. TakbB MOJAXOJ € CYETEH 3a IOAXOAAL 3a

IHEIUTE Ha paGOTaTa, 3a110To BKJIIOYBAa HUHTEPBIOTA CBC
CbTPYAHUIIHU, KOUTO Ca MIPAKO aHI'a’)XUpPaHU B IIPOCKTU 3a CbBMECTHA
pa3pa60T1<a Ha MIPOAYKTH. B HIKOU oT Ka3ycure ca

HASHTUQUIMPAHHN TOOpH MPAKTUKH 32 ONEPaTUBHO yIpaBICHUE HA
MIPOJYKTOBH Pa3XOay W KOOPIMHUPAHE M ONEPAaTHBHO YIpaBIICHHE
Ha JeWHOCTH chOOpa3HO HaOeIA3aHU KaJCHAAPHHU TJIaHOBE.

B Hikom OT Ka3ycuTe ca UACHTUQUIMPAHH CHeHUQUIHH
XapakTepUCTUKU Ha B3aUMOJEHCTBHE, KOHTO Ca OICHSABAHHU,
JOKOJIKO ca MPHCBHIIM Ha MPOLECUTE 33 ChbBMECTHO pa3paboTBaHe
Ha NPOAYKTH. AHAIM3UPAHHUTE NPOIECH 3a pa3paboTBaHe HA HOBH
HPOJYKTH HE IIPUTEXKaBaT 00I1a CTPYKTypa, Thi KaTo ce OTHACAT JI0
pa3iMuHU  JOCTAaBUMLM HA  BB3JIOXKUTEIS, UMaT pa3IdyHa
OPOABIDKUTETHOCT U @HTaXUpaT ChIPYAHULM C  Pa3IUYHU
XapaKTePHCTUKU. 3a0emsI3BaT ce M3BECTHH Pa3iIH4Ms B NPOLECHUTE
Ha CHBMECTHO pa3paboTBaHe Ha MPOAYKTH, ThH KaToO pPa3BOMHHUTE
npouenypu ce 0asupaT BBPXY pasNHYHM KOHCTPYKIMH Ha
HOpOAYKTUTE. BBIpexn Te3m pasnudus € Bb3MOXKEH TpaHchep Ha
pesynraTd MeXAy pa3IUYHUTE JOCTaBUULM Ha BbB3JIOKHUTEINA.
Iponecure Ha CBBMECTHO pa3pabOTBaHE HAa MPOAYKTH Ce
MHULUKMPAT OT 3HAYMMO CPEIHO IO roJIeMUHA IpEeANpUsiTHE, KOETO
Bb3Jlara Ha TIpyla MalKu MNPEeJNpUsITUs POJM Ha JOCTaBUUIIU.
Pa3zpaboTkute ce oOcChIECTBSIBAT OT CBBMECTHH CKHIIHM Ha
BB3JIOXKUTENSA U ChOTBETHHS JOCTaBUHK. [lopagy ToBa € Bb3MOXKEH
TpaHchep Ha pe3yaTaTH OT HPEIXOJHU IPOEKTH KbM OBICUIH
TaKWBa.

Wzcnensanmsita, OasupaHd Ha HW3ydaBaHE HA KaszyCH, BOAAT
CcaMo JI0 KadyecTBEHO ompenenuMu pesynratu. He moxke na ce
HOJIy4aT KOJIMYECTBEHO U3MEPUMH OLICHKHU, HO TaKUBA U3CJICABAHUS
ca MNpPEeANoCTaBKAa 3a W3BBPLIBAHE HA OBJACIIM KOJINYECTBEHU
aQHaNM3M HAa XapaKTePUCTHKH, KOMTO Ca HIACHTH(GHULUPAHU IIPU
u3ydyaBaHe Ha Kasycure. Jlpyra BB3MOXKHOCT 3a Obaemu
M3CIENBAHUS € H3yJaBaHE Ha BB3NPHUATHATA HAa MEHUKBPUTE
OTHOCHO TIpOOJIEMHTE M BB3MOXKHHUTE PEIICHUs, CBBP3aHH CbC
CHTPYIAHHUYECTBOTO NPH pa3paboTBaHe HA IIPOIYKTH.
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STUDIES AND RESEARCH ON THE DESIGN AND CONSTRUCTION OF A
MACHINE FOR TENDERIZE MEAT WITH THE PNEUMATIC ACTION AND
AUTOMATION MODULES.
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Abstract: The mechanical tenderization , during meat processing, can be the advantageous solution for rapid maturation of the product.
This method represents the possibility to modulate the working process on optimal variants of applying the impact force, the pressing time
and the relaxation time of the product.

In this paper there is presented an experimental model of machine of our own conception for the optimization of the tenderization
process of the meat.

The paper, presents the adequate system of pneumatic action and the automation elements of the working parameters which were made
as our own conception for construction of a machine for meat tenderization. Within the elaborated pneumatic scheme of driving there are
identified the elements that can be electrically driven and the basis established scheme includes the programmable controller of the process.

Keywords: TENDERIZATION, PRESSING FORCE, PNEUMATIC, AUTOMATION, OPTIMIZATION PROCESS,
MICROCONTROLLER.

1. Introduction The construction and the role of elements are given by their

The mechanical tenderization methods, most used have been the ~ features needed for function. This way, the two guiding colons (4)
ones that involve pins or blades that do not have possibilities of  are jointed with the machine frame (1) and with the upper securing
changing the working parameters. The method proposed by us for cross part (3). On the two colons (4) slides the pressing plate (5).
meat tenderization is made by beating and it allows adjusting the ~ The movement of the pressing plate (5) is ensured by the driving
working parameters of the machine to different types of processed  pneumatic cylinder (7). In turn, the driving pneumatic cylinder (7)
meat. is fixed on the upper securing cross part (3) by coupling ball (8) that
has the role of taking possible coaxial deviations. The rod of the
driving pneumatic piston (7) is jointed with the pressing plate (5)
determining its movement.

In this paper the authors present a machine for meat
tenderization by mechanical method. The authors present a
pneumatic machine for meat tenderization with elements of
automation of the entire working process of tenderization.[9],10]. The functioning of the machine consists of pressing the product

. . . (9) between the placement element (2) that is fixed on the machine

By own conception of the pneumatic action scheme and  fame (1) and the pressing element (6) that is jointed with the

automatic system which endow the machine, the authors create the pressing plate (5). The elements (2) and (6) are made of PFTE

possibility to modulate the working process (of tenderization) in  pqytetrafiuoroethylene, teflon) in order to meet the requirements
diverse variants of applying the impact force, the pressing time and of the machine that processes food.

the release time of the product after each working cycle [1][3]. The
entire process is controlled by a microcontroller which has During the function the machine has the following states:
programing possibilities after a cyclograme which was established

by the operator. 1. Repose — the pressing plate is located in the upper part,

the space between the placement element and pressing

- - element is maximal. In this position the product can be
2. The mechanical structure of the machine. put intp the machine.

Design and description of scheme kinematical 2. The movement of the pressing plate until the product is

caught between the two elements. This movement is
produced by the pneumatic cylinder.

3. The effective pressing, when the product is caught
between the two elements, it is pressed with a force that is

a3 proportional with the air pressure from the pneumatic
cylinder.

4. Upward movement of the pressing plate done by the
pneumatic cylinder until repose position. This state shows
the finishing of the processing.[8],[9],[10].

In figure 1 there is presented the design of this machine, with
the following components [9] :

2 The operator places the product on the surface of the
placement element when the machine is at repose state. Then there
is given a command of descending of the pressing plate until the
effective pressing is made. In this state the product stays a time
established by the technology of processing a certain type of meat.
When this time ends there is given the command for lifting the
pressing plate until the repose state. During the pressing state of the

Fig. 1. The machine for meat tenderization with mechanical operation

. Coupling ball
. Product for processing (meat)

1. Frame ) ; . . X

2. Meat placement place — (PTFE) mach_me the operator can either modify the time of pressing or the
3. Upper securing cross part pressing force in function of the technology of a specific meat (see
4. Guiding colons below).

5. Pressing mobile plate The function of the machine is determined by a series of
6. Pressing element (PTFE) constructive and technological factors. They have been determined
g. Pneumatic driving cylinder in function of the necessities of product processing.
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The result of processing is mainly determined by the following
factors:

» The processing degree — this refers to the ratio between
the initial and final states of the product.
» The quality of processing — it refers to the range of
maintaining the product features at the end of processing.
It is obvious that the higher the processing degree, the
lower its quality. By determining and choosing the best
technological parameters we try to reduce this tendency.

The mechanical construction of machine assumes the knowing
of the kinematical scheme so that the operation condition to be
fulfilled. On the basis of its design and working principle that have
been already presented the kinematical scheme is presented in the
figure 2.

1. Placement plate

2. Mobile pressing plate.

3. Guiding colons — jointed with the placement plate.

4. Sliding bearings; they are jointed with the mobile plate
for pressing and they glide on the guiding colons.

5. Upper securing cross part — it is jointed with the guiding

colons.

Coupling ball — for correcting eventual coaxial deviations.

Driving pneumatic cylinder.

No

\VARF vV
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3 — =
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1 4
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Fig. 2. The kinematical scheme of the machine

3. The pneumatic installation for action.

The machine is driven by mean of a pneumatic cylinder. In
order to adjust the working parameters in a wide range and to
achieve the automation goal of machine there was adopted a
pneumatic scheme of operating which is presented in the figure 3.

—1 .

-

Fig. 3. Pneumatic operating scheme.
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In figure 3 is presented pneumatic scheme with the following
components :

1. Air pressuring unit — compressor.

2. Distributor with electrical command 5 HP/3 positions
— it determines the working status (direction).

3. Distributor with electrical command 5 HP/2 positions
— it determines the working way.

4. One-way switch of flow — drosel.

5. Anti — back flap.

6. Pneumatic cylinder.

The functioning of the pneumatic installation is characterized
by three states:

e  Release state — distributor (1) position R.

e  Operating — piston pushing — distributor (1), position |

e  Operating withdrawal of piston — distributor (1), position
T.

In function of the distributor state (2) there are possible two
working ways:

e With operation — controlled piston pushing (adjusting the
speed at pressing) — distributor (2) not operating.

e No control at piston pushing (maximal speed) -
distributor (2) operating.

With the first working way the impact force will equal the
pressing force. With the second one the impact force will be given
by the following formula (.1.):

m_xv?

p p
Fi—E— 2 B meVfJ
d Gi-Gp 2x(Gi—-Gp)

(1)
where:

Fi = the impact force

Ep - the energy of pressing plate

d — the distance of pressing action

mp - the mass of the pressing plate plus the mass of the
pressing element

vp — the speed of the pressing plate at the impact moment
Gi — the initial thickness of the product

Gp - the thickness of the pressed product

With the controlled speed working way the functioning is as
follows:

Distributor (3) not in action
Distributor (1) is brought in position |

e The air from the preparing unit follows the way branch B
— branch B1 - flow flap — branch B2 — pneumatic
cylinder. The air from cylinder will be evacuated on A
way into the atmosphere. Due to flow flap (4), the speed
of the piston will be determined by the flap adjustment. It
is important that on the B3 way air will not circulate due
to anti back flap (5).

e In order to withdraw the piston, the distributor (2) is
brought to T position where the air circulation will be:
preparing unit — A branch — head of the piston. The
evacuation of the air will be made as follows: piston — B2
branch — flow flap — B1 branch — B branch — atmosphere.
In this case, the flow flap will have no effect because of
the direction sense of the air circulation. As for the
previous case, on the B3 branch there will not be any air
circulation due to the anti back flap.[6].

For the working way with maximal speed, the
functioning will be as follows:



Distributor (3) in action
Distributor (2) brought in | position

e The air from the preparing unit follows the following
path: branch B3 — flap (5) — branch B2 — pneumatic
cylinder. The air from the cylinder will be evacuated on
the A path into the atmosphere.

e  For piston withdrawal, the distributor (2) is brought in
position T, where the air circulation will be: preparing
unit — A branch — head of the piston. The evacuation of
the air will be made through the following path: piston —
branch B2 - flow flap — branch B1 - branch B -
atmosphere. In this case the flow flap will have no effect
due to the direction sense of the air circulation. On the B3
branch will be no air circulation due to the anti back flap.

4.The electrical installation for operation and the
automation modules.

For the achievement of the operating and automation electrical
scheme are needed the operation conditions for each state of
machine as described above. In parallel, the operating must comply
with the technological conditions of the process. Besides that the
operating should follow the requirements imposed by the
functioning parameters.[8],[10].

4.1 Operating principles and conditions

The operating principles result from the technological
requirements as well as from the researching methods that are
desired to be applied. The establishing of the working pressure that
influence both moving speed of the mobile plate will be made
exclusivelly by hand through adjusting the pressure at the air
preparation unit as well as by adjusting the one way flow flap.

Firstly, there will be adopted two operation ways:

» Manual operation — where the operator controls manually the
movement of the mobile plate;
» Automation operation — where the operator establishes the

functioning parameters and the cycle if automation driven by
automation component.

On the contrary with the manual operation, the automatic
operation makes an entire functioning cycle. This cycle can be
described as having the following states:

1. Descending the mobile plate until the pressing of the product is
done.

2. Keeping the product under pressure for a certain time called
pressing time.

3. The release of the pressing by removing the pressure and

lifting the mobile plate on a reduced distance enough for

removing pressure on the product.

Keeping the release state for a certain time called release time.

Return to the pressure state (# 2).

Repeating points 2 and 3 by a number of times called number

of subcycles.

7. Withdrawal of the mobile plate in the upper part, finishing a
cycle.

ook~

The operating conditions are determined by a series of factors
as follows:

e Machine architecture

e  Technological parameters

e  Flexibility in changing the value of the functioning
parameters

e  Ensuring operation protection

e  Ensuring the functioning within the limits of the working
parameters.
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4.2 The block operating scheme

From the pneumatic operation scheme result the elements that

can be electrically driven; they are:

e Distributor of machine states (sense of direction) — this has
two driving coils by which the distributor is brought to one
of the three states: R, 1 and T (see above).

e Distributor of the working way — by which there will be
established the way the piston will be driven, the controlled
speed or the maximal speed.

The block scheme is presented in figure 4.:

Power line
prmmmmn- mmmm e -- !
C"mp_mssox Valve '| Programumable User :
sty . process interface H
(ON/OFF) controller ]

Sigmaling
and
local control

Position
sensors

Compressor

Fig. 4 The operating block scheme

The block scheme with the following components :

Power line — electricity supply line
Compressor drive — on/off switch of the compressor
Valve drive — air valve operating block
Position sensors — position sensors and state; they are:
e  Superior course cut-off
e UP position of mobile plate transmitter
o DOWN position of mobile plate transmitter
e Cut - off protection flap — the machine is endowed with a
flap that limits the working space of the machine in order to ensure
operator protection [5].
e Sensor of compressor state — it signals the state of the
compressor ON/OFF
e Programmable process controller, User interface.
e Signaling and local control — through these features the
operator can make functioning commands; they are:
o Signaling of UP movement of the mobile plate
Signaling of DOWN movement of the mobile plate
Signaling the working way — manual/automatic
Signaling the driving mode — normal speed/maximal

speed

Command of DOWN movement of the mobile plate
Command of UP movement of the mobile plate
Command START automatic cycle

Command STOP automatic cycle

4.2.1. Scheme electric drive

Pneumatic scheme resulting from items that can be electrically
operated. These are:
« Distributor machine states (sense) - it has two coils is operated by
the retailer brought in one of three states, R, I, T (see above)
« Distributive approach - that will determine how to drive the piston,
controlled speed or full speed.

Compressor drive circuitry is shown in the figure below.

Also in this scheme it is and transformer that provides the necessary
voltage supply 24V DC-dispensers shareholders. In figure.5 is
presented electric drive compressor scheme.
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Fig.5 Electric drive compressor scheme

Notations in the figure represent:

*1,2,3,4,25,26, 27 - is generally placed in positions of
connector switchboard

« F1 - Breaker - general

« F2 - breaker / thermal - compressor motor protection

K1 - power contactor compressor

« S1 - connecting compressor outlet

« Start - start button compressor

* Stop - stop button compressor

 E1 - compressor status signaling lamp

 Tr 230/24 - the processed 230V / 24V

« Rectifier - 24V DC voltage rectifier + filtering shareholder

distribution

Scheme of electric drive pneumatic distributor is shown in
Figure 6. Also in this scheme are summarized these elements:

« Adapters level position sensors
« Local signaling Power
* Power Position Sensor
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Fig. 6 Scheme of electric drive pneumatic distributor.

4.3 Elements of automation and possibilities to use

The block scheme of electrical operation is endowed with the
programmable controller of the process that is the main element of
machine commands [8],[9].

Programmable process controller is a real time programmable
module with 8 digital entries and 8 digital exits. The implemented
program into the controller has to comply with the functioning
requirements of the machine. The controller is presented in the
figure below.

U+ U-

I8 17 16 16 14 I3 IZ I1

08 07 06 05 04 O3 02 O1

Fig. 7 The programmable controller

In the upper part there are 8 entries, from 11-18. Also, here is
mounted the power switch U+, U-. The exits O1-O8 are located in
the bottom part. The connections to the controller are made by
coupling the signal cables with the screw connectors according with
the signal. The interface with the user is made of an alphanumeric
screen of LCD type which has 2 rows and 16 characters on each
row. Also, there is a small bulb signaling that the processor is ON.
The user can change the parameters by operating one of three
buttons:

M- menu
+ - plus — increase a value
- minus — decrease a value

The implemented program in the controller implies the
approaching of some aspects related to the state of the machine, the
working way and the working parameters. The controller having as
signals of entry the position sensors, the state of the compressor
starting connector, the state of the protection flap and the state of
the switchers of working way and driving mode can operate
separately each state of the machine.The states of the machine are
given by the working way and the position of the mobile plate.

With manual mode, the state of the machine is not limited by
the program but for the lifting of the mobile plate so that the
pneumatic cylinder of driving should not reach at the end of the
course (at the limit).

With automatic mode the machine states have been described
below and they are:

e  Repose

e  Descending the plate
e  Pressing

e Release

e  Lifting the plate

Also, the programmer should allow the user to set values for the
working parameters. The working parameters are:
e  Pressing time
Release time
Number of subcycles
Time of error for movement

The last one, the time of error for movement is a parameter that
limits any movement in time. If this time is exceeded, it is assumed
that a defect has occured and a system error is started. The error is
removed by stopping and starting the air compressor. The program
is structured in several sections:



Initialization

Detecting the state of the machine
Manual working way — if selected
Automatic working way — if selected
Parameters setting mode

e  Error into the machine

The two active machine working ways, automatic and
manual, can be graphically represented.[5],[10]. With the same
aspect there can be represented each of the working states of the
machine: the working graph of the repose state, of the pressing
state, of the release state, etc. For instance, for the automatic
working way, the graph of the function is presented below:

N

L4
{ end automat )

Fig. 8 The working graph of the automatic working way

In this working mode the states are tested and for every one it is
executed the specific function. The states noted in the figure with
their correspondents are:

e mrest — repose
mdown — Down movement
mpress — Pressing
mrelase — Release
mup — Up movement

If the system variable is not something that implies movement
(mdown, mpress, mrelase or mup) it results that it is in mrest —
repose.

5. Conclusions

- The mechanical tenderization is a modern technological
component of the process of meat manufacture. It allows the worker
to modulate the working state of the machine on different optimal
variants of applying the impact force, the pressing time and release
of the product. It permits the worker to adjust the working
parameters to the type of the meat; this issue makes this paper
original;

- The experimental model of the machine presented in the paper
is of our own conception and it can solve the problem of meat
tenderization within the meat processing technology;

- The authors have designed and constructed a pneumatic
installation of operating the machine for mechanical tenderization
where all working states of the process are automatic;
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- The programmable controller of the process has his own
software program that ensures a programming variant after a
cyclograme that was established by the operator;

- The working graphs that are presented in the paper determine
the recording of the functioning cyclograme that is needed for the
performance of functioning.

- The present paper opens directions for researching in
automation of different steps of technologies for meat processing.
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Abstract: Learning different aspects of the international quality standards turned into an urgent necessity in the students’ training, which
gives them a possibility quickly to adapt to the practice during their professional realization as specialists. Generally, the preparation of the
students of quality management in our country is well accepted in the different educational institutions and is conformable to their specific
features. As a disadvantage it may be shown the fact, that the students’ training is limited only to the knowledge for quality management
receiving. It may achieve a wider range, including a preparation for environment standards (ISO 14000), for safety (ISO 18000) and for
quality, which basic principles further the management of this combination and, in the long run, for one sustainable development.

The purpose of the present article is to be worked-out and presented the basic methodological aspects for sustainable development
training in the higher education, which will give an opportunity to the students to receive wider knowledge in this field.

With the help of the basic methodological aspects, has been worked-out a concrete model syllabus for sustainable development training
of the students from the higher technical schools in our country.

Keywords: ASPECTS, TRAINING, SUSTAINABLE DEVELOPMENT, HIGHER EDUCATION,

1. Introduction Basic methodological aspects
1. Training for production technologies’ choice, constituent
Learning different aspects of the international quality standards elements and appropriate materials, which to allow the
turned into an urgent necessity in the students’ training, which gives recycling of the products after the term expiration of working.
them a possibility quickly to adopt to the practice during their 2. Training on determination of the effect of the already produced
professional realization as specialists. Generally, the preparation of article on the environment during its whole term of working.
the students of quality management in our country, is well accepted 3. Learning all laws and standards, connected with the
in the different educational institutions and is conformable to their environment protection, which have connection with the article
specific features. This training has been still restricted only in being produced, and their correspondent application from its
receiving knowledge for quality management [1, 2, and 3]. development stage to its going out of production.
4. Receiving the knowledge, necessary in connection with
In recent years, in a number of European universities is being suppliers, trades and customers, who to be informed and made
quickly introduced sustainable development training of students. literate enough, in order to the trade and exploitation of the
Here the question is about training according to the environment article to be relevant to the staked on it demands for
standards (ISO 14000), for safety (ISO 18000) and for quality, the environment protection.
combination of which corresponds to the needs of production 5. Learning and determining the expenses, connected with the
enterprises their articles to answer to the complex conditions for environment protection during the term of article’s
high quality and environment protection. All these demands, staked exploitation.
from the very stage of the development of the relevant article 6. Training on determining the influence of the energy and fluids
(product) and executed in the process of its production, form used on the environment during the time of the whole
prerequisites for one sustainable development. exploitation cycle.
o 7. Creating habits for presenting a new product and emphasis on
The purpose of the present article is to be worked-out and innovations, used in its working-out, in order to protect the
presented the basic methodological aspects for steady development environment.
training in the higher education, which will give an opportunity to The presented basic methodological aspects of the sustainable
achieve this aim, a correspondent syllabus is necessary. specialties, suppose working-out a syllabus with a concrete matter
[5].
3. Sustainable development training syllabus
2. Character of the sustainable development The offered syllabus for training students from machine-
training building specialties consists of the next modules (Fig. 1):

1. Industrial production and eco-development.

Instruments and methods for sustainable development of the
industrial production.

“Clean” technologies and innovations.

Science and communications.

Project of an article (product).

Production experience in an industrial enterprise.

Sustainable development training’s introducing in the higher
education aims at both making the student acquainted with the basic
normative documents and developing habits needed for working-out
high quality products, minimum production expenses and maximum
corresponding to the demands for environment protection.

ok w

In the present article are worked-out the basic methodological
aspects of such students’ training in specialties, connected with the

machine-building production [4], Each of the modules shown, has its own aim, and the first four

modules have a number of disciplines, being learnt, too. After
taking an examination in them, the students receive the needed
knowledge and a level of competency and they can go on to a next
module.
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Aim:

Disci

6. Production experience

*

5. Project of an article

2

4. Science and communications

2

3. "Clean” technologies
and innovations

2

2. Instruments and methods
for sustainable development

2

1. Industrial production
and eco-development

£

SUSTAINABLE DEVELOPMENT
Modules of training

Fig.1. Sustainable development training syllabus

Module 1. Industrial production and eco-developments

Achieving the necessary scientific and organizational
competency for realization industrial production,
corresponding to the sustainable  development
requirements;

Knowledge according to legislation requirements for
ecological production;

Made acknowledged with new technologies and their
connection with the innovations;

Enlargement of the culture on environment protection;
Determining the place of the industrial enterprise in the
conditions of a global competition.

plines being learnt:

1. Eco-management

Law and environment;

Industrial production and ecology;

Sociology of the industrial production;

Products and systems for sustainable industrial production
and indicators for its sustainable development;
Management, oriented to production, corresponding to the
ecological requirements.

. Eco marketing

Competition and environment;

Trade communication;

Industrial ownership;

Laws, standards, normals, etc.;

Forthcoming introducing of new regulations;
Eco-labels.

. Production treatment after the term of exploitation

Eco-toxicology;

Recycling of the production and materials;
Throwing-out the recycled products;
Economic effect of the recycling;

Treatment and valuation of the waste matter.
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In this module of training are included meetings and discussions
with specialists from the industrial production, experts on
standardization and visits of industrial enterprises, too.

Module 2. Instruments and methods for sustainable
development of the industrial production
This module could provisionally be divided into two parts. Each
of them has an aim and correspondingly forming it disciplines.
The first part’s of the module aim:
Giving the parameters for environment protection and the
safety in the stage of the task for working-out the article;
Ways of determining the exploitation term of the article;
Clearing-up and concrete formulation of the criteria for
ecology in the working-out stage;
Presenting of an eco-plan for choosing materials, way of
transportation and treatment of the waste matter;
Research the effect of the ready product on the environment
and the consumption of energy during its whole exploitation
cycle;
Using different methodological means of working-out of
ecological products: computer software;
Presenting the optimal way of recycling.

Disciplines being learnt in this part of the module:

1. Exploitation term of the articles

e Analysis of the possible term for exploitation of the
article;

e  Quality assessment of the article in the exploitation term;
Indicators for determining the achieving the staked
ecological parameters from the article in the exploitation
term.

2. Quality assessment
e  Functional analysis;
e Evaluation of the article in a connection with the
achieving of the parameters staked;
e  Experiment plan.
3. Means for working-out of eco-articles

e  Using of appropriate computer software;

e  Safety and ergonomy of the article being worked-out.
4. Used energy and fluids

e  Sources of renewed energy;

Managing energy consumption;
Energetic calculations.
The second part’s of the module aim:
Practical acknowledgment with CAD software products for
working-out of the articles, choosing materials, determining
the exploitation term: CATIA, FUSIMAT, PLM-Catia, etc.;
Training on using different inter discipline connections at
working-out the articles;
Acknowledging with the methodological approaches at
working-out different variants eco-articles: with “a continuing
exploitation term and weak spreading-out” and “a short
exploitation term and great spreading-out™;
Acknowledging with the methods and approaches at working-
out of already produced similar eco-articles.
In the second part of the module have been learnt the computer
software and have been worked-out projects in different fields of
the machine-building: auto building, electrical equipment,
electronic articles, aeronautics, shipbuilding, etc.
In the task of each of the projects are staked requirements the
article to be relevant to certain ecological demands at using
innovation technologies.

Module 3. “Clean” technologies and innovations
Aim:
Deepening the students’ knowledge and widening their
competences in the sphere of technologies;
Discovery of new and innovative technologies;



e Analysis of advantages and disadvantages of the technologies,
used until now.
Disciplines being learnt:
1. Technology of production
e In the machine-building;
e In the electro technical production;
e  In the automation;
e  Production processes: founding, welding, etc.;
e  Surfaces treatment;
e  Metrological control.
2. Technical servicing
e  During the exploitation cycle;
e  Current and planned technical servicing;
e Integration of the technical servicing from the very stage
of working-out the article.

Module 4. Science and communications
Aim:

e  Deepening the knowledge in using the scientific methods
and approaches at working-out the articles;

e Argumentation of the choice of the production technology
and the choice of the most

e  appropriate materials;
Using of existing and working-out new documentation for
the article;

e Training in a team at working-out articles with ecological
requirements.

For execution of the aims shown, the students study:

e Applies science: physics-chemical and mechanical
qualities of the materials, technologies for treatment of
different kinds of materials, etc.

e  Communications: the ways of integration in teams on
working-out similar projects.

Module 5. Project of an article (product)

The teaching staff, with the participation of production
enterprises, offers to the students to work-out a project for an
article, with included requirements for environment protection. It is
necessary to be ensured adequateness of the project with the aims of
the sustainable development training.

Module 6. Production experience in an industrial

enterprise

The training of the students has to finish with a practical
experience in an industrial enterprise not less than one semester.
During the practice, the students work-out their personal project, or
take part in a team on working-out another concrete project for an
article. The requirement is to be ensured to the students a
correspondence between the aims of the sustainable training and the
content of the production practice in the enterprise. At the end of
the practice, the students present a written report and go in for an
oral defense.
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Conclusions

There are worked-out the basic methodological aspects of
students’ training on sustainable development in the
universities in Bulgaria. These aspects are for the students
from the machine-building specialties of the universities.

On their foundation, a syllabus for sustainable development
training has been worked-out, which consists of six
independent modules. For each module has been shown the
aim, which has to be reached and have been shown the
disciplines, or the ways, in which it to be realized.

The worked-out basic methodological aspects could be used
successfully at training students from another specialties of
the higher education, too, as for them to be offered the
existing, corresponding to them, syllabus.
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1. Introduction

The national economy restructuring, the European Union
membership and globalization clearly outline the need for the
implementation of various activities, including innovation by which
companies to form long-term competitive advantages. This creates
the necessity of implementation of systematic and reliable research
of the implemented innovation effectiveness as a component of
overall efficiency. This requires improvement and grounded
updating of traditional approaches to financial and economic
evaluation of the planned innovation and related activities. The
reason is that this tool is not used in an adequate level by industrial
enterprises managers, plans developing for implementing
innovation is rather random in nature, and appropriateness analysis
of the planned rarely does.

Determination of appropriateness of the implemented resources
in any innovation and related activities at the planning stage allows
the decision maker to assess whether this innovation is justified in
respect of implementation funds.

The successful innovation implementation is a prerequisite for a
competitive market presence in the industrial enterprises economy.
In the existing conditions, the use of appropriate tools for
determining financial and economic feasibility of implementing an
innovation and related activities is necessary.

Important role for the economy prosperity plays the ability of
creation and implementation of innovation. Innovations
implementation is a determining factor for enterprises
competitiveness increasind. An important step to overcome the
existing lagging behind the developed European economies is to
promote innovation process in the country. The European and
global experience points that skillful use of research, advanced
technologies and innovation, makes it possible to take active steps
to increase the competitiveness of the economy and raise living
standarts. The transition to the knowledge economy and joining
global information society appears to be the main challenge.

Industrial Enterprise is a multifaceted entity having social,
technical, legal, economic, product-market and organizational and
managerial aspects, and builds specific policies for implementation
of various activities. Effectiveness evaluation of the activities in
industrial enterprises does not contribute for improving the decision
quality. The used criteria to evaluate the businesses performance
needs systematization and respective inclusion in the summary
approach to the assessment of their activities.

The planed innovation financial-economic analysis performance
for the development of any industrial establishment and
development of a common approach to financial and economic
evaluation of innovation is a necessary task in modern society[4].
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The planned innovations assessment opportunity is presented in
the proposed work understandably with the help of financial and
economic instruments through the use of information technology.

2. Theoretical assumptions about the innovation
nature and related activities

The innovation process is a sequence of actions, from
generating ideas for innovation to develop the final product and its
commercialization, which are described and justified in the
innovation project. This is a creative, cyclical, complex and
expensive process, a result of a number of interrelated activities,
which type and specificity depend of the scale of the innovation
project and are not always innovative. For the realization and
implementation in their entirety and complexity specific
interdisciplinary knowledge and skills are required [1].

Whatever field of application is innovation is associated with
novelty, which should be a value above all because the enterprise is
on the way to realize it. The essence of innovation due to the
specifics of its manifestation, enables multifaceted interpretation
which leading to the formulation of new questions that need to be
addressed. Innovation is a knowledge-based and involves product
creation, creation of process or technology and innovation is
measured by the degree of novelty for the firm and / or market.
Innovation leads to increased competitiveness of the enterprise,
industry, economy, or to increased user satisfaction. It is a process
and result of the process in the core of which is innovation.

The effective use and implementation of innovations should be
well planned, adequate to market realities and financial capabilities
of industrial enterprises. This requires further development of
existing tools for assessing the appropriateness of the expenses for
innovation and development of a common approach for evaluation.

Innovation is most often defined as a change aimed at renewal
or introduce something new and useful in practice, it is possible to
happen in different areas: business, society, politics, science, art and
more. There are different concepts of innovation, in 1934. Joseph
Schumpeter first defines innovation as a useful change - an engine
for economic development. He specifies 5 main cases of innovation
in the economy:

- New product introduction;

- New method of production;

- New market opening;

- New source of raw materials / resources for production use;

- Creation of new organization of work or relationships between
companies in the same industry.

Depending of the adopted principle of classification different
types of innovation are known. Depending on the degree of novelty
distinguish radical (revolutionary) and incremental (compilations,
improvements, imitations, etc.). Innovate. The most common
innovations are compilations (such as mergers characteristics of
multiple devices in one as a printer / scanner / copier),
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improvements and modifications. According to the outcome
distinguish product, process, market, financial, organizational,
logistics and others. innovation. The creation of new products and
services, and the change in the ways of selling, advertising, delivery
are among the most - popular innovation today. Usually innovations
are seeking a solution to a problem such as:

- Customers unmet needs;

- Unused opportunities for production and sales of product
sought;

- Basic model unsatisfactory performance characteristics;

- Basic product unsatisfactory reliability, quality;

- Basic product production, delivery, sale higher cost;

- Technical and structural difficulties in the production process.

Key factors determining the success of an innovation is its
relevance and utility, the company's ability to mobilize quickly
knowledge and skills for implementation and the possibility of
organizing production and sales faster than competitors, flexibility
in modifying innovation for different markets and customers.

Innovation process stages.[3]

1. Market analysis, including analysis of customer needs, and
analysis of the existing and future competition.

2. Evaluation of the technical and organizational resources of
the company and their own potential sources of innovation.

3. Defining the subject of innovation activities and terms of
reference.

4. Establishing and structuring team for the realization of
design.

5. Development of a concept for the realization of innovation
with a linear schedule and an estimate of the project cost and the
expected results. Comparative analysis.

6. Decision on the implementation or rejection of the project.

7. Development of technical project in detail remit.

8. Feasibility study of innovation. Adoption of the final budget
for its realization.

9. Making innovation.

10.Testing.

11.Innovation implementation.

12.Promotion.

13.Results evaluation. Conclusion.

Basic steps in the innovation implementation.

(1). Generating ideas for innovation.

(2). Selection and evaluation of idea for innovation.

(3). Protection of the idea.

(4). Investigation of the idea usefulness and market
opportunities.

(5). Check of the idea feasibility.

(6). Planning and organizing of the implementation.

(7). Development of a test sample (prototype).

(8). Testing.

(9). Manufacturing of the new product / service.

(10). Monitoring, control and adjustment of the new product /
service.

It is possible unification of some of these steps or another
sequence, depending on the specific situation and capabilities of the
enterprise.
innovative

3.Financial economic evaluation of

projects[2]

Project evaluation is aimed to determine whether and to what
extent new or advanced technologies and products will improve the
competitive position of the company. The assessment of innovative
projects can be viewed in different ways: economic evaluation;
social; evaluation from a strategic perspective; environmental
assessment; independent risk assessment; net present value,
calculated on the basis of equivalent risk-free flows; net present
value calculated based on risk-adjusted discount rate. That ultimate
goal of any innovation requires investment and projects to be
evaluated by the financial economic perspective. Evaluation of the
innovation project should reflect the full potential of new or
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advanced technologies and products to bring benefit to the company
not only for one year but for a certain period. This allows to reflect
the time factor, appearing in the different starting point of
production commencement[5].

In the present publication the author is considering the step "
Selecting and evaluating of idea for innovation."in the stage
"Feasibility study of innovation", and the author of the publication
offers for - optimal assessment of innovative projects to apply the
following assessment methods:

- Net present value (NPV - Net Present Value)

- Internal rate of return (IRR - Internal Rate of Return)

- Payback period (PVP - Payback Period)

- Profitability Index (IP - Index Probability)

Method of net present value

Present days investment and innovation analysis assumes that
the net present value is the most practical application. [4] It is the
leading indicator for evaluating the effectiveness of investment
projects, as best indicator to what extend has improved the welfare
of the owners (shareholders) of the company. This method
determines whether the sum of the discounted net cash income over
the duration of the economic life of the project exceeds the amount
of discounted investment costs. The formula for calculation of the
"net present value for the investment that has more than one cash
flow has the form:

Cc c,

2} S,
A+t (1+1)?

@+n"

NPV =—Co+—t 42 4 .. +

The criterion for evaluating and ranking the projects under
consideration is the method: the maximum positive net present
value. On this basis, displays the following rule of decision:

NPV> 0 - the project is considered

NPV <0 - the project is rejected

NPV = 0 - the project is on the verge profitable / unprofitable
and further analysis is needed.

Method of internal rate of return

IRR represents that discount rate that equalizes the amount of
positive cash flows discounted by the amount of negative (cost)
cash flows generated by the project. In other words, IRR is the
discount rate at which the net present value becomes zero. If we use
the formula for finding the net present value, internal rate of return
will be the rate of discounting in the following equation:

C, C. C,
ot + > +7n=0
(1+IRR) (1+IRR) 1+ IRR)

To assess the project effectiveness by using the IRR indicator is
necessary to know what is the market rate.As market interest rate
can be used interest rate at which the bank would grant a loan. In
this case, if:

IRR> r - project is considered

IRR <r - the project is rejected

IRR =r - project on the border profitable / unprofitable

Payback period method

This method is one of the most popular and widely used
methods of evaluation and selection of investment options. The
method payback period determining the length of time needed to
recover the initial investment at the expense of financial results of
the investment. If the cash incomes in the years are the same, the
formula for determining the payback period is as follows:

PBP = 1<
N

PBP - payback period
IC - initial investment
NI - average net cash flow



Index Profitability Method

The index of profitability shows the value (income) obtained
from every lev initial investment while respecting the time value of
money. The formula for calculation of the profitability index is as
follows:

C, C,
@4y @+r)?
= .
The criterion of selection the project is as follow:
If P1> 1 project is considered

If PI <1 project is not accepted
If P1 = 1 project on the border profitable / unprofitable

Pl

Information technology use for financial - economic
evaluation of innovative projects[1]

To provide investment evaluation, especially for the calculation
of economic indicators, and especially for IRR it is mandatory to
apply software - an essential element of information technology.
The author has developed a method by which, after analysis and
preparation of input data for the calculation of economic
fundamentals and relevant calculations assessing the economic
efficiency. As a result of calculation of financial indicators, net
present value, internal rate of return, payback period and
profitability index the method valued the planned innovation
activities. It is a tool to assist management practice in planning
innovation activities and various associated with them to.

4 Conclusion

Innovations are one of the main factors for the successful
development of business in a competitive market environment.
There are a variety of methods for the assessment of innovative
projects. The main methods used by international financial
institutions are described in the development of net present value
method and the internal rate of return. Other specified methods
serve to introduce additional criteria for assessing innovation, but
also complement the information on the return of investments for
realization of innovative projects. We must seize the opportunities
of modern information technologies. Each innovative project itself
is unique depends of the company and particular area of application
which fact gives flexibility to not necessarily apply unified
approach to financial - economic evaluation. It is recommendable
analysts to reconsider which methods are best suited for use in
different versions for innovation. Nevertheless of the manner of
conducting assessment of each project this is a tool for increasing
the efficiency of operations in Bulgarian enterprises and their
sustainable development .
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Abstract: The article studies the prerequisites for the introduction of process innovations at ZMM Nova Zagora JSC. The main principles

of an original approach for decreasing the degree of discrete manufacturing by introducing an innovative technological process for
mechanical machining of tooth gears are expounded. The results of its introduction in the gear grinding workshop are presented.

Keywords: TECHNOLOGICAL INNOVATIONS, UNIFICATION OF TECHNOLOGICAL PROCESSES, GROUP TECHNOLOGY,

GEAR GRINDING

1. Introduction

The dominant factors on the world markets in the field of
machine building are price, quality and flexibility. Nowadays the
modern market situation also concerns the production of metal
cutting machines, which more and more frequently makes
manufacturers offer new variants or modifications of existing
machines. A change in the character of production is observed when
the product range expands and the series decreases.

The companies, manufacturing components and units, apply
different approaches in order to adapt their organisational and
production structure to fast adjustment when changing from one
product to another. Process innovations are a good basis for
optimisation of technological expenses, for the quality of the
manufactured products and for the flexibility of the production
process.

2. Prerequisites for the introduction of an innova-
tive technological process

The production of tooth gear occupies a major share in the
product structure of ZMM Nova Zagora JSC and it has the
following technological profile:

o Wide product range — over 560 types;

e Primarily single and small series production — from 4 to
200 items;

o Wide scope of parameters — outside diameter from 30 to
500 mm, module from 1 to 15 mm;

o Average gear accuracy grade — 6.

Conventional methods and typical technological processes are
applied in the gear manufacturing process. Gear grinding, which is
carried out according to the generating method, is the finishing
operation for the majority of them (over 60%).

The gear grinding workshop is organised according to the
object-locked areas principle, preserving its operational
specialisation. The average coefficient of the ratio of operations
performed per workstation is Ko, = 11 and the production flexibility
coefficient is Kys= 0.91. There are six gear grinding machines in the
workshop dating from 1972 to 1987, which are outdated and have
exhausted service life. The cutting conditions are low: feed rate —
1000 mm/min (for rough machining) and 300 mm/min (for finish
machining). The time losses for changing the machine settings, for
dressing and changing the tools, and the expenses for labour and
maintenance of the technological equipment are considerable.

According to company data for 2014 gear grinding machining
time amounts to 13% of the total gear manufacturing time and gear
grinding cost constitutes 7% of the total cost.

The analysis of the company production programme for 2012-
2014 (Fig. 1) shows:

e 61 types of tooth gears drop out of production and 154
new types are introduced;
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o tooth gears with external diameter of up to 400 mm (over
98.7%) and with module of up to 4 mm (about 99%) predominate;

e over 80% of tooth gears are manufactured in series of up
to 200 items, which amount to between 28.6% and 40.6% of all
gears in terms of quantity;

o the range of different gears manufactured in series of up
to 10 items has increased 1.5 times and the range of those
manufactured in series of up to 100 items has decreased
insignificantly while preserving the same quantities;

o the range of different gears manufactured in series of up
to 500 items has decreased more than by half whereas the quantities
have decreased over 1.5 times;

e the range of different gears and quantities of the
remaining types of gear are relatively stable.

As seen from the production programme data and the
manufacturing conditions the production of tooth gears in ZMM
Nova Zagora JSC is characterised by dynamics as to range of
different gears and series production, and a high degree of
production flexibility. Economically justified adaptation of this type
of production can be achieved by introducing new innovative highly
effective technological solutions and up-to-date highly productive
technological equipment.

Items

400 232 over 400 to 500 mm
Hover 200 to 400 mm
up to 200 mm
200 Total

100

Fig. 1 Range and serial production of ground tooth gears

3. Innovative technological process

The main purpose of introducing an innovative technological
process in the gear grinding workshop at ZMM Nova Zagora JSC is
achieving optimal usage of the technological equipment and
reducing technological expenses while guaranteeing stability of the
gear grinding process, by target regulating the degree of production
flexibility. A new approach to designing and implementing
technological processes for machining tooth gears has been adopted
in order to achieve this goal. The innovative approach is based on
the principles of technology unification and group technologies [1,
2, 3, 4] and contains two main components:



 Introducing unified group technological processes taking
into consideration the technological equipment in the gear grinding
workshop.

o Development of engineering and technical tools for the
implementation of a flexible gear grinding process guaranteeing
optimal technological expenses.

The main differences between the existing conception and the
innovative one amount to the organizational and technological
structure of the preparation and implementation of production
processes.

The innovation encompasses the current for 2014 317 types of
tooth gears, whose individual technological processes (ITP) are
systematized according to the type and sequence of the
implemented technological operations. The tooth gears are grouped
according to technological characteristics in 6 complex
technological groups, for each one of which a complex tooth gear is
created. Intelligent parametric 3D models are developed for
complex tooth gears within the SolidWorks engineering design
system. The group technological operations for machining tooth
gears from each complex technological group (76 group
technological operations for 317 tooth gears in total) are specified.
The complex operational groups are formed by classifying the tooth
gears from the complex technological groups by module. Twelve
unified technological operations (UTO) are intended for them, each
one of them with a defined unified setting for gear grinding
machines.

The content of route and operational groups for each complex
technological group is specified. Route groups comprise tooth
gears, machined at different settings of the machines of one and the
same group route technological process. Operational groups include
tooth gears, whose technological operations are performed at the
same unified settings of the machines.

The aggregate of group route technological processes of a
complex technological group forms a unified group route
technological process (UGRTP) for machining the tooth gears from
this group. The developed structural variants of UGRTP for
machining the 317 tooth gears are illustrated through the structure
of UGRTP of one of the complex technological groups (Fig. 2). The
abbreviations below the graphical images of this figure constitute
accepted alphabetical codes for formal description of types of
technological operations. This UGRTP comprises ITP of 9 types of
tooth gears, divided in 4 route groups — Group D, Group E, Group J
and Group |. The tooth gears from each group can be manufactured
in one batch.

The sequence of UTO for machining the tooth gears from one
operational group determines the group operational technological
process for this group. The aggregate of the group operational
technological processes for tooth gears from the same complex
operational group form the unified group operational technological
process (UGOTP) for this group. The approach of forming UGOTP
is illustrated through the structure of technological processes for
machining the tooth gears from Group D (Fig. 3).
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Fig. 3 Structure of a unified group operational technological process
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The effective realization of innovative solutions necessitated the
restructuring of the gear grinding workshop which includes
updating the machines with a new CNC gear grinding machine
Niles ZE400/500.

4. Results of introducing an innovative technolo-
gical process

The company policy envisages the process innovation should
encompass the whole production range of tooth gears step by step.
The results of introducing an innovative technological process for
30 types of pilot tooth gears, divided in 5 complex technological
groups, are commented on in this report (Fig. 4). Eight unified
settings of the Niles ZE400/500 gear grinding machine are specified
for their machining.

- QUERLSL
- GLoTsEiL
o A X113

-~ GR&&s
AT

Fig. 4 Distribution of pilot tooth gears in complex
technological groups

After comparing the data for machining pilot tooth gears before
and after introducing the innovative technological process and the
highly technological CNC gear grinding machine Niles ZE400/500
(Fig. 5), the following summary can be made:

e Automatic execution of the machining cycle, of
monitoring and measuring operations, and intensified cutting modes
with Niles ZE400/500 contribute to decreasing the total gear
grinding time over two times (see Fig. 5a).

e The introduction of group technological processes and
unified settings decreases the annual time for resetting Niles
ZE400/500 over 2.8 times (see Fig. 5b), which amounts to 0.7% of
the effective annual working time.

o After introducing the innovative approach, gear grinding
cost price fell by 20% (see Fig 5c).

5. Conclusion

After introducing the innovative technological process and the
gear grinding machine Niles ZE400/500 in the gear grinding
workshop ZMM Nova Zagora JSC is expected to achieve the
following positive results:

e Increasing the serial production and the production
capacity through introducing unified group technological processes
and decreasing the gear grinding resetting time.

e Decreasing the finished products cost price as a result of
reducing the expenses for the technological preparation of the
production and optimizing the production costs for gear grinding.

e Improving and guaranteeing stability of the finished
products quality by also ensuring conditions for manufacturing
tooth gears with up to 4 gear accuracy grade.

e Preserving and expanding the product range by ensuring a
high degree of flexibility of the gear grinding process under the
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conditions of a complex technological process — a wide product
range and small series production.

24421826
min
250000
200000
150000 107403,82
100000 1758,60 80.61 200,90
s0000 837527 43 “Touy 54
=g _— P
e a¢  m Niles ZE400/500
e o o oty ame 0 os\ “ﬂ“t !
Mac A 0 Q‘na Niles ZSTZ 630-C3
yt ot
a
min
6000
4000
. Innovati
n ovative process
n‘ﬁ’-““'sm ;
wiles = Conventional process
b
N
BG 6451283
80000
p— 5101
20269,6
40000
1473 SBLA93 53865 2006  5454.7
200 yssl 8504 £ 205 6740
0
~ D
ot""' c,<°‘ﬂ U,o“‘? u“"ﬂ o S o Niles ZE400/500
= Niles ZSTZ630-C3

C

Fig. 5 Comparative analysis of production results before and after
introducing the innovative technological process
a, b — production time; ¢ — cost price;

e Increasing the degree of automation of the technological
preparation and the production in the gear grinding workshop by
introducing information technologies and computer technologies in
design and production.

e Achieving maximum productivity in the gear grinding
workshop under the conditions of a wide product range and small
series production by optimizing the frequency of resetting the
machines and the size of the batches.

e Improving the competitiveness and the market positions
of the company.
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Abstract: The possibility of obtaining ultra-disperse powders by high speed way with a particle size that does not exceed the
declared value. The research of the mechanical method of obtaining ultra-disperse powders. Dispersion of obtained powder was defined
for various materials. The dependence of the dispersion of the obtained powder was indentified from the choice of abrasive tools on

Bakelite and metal bonds.
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Currently, the key factor of economic development and
national defense capability is the development of new materials,
their processing and use. Current direction of development of
modern science is to provide nano- and ultrafine powders of
various metals and study their properties. Because ultrafine
particle size powders have unique combinations of chemical,
electrical, magnetic, radio-mechanical and other properties that
determine new functionality, constructional and operational
characteristics. The structure of the powder has a significant
effect on the properties, depending on the production method [1].
There are following requirements for the methods:

1) The high speed of forming of particles birth centre and
the low speed of their growth;

2) The provision of temporary stability of the particles,
the surface protection from spontaneous oxidation and sintering
in the manufacturing process;

3) Preparation of the particles or grains of a prescribed
size;

4) Effective production and efficiency;

5) Control of the parameters [2,3].

Methods of preparation of nano- and ultrafine materials
are divided into physical, chemical, biological and mechanical.

The main methods of mechanical grinding are crushing
and grinding of solid materials, melt dispersion, processing of
solid (compact) materials by cutting. Mechanical methods are
based on the effects of large deforming stresses: dragging,
pressure, pressing, vibration, cavitation processes and etc. [4].

Mills of various types are applied for the mechanical
grinding of solids: planetary, ball, ink, swirl, vibration and others.
Due to the fact that in the preparation of ultrafine and nano
powders grinding work is proportional to the surface area, it is
necessary to use high power mills [2].

The main advantages of using a mechanical method of
grinding (mills) are:

1) Preparation of nano and ultrafine powders of
multicomponent alloys in a single step;

2) The ability to grind various materials and produce
alloys powders in large quantities;

3) The relative simplicity of the technology.

Disadvantages of the mechanical methods:

1) The size distribution of the particles and the variety of

forms;

2) The difficulty of controlling the composition of the

product during grinding;

3) The more complex components and accuracy the factor of

merit, the harder it is to control the metal structure, and the

higher the cost of the production;

4) The possibility of contamination of nano and ultrafine

powders with the attrition of grinding bodies or working

bodies of mills [5.6].

The mechanical method is promising for the
development of nano- and ultrafine powders of multicomponent
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alloys, however, for a more efficient use of it, knowledge of the
physical processes occurring during mechanical stresses are very
useful [7,8]. Therefore, it’s necessary to determine the possibility
of a high-speed method and experimental study of the processes
occurring in solids in the manufacture of powders [9].
Installation, applied in the experiment, represents the mill.

Processing of the material was carried out at the
circumferential speed of the grinding disk up to 300 m /s, while
the synchronistic rotational and reciprocating motions of the
workpiece. The grinding wheel was used as the grinding disc
with abrasive elements (abrasive head with diameter of 12 mm).
The workpiece carried order was about 1 mm / min while feeding
nitrogen from the cryogen reservoir through the thermohose to
the work zone was about 1 I/ min. The particle sizes of the
powder were regulated by circumferential speed of the grinding
disc, choice of abrasive heads and workpiece supply [10].

The workpiece set coaxially to one of abrasive heads in
the clamping device was rotated. After reaching predetermined
rotational speed by the grinding disc, the workpiece was
continuously cooled with liquid nitrogen during the whole
abrasion process. Grinding wheel was linked up with workpiece
until the contact, whereby the workpiece was grinding by
abrasion. The powder was removed from the grinding chamber,
using a blowing trap of the particles, connected to a device for
collecting ground product. After abrasion of the workpiece, the
device was disconnected, the ground material was removed from
the collection device, set a new workpiece (Figure 1) [11].

Fig. 1. Installation scheme: 1 — frame; 2 - airtight
enclosure; 3-abrasive wheel; 4-work feeder; 5-workpiece; 6-
work holder; 7- airproof cell; 8- feeder of liquid nitrogen to the
work zone.

Experiments were carried out with materials having
different hardness, friability, toughness (Fig. 2) [12,13].
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Fig. 2 The dispersion of the obtained powder of variety
materials

The collected powders had a particle size in the range
from 100 nm to 1.5 microns (Fig. 3). The average particle size of
the steel powder VK8 was 1100 nm, HSS P18 - 950 nm, of brass
- of 400 nm from a ferromagnet - 280 nm. The best results were
obtained with powders of aluminum and neodymium magnet
(Fig. 3c).
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Fig. 3 The dispersion of the obtained alloy powder P18
(a), alloy VK 8(b), neodymium magnet (c).

During the experiments were used abrasive elements on
the bakelite and metal bonds.

From the obtained data follows that the variation in the
dispersion decreases with decreasing of grain of abrasive
elements range (Fig. 4).
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Fig 4. The dependence of the dispersion of the obtained powder
by the choice of grinding tool on bakelite bond (a) and metal
bond (b).

The mechanical processing method with using of a
grinding wheel provides wasteless processing of the workpiece,
reducing the spread of sizes and the possibility of obtaining
particles less than 0.1 mm. Adding liquid nitrogen reduces the


http://www.multitran.ru/c/m.exe?t=2206045_1_2&s1=%F8%EB%E8%F4%EE%E2%E0%EB%FC%ED%FB%E9%20%E8%ED%F1%F2%F0%F3%EC%E5%ED%F2

occurrence of high temperatures generated by abrasion at high
speeds, thus decreasing the fire hazard in the work [14,15,16].
The detection of the dispersion dependence of obtained
powder from the material, from which it was derived, as well as
the choice of abrasive tools - undoubtedly important. More
important will be to identify the dependence of different
properties of the material on dispersion of the obtained powder
for understanding the fundamentals and principles of high-speed
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A STUDY ON THE IMPLEMENTATION OF THE DISCIPLINED CONVEX
OPTIMIZATION METHOD FOR THE IDENTIFICATION OF THE DYNAMIC
SYSTEMS' MODELS

Lect. Danila A. PhD.!
" Transilvania " University — Brasov, Romania
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Abstract: In this paper the author investigated the implementation of the convex optimization method in the area of the estimation of
model parameters from experimental data. The investigation focused on the identification of processes within the technical environment such
as: the liquid flow process, the mechanical vibrating process and the electric arc discharge. The theoretical support related to the convex
optimization algorithm is emphasized in the first section of the paper. The preconditions for the implementation of the algorithm within the
system identification context are also presented. In the third and the fourth sections, the main analysis is made. The mathematical models of
the processes under investigation and the software implementations are depicted. The results showed that for an input signal, equivalent with
the Dirac impulse, the disciplined convex optimization algorithm provide consisted estimate of the process under investigation which is
similar to the results from the classical least-squares identification algorithm. These results are the basis for further investigations on the
implementation of the convex optimization algorithm for system identification.

Keywords: SYSTEM IDENTIFICATION, CONVEX OPTIMIZATION, DYNAMIC MODEL

1. Introduction

The convex optimization method has been introduced since
decades to solve a special class of mathematical optimization
problems which includes least-squares and linear programming
problems.

The method has been implemented in areas such as, [1]
automatic control systems, estimation and signal processing,
communications and networks, electronic circuit design, data
analysis and modeling, statistics, and finance. Recently, the convex
optimization method was successfully used in real-time
optimization within computers embedded in products. The main
advantage of the convex optimization method is that this method is
reliable and can solve the convex optimization problems in a
predictable amount of time.

The convex optimization has been studied for about a century.
The first systematic study of convex sets was made by Minkowski.
The mathematics of convex sets was then developed by Bonnesen,
Fenchel, Eggleston and others. During the 1960's, Luenberger
introduced the generalized inequalities in nonlinear optimization. In
the 1980's, the convex optimization method has developed due to
Nesterov and Nemirovski, [1] who were the first to point out that
the interior-point methods - developed to solve linear programming
problems - may be used to solve convex optimization problems as
well. Nowadays, important contributions in convex optimization
algorithms and related topics, including software developments are
due to Boyd and Vandenberghe.

In this paper, the author investigated the implementation of the
convex optimization algorithm for the identification of the dynamic
systems' models parameters from experimental data. This approach
is less quoted in the technical literature, [1], [5].

In systems identification and in its related adaptive control, the
predictable demand of hardware, software, and computational time
resources are crucial. In this direction, the convex optimization
proves more efficient than the classical system identification
methods.

2. Prerequisites and means for solving the problem
An optimization problem has the following form:

minimize f; (x)

1
subjectto  f; (x)<b, @)

i=Lm
o T
Where the vector x:(xl xn) is the optimization

variable of the problem, the function f, :R" — R is the objective
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function, the functions f; :R”—>R,i:1;_m are the constraint

functions, and the constants b, ...b, are the bounds for the

constraints.

m

In the linear program, the objective and constraint functions are
linear and satisfy the equality:

f; ((X‘X+B‘y)=a‘fi (X)+B’fi (y) )
(V)X,yeRn;oc,BeR '

If the objective and constraint functions are not linear, then the
optimization problem is called a nonlinear program.

If the objective and constraint functions satisfy the inequality:

fi (a-x+B-y)<a-f; (x)+B-f (y)

, 3
(V)x,yeR";a,peRwitha+p=1anda>0(>0 )

then, the optimization problem is called a convex optimization
problem.
The solution of the optimization problem is a vector &" which

has the smallest objective value among all vectors that satisfy the
constraints: f, (&)= f, (é*)for any gwith f; (€)<b ;i=1m.

In the least-squares optimization problem with no constraints,
the objective function is of the following form:

fy ()= x b =S 6 xb,

i=1

(4)

Where: AeR"" with k>n, a] are the rows of A, and the

vector x e R" is the optimization variable.

The analytical solution of the least-squares problem is given by
the following expression.

x=(AT A AT b
(®)
The least-squares problem has known high accuracy and high
reliability algorithms such as the linear least-squares algorithm. The
computer time needed to solve a least-squares optimization problem

is approximately proportional ton?-k . The convex optimization
problem also benefits of dedicated algorithms such as the interior-
point algorithm. The amount of steps needed to solve some

optimization problems by means of the interior-point algorithm is in
the range between 10 and 100. Each step requires on the order of



malx{n3;n2 -m; F}, where F is the cost of evaluating the first and
the second derivatives of the objective and constraint functions, [1].

Given a dynamic process, the aim in system identification is to
determine an estimate of the system's model from input / output
sequences of data acquired from the given process.

In the followings we will consider the problem of system
identification as a convex optimization problem.

3. Solution of the examined problem

Consider two sequences of data {ulk]f}_, and {y[k]}_,, related

to the signals at the input / output ports of a given linear, time-
invariant system.

As known, a single-input, single-output, dynamic process may
be represented in the discrete time domain by means a difference
equation given in the general form as follows:

WIS -y T 3ob, vl ] ®

i=1
Where a; ;i=1;na and bj; j =1;nb are the model's parameters.

Based on the general form of the dynamic process above and on
N sequence of data acquired from the process, a set of

N equations with na+nb+1 unknowns is obtained. The matrix -
vector form of the given set of equations is the following.

S:0-0=Y. )
Where: G):[al,...,ana;bo,...,bnb]T is the vector of the true

parameters, Y = [yl,..., yN]T is the vector of the noise free output

data, and @ is the noise free input / output data, [6] In reality, the
measured sequences of data are corrupted by noise. Therefore, the
least-squares identification problem reduces to the computation of
the pseudo-solution of the above set of equations. This is equivalent
to the problem of the Euclidean norm minimization:

vy (6)= |o-0-v]. ®)

Where © is the vector of the estimated parameters and Vy (é) is

the objective / the cost function. Follows that the least-squares
identification of the parameters may be interpreted as a convex
optimization too.

The least-squares algorithms used in system identification
require the input sequence is a white - noise process with zero mean
and known variance, [2]. In contrast, the convex optimization
algorithm will not work properly with random processes sequences.
In this case the convex optimization should reduce to finding a
maximum likelihood estimate of the parameter vector, [1].

However, the simple least-squares algorithm in system
identification will also work if the input is a discrete Dirac impulse.
In this case, the system's response is a sequence of the discrete
weighting function. In this case the convex optimization algorithm
will work too. In the followings, we will use this approach to
determine the model estimates of parameters from experimental
input / output data with known pulse inputs. The proposed
processes were: a liquid flow process, a mechanical vibrating
process and an electric discharge.

4. Results and discussion

In purpose to investigate the ideas presented above, the
following tools were used: (a) a liquid flow test band and a
mechanical vibratory test band from the Electrical Machines
Laboratory at the "Transilvania" University from Brasov; the liquid
flow test had two flow meters with 5% accuracy in the range of

0.01-1.0[dm®]. The flow was computed by means of a

microcontroller application and an RS232 communication - which
is part of the test-band. (b) For the experiment, the mechanical
vibratory test - band was equipped with a 12-bit/8-bit digital
accelerometer, MMA8452Q from FreescaleSemiconductor and a
MSP430 microcontroller. (c) The algorithm implementation used
the cvx, SeDuMi library, [3] and the MatLab software environment.
The serial communication between the microcontrollers and the PC
was made by means of the RS232 port and a software application
written in the VisualBasic. The main interface of the
communication application is depicted in Figure 1. The interface
consists in several objects that allow the user to control de data
stream from the microcontroller.

L= Eﬁ
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Fig. 1 The communication application - graphical interface.

The implementation of the convex optimization algorithm and
the associated computations were made within the MatLab
environment by means of a dedicated application.

4.1. The identification of a liquid flow process

Consider the flow of the liquid from a tank, (C - the surface of
the tank) within pipes and a valve (R, - the equivalent hydraulic
resistance); the input / output signals are the input and the output
flow.

The reduced - order linear model of the liquid flow process is
given by equivalent transfer function is represented in the following
expression [4].

G(S):;: s=c+j-w;seC. 9)
R,-C-s+1

Given the sampling period of the discrete dynamic processes,
I'pemka! MokasaneusT He e neguuupan.T,, the given transfer

function may be translated into the discrete space.
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Fig. 2 The experimental measurements of the weighting function of the
liquid flow system.

The expression of the equivalent operational transfer function is
of the following form:



b-q™*
l+a-q*

6la)-

Where q 1 s the shift operator. The difference equation that
depicts the flow process will result from the expression above as
follows.

(10)

M, :yk]=-a-y[k-1]+b-uk —1]

The expression above is of the form given in (6).

(11)

In this experiment the liquid flow test band was used. A
measured sequence of the outlet flow is depicted in Figure 2.

The implementation of the disciplined convex optimization
algorithm produced the results summarized in Table 1.

Table 1: The true values and the estimations of the liquid flow model
parameters in the expression (10).

2 b
True[\_/]alues -0.9591895 0.04081054
Average of
estimations -0.9557563 0.03401063
[]
Rl 75.0894818 79.16553542
[%]

4.2. The identification of a mechanical vibratory
process

We consider a two-sided pendulum implemented as shown in
Figure 3.

Fig. 3 Two-sided pendulum test-band.
1 - the mechanical part of the test band; 2 - the digital accelerometer; 3
- the microcontroller.

The test-band's hammer shuts the pendulum ensemble with a
known impulse; the mobile part oscillates. The oscillations of the
mobile part are measured by means of the accelerometer and the
displacement of the mobile part is estimated and recorded within the
computer.

The mechanical vibratory process may be represented by a
second-order element with the transfer function given by the
following expression.

G(s)

2
ka o

s=oc+j-w;seC (12)

$?4+2-C-w, -5+

Where K, is the gain / the proportional coefficient, Cis the
damping ratio and ), is the natural frequency of the given system.

The expression above may be transformed into the discrete
domain as previous and a second - order operational transfer
function is obtained:
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bo +b;, -q7"

G(q‘l): l1+a,-q+a,-q° ;

yk-1]=q7y[k];kez

The expression above lead to a second - order difference
equation as follows.

M,: y[k]:_al : Y[k_l]_az : y[k—Z]
+hy -ulk]+b, -uk —1]

which also is of the general form (6).

(13)

: (14)

The experimental results are depicted in Figure 4. The
measurements were affected by noise and nonlinearities due to the
frictions within the mechanical system.
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Fig. 4 The experimental measurements of the weighting function of the
mechanical vibratory system.

In Table 2 were presented the results of the implementation of
the disciplined convex optimization algorithm.

Table 2: The true values and the estimations of the mechanical vibratory
model parameters in the expression (14). *Note: the parameter b, is equal to
zero both in the true model and in the resulting estimations and it was
omitted.

b:
0.79665

ag ay

True values
[-]
Estimations
Testno 1
[]
Estimations
Test no 2
[]
Estimations
Test no 3
[-]
Estimations
Test no 4
[l
Residuals
[%]

-1.7144 0.75999

-0.93306 0.5489 0.56422

-1.1189 0.22025 0.41354

-0.90722 0.54706 0.53752

-1.0369 0.37758 0.49148

41.7277 44.2820 37.0250

The residuals is not as good as in the previous experiment due
to the higher level of the measurements noise.

4.3. The identification of an electric arc discharge

In the followings, the convex optimization was used to estimate
the mathematical model of a time series from a practical experiment
described in [7] referring to the study of the electric discharge in
inert gas (argon). The experimental setup, presented in Figure 5
consisted of one closed combustion chamber provided with a
plasma nozzle, a DC voltage supply (0 ... 220 V / 5A) and a DC
boost converter. The converter was commutated at 12.5 Hz. The arc
occurred at each commutation for a short period of time. The
voltage drop and the arc current intensity were measured by means
of a voltage transducer of type UXTT2 (0-400V / -10V ...+10V)



and a current transducer of type LEM HP05(0-5A / 0 - 10V). The
data were recorded by means of a two channel oscilloscope, Metrix
0X6202. The plasma gas was argon. During the discharge, at the
nozzle outlet, an indirect water vapor was injected. The arc current
and the arc voltage drop were measured and recorded.

Gas

Fig. 5 The schematic of the experimental setup
DC - voltage supply, PG - pulse generator, AC-plasma chamber, CT -
current transducer, VT - voltage transducer

The analytical model proposed for experimental identification
of the time-series is given in the following expression.

it)=A-e " +B.e ~cos(o)1 ~t) 15)
+C-eP.sinlo, -t

Where: the proportional factors A;B;C R are constants, the
attenuations o;p € R, and the angular frequency o, =2-=n- f; .

After the implementation of the z-transform, in the previous
expression, the following complex representation results.

1
1—(z-eﬁ)71~cos(m1~Te)
' 1—2~(z-e‘3)71 -cos(co1 T, )+(z-e‘3)72
l—(z-eﬁ)fl-sin(wl-Te)
—;

'1—2-(z-e5)_1-cos(ogl T, )+(z~eﬁ)

1(z)=A

+B (16)

+C zeC
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Fig. 6 Sample sequences.
The upper: plot the discharge current. The lower plot: the estimation error.

Taking into account the properties of the shift operator, g, the
discrete-time equivalent model of the time series results from the
expression above as follows:

ifk]=-a, -ifk-1]-a, ik —2]-a; -i[k - 3]

+by - 3k]+by -8k —1]+b, -8k -2} keZ

Where were 3[k] is the value of the discrete Dirac pulse at step

bysi =13 j =0;2are

17

k. The expressions of the coefficients a;;
complicated and are not given here.

In Figure 6 an example of the samples sequence plot is given.

The implementation of the disciplined convex optimization
algorithm produced the results presented in Table 3.

Table 3: Estimated parameters of the model in expression of the electric arc
discharge. *Note: The parameters b; and b, resulted much smaller than bo
and were omitted..

a a a3 bo
Estimated
parameters -0.16823 0.22173 0.91494 0.019069
[]

33

The residuals of the identification are depicted graphical in
Figure 6.

5. Conclusion

The paper presented a study on the implementation of the
disciplined convex optimization method in the field of system
identification. The classical least-squares algorithms used to
estimate the parameters lead to the minimization of the residuals
cost function. The best accuracy of the estimate is obtained if the
input signal is a white-noise process. The analysis in this paper
proved that an equivalent minimization problem may be solved by
means of the disciplined convex optimization algorithm in the case
the input signal is a digital Dirac impulse (in practical experiments a
short pulse). Further studies are to be made to examine the
implementation of the disciplined convex optimization algorithm in
the case the input signal is a random sequence.
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A.P. Rechenko D., Titov Y., Balova D.
Department of cutting machines and tools, OmSTU, Omsk, Russian Federation

AnHotamus. [Ipobnemoi,

6O3HUKAwWue 6 npoyecce pe3aHusl dasudyuoOHHblX Mmamepuanos,

8bI3BIEAIONM  HEOOXOOUMOCHb

KOMNIEKCHO20 UCCIE008AHUs npoyecca 0OpabomKku ¢ NpUMeHeHuem cmazouno-oxaasxicoarowetl scuoxocmu (COJXK), paspabomky memooos
onpedenenus s¢ppexmusnocmu COXX u memo0oos nooauu 6 301y pe3anusl, ¢ y4emom 06pabamvléaemMo2o Mamepuad, percumos 06pabomxu
U pexcyujeco UHCMpPYMeHmd, ¢ Yenblo Y8eluyeHus pecypca UHCHpyMeHmad, npousgooumensHocmu u mouHocmu obpabomku. Koneurno, smo
8bI3bI6AEN OONOTHUMETbHbIE MEXHOI0SUYeCKUe MPYOHOCHU, MAK KaKk cywecmeyem 0onvuioe Konuiecmeo 6uoog u mapox COX. Vuecmo
BIUAHUE 8CEX PAKMOPOB 8 KOMNIEKCE MONCHO, 3A0ABUUCH YCTOBUAMU O2PAHULEHUS.

CymiecTByomue B3 A6l CBOIATCS K ToMy, yTo COX
B IIpOLIECCE Pe3aHMs OKA3bIBACT CMAa3bIBAIOLICE U OXJIAXKJAOLIEE,
JUCIIEprupylolee u Momwluee aeicTeud. B mpornecce pezanus
METaJUIOB XUMWYECKH aKTUBHBIE MOBEPXHOCTH PEXKYILETO
MHCTPYMEHTA M CTPYXKKH BXOJST B PEAKIHI0 C KOMIOHEHTaMU
CMa304HOMI Cpenbl. Jannas TUNOTE3a pa3BHUBaeTCs
CIIEHATMCTaMH 110 TPEHHIO U pe3aHuio Metauios [1, 2, 3, 4].

HanGompmmit  wmaTepec BmmsiHus COXX  BEI3BIBaer
00paboTKa aBHAIIMOHHBIX MaTEpPHAJIOB, TaK KaK JaHHas 00J1acTb
Han0ojiee BOCTpeOOBaHa B IOBHINICHHH M COXPAaHEHHH Ka4yecTBa
00paboTki. B aBHAIMOHHBIX ABUTIATENSIX IIHPOKO MPHMEHSIOT
crmraBel XHO60BT (BXK98, DM868), XH50BMTIOb (OI1648),
XH68BMTIOK (3I1693), XH56BMTIO (311199), XH73MBTIO
(B1698), XH77TIOP, BT8, BT3-1, BT9, BT8, BT8M, BT18Y n
T.1. B nanHo#i paboTte paccMaTpHBaIKCh )KapOIPOYHBIN CIUIAB Ha
nukeneBoir ocHoBe XH77TIOP u turanoseii cras BT3-1,
SBJAIOIINXCS  SIPKAMH  TIPEACTaBUTEISIMH  CBOMX  TpYIHII
MaTepUaoB.

B HekoToprIx paboTax NPHUBOIATCS MOJNOXKEHHS 00
orpunatensHoM BiausgHuE COJXXK Ha mpomecc pesaHusi, KOTOpoe
CBSI3aHO C OCOOGHHOCTSAMHM 00Opa3oBaHMSI IUICHKH U €e
MIPOHHUKAIOUIETO AecTBHA. MexaHn3M o0pa3oBaHuUs TUICHKH H €€
MIPOHUKAIOIIEEe JEHCTBHE TPH PE3aHHH OCTACTCS MPEIMETOM
uccnenopanuii. [Iponuknosenne COXK B KIMHOBHIHBIA 3a30p
MEX]Iy CTPYXKOH M IIOBEPXHOCTBIO DEXYIIEro HHCTPYMEHTa
HNPOUCXOAUT M3-3a KamwuiipHoro sddekra [4]. Ilo HEekoTOpBIM
JaHHBIM IIPH HU3KHX U CPEAHHX CKOPOCTSAX 00pabOTKH KOHTaKT
CTPYXKH C pe3lOM HMeeT TouedHblid xapakrtep 0,5-1 MkM, 4TO
obecrieunBaet 3¢ dexTrBHOEC U MOCTOsIHHOE mocTyuieHne COX
1 ee TapoB.

IIponukaromas cnocodrocte COX xapakrepusyercs
TOJIIIMHOM TUICHKH N 1 HMeeT 3aBUCHMOCTB:

SV ,
F

rae 7 — abCoNMOTHAas BSA3KOCTH Maclia, H-em? S -
IION[ab CONPHUKOCHOBEHHS TPYIIHXCS Tel, M>, V — CKOpOCTH
MepeMeIeHust TPYIMMXCs ToBepxHocTed, Mm/c; F - cuma
JKHUIKOCTHOTO TpeHus, H.

h=n

[Tpu 3TOM HOKHA COOTIONATHCS 3aKOHOMEPHOCTh:
B > 15(8,+6,)
rae 51 n 51 — MAaxkCHMAaJIbHBIE BBICOTHI BBICTYIIOB Ha
MOBEPXHOCTAX TpPEHHsA, OOeCHeuynBaloliie YCTOWYMBOE U

HaJIC)KHOC JKUJKOCTHOE TPCHUE.

IIpn  BBICOKMX CKOpOCTSIX 00pabOTKM, KOHTAKT
CTPY)KKM C pe3IOM HMeeT CIUIONIHOW XapakTep, MO3TOMY
npoHukHoBeHHe COJXX BO3MOXHO JIMIIF B MapooOpa3HOM
COCTOSTHUM MJIM NP 3HAYUTENILHOM JIaBJICHUH CTPYH.

IIponukaromee geiicteue COXK 3aBuUCHT OT ee
(bU3MUCCKUX  CBOMCTB  (BS3KOCTb, IUIOTHOCTb, XMMHYECKas
aKTHBHOCTH U T.JI.) U OT CIIOCO0a MO/IBO/Ia €€ B 30HY pe3anus. [1o

MOCTICTHAM ~ HCCIICIOBAHUSIM ~ YCTaHOBICHO, YTO 3()(HEKTHBHOCTH
cMmaszbiBarolero JehcrBus ycunuBaercs npu nogadye COX monx
JABICHHEM, TaK KaK 3TO IMOBBIIIAECT MPOHMKAIOIIYIO CIHOCOOHOCTH
CTPpYyH WIHM >KHUAKOCTH B PACHBUICHHOM COCTOSHHHU. 3HAYHUTEIHHOE
NOBBIIICHNWE JaBlieHWe cBeie 10 Oap MO3BONAET HPOHU3BOAUTH
3¢ PeKTHBHOE CTPYKKOAPOOICHUE U €€ OTBOI.

Ilo HeKOTOPHIM JaHHBIM, IPOHMKAIOMAs CHOCOOHOCTH
3aBUCHUT OT pazMmepa mosekya COXK. Mosekyibl 0JIEMHOBOIM KHCIOTHI
HMEIOT JUIMHY OpraHMueckoi mnemu 19 A, a Momekymsl Takux
coemunennii, kak H,S, SO,, ClO3, CCl,, uMeror aiuHy cBsizeil aTOMOB
1,5-2 A, BcnenctBue yero sBnsioTCs 6omee dGGeKTHBHBIMU [4].

O6mme npexacrasnenus Biauaaus COX Ha npouece pe3anus
CBOIATCSA K TOMY, YTO B HEKOTOPBIX 30HAX MPOUCXOIUT HCKAKEHUE
KPHCTAJUINYECKOW pelIeTku o0pabaThIBaeMOro MaTepHaia, 3a CHeT
€ro OXpYIUEHHUs BCIEACTBHE PE3KOro Iepemnana temmeparyp. Ilpu
9TOM BO3HMKAaeT W CMa3bIBarollee JeHCTBHE 3a cueT 0Opa3oBaHHUS
3alIUTHBIX IUICEHOK. KOHEYHBIM TPOSBICHHEM CMa3bIBAIOIIECTO
JIEHCTBHS SIBISICTCS YMEHBIICHHE PaOOTHI CHII TPEHHS W IMOBEHINICHHE
CTOMKOCTH PEXYIIEro NHCTPYMEHTA.

HccnenoBanue TONMIMHBI IJICHKH IPOBOAMINCH HA MAIIMHE
tpenus MNS011.

Jlns mpoBeneHus UCCIeA0BaHUN NPUMEHSUINCH CICAYIONINe
mapku COX:

1) Bonoamyiscuonaeile  COX ¢ konuenrpammein  10%
Mmapok: Cmanbra-3, Cmansra-3*EP, Cmansta EP, buocun M, Addinol
WH430, Blasocut 2000, Blasocut 4000, Emulcut 100, Pocoiin-500,
Vkpunon-1M, Axson-6, Mobilcut 140 u 1,5% BomHBIH pacTBOp
KaJbIIMHApOBaHHON consl (1,5% B.p.K.C.);

2) Cunarernaeckne COX ¢ konmentparmeit 10% wmapok:
Buocun C, Dkon-3, Isogrind-130EP, Akpemon-/1-1, Konkpernon-BII, a
takoke norycuaTernaeckast COX Cmanpra-11,

3) Macasiaeie COX, macia u ocHoBbl Macisibix COXX:
skunkuit mapadun (OK.I1.), PXK8Y, T1C-28, U-40A, U-20A, U-12A, U-
5A, JIensinoe macio, Macno b-3B, I'.K., MP-1VY, MP-3, MP-7, MBX-
5, Honurnukoins, Ddup T.

CTpYKKa

HHCTPYMEHT

Puc. 1. Cxema oeiicmeus COX npu pezanuu
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Hwuxe npuBeneHs! 3aBUCUMOCTH TOJILIMHBI CMAa30YHON
mwieHku h oT kuHeMaruueckoii Baskoctd COX W 1 3aBUCHMMOCTH
ko3P durmenta Tpenns K, OT TOJIUIMHBI CMa304HOi IieHkH h
st map Tpenus XH77TIOP — BKS8 (Puc. 2 u 3) u BT3-1 — BKS
(Puc.4u ).
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Puc. 2. 3asucumocmv moawunvl CMA304HOU NAEHKU OM
xunemamuueckoti eazkocmu COK ons napvt mpenuss XH77THOP
- BKS8

3aBUCHMOCTh  TOJIIMHBI CMa304YHOWH IUIGHKH OT
kuHemaruudecko Bszkoctu COX s nmapel tpenus XH77THOP
— BK8 umeer Bun:
h=9-10"°p2 + 10, npu xocroBepHOCTH
anmpokcumarmu R? = 0,977.
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Puc. 3. 3asucumocmo kosphuyuenma mpenus om moauunsl
cmazounoll naenku oaa napvl mpenua XH77TIOP — BKS
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Puc. 4. 3asucumocmv moawunvl CMA304HOU NAEHKU OM
xunemamuueckot eazkocmu COXK ons napvt mpenust BT3-1 —
BK$

3aBUCHMOCTh  TOJIIMHBI CMa304YHOH IUIEHKH OT
kuHeMarndeckoi Bsskoctn COXX mnst maper tpenmst BT3-1 —
BKS8 umeer Bua:
h=7-10°p?+ 105 p + 7-10%, mpu nocrosepuocTH
anmpoxcumarmu R? = 0,985.

mp

0 0,001 0,002 0,003 0,004 0,005 0,006 0,007

B MEM
Puc. 5. 3asucumocmsv kod@puyuenma mpenus om moauuHsl
cmazounoil nienku 015 napwl mpenust BT3-1 — BKS

Kak BHOHO W3 TpeACTaBICHHBIX 3aBUCHMOCTEH ¢
YBEINYEHHEM KHHEMAaTHYeCKOW BS3KOCTH YBEJIMUMBACTCS TOJIIMHA
CMa304HOW IUIGHKH M YyMeHblnaercss koddduiment tpenus. Ha
3aBUCUMOCTAX KOd((HLMeHTa TPEeHHS OT TONIIMHBI CMa304HOM
IUICHKH II0Ka3aHa OrpaHMYeHHas 00J1acTh, MOKA3bIBAIOIIAs AUAIA30H
n3MeHeHUs: K03 HLeHTa TPEHHUsI OT TOJIIMHBI CMa30YHOMN IUICHKH.
Kak BUIHO M3 3aBHCHMOCTEH C YBEIMYEHHEM CMa304HOTO CIIOS 0
0,002 MxM u Oosee nuana3oH K0d(GOUINEHTOB TPEHUS 3HAYUTEIHHO
CY)Kaercs, 4TO TOBOPUT O Oombineid crabMiIbHOCTH paboTHl Hap
TPEHHSI.
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WHOBATUBHU HHCTPYMEHTH 3A HUHTEJIMT'EHTHO ITPOU3BOICTBO HA
JAETAWJIN C BBTPEILIHU PE3BHU
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®akyarer Mamunoctpoete u ypegocrpoere, TY — 'abposo bbarapus
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Abstract:The article discussed different thread tools developed innovative projects in production.

Keywords: INNOVATION, TOOLS, TAPS, PROJECTS

1. Yeoo

WHoBanusaTa € BpBeXkJaHe B yrmorpeba Ha HIKAaKbB HOB HIIH
3HAQUUTENHO TIOJO0OpeH TPOAYKT (CTOKa WIM yCiIyra) WM
TIPOM3BOJICTBEH IPOLEC, HA HOB METOJ 32 MAapKEeTHHI MM Ha HOB
OpraHU3allMOHEH METOJ B ThPrOBCKATa NMpPAKTHKa, OpPraHU3aLUATa
Ha pabOTHUTE MeCTa MM BBHIIHUTE BPB3KH. MHUHHUMaJICH NPU3HAK
3a e/lHa MHOBALlMsS € M3UCKBAHETO MPOAYKTBHT, MPOU3BOJICTBEHHAT
HPOIIEC, METOABT 32 MAPKETHUHI WJIM OpraHM3alUs 1a € HOB (WK
3HAYUTENTHO MOZOOpEeH) 3a mpakThkara Ha gajgeHa ¢upma. Tosa
BKIIOYBA B  KaTeropWsATa Ha  HHOBAIlMUTE  IIPOIYKTH,
HPOU3BOJICTBEHH INIPOIECH W METOJH, KOUTO (PUPMHTE ca Ch3IAIN
OBPBA W/WIM HPOIYKTH, NPOHM3BOJICTBEHN IIPOLECH M METOJH,
3aUMCTBaHH OT JIPYr'H (UPMH WIIH OPTaHNU3AIN.

WHoBauyoHHaTa [ACHHOCT MpPEACTaBiIsABa BCHYKA HAy4HH,
TEXHOJIOTMYHH, OPraHW3alMOHHH, (UHAHCOBA H  THPrOBCKH
JNEUCTBUsI, OT KOWUTO pEaTHO MpPOW3THYA peanu3anusra Ha
WHOBALIMUTE, WM KOUTO Ca 3aMHUCIIEHH C Ta3M Lein. Hsakou Bumose
WHOBAIIMOHHU JICWHOCTH Ca WHOBAIIMOHHHU CaMu 1o cebe CHu, Ipyru
HE TPHUTEXKABAaT TOBAa CBOMCTBO, HO CBIIO Ca HEOOXOJAUMH 3a
OCBIIECTBIBAHETO HA WHOBaluATa. VHOBalMOHHATa JEHHOCT
BKJIFOUBA CBIIO M M3CIEABAHUS M EKCIICPUMEHTATHU Pa3pabOTKH,
HECBBP3aHU MPSIKO C pa3pabOTBAHETO HAa KOHKPETHA HMHOBALHSL.
OO0u1 mpu3HAaK HAa MHOBALMATA € OOCTOSTENCTBOTO, Y€ TS CIeaBa
3aIBJDKATENHO Aa ce BHeApH. HOB WM yCHBBPIICHCTBAH MPOMYKT
Ce cuMTa 3a BHEAPEH, KOraro € HW3/i3bil Ha mazapa. Hosure
MPOM3BOJCTBEHH  NPOIECH,  MApPKETUHTOBH  METOAM  WIH
OpraHU3alMOHHN METO/IM CE CUMTAT 3a BHEAPCHHU, KOTaTO TE PEATHO
ce Hu3NOoM3BaT B JieiHOCTTa Ha (¢upmarta. XapakTepbT Ha
WHOBAIIMOHHUTE JCHHOCTH B pPasmUYHUTE (QUPMH € pasIHycH.
Hsakon ¢upmu ce 3aHMMaBaT CbC CBBCEM SICHO H3pa3eHH
WHOBAIMOHHU MMPOEKTH — B TOBA YHCJIO pa3paboTKa W BHEAPSIBAHE
Ha OTPEIENeH HOB MPOIYKT, IOKATO APYTH Ce 3aHMMABaT MIPEAUMHO
C TOBa JIa BHACAT HOBH W HOBHU MOJOOPEHUs B CBOSITA IPOIYKIIHS,
MPOM3BOJCTBEHHU TpoLiecH U omepaiun. M nara Buga GupMu MoraT
Jla Ce CUUTAT 3a MHOBAI[MOHHH, ThH KATO MHOBALIMATA MOJXKE Ja ce
CbCTOHU OT peanmaunma Ha €AUHHUYHO CBHIICCTBCHO N3MCHCHUC UJIU
OT IisJIa Peauia MO-MalKo 3HAYUTEIHU MOJ00PSABAIIN H3MCHEHHUS,
KOMTO B CBOSITA CHBKYITHOCT 00pa3yBaT 3HAYUTEIHO H3MCHCHHE.
WNuoBamnonnara ¢upma e Qupma, KOSATO € BHEAPWIA HIKAKBa
WHOBALMsI 32 OIMpEeeieH [0 BpeMe Ha MPOYYBAHETO IMEPHOI OT
Bpeme. IIpoayKTOBO/IPOM3BOJCTBEHA WHOBAMOHHA (Qupma e
(hupma, KOSITO € BHEPIIIA HAKAKHB HOB MJIM 3HAYMTEITHO T000pEeH
MPOAYKT WM MPOM3BOJCTBEH IPOLEC 32 OMpPEACNICH 110 BpeMe Ha
MPOYYBAHETO HEPHO/I.

Nnosanuure ouBaT YETUPH THIIA:
MIPOU3BOJICTBEHU, MAPKETUHIOBY U OPraHU3allMOHHU

IPOJYKTOBH,

IIpomykToBara WHOBanuMs € BHEApsSBaHE HA CTOKA WM YCIyTa,
KOSITO € HOBa WJIM 3HAYUTENHO MOJ00peHa IO OTHOIICHHWE Ha
HEWHHUTEe CBOUCTBA WM HAYMHM Ha M3Moi3BaHe. Tyk ce BKIIOYBAT U
3HAUUTETHUTE YCbBBPIICHCTBAHUS B TEXHUYECKUTE
XapaKTEPUCTUKH, KOMIIOHEHTHTE M MaTepualuTe, BbB BIPaJcH
codryep, B cTeeHTa Ha yA00CTBOTO IPH I0JI3BaHE WM B HAKAKBU
Jpyr GYHKIMOHAIHHU XapaKTePUCTHKH.

HpOI/ISBOHCTBeHaTa HWHOBalusA € BHEAPSABAHE Ha HOB WIH
3HAYUTCIIHO HOIIO6peH Ha4WH Ha OPOU3BOACTBO WJIM JOCTaBKa Ha
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nponykra. IIpoM3BOACTBEHHTE MHOBAIMM MOTaT Jla MMaT 3a el
HaMaJsiBaHe Ha CeOECTOMHOCTTa WM Pa3XOAMTE 3a JOCTaBKa Ha
HPOAYKIMATA, IOBHUIIABAHE KAa4yeCTBOTO Ha IPOJYKLHATA WIH
HPOM3BOJCTBOTO MM JOCTaBKata Ha HOBU WIM 3HAYUTEIHO
oJ00peHH IPOIYKTH.

MapkeTHHTOBaTa MHOBANMATA € BHEAPSIBaHE HA HOB METO] 3a
MapKeTHHT, BKIIOUNTEIHO Ha 3HAYUTENHH W3MEHEHUs B JH3aiiHa
WM OITaKOBKaTa Ha MPOJYKTa, HETOBOTO CKIAAMpaHe, peKiaMa Ha
masapa WIH B ONpEAeITHETO Ha HErosaTa IIPOJAKHA IIeHa.
MapKeTHHIOBHTE WHOBAallMM Cca HACOYEHM KbM  I0-J00pO
3a/10BOJISIBAHE HYXJHUTE Ha MOTPEOUTENs, OTBAPSHE HA HOBH Ta3apH
WM 3aBOIOBAHE Ha HOBM ITO3UIMH 3a MPOJYKLHATA Ha upmaTa Ha
HEWHUS 1a3ap ¢ Les yBennyaBaHe o0emMa Ha mpoaaxoure.

OpFaHI/IBaHI/IOHHaTa HHOBalydATa € BHCEApPsIBAHE Ha HOB
OpraHu3alflMOHCH METOJ B THPrOBCKaTa IIpaKTUKa Ha (1)I/IpMaTa, B
OopraHusanusTa Ha pa6OTHI/IT€ MECTa UK BbHIIHUTE BPBH3KU.

2. U3noocenue

OCHOBHHUTE BHJIOBE MHOBAIIMKM Ha pe360Hape3HH UHCTPYMEHTHU
B IIPOU3BOACTBOTO MOTaT Ja C€ pa3AeisaAT KaKTO CJICABA:

- Guehring

Ha 3aBucuMO Jnanu craBa JAyma 3a YyryH, alyMHHUH WM
QUTYMHHHEBU CIUIABH, HEPBKIAeMU CTOMAaHH WIM OOMKHOBEHA
cromana cepusita PawerTap ma ¢upma [ropunr mnpomsBexna
BHUCOKONIPOM3BOJMUTEIHA METUYMIM 32 H3TOTBSHE Ha  Hail-
pasnpocTpaHeHHUTe pe30u B HOUTH BCHYKU BUIOBE MAaTEPHAIIM.

- GWG

- PesboBainmoBany METUHIIN,

Merunnm mammHHEY 3a MeTpuaHa [SO pesba ¢ expa crpnka o DIN
13 xirac na Tounoct ISO 2 (6H)
3a obpaborka Ha Meku Marepuann.OcurypsiBa ce IO-ToJsIMa

U3IPBAKIMBOCT OT OOMKHOBEHMTE MerTuuny. [loBuimaBa ce
JIOITyCTUMATa CKOPOCT Ha ps3aHe.

PaspabGoTenn ca pe30oBailloBalld METYMLIM C KaHald 32
OXJaXJalla TEYHOCT, C MOMOLITA HAa KOMTO CE€ YJECHsABA
NIPOHMKBAHETO Ha CMa30yHa TEYHOCT MO0 oOpaboTBaHaTa
MOBbPXHHHA.

fu--n:;;luluh!.ll.h?

@uz. 1 Paz606anyo6auy MEMYUK C KAHAIU 30 OXAANCOAHE.
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@Duz.2 Pazbosanyosauy memuux 6e3 KaHau 3a OXJIaxicOaHe.
- Hucrpymentu no npoekt Alfa PLUS ;

METYHIM MAIIUHHK 32 METPHYHA is0 pe3da no din 13
KJIac Ha TOYHOCT iso0 2 (6h)
- C OATOYCHH KaHaIN
¢dopma b: 4 - 5 HABUBKHM 3aXBallIaIll KOHYC
- C BUHTOBHU KaHaJII
¢dopma c: 2 - 3 HaBMBKH 3axXBallaii KOHyC
HoBa reomerpust Ha MeTuHIITE
- OnruMupaHU BUIOBE cTOMaHH 3a npou3BoacTso - HSSE n PM 30

HoBu TexHonornu Ha IpOU3BOACTBO

HoBu Mammay 3a pOU3BOJCTBO HA HHCTPYMEHTH

OnTuMupaHy METoI1 Ha TepMoobOpaboTka

High Tech — nokpurue

PM 30 e BucokojermpaHa, KobanToBa, ImpaxoBa, ObpP30pe3Ha

cromana. Bucokara skoct Ha Hatuck 67 HRC, xakto u nobpara
u3HocoycroiuuBocT, npasu PM 30 mnoaxonsma 3a mnpeuusHa
cTyleHa 00pabOTKa M HPOW3BOACTBO HA PEXEIIM HHCTPYMEHTH
KaTo alTepHaTHBAa HAa KOHBEHIMOHAJHATa JIETMpaHa C KoOanT
OBp30pe3Ha CTOMaHa.
TIporiecsT Ha sneeHe PM cmomara mobpara o0paboTBaeMOCT Ha
CTOMaHaTa W 3ala3BaHETO Ha JIMHEWHMTE pasMepH Ha
HMHCTPYMEHTHUTE 10 BpeMe Ha TepMooOpadoTKara.

- MHcTpyMeHTH OT mpaxoBa METalyprus;

PM knacoBe ctomana

PM 23, PM4, PM 30, PM 39, PM52, PM 60

PM  23-¢ na chromium- mosm6aeH-Bosdpam jerupada cromMaHa
BaHAaJUH, KOHTO € MKOHOMHYEH BHCOKa CTEIEH Ha IIpax
MEeTaIypru4HH CTy/ieHa cToMaHa paboTa, [Toxxozasi 3a HynupaHe 1
(dbopmupane Ha MO-THHKU pabOTHH MaTepUaH, KbAETO ce cOIbCKa ¢
aOpa3uBHHU THUI H3HOCBaHE

PM4 - € BHCOKO BaHaui-chromium- MOJMOIeH-
BOJI(ppaM JieTHpaHa CTOMaHA, KOSITO € C BHCOKA CTEIeH Ha Ipax
METATYprUYHU CTyZeHa cTomaHa pabora, [logxomsam xbaero
JIeNMIO W3HOCBAaHE M YaKbjia ca JOMHHHpPALIUTE NPoOIeMH Ja ce
nosiBAT karo SS, Mild cromana, men, anymMuHuil win mo-geberna
paboTtara MaTepHuan

PM 30- e wMHOro BHCOKa MPOU3BOAUTENHOCT Powder
MeTaJypru4HHs MaTepHal ¢ ONTUMAIHO BUCOKA KOOANT - BaHA M -
chromium- monuGneH-Bosdpam JiernpaHa CTOMaHa, MOIXOMALL 3a
00paboTka Ha HHUKEN-0a30BM M THTAaHOBH CIUIABH, 338 TEXKKH W
NIPEeKbCHATH CBHKpANIeHHs, KaTo 3b0HM KOTJIOHHW, (pe3n , dpesy,
GopMalnHu, KpaHOBe 00paT U U3TETIIAIM HHCTPYMEHTH

PM 60 - e maii-Bucokara mpousBoauteaHoct PM matepuan cpen
Bcwukd  kareropuu. C BUCOKO  KoOant -  BaHamuii-chromium-
MonuOaeH-BonpaM JieTupaHa cToMaHa. ToBa € 3a MalIMHHA
00paboTKa U € TOCTHITHO caMo 3a HAKOJIKO pasmep. [loaxomsm 3a
0Bp30, OBP30 M3HOCBaHE W Yakbiaa 0OpaboTBaeMoOCT, pabOTH C
BHCOKAa CTEIEH HAa CTOMaHa aJlyMHUHHUI, BBIJIEPOAA, ChIbPIKALL
CIUIaBU M T.H. BrimouBaHe W (pe30BH MHCTPYMEHTH 3a Ipy0o H
JOBBPIIUTEIHUTE pabOTH, ABPBOOOPAOOTBAIIN HHCTPYMEHTH,
CHJIHO TIOfYepTa CTYJeHH paOOTHH HMHCTPYMEHTH, pabOTHUTE
HHCTPYMEHTH.

BoBekmane Ha pm steel

C HOBUTE TEXHOJOTMM W WHOBAILMH, WJBAIIM IIBTS HU, BUCOKO
KaTeropu3MpaHu BHCOKA CKOPOCT CTOMaHa C IIPaxOBO H3IION3BA
TEXHOJIOTHs € BbBEICHA KaTO IPAaxoBa MeTalIyprus (pm).

C BHMCOKM M3UCKBaHHS OT Iin cBAT, Powder HampaBeHa cToMaHa
3amovHa Ja 3aMeHs mno-paHo Hampasu HSS. Ta ce mpeebpHa B
OIMPOKO  TOMyJsipeH W300p 3a  pasnuyHd  pa3HOOOpa3HU
TIPYIIOKEHHS 3a HHCTpYMEHTAIHA EKUIUPOBKa B
MammHocTpoeHeTo, kakto 1 CNC. Ts e uaeanHa 3a ITBJIHOICHEH
Pa3IYHN TOTPEOHUTEH, KOUTO MEIAT, He H3KIIOUSHHUE ONEpaluy C
CIJIABU HA BUCOKATa TEMIEPATYPa U €K30THKA.

C XMBOT Ha HHCTPYMEHTHTE, KAaKTO MOYTH PaBHU Ha ABa IbTH, PM
CTOMaHa € JlaJl Hai-100po Npe/cTaBsHe B CPABHEHUE JOPH KapOun,
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HamyckaT paHo ynoTpeOsBan HSS. ITopaam BucoOkaTa XHMHYECKH
CBCTaB Ha KOOANT, BaHAAWH, BOJI(paM, HUKEI CTOMaHaTa 3bpHA Ce
IPUIBPKAT KbM HETOBUTE CBOMCTBA CHJIHA C KOWTO HU Hai-
CTOMaHaTa Ja Cc€ H3MO0I3BaT HMHCTPYMEHTH 3a  BHCOKA
MPOU3BOIUTENHOCT. BHcoka CKOpOCT Ha CTOMaHa, MPOU3BEJEHA O
METOJa Ha MPaxoBaTa METAIyPrisl 32 HHCTPYMEHTU TEKKOTOBApHU
MaIlIMHHU HalpuMep 3a 00pa0oTKa Ha IIBETHH METAJIH, CIUIABH KaTO
Ti-6aza u Ai cmnaBu. UIHCTpyMEHTH, HW3JI0KEHH Ha BHCOKH
HaNpe)XeHHWs Ha HAaTHUCK, HampuMmep B (UHM HHCTPYMEHTH
OIaHKUpaHe 32 BUCOKOSIKOCTHH MaTEPHAIIN.

- MaluHHN METYUIM C LIEHTPAJIeH OTBOP 32 OXJIaXKIaHe;

Te ca mpexnasHaueHu 3a Hapsi3BaHe WM (OpMOBaHE Ha pe3du B
IBIOOKH, TITyXU OTBOPH.
Pasmepu ot M6 o M16

- C BuHTOBH

- C mpaBu KaHaIH

- Pes0oBanmoBamy, ¢ BRHITHU KaHAJIN 32 OXJIAXKIaHEe
IpenumcTBaTa Ha TE3U METYHILH Ca:

- 1o — mo6po OXJaKIaHEe;

- 10 — 100pO CTPYKKOOTACIISHE;

- 110 — BUCOKH CKOPOCTH Ha PA3aHEe;

- 10 — JIBJIBI )KUBOT HAa HHCTPYMEHTA,

Duez.3 Mawunnu memuuyu ¢ yenmpanen omeop 3a OXAaicoane

3. H3600u:

- M3non3BaHo € W3BECTHO OIpPEACNICHHE 32 WHOBALUS, KOCTO
HaMUpa B KOHKPETHO TIPWIOXKEHHE 3a pe30ooOpaboTBamm
HHCTPYMCHTH;

- Pasrpannyenu ca B 5 rpynu Ha KOHTO € HalpaBeH aHAJIM3 Ha
TEXHHUTE NPEAUMCTBA U HEAOCTATBIIN;

- Hacrosata nndopmanus e paspaboTeHa ¢ 1es U3MoiI3BaHe B
0030p — aHaNM3a Ha JUCEPTALMOHEH TPYH (HHAHCHPAH O MPOSKT
M14 - 06 YUHUUT xem TY — T"abposo.



4. Tumepamypa:

1. ®upma pe3boHape3sHu uHCTpyMeHTH ['abpoBo, http://www.gwg-
gabrovo.com/ .

2. Ot Yukuneausi, cBOOOAHATA EHIUKIIOICIHS.

3. http://quehring-bg.net/

4. http://www.hssmetal.com/powder_metallurgy_steel.html
5. HXKeHepuHT peBto
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Abstract: In this article present necessary and sufficiently condition for geometrical synthesis in involutes, cylindrical gearboxes with
noncircular gears. In base for equivalently contour velocity in this article present the basic relation for movement in external and internal

gears contact.
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1. Bveeoenue

3b0HATE TIPENaBKU C HEKPBIIH KoJIela ca HaMEpIIH
OTPaHUYCHO TIPWJIOKCHUE T[Opaad YCIIOKHCHUS HAa4YMH Ha
KOHCTpYHpaHe U U3paboTBaHE B MPOIBIDKUATEIICH MEPUO]] OT BPEME.
B creactBue pa3BUTHETO Ha CHBPEMEHHHUTE TEXHOJIOTHH U
codTyepHH NPOIYKTH, pa3paboTKaTa U MPOM3BOACTBOTO Ha TAaKHBa
3pOHM MPEAaBKH Ce € IMPEeBbpHaia B M3MBbIHAMA 33/1a4a U TEXHHUST
MOTEHLIAJl MOYXeE J1a c€ M3MOJ3Ba B MHOTO U pa3NuuHu obnactu [1,
2,3,4,5,6].

350HUTE NpEeNaBKU C HEKPBIVIM KOJieJa ca NPHIOKHMH 3a
nomobpsiBane  (PYHKIMOHAHOCTTA HA pa3jIMUYHA MEXAHU3MH U
OMPOCTSABAaHE Ha MHOT'O MPOIECH. JlaBaT BE3MOKHOCT 38 CKOPOCTHO
criuo0sBaHe Ha KOMIIOHEHTH HAa KOHBEMPHM JIMHUM, JIUHEHHO
IBWKEHUE W ObP30 MO3UIMOHUPAHE, ABMKEHHE CHC CTON M May3a
(stop and dwell motion). CeBpeMeHHH MyONMKAIMA W W3JAHHS
MOTBBPIK/IABAT, Y€ UHTEPECHT KbM HEKPBIJIMTE 350HU NPENABKA €
rOJISIM, KaKTO OT TEOPETUYEH ACIEKT, Taka M OT IJIe[Ha TOYKa Ha
NPOM3BOJCTBO W NPWIOKEHHE BHB  BUCOKOIPOU3BOIUTEIHH
MaIllMHA ¥ aBTOMATU3UPAHU TPOU3BOICTBEHH TIPOLIECH.

350HUTE MIPEJABKU ¢ HEKPBIUIM KOJIENA Ca Ch3/1a/IeHH ITIaBHO 3a
NpefaBaHe Ha BbPTEIMBO JBMKEHHE MEKIY NApaleIHH OCH NpH
MOCTOSTHHO MEXKIYOCOBO Pa3CTOSHUE M MPOMEHJIMBO MPENABATEIHO
orHoiuenue [3].

2. llenmpouodu na nekpveau 301U Konena

WscnenBanusta BBpPXY OOJNACTHTE HAa CBINECTBYBAHE IIPH
€BOJIBCHTCH CHMETPHUYCH NPOQHI W KPBITHM ILEHTPOMOH ca
ToKa3aJy, 9e mpu U = 1 Haif — MaJIKHAT BE3MOXKEH Opoii 3501 KOHTO
MOJKe Ja Ce MPOM3BE/IE ChC CTAHAAPTEH KOHTYp, € Z1 = Z, = 7 [7, 8,
9, 10]. TakaBa mpesaBKa MOXe [1a CE peaIM3Upa IIPU MHUHHUMAJICH U
MOCTOSIHEH KoeHIMeHT Ha paguanHa xigabuHa (dur.2). B To3m
crydaif e BB3MOXKHA M3paboTKaTa Ha TMpeaaBKaTa C €IUH
CTaHJapTeH MHCTPYMEHT, HO KOS(QWIMEHTHT Ha  YeJHO
MPENOKpUBAHE ChIIO HE HaJBHUINIABa CTOHHOcTTa OT 1,04 B 30HaTa
Ha wuHTep(epenmusa. OT Tasm o0nacT Ha ChHIIECTBYBaHE Ha
npenaBkara (¢ur.1) ce ycraHossBa, ye npodmIsT Ha 360a € CHITHO
HOAPSI3aH.

CrnenoBaTeTHO O0JacTUTE Ha CHINECTBYBaHE, M300pa3eHH Ha
¢ur. 1 u pur. 2, UMaT NOBEYE TEOPETHYHO OTKOJIKOTO NPAKTHYECKO
3Ha4YCHHE.

Koraro ycrnoBmsita KbM 3alelBaHETO HE Morar Ja ce
YIOBJIETBOPSAT OT KIACHYECKUTEe 3BOHH IIPENaBKH C KPBIJH
LEHTPOUIU Ce IPEMUHABa KbM HEKPBIJIH IIEHTPOH/IH.

Ilen Ha HacrosIMAT AOKJIAA € Ja pasrieja YCIOBUATA 3a
JBIKEHHs 0e3 NMPUILTb3BaHE HA CBOJIBEHTHUM 3bOHM INIPENaBKH, C
BBHIIHO M BBTPEIIHO 3aIleNIBAHE BbB BEKTOPHA (opMa.
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@ue. 1 Obracm na cvwecmeysane Ha 350Ha NPeOABKA ¢ BLHUHO

3ayensame cvc cumempuyer npogun u opou Ha 3voume 2;=2,=5

0.6
X1=X1min
Sa;=0,4.m
E— ga=1,0
|0al = |Oe|
0.4
X2
_&=103 Sa:=0,4.m
X2=Xamin
0.2 0.4 0.6

X1

@ue. 2 Brnoxkupaw koumyp npu cumempuuer 3v0en npopur,
peanusupan cvc CMaHoapmeH usXo00eH KOHmyp u 6poii 3vou 7y = 7, =

7

Havanaute KpuBU Ha HEKPBIUIUTE 3H0HU KOJIENA CE OMPEHCIST
B 3aBHCHMOCT OT 3aKOHAa 3a JBW)KCHHE, KOWTO Te TpsOBa JIa
ynosnerBopsiBaT. Ha ¢ur. 3 e mokazan npumep Ha IEHTPOUIH Ha
enmunTuYHd 350HU Kojena [3]. LleHTpowmure ca B KOHTakT B
touykara C, KOATO ce JOBIKU IO OTCEYKAaTa HAa MEXIYLEHTPOBOTO

pascrosuue O, — O, .



Bexropure V) u V, npencrasnssar nuneiinnre ckopoctu

Ha poTanus CbOTBETHO OKOJIO Ol u OZ " Cce OpeacCiAT:

Vlza)lxol_cl Vv, =0,x0,C 1

ChCTOSHMETO Ha OOTBHPKAJBaHE Ha IEHTPOMIOM €OHA II0
Jpyra ce ieUHUpa C BEKTOPHOTO YpaBHEHHE:

Vs @

YPaBHeHI/Ie (2) IOKas3Ba, 4€ pejlaTUBHaTa CKOPOCT B TOYKAaTa Ha
TAaHI'CHTHOCT Ha LHEHTPOUAUTE € paBHA Ha HYJa. ITo To3u HaumH
CBbCTOSTHHUETO Ha O6T'I>pKaJIBaHe Ha NCHTPOUJUTE CE OIpEeacCiId €

BEKTOPHUTE yPaBHEHHUSI:

®

Olw}

@uz. 3 [lenmpouodu, kKoumo ce mvpKaisim eona no opyed.

Toukara Ha TaHreHTHOCT C Ha LCHTPOUAUTE € MOMEHTEH
LHCHTBD HA POTAaUUs B PEIATHBHOTO JBW)KCHHE M aKO €JHAaTa
LEHTPOHJIa € HEIOJBWXKHA, Hampumep 2, ToraBa MOXe Ja ce
npueme, 4e NeHTpouaa 1 ce BBPTH OKOJIO IeHTpoua 2 B Toukara C

C BIJIOBA CKOPOCT: |a)12| = |a)1| + |a)2| .
3. 3anaszeane na 3ameopenu yeHmpouou 3a zeHepupame
Ha ynkuyua

3bp0HUTE MpeJaBKU C HEKPBIJIM KoJielna cloMarar 3a
Y(X), X, XX, , KoaTO €

¢dbopmysmpana B [3] mpu cra3BaHe Ha CICAHUTE YCIOBHS:

TeHepHpaHe Ha (QYHKLIUS OT BHAA:

— dynxuuara  Y'(X) Tpa6ea ma 6boe mepHOAMYHA B
X, =

PaMKUTE Ha nn€épuoaa , KbA€TO nl € [J10 YHUCIIO,

1

- ckanapuute koepurmentn K, um K, [3] Tpabea na

YAOBJIETBOPABAT CIACAHUTE YCIIOBUA:
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27
k =
X, —x @
2
ky =T ®)
f(x,)—f(x)

4, Ycenosus 3a u3nvKHaiocm Ha 4eHmMpPouoa

Ot ypaBHeHHsATA 3a pajauyca Ha KpuBuHa L [3] ce usBexna

CIIEJIHOTO YCIIOBHE 3a M3IbKHANOCT Ha nenTpouna (p > 0) :

dr

2 —
r(g)” + i

2
@250

17 ©)

Ilentporna 1 e M3MbKHANA NPH CHa3BaHE HA CIEIHOTO
ycnosue [3]:

1+my, (4)+m,(4)=0. %

VenoBusTa 32 H3MBKHAIOCT Ha LeHTpoua 2 ca [3]:

L14+my, () +[my, (6)]° —my, (4,)m, (4) 20,

KBJCTO:

®)

my, () =——(My,(4)) ;

d¢
dZ

my, (4) = W

(my,(4)) . 9)

Koraro mepaBenctBa (7) u (8) ce mpeobpaszyBar B
PaBEHCTBA CBHINECTBYBA TOYKA OT IIEHTPOHaTa B KOSATO L =0 .

AKo ce npueMe, 4e HEeKPBIVIUTE KOJENa ca NPOEKTHPAHH 33
renepupane Ha pynakimata Z = f(U) ce momyuasa:

m, (u) = PRI (u) (10)
KBIOCTO Bp”b3KaTa Me)}([[y ¢1 uue:
¢1 = kl(u - ul) (11)

CBOTBETHO:

1) ')

m,(¢,) = rwr (12)

( (4)) =

m ( " (¢1))

¢1



12" WP - fru
kik, [P

my, () = (13)

OKOHYATEJIHO ChCTOSHUATA HA U3I'BKHANOCT 3@ LEHTpouau 1 u
2, ca:

ik, [ (WP +kCTE @)+ 2" @] - (W) (1) =0 (14)
k[ F@PTk, +k, T W]+ £ ) (W) -[F" (W] 0. (15)

5. /Iokanno npedcmasane Ha HEKPb2IU 3b0HU KOleNA

PasnuyHuTe 360M OT €HO HEKPBIJIO 3BOHO KOJIENO MMaT
paznuunu npoduny. BapuanusaTa Ha 350HHTE TPOGUIH CEe TBIDKU
Ha MPOMEH/JMBAaTa KPHBHHA HAa IIEHTPOUITA Ha HEKPBIJIOTO 3HOHO
xoneno [3].

BusyanuzauusaTta Ha 350HUTE TpoUIM Ha HEKPBIVIO 350HO
Koseno € OasupaHa Ha uAeATa, ye NMPOQUINTE HA €IHO M CHIIO
KOJIENIO MOraT na ObJaT NPEACTaBeHH KaTo rpyna mnpoduiu oT
kpbrian 3p0HH komena [3]. C wu3mon3BaHe HA TO3M IMOJXOM,
HampyMep Ha eNUNTUYHO 360HO Koyeno Ha ¢ur. 4 ca mokasaHU
npodw Ha 3601 1 1 10 kaTo npoduim OT KPBITIM 350HU KoJlena ¢

paguycu P, U Py CbOTBETHO. Paguycure p, m pPg ca pamuycu

Ha KPUBHHA B CHOTBETHUTE TOYykd A u B or emunruynara
tenrpousa 3a 3666 1 1 10 (Pur. 4).

Due. 4 Jlokanno npedcmassame HA HEKPBH2ILO 3bOHO KOJIEN0
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3axnwuenue

Korato m3uckBaHusiTa KbM 3bOHATA MpeJaBKa HE MOrar
Jia ce yIOBJIETBOPSAT OT KPBIUIH LCHTPOUAH, ¢ U O3 M3MECTBaHe Ha
U3XOIHHS KOHTYp, ce IpHeMa HEKPBIIM LEHTPOHIN, OCUTYDPSBAIIN
PABEHCTBO Ha NepU]epHUTE CKOPOCTH.
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Abstract: Quality management systems based on the International Standards ISO (International Organization for Standardization) is a
revolutionary way to increase the competitiveness of Bulgarian companies in the energy sector on the European and international energy
market. The implementation of international standards and management systems is becoming a major tool to reduce production costs,
increase productivity, reduce the cost of manufactured products and services through the creation of optimal models of governance and
organization of the key processes in the energetic sector companies. Development and implementation of management systems, good
manufacturing practices and achieving product compliance with European and international standards is a promising trend. In proposed
authors post after presentation of the International Organization for Standardization ISO is studying and analyzing systems applied quality

management in projects in the field of energy development.
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1. Introduction

In the rapidly changing business environment as a result of
expressed in the global financial and economic crisis, many
Bulgarian companies reorient medium- and long-term development
strategies, looking for new ways and mechanisms to safeguard the
market position by changing the product portfolio, reduce costs and
eliminate inefficient business processes.

In these conditions, the implementation of international
standards and management systems is becoming a major tool to
reduce production costs, increase productivity, reduce the cost of
manufactured products and services through the creation of optimal
models of governance and organization of the key processes in the
business of enterprises. Development and implementation of
management systems, good manufacturing practices and achieving
product compliance with European and international standards is a
promising trend. Businesses in Bulgaria, following this trend,
continuously strive to improve management activities by applying
models of planning and use of resources that enable effective and
efficient organization of business, improving products and services
and expand market presence in the long-term satisfaction the needs
and expectations of end users.

In today's world, economic development and competitiveness
of a country depends on many indicators - implemented
innovations, energy efficiency, consumed resources, production
facilities and human resources, the national transport system and
others. The possibility of free movement of people, goods and
services within the European Union (EU) contributes to acquire
economic benefits at each Member State. Solving economic
national plan requires long-term investment, clearly aware of the
low level of return on the funds for the initial period. Methodologies
of national and international organizations indicate guidelines and
general principles governing project management. The application
of standards in each case requires compliance with national
legislation and customer requirements. Every successful project is
one if not only met the criteria in the charter, but if through him
achieve customer satisfaction, improve public scheme and gaining
economic advantage.

Implementation of strategic management in organizations is
becoming more popular and significance, evaluated through the
prism of intense globalization processes and dynamic environment.
In times of economic instability make business decisions often have
strategic character, even if not so designed. The reasons for this are
different, but most often the reaction of business organization in her
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attempt to adapt or to anticipate certain and expected of her events.
Management is a complex and dynamic process, the results of
which depend on the action of objective and subjective factors [1].
In this dissertation the focus is on identifying the scope of the
international management standard I1SO (International Organization
for Standardization) and different methods of decision-making in
strategic management and planning. In the exhibition offers an
interpretation on the review of scientific literature by offering the
author's view on the peculiarities of management decision and the
types of problems in the organization. Submit the appropriate
management methods and said their degree of applicability of the
various stages in the process of strategic management.

In proposed authors post after presentation of the International
Organization for Standardization 1SO is studying and analyzing
systems applied quality management in projects in the field of
energy development. Based on thorough analysis concludes that the
implementation of ISO standards is the main tools of sustainable
production systems.

2. International Organization for Standardization

International Organization for Standardization (English
International Organization for Standardization) or 1SO (from the
Greek ioog - equal) is the largest international body for developing
and publishing standards, composed of representatives of 148
national standards organizations (data from the end of 2004.).
Founded in London on February 23, 1947 delegates from 26
countries. Central Secretariat of the organization is located in
Geneva, Switzerland. Published by the (far more than 13,700 in
number) industrial and commercial standards are used by all
countries. It is a worldwide federation of national standards bodies
(bodies - members of I1SO) from different countries. ISO develops
voluntary standards

ISO standards.

The ISO organization develope only required by the market
standards. This is done by experts from industry sectors that have
requested standards and which will subsequently apply them.

Etymology: The organization is usually referred to simply as
ISO ("ISO"). This name is often wrongly deciphered by an
international standardization organization or something. It should
know that in fact the word ISO is not an acronym, but came from
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the Greek word icog (Issos), meaning the same. The English name
is International Organization for Standardization (10S), while
French is the Organisation internationale de normalisation (OIN). It
was difficult to establish a common acronym, so the founders chose
ISO as the universal short name of the organization. However, it
should be noted that 1SO in its documents identify themselves
precisely as International Organization for Standardization.

Hystory, structures and activity

The organization known as 1SO, was established in 1926 as the
International Federation of National Associations of standardization
(ISA). Activities and halted in 1942 and during World War I1. After
the war, ISA (Industry Standard Architecture) is approached by a
coordination committee of the newly created United Nations
Organization (United Nations) and the standards functioning her
UNSCC (United Nations Standards Coordinating Committee), a
proposal for the formation of new global standards together one
NGO. In October 1946, delegates from 25 countries of ISA and
UNSCC met in London and decided to join forces to create a new
international organization for standardization. The new organization
officially became operational on February 23, 1947 under the name
International Organization for Standardization official languages
English, French and Russian. The organization is based in Geneva,
Switzerland, and from 2013 worked in 164 countries.

ISO standards contribute to the development, manufacture and
supply of safer and environmentally friendly products and services
that facilitate international trade and make economic actors
impartial[2]. Standards help to transfer technology to developing
countries. They protect users and consumers and make their lives
more secure.
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Fig. 1 Global distribution if ISO standards

ISO standards management system should not be confused
with product standards.

The creation of standards done by specialists of member
countries organized in almost 200 number of technical
committees (Technical Committee, TC), formed in various
areas of industry and services. Examples:

* TC 1 - Screw threads (thread);

« TC 68 - Financial services (Services in the field of Finance);

« TC 193 - Natural gas (natural gas);

« TC 228 - Tourism and related services (tourism and services
in the field);

A specific case is the formation of the Common Technical
Committee of ISO and IEC standardization activities in the
enormous volume of information technology. The Committee is the
first and only of its kind at the time and is called ISO/IEC JTC1
(Joint Technical Committee 1). His work is distributed between 18
subcommittees (Sub-Committees, SC).

Each 1SO standard has name and the format is ,,ISO HHHH:
yyyy Name” where ,,HHHH” is the number of standard ,,yyyy” is
the year of issue, ,,Name” describes the object of standardization.
For example: I1SO 9000: 2000 Quality management systems -
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Fundamentals and vocabulary (Systems of quality management.
Basic principles and vocabulary) [3].

ISO documents are protected by copyright, ie their free
copying and distribution is prohibited. Both paper and electronic
copies are sold at uniform prices throughout the world.

Bulgaria became a full member of the International
Organization for Standardization on January 1, 1955 On May 1,
1958 our country took part in the International Electrotechnical
Commission (IEC) as well as full member.

3. Analysis of applied systems for quality
management in projects in the field of energy
development.

After the accession of Bulgarian economy to the European
Union is particularly relevant question to increase its
competitiveness. In the Bulgarian management theory problem for
the certification of enterprises in the field of energy under
international 1SO standard is not enough depth studies and world
practice shows fairly good results. The study of this problem and its
application in business practice are especially relevant, given this
and that today in a global economy and a strong turbulent
environment of the competitiveness of individual companies
depends on the successful development of the national economy as
a whole.

In the present publication have been studied and analyzed 14
sites in the field of energy development, which are distributed as
follows: 3 with international participation, three are of strategic
importance for the Republic of Bulgaria, 8 were from the
distribution network. In all embedded objects function integrated
IMS. The survey was conducted in accordance with the sampling
method for conducting audits inner. From the analysis it is found
that the total number of tested sites only 8 (57%) are very well
integrated operational management system. Of these 6 (43%) sites
were found slight discrepancies in mandatory procedures of 1SO
9001: 2008 and BS OHSAS 18001: 2007.

The research and analyzed data relied on reports of past and
internal control audits for the 2009-2013 year. Conducting audits
made by teams of external auditors (consultants) and representatives
of the relevant systems in facilities with adequate competence. Only
3 of the 27 sites is unappreciated and unproven competence of the
auditors in the energy sphere.

Continuous improvement is provided by the management of 27
sites and the sites of the teams who have realized the need to
continually improve efficiency the integrated system of quality
management and health and safety at work. The managements of
the 27 sites take actions aimed at improving the quality policy and
objectives quality and safety, audit results, analysis of the data,
corrective and preventive actions and improving processes in their
management, but experienced some difficulty in updating quality
policies and actually set achievable targets and the quality control
and safety at work[4].

Although all sites developed systems in internal checks made
at the expert level, most of them were identified significant gaps.
For the purpose of the study was developed with the program plan
and a questionnaire that preliminary were agreed with the
management of companies. In the process of study and conducting
internal audits it was estimated up to date an embedded system.

The scope of the study includes information and evidence of
compliance with all requirements of ISO specifications included in
IMS:

e Monitoring, measuring, reporting and reviewing progress
against the objectives and related key tasks performance indicators;



o Operational control of key processes;

e Management responsibilities for policy at all sites;

e The links between the basic requirements, policies, goals
and objectives for achieving compliance;

o Legal requirements, responsibilities and competence of staff,
according actions and procedures;

The analysis is the study of existing models Management
System (QMS) ISO 9001: 2008 27 energy facility, which was built
system and there is realized voluntary certification.

We will separate the energetic sites in two groups:

e Energy projects with perceived need for quality
management, which are implemented, maintained and certified
integrated systems;

e Energy projects that meet the statutory requirements in
energy regulations;

Analyze the risks have been assessed risks identified in critical
control points and monitor the critical limits. Only 8 of the 27 sites
is created procedure and monitor the ongoing processes to their
subsequent analysis. Based on the conclusions from the
observations recommended the management of objects continuation
of embedded IMS meeting the requirements of 1ISO 9001: 2008 and
BS OHSAS 18001: 2007.

General requirements for the documents in the 27 sites
developed and implemented IMS according to the requirements of
ISO 9001: 2008 and BS OHSAS 18001: 2007 are covered with
some exceptions in 7 projects.

Management of documents and records is governed by the
order determined in mandatory procedures of ISO 9001: 2008 for
management of documents and records. For these clauses is not
acceptable to have major discrepancies in identification documents
and records[5].

Based on the extensive research we can conclude that this is a
prerequisite for the low quality of the product to maintain IMS and
inability of understanding and that there will be systemic problems
with product quality controlled by IMS.

Hazards identified in the risk assessment and the measures
envisaged to limit, control and prevention are complied with only
19 of the auditees.

After identifying opportunities to improve corporate
governance and increase  technological readiness and
competitiveness of Bulgarian energy companies, by way of their
certification standards 1SO (International Organization for
Standardization) is needed in each building, implementation and
certification of IMS / integrated system / control, to reach a higher
level of competitiveness. Integrated system management of the
business to be based on the requirements of international standards
BS EN ISO 9001: 2008, BS EN 1SO 1401: 2004 and BS OHSAS
18001: 2007[6].

As a summary of the research we can say that the requirements
of 1ISO 9001 can be interpreted elastic. This allows each project to
IMS according to 1SO 9001: 2008 and BS OHSAS 18001: 2007 to
migrate in the direction and at the EMS System (environmental
management) 1SO 14001: 2004.

This means that the integrated management systems IMS
purposefully can bring in as much as possible a large number of
sites and the requirements of ISO 14001: 2004 can analyze and
develop a new model of integrated system.

4. Conclusion

International standards have strategic tools and guidance that
help companies respond to some of the complex challenges of
modern business. They ensure that business operations are possible
- effective, increase productivity and help companies reach new
markets. ISO International Standards ensure that products and
services are safe, reliable and of good quality. For businesses, they
are strategic tools that reduce costs by minimizing waste and errors
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and increasing productivity. They help companies to access new
markets and create a level playing field for developing countries
and facilitate free and fair world trade.

Advantage of international standards is that they are carriers of
technological, economic and social benefits. They help to
harmonize the technical specifications of products and services of
the industry to more effectively remove barriers to international
trade.

Business international standards are strategically tools and
guidance that help companies to deal with some of the most
complex challenges of modern reality. They ensure that business
operations are as efficient as possible, to increase productivity and
help companies gain access to new markets.

Following the successful model implemented an integrated
management system for quality is achieved improvement of quality
management in the company, meeting the requirements of
customers, suppliers, partners and regulatory requirements. To be
competitive in the European, Bulgarian companies have to meet a
number of requirements related to the quality and safety of
products, introduction of new technologies, environmental
protection, safety, quality control and others.

Apart from raising serious competitiveness, implementation
and effective use of quality standards leads to lower production
costs, increase productivity at a reduced cost, increase profits and
eliminate inefficient business processes.

Using of Management systems, are a tool for increasing the
efficiency of operations in Bulgarian enterprises and their
sustainable development.
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FORCES AND DEFORMATIONS IN THE LINEAR ROLLER BEARING
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Abstract: To the modern machines, especially those for the workflow automating, have been made more greater demands regarding
the accuracy of their work under different conditions. In relation to this, in most constructions have been used linear bearings, which are

especially suitable because of a number of their advantages.

The present article aims to show the determination of the forces and deformations of a linear roller bearing of specifically selected
series, depending on the speed and acceleration at work, as forces and friction coefficients in different parts of the bearing have been

previously specified and taken into account in the calculation.

As a result of the dimensioning it becomes possible to determine the duration of operation of the linear roller bearing of the so-set

conditions, and the deformations in the various parts under load.

Keywords: LINEAR ROLLER BEARING, DIMENSIONING,

1. Introduction

Comparing the characteristics of different systems allows
bearings to identify their advantages and disadvantages when
operating in specific conditions and in certain construction of
machinery.

The linear bearings are widely used in the precise mechanics,
automation, and devices to measure and control because of their
following advantages over the other types of bearings: sliding,
hydrostatic and others :

o Absence of any kind of windage;

e A guaranteed interchangeability, based on the rapid development
of their standardizing, resulting in minimizing the operating costs;

o Very low friction, depending on the speed of displacement.

In the present publication it will be considered a specific type of
linear bearings [3,4], which are characterized by a very high
precision of manufacturing and load capacity. This allows them to
be put in constructions, requiring absence of windage, specified
stiffness, low coefficient of friction. As a result, the construction of
the machine is characterized by a long duration of operation. The
load capacity, rigidity and duration of operation are highly
dependent on the number and shape of the rolling elements
constituting the construction of the linear bearing.

The friction coefficient p while sliding, depends to a large
extent on the nature of the material of the contacting elements, the
state of their surfaces, load and speed. Its values are in the range
0.05 to 0.2 [1]. It increases very quickly when the sliding speed
tends to O - then the value of p can reach a maximum value of 0.3.
Depending on the construction embodiment, the coefficient of
friction p in the linear bearings in question has a value from 0.0005
to 0.005, which is approximately 10 to 400 times smaller than that
of a sliding bearing of the same dimensions.

The dynamic load (load capacity) C of a linear bearing
corresponds to the duration of operation, equivalent to 100,000 m
displacement, wherein the load of the elements remains constant — it
does not change in value and in direction. At the same time, the
static load must not be in any case greater than the dynamic one.

The duration of the exploitation (resource of work) of the linear
bearing is defined as the distance in meters traveled by one of its
guiding to the first signs of fatigue from one of the constituent
elements.
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The constructional varieties of linear bearings are the following:
o With a separator for pellets, rolls, or needles;
o With an insert for recirculation of the pellets or rolls;

e With a monorail (Fig. 1). This type of a linear bearing is
characterized by a high rigidity, great dynamic and static load
capacity, stable functioning, and a very good sealing of the
support.

Fig. 1. Linear roller bearing type monorail

The objective of this article is to show the determination of the
forces and deformations of linear roller bearing and choosing a
particular series, depending on the load, speed and acceleration at
work, as the frictional forces in different parts of the bearing and the
coefficient of friction have been specified in advance and taken into
account when calculating.

2. Characteristics of linear roller bearing
They are the following (Fig. 2) [3]:
o Four classes of tolerances : from GO to G3;

e Three classes of preloading: V1, V2 and V3, defined as a
percentage of the load capacity C;

o Five type sizes (series) : 25, 35, 45, 55 and 65;
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Fig. 2. Construction of the linear roller bearing series MRA

e Four series : Table 1.

Table 1. Series of linear roller bearing

Indication MRA MRB MRC MRD
Type of the | standard | standard compact Compact
support long long

eThe linear roller bearing operates in a temperature range from -

40°C to +80°C, as for a short period can last up to +120°C.

e The standard length of the rail is calculated by the formula

@

as the values of n, p and k are given in Table 2.

Table 2. The value of the coefficients n, p and k

Series n p K

MR 25 9 6 11016
MR 35 14 5 1t013
MR 45 10 4 1toll
MR 55 12 4 1to 9
MR 65 7 4 lto 7

Ly=(n+k.p).Ls + 2.Ls (+ 2 mm), (Fig. 2) [3]

e The loading and the types of variations of the support of the
bearing are shown on Figure 3.
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Fig. 3. Loading C and fluctuations of the support

The functioning of a linear roller bearing in normal conditions
is performed at a speed up to 3 m/s (180 m/min) and acceleration up
to 50 m/s? [2,3].

In cases where the lubrication of the bearing is carried out with
oil, the power for moving Fg can be determined under dependency
(2) for speeds lower than 30 m / min, as the coefficients of friction
are shown in Table 3.

O]

where :

FR:FA,G+V'fA,V+FW,G+V'fW,V+Fj'u!

Fg — force for moving, N

v —speed, m/min

Fa — friction force of cleaner of lubricant at low speed, N

fa, — friction coefficient of cleaner of lubricant in a function of the
speed, (N)/(m/min)

Fw,c — friction force of the the support at low speed, N

fw,v — coefficient of friction of the support in a function of the speed,
(N)/(m/min)

F; — the sum of all external forces applied to the the support, N

p — friction coefficient of the bearing.

When lubricating of the bearing with grease the friction force in
the support Fy, g is initially the same as with the lubrication with an
oil, but decreases after a few operation cycles outward - return.

Table 3. Values of the coefficients and the forces of friction lubrication

with oil for linear bearing with a class of pretension V2

MRA/MRC | MRB/MRD
Series | Fag(N) | fav | Fwe (N) | Fwe (N) | fuy n
25 7 0,15 5 6 0,25 | 0,001
35 9 0,20 8 10 0,35 | 0,001
45 11 0.25 12 15 0,50 | 0,001
55 13 0,30 16 20 0,70 | 0,001

3. An example for dimensioning a linear roller

bearing

The presented example shows how to determine the limit of
resistance against fatigue. It has not yet been developed a method
for determining the limit of wear resistance.

The forces acting on the linear roller bearing, can be determined
by approximation of the linearized characteristic curve of the
deformations in all cases of its application.

As a result has always been obtained an approximate value, as

the characteristic curve of the support can be linearized, while the
elastic deformations of the rest of the structure of the bearing are
overlooked.



3.1. Determination of the impacts on the support (Fig. 4)

’L’E’Q z,, =+ 280
§ 5

%j fz

500N

Fig. 4. Coordinates and load applied on the the support

The matrix of external influence on the bearing, seen in point
M (-230, +300, +280), has the following form:

T = T (ext — syst )

-700, -500 |
0, 0

|- 3000,
M | -10,
This matrix is calculated for point O (0,0,0) by:

3000, - 700,

T- - - 500
g - 10+(0,3x-500] - (0.28x-700), 0 + (0,28x-3000) - (-0.23%-500),

0+ (-0,23x-700) - (0,3x- 3000)
The moment to point O is determined by the relationship

—— = —— =
Mo =M, + OM AR
obtained

and then for 7y, reduced in point O is

' 3000,

Ti- Di

- 700, - 500 |
36, -955, 1061 [

The impact of the transmission mechanism on the system of the
linear bearing is applied in point P (0, +70, -50) and then the matrix

has the form:
TQ FL-(transm—; syst)= OF 8

| _ |F 0 0
N |

0
0] ol0 -005F -oonF

The interaction between of the bearing and the rail of the
support is seen in the following four points— A, B, Cu D (Fig. 4).

In point A (+K/2, +Q/2, 0) the rail of the bearing has an impact
on the support A and the matrix Ts is:

Ir - Yo 4, | lr 0,

X Yo
Ts :/r(rail-—mupp.Ai“; L:, M, N v A

Z
< A
Q;Lo,s QlZ,.-05 K.ZA, 05K.Y,

as X, = 0, the friction forces are negligible, LA=0, MA=0u N =
0 provided that the rigidity of the system is high enough and the
geometry is sufficiently accurate to disregard the moments of the
fluctuations of the support in the three planes as shown in Figure 3.

In an analogous manner is defined the impact of the rail and the
support in the remaining three points — B, C and D.

In point B (+K/2, -Q/2, 0) the rail impacts on the support B :

J'OY z,

T4 /Z-(ra11—> supp.B)= { 0, O J Z 1

0, Yo s

0{« 050.Z,, - 05K.2,, 0<5K.YBI

In point C (-K/2, +Q/2, 0) the rail impacts on support C :
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lo, v, z
0. 0

Ts- I-(ralle supp.C) S . J 0. Y., Zc}

z 10 50.Z,, 0.5K.Z,, - 0.5K.Y
In point D (-K/2, -Q/2, 0) the rail impacts on support D :

oY,z |
To = Tirail - suppD=1 = '&" “20= i[

0 Y,
S0 0 0

Z
usoZD 0.5K. 2, —OSKY}

In point G (-105, +175, +195) the weight force acts on the
system and then

0, 0,-P|

0 0-pP|_|
O[ ol|-0175.P, - 0.105.P, Oj

o
T7 = T (weight— syst) = Gi

After bringing all matrices to point O, it can be applied the
principle of the dynamics :

TieTe e To o To-Tos Tos Tr= O

®)
as

5_ ‘;-m-‘.h 0, 0| -m.y, 0, 0
%) s 0.0 O[ 0, o195 m.y, - 0,475.m.y

m = 200 kg, the mass of the system
Yy=6 m/s?, the maximum acceleration.
As aresult is obtained the following system of six equations

(5.1) -3000+F=-m.y

(52) '700+YA+YB+Y(:+YD:O

(53) '500+ZA+ZB+Zc+ZD—P:0

(5.4) 36 +0,5Q(Zn - Zg + Zc - Zp) —~ 0,175P = 0

(55) - 955 — 0,05F + 0,5K(- Zu - Zg + Zc + Zp) — 0,105P =
0,195m.y

(5.6) 1061 —0,07F + 0,5K(Ya+ Yg - Ye- Yp) = - 0,175m.y

From equation (5.1) can be determined the force F :
(6) F = 3000 — m.y = 3000 - (200 . 6) = 3000 — 1200 = 1800
N.
Equations (5.2) and (5.6) contain 4 unknowns. From the
hypothesis that the geometry is perfect and rigidity of the system is

infinite, it can be assumed that under the influence of moments
around an axis z, we have Yo =Yg u Y¢ = Yp.

These two equations can be presented as
700 +2YA+2Yc=0
1061 - 0,07.1800 + 0,5K. 2(Ya - Y¢) =-0,175. 200 . 6
from where is obtained: Yo =Yg =-550N, Yo =Yp =+ 900 N.

Equations (5.3), (5.4) and (5.5) contain four unknowns. The
acceptance of the same hypothesis as above allows to make the
following assumptions:

o Znr = Zgie = Zoir = Zpie = Zg, Where Zpe is the vertical force,
exerted by the rail on support A, and it represents the sum of the
vertical forces (the same goes for Zgr, Zcr and Zpj);

® Zamx = - Zemx = Zomx = - Zomx = Zmxe Where Zpapy is the
vertical force, acting through the rail on the support A, and
occurring a sum of the moments, relative to an axis x (the same
goes for Zgmx, Zemx and Zppwx);

® Zamy = Zaimy = - Zevy = = Zomy = Zmy, Where Zpyyy is a vertical
force, acting through the rail on support A, and occurring a sum of
the moments, relative to an axis y (the same definition goes for
Zeimy: Zemy and Zppy).

Then from equation (5.3) is obtained
ZA + ZB + Zc + ZD = 4Z|: = (mg) +500 =
=(200.9,81) + 500 = 1962+500 = 2462 N.

Or ZF =2462/4 = ZA/F = ZB/F = Zc/p = ZD/F = 615,5 N.



From equation (5.4) follows
Q/2 . (ZA' ZB + ZC - ZD) = Q/2 . (4 . ZMX) =0,175P-36
=(0,175.200.9,81)-36 =
=343,36 — 36 = 307,35 N.m

Then Zy, = 307,35/2.Q = 307,35/2.0,4 =384 N =
=Zpamx = - Zeimx = Zomx = - Zoiwix

From equation (5.5) is obtained
K/2. (' ZA - ZB + Zc + ZD) =K/2. (4ZMy) =- Z.K.ZMy =
=-0,195. m.y+0,105.P+0,05. F+955 =
=-0,195.200.6 + 0,105.200.9,81 + 0,05.1800 + 955 = 1017 N.m

Then Zyy = 1017/2.K =1017/2.0,5=1017 N =
=Zamy = Zemy = - Zomy = - Zomwy

Then we receive

Za=Zpr * Zamx + Zany = 615,5+384 - 1017 =- 17N
Z5 = Zor + Zem + Zeny = 615,5-384 - 1017 =- 786 N
Zc = Zog + Zom + Zomy = 615,5 + 384 + 1017 =+2017 N
Zo = Zo + Zom + Zomy= 615,5 — 384 + 1017 = +1248 N.

From the obtained results it can be concluded that the vertical
force impacting by the rail on the supports A and B shall be
designed in a negative direction of z-axis and thus subjecting them
to strength.

The vertical force acting through the rail respectively on the
supports C and D, is designed in a positive direction of z-axis and
subjecting them to pressure.

From the calculations made was established, that the linear
roller bearings of the series MRC 25 V1 may incur without a
problem values obtained for the forces [4].

3.2. Resource of working of the bearing L

It is determined by the equivalent force P and a dynamic load C
by the relationship:

(7 L =a (C/P)1®  10°m,
where a — safety coefficient.

The equivalent force P;, which is used in formula (7) depends
on the one hand on the calculated above forces in the four points of
the the support, and on the other hand on the applied preloading :

(8) Pi=Fp+2/3.F,— when F;<3.Fp
9) Pi=F,—whenF;>3.Fp

where Fp — force of preloading,

and F; = |Y;| + |Zj].

For the selected in the above section linear roller bearing, the
dynamic load C = 27 700 N [4], and the preloading is 3% for it.
Then

Fp=27700.0,03 =831 N,
which allows to determine the following equivalent workloads :
Fa=|-550|+|-17|=567 N orP, =831+ 2/3.567 = 1209 N.
Fg=]|-550|+|-786|=1336 N or Py =831 + 2/3.1336 = 1722 N.
Fc=]+900|+|-2017]=2917 N or P = 2917 N.
Fp=|+900 |+ |- 1248 |= 2148 N or Pp= 2263 N.

From the above results it is established that the support is the
busiest in p. C. Its resource of working L at a safety coefficient a =
1.0.

(10) L=1,0.(27 700/1980)**® . 10° = 660 . 10° m.
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3.3. Determination of deformations

To determine the values of deformations under load the bearing
is used Formula 11. It linearizes the elastic deformations of the
support at a load.

(11) 5=(D.F)/C,
where :

D - Elastic deformations of the the support under load equal to
dynamic load C;

F — load on the the support (compression, tension, torsion).

For linear roller bearing of the series MRC 25 the values of D
are the following :

MRA/MRC 25 Compression Tension Torsion
V1 36 62 52
V2 34 56 46
V3 30 53 44

The values of the estimated deformations are given in Table 4.

Table 4. Values of the deformations in the support

Supp. | Condition Calcul Value exact

A Tension 81 =62.17/27700 =0p =0p
A Torsion 8’1 =52.550/27 700 =1 pn =~ 1lp
B Tension 8, =62.786/27700 =1,76 n =15
B Torsion 8’,=52.550/27700 =1p =~1lp

C Compr. 8s =36.2017/27 700 = 2,62 p ~4n

C Torsion 8’3=52.900/27700 =17 pn =15
D Compr. 84 =36.1248/27 700 = 1,62 p =251
D Torsion 8’4 =52.900/27 700 =1,7n =1,5p

4, Conclusions

There have been analyzed the advantages of linear roller
bearings relative to other constructions of bearings. It was found
that the coefficient of friction in the linear roller bearing is for
example 10 to 400 times smaller than that of the sliding bearing of
the same size, which is beneficial to the bearing capacity and its
operation.

There have been considered in detail the characteristics of the
linear roller bearing — the classes of the tolerances, of the
preloading, the series, the temperature range, and the conditions
under which it can work - speed, acceleration, load. There have
been determined the friction forces between different parts of the
bearing at oil lubrication.

It has been solved an example with predefined specific output
values, and has been chosen a corresponding series of a linear roller
bearing, taking into account all impacts on the support, based on
which has been solved a system of six equations. It allows to be
identified the forces, acting in the four points of the support, as well
as the type of tensions - tension and compression. It has been
specified the resource of working on the linear roller bearing,
according to the specified busiest point of the the support, as well as
the deformations in those points.
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Abstract: On the basis of long-term statistics data of wires swinging accumulated by energy systems of Kazakhstan the swinging intensity
linear regressional dependence has been elucidated as a function of wind speed and its direction to the power line, as well as the length of a
span and the number of half-waves in the span. Lower and upper limits of regression equations parameters has been estimated.

Keywords: WIRE SWINGING, REGRESSIONAL DEPENDENCE, SWINGING INTENSITY

In the development of countermeasures for wires swinging and
in the design of power lines it is necessary to take into account
information about the possible intensity (range) of wires
oscillations, depending on the wind speed and the characteristics of
power lines. This information can be obtained from the accumulated
by energy systems long-term statistical observations of wire
swinging during the operation of power lines.

As shows the analysis of statistical data on the wires swinging,
which took place in energy systems of West - Kazakhstan region,
wires are exposed to swinging regardless of voltage classes, type of
lines, effective span and the magnitude of mechanical stresses in
wire. Moreover, wires oscillations appear with different number of
half-waves in the span [1].

The article is devoted to the establishment of the empirical wind
speed, angle of wind flow attack to the lines, span and number of
half-wave dependences of swinging intensity. Selected materials
cover one half-wave (18 cases), two half-wave (15 cases) and three
half-wave (5 cases) swinging. The total number of observations is n
= 38. According to the sample material, the minimum span length is
90 m. and the maximum is 367 m..

To establish an empirical dependence, the following
variables were introduced:

A 1
P1 X1

A
P38

where AIO - observation vector, dimension (38 x 1), X =V -

1
) ) ) ) ) !
matrix of independent variables, dimension (38 X 2), 4 “m

(¢ - span length), Xi — constituting the independent variables X.

Notably, Ap—determines the intensity of swinging, VL—

vertical component of the wind speed, q- the length of the half-
waves, m- number of half-waves in the span.

b - vector of parameters which are to be evaluated, dimension

(2 x1):
b=y
1

E - vector of errors (residuals), dimension (38 X 1):
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e
38
Model equations represented in matrix form

A =Xb+E @
p

By the least squares method (LSM - method) for evaluation b
[2].

O]

where "T" - symbol of transposition.

As a result of calculations based on accumulated statistical data
we obtain a linear regression model of the first order.

A =b +biV =b +b —VSina 3)
p 0 1L 0 1m
where b0 =1785; bl =0,0011 - parameters of equation.

Adequacy assessing of regression model is made by F - Fisher
criterion. Estimated (actual) value of F according to [3].

n —
AT _A )2
%( i p)
= (4)

where Ap - observed value, AT - theoretical (predicted) value,

S - assessment of dispersion adequacy.
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Comparison results of actual value Fact:46'78 and table

F =412 (F >F

table act  table
equations. Tabulated values are defined for significance level 0.05
and degree of freedom n—r =36, where r - number of coefficients

of the regression equation.

) shows the reliability of regression

Valuation of bi coefficients is made by Student’s t-test [3].

©)

_ 1n . .
where X:szi (xi—mdependentvarlables).
1

Calculated values of t-statistics:

Tabular value of ta — criteria, which was calculated for the
significance level ¢ =005 and the number of degrees of freedom

36, equals to t =203, Seeing that t >t and t ,
o bO a bl a
corresponding coefficients of the regression equation is considered

significant.

For confidence interval calculation the marginal error for each
indicator is to be defined [3].

ts
Ab =-4%_
hn
S
A= (6)

ST
]’E(X. -%)2
1 I

The lower and upper limits of regression equations parameters

b —Ab <b <b +Ab_;
0 0 0 0 0

b —Ab <b <b +Ab;
1 11 1 1

In view of numerical values Abo =05 and Abl =0,00033

1,285< bO <2,285; %
0,00077 <b < 0,00143;
Analysis of these predictable swinging intensity

boundaries shows that the intensity of swinging increases with the
length of span, wind flow speed and the number of half-waves in
the span.

The regression model (3) will be used in research of
power lines swinging phenomena and in the development of
methods and means of protection against swinging.
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Annotation: The article discusses the free-running sweep split phase (SP) power lines. We derive a nonlinear differential equation of
torsional movement split phase by using Lagrange's equation of the 1st kind. In order to obtain an approximate solution of the nonlinear
problem applied the method of Van der Pol. Analyzed degree of influence of parameters of power lines on the frequency of torsional

vibrations of SP.
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Equation of twisting movement of split phase (SP) is

determined from Lagrange equation [1]

dfa
dt\ ag(t)

where | = E, —E,
, E 4 - deformation energy).

oL _
Op(t)

— Lagrange function (E,

@

- kinetic energy
Kinetic energy of SP from rotational motion [2].
/
J 3y ( od(z, t)j
0 2

where F(z,t) - function, which determines phase twisting in

@

random point and in random moment of time, 0 — length of span,

J¢ - inertia moment of split phase
3,="hpe ®
g

where R - radius of splitting, N - number of splitting ( number
of wires in phase), P, — weight of 1 meter wire, g — acceleration
of gravity.

For approximation of SP by the single degree of freedom

system we assume, that its twisting along the span occurs only by
single space form y/(z). In this case we imagine the function

F(z,t) as follows.

F(2t) = p(t)y (2) =¢(t)sm”7f @

where ¢(t)- generalized coordinate, w(2) - coordination
function, which satisfies the boundary conditions.

Kinetic energy of SP considering formula (4) converts to

2 .2 l 2
g, - RR9°(1) (t)ISinZEdz R e
29 0 / 49

Considering the condition, that relation between extending and
tension of wire has linear character, then deformation energy of i
split phase wire is determined by formula [3]

E,. :TO(L¢—L0)+%(L¢—LO)2 (6)

where E - Young's modulus, F - cross sectional area of the

wire.
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Wire length in static equilibrium L0 and length L(p,

corresponding to twisted state of i wire of SP, are determined by
approximate formula, known from higher mathematics course.

s
ot

,t)—function, describing the configuration of SP

0]

o'—,\

®)

where (|, (2
wire considering its twisting.

After geometrical calculations of SP twisting along the span the
expression for function g, (z,t) is determined

q,(z,t) = y(z) -RF(z,t)cos ©)

where y(z) - coordinate function, describing the position of
static equilibrium of wire in span, is determined by known formula

P
)= z2(0-z2 10
y(2) T (¢-2) (10)

0

In the expression (9) the angle £ determines mutual location
of separate wires in a bundle. If we denote initial angle coordinate
one of the wires, which is conditionally taken as a first, by £ , then

next angles £{; will be determined by formula

L 2x(i-D) .
n

(i=1-n) (11)

M =

Difference of wire lengths with (9) and (10) (prime is a
derivative by z)

L, —L, =0,5RCosy, {RCOSM j (F'(z,t))dz-2 j y'(2)F '(z,t)dz}
(12)

Omitting the intermediate transformations and calculations, we
can represent the final result for the deformation energy of the SP,
taking into account the difference in the lengths of wires (12)

\ m*EFR*Y Cos‘,
= z Eq = Pt (t)+
1

1
32¢°
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2R7T 3 Cos?u.
d °21: Ml 4EFR2?

44 3
z'T,

[1_ J SN )

It should be noted that for transformation into account following
relationships
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n n
> Cosy, =0 and D Cos’u, =0
1 1

Forming Lagrange function and substituting in equation (1), we
obtain the nonlinear differential equation,

P(1) + o p(t) = —vp(t)

Where V - a small
characteristics of the SP.

(14)

parameter, which depends on the

T ‘gEF 1
= Cos*u
4P, s nzl“

(15)

- Is the frequency of the twisting motion of the linearized

system

2
_7'dL () BEFR, e
w, = 1+ Cos? (16)
k P/ ( 77 Z Hi

The solution of the nonlinear differential equation (14) is
performed by method of VVan der Pol [4]. According to the method
of Van der Pol, we shall seek solutions (14) and its first derivative
with respect to time in that form

p(t) = f(1)Sin[o,t + a(t)]

o(t) = o, f (t)Cos[m,t + a(t)]

an
(18)

Where f (t) - variable amplitude, x(t) - variable initial phase,
, -proper frequency of the linearized system, determined by the
formula (16).

Omitting the intermediate calculations, we represent the final

result
o(t) = fOCOSKa)k s fz jt}
8w,

From (19) we can see, that the wave circular frequency SP @,

(19)

which depends from the amplitude of the torsion f0 is equal to

3v
@, =0 +—

k

(20)

f7

Equation (20) represents the amplitude frequency response of
SP and sets dependence of the frequency of free torsion motion
from the amplitude of the torsion and SP characteristics.

Analysis of the equation allows making the following
conclusions:

- at small amplitudes f, of frequency autonomous oscillation

of SP g, is close to the frequency of the linearized system ¢, . The
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increase in frequency with increasing amplitude of torsion occurs
theoretically up to infinity.

- In practical calculations, the influence of the amplitude of the
torsional movement of the split phase on the frequency autonomous
oscillation can be neglected as the calculation formulas with
sufficient accuracy can take a simplified expression (16). For
example, when the amplitude ¢ 0 = 600 (slightly higher than the
actual amplitude of the torsion SP at the dance), the maximum

difference between the @, and @), is not more than 1.5%.
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Abstract: This work is predstaveno decision of task of finding the intersection of geometric objects with the use of CAD / CAM systems in
particular graphical programming environment Autocad .. The problem is solved by the method of auxiliary secant planes. Based on the
studies and analyzes on resolving this type of geometric tasks is summarized methodology for finding the intersection between the two
geometric objects. The process of the graphic finding the intersection by using the CAD / CAM system is illustrated step by step on the basis

of the methodology.
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1. Introduction

The actual units are usually built of parts of geometric bodies.
When viewing them receive limited lines crossing each other and
contours. Most - great interest in the depiction of faces and bodies
are lines like sections and surfaces. These lines are essential for
certain technical applications, when searching the shape and
dimensions of the surfaces, for example the construction of flat
patterns. It is allowed in some cases complicated to build lines of
intersection can be displayed approximately. The way to solve these
tasks depends on the location of geometrical objects relative to the
projection planes and their form. The process of finding a graphic
projections of the common elements of intersecting geometric
objects through various stages, including reading assignment and
build a mental image of the spatial geometric objects and auxiliary
geometric elements (lines, secant planes, etc.) Needed for solving
mission. This often difficult to beginners in engineering graphics.
Using CAD / CAM system for finding the points and the
intersection of geometric lens significantly facilitates this task [1].
Formulated above problem is solved by using the graphical
programming system AutoCAD, which allows for viewing of
objects from different angles, off parts of objects, displaying objects
in different views, creating three-dimensional images. The tasks of
the graphical construction of the projections of the common
elements (dots or lines of intersection) are solved by known
literature methods.

Developed dozens of examples of finding the points or the
intersection of various geometric objects - lines, planes, rotary and
angular surfaces. With AutoCAD graphics system is presented the
process of finding the intersection between the two geometric
objects using the method of auxiliary secant planes. The process is
illustrated step by step on the basis of the presented methodology.

Fig. 1 Three-dimensional images of intersecting solid of revolution:
a) cone and cylinder; b) cone and sphere b) cone and the cone

2. Methods for the construction of the line of
intersection of the geometrical objects

2.1. Methodology for the construction of the intersection of
geometric objects by the method of auxiliary secant planes in
graphical programming environment Autocad. The projections of
the intersection is built in points (1, 2, 3, 4,5 ......) belonging
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simultaneously to both surfaces. To find such points in the series at
- generally used auxiliary secant planes i.e. intermediary. Can
distinguish the following stages:

2.1.1. Analysis of the body - the body is examined from what
surfaces is made, what is their relationship and their position
relative to the projection plane.

2.1.2. Enter series auxiliary secant planes.

2.1.3. Designate points of the intersection, obtained without any
additional constructions.

2.1.4. Located intersection of the secant with surfaces default.

2.1.5. The intersections of the lines are found points connected
line of intersection.

2.1.6. Merging intersections and analyzes visibility.

2.2. Condition of the task: to build the intersection of
geometric objects - hemisphere and cone with the software Autocad
based on formulated - above methodology.

To find the intersection (each line of intersection) of the two
bodies had been used method auxiliary secant planes whose planes
are parallel to the horizontal plane 7 2

The method of auxiliary secant planes comprises the following:

2.2.1. Construction of the two projections w 1 and =« 2 task in the
sizes Fig.2.

Fig. 2

2.2.2. Selects a random number secant planes planes parallel to
the horizontal plane of projection, shown in Figure 3

Fig. 3



2.2.3. Secant planes intersect the cone in circles with radii

corresponding starting t.O top view (Figure 4).

s e R

Fig. 4

2.2.4. Located projections of the basic points in the horizontal
projection plane in ordinala and mean index 2. Located projections
and other points in 7 2.

Fig. 5

2.2.5. Connecting the points obtained by using the command
Spline, obtain approximate line of intersection of two surfaces in
top view Figure 6.
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2.2.6. To get the intersection in the frontal projection plane raise
the points ordinala respective planes and receive the projections of
points in x 1. Construction of the points shown in yellow in Fig. 7.

sesesieBiemaacl waasl

Fig. 7

2.2.7. Connecting the Dots and receiving line in 1 (figure 8).

Fig. 8

2.2.8. Option in the software 3D Modeling allows to check the

correctness in the construction of the intersection of the geometries
shown in Figure 9 in front view and top.

Fig. 9



3. Conclusion

Based on the application of CAD / CAM system for finding the
points and the intersection of two geometric objects in the learning
process can draw the following conclusions:

1. The tasks of mutual crossing of geometric objects belong to
the position tasks. In their search for an item is a line belonging to
both of the two geometric objects.

2. By AutoCAD graphics system creates three-dimensional
geometric models, which contributes to a better absorption of the
tasks of this kind through their visualization.

3. 3D modeling of geometric objects helps to accurate and clear
visualization of search sections.
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Abstract: The open innovation is a concept of growing acceptance in the field of innovation management. It is based on the idea that
companies can leverage the knowledge generated externally to improve their innovation performance. Open innovation as a process can
promote shorter innovation cycles, increase in industrial research, and better optimization of the resources. However the process of open
integration is much harder for implementations in SMEs than larger enterprises. The reasons behind the low integration of the open
innovation as a process can be seen in the low capacity of the SMEs to deal with the open innovation process, low awareness of the benefits
of the open innovation process, lack of knowledge for the intellectual law and rights, etc. This paper is based on the empirical research on 63
SMEs, in order to determine the factors (reasons) for low implementation of the open innovation process in the SMEs in Republic of

Macedonia.
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1. Introduction

The open innovation is a concept of growing acceptance in the
field of innovation management. It is based on the idea that
companies can leverage the knowledge generated externally to
improve their innovation performance. Open innovation is based on
the traditional innovation process which represents a crucial aspect
of promoting the growth and development of SMEs. But the process
of innovation is usually foreseen as a great financial burden for the
SMEs, and inquiring finance for the relatively long and enduring
process of research and innovation can present a devastating
process for the SMEs [1]. Therefore, new ways of innovation must
be looked for, in which open innovation represents a viable
alternative for companies. Open innovation as a process can
promote shorter innovation cycles, increase in industrial research,
increased innovation and better optimization of the resources [2].
Open innovation is defined as “the purposive use of inflows and
outflows of knowledge to, respectively, accelerate internal
innovation, and expand the markets for external use of innovation
process” [3]. Open innovation can be a part of any of the four
different types of innovation including the innovation in process of
production, innovations in business model, innovations in product
and innovation in organization. All of these types of innovations
can be made easer through the concept of open innovation, by
creating a mutual trust between the SMEs and their innovation
partners.

The SMEs sector is very important for Macedonian economy.
According to the data of the State Statistical Office [4], the number
of active business entities in the Republic of Macedonia in 2014
was 70,659 and SMEs represent 99.7 percent of them. They
engaged about 76.7 percent of total number of employees and
created 65.6 percent of the value added [5].

According to the Innovation Union Scoreboard 2014 [6]
Republic of Macedonia is a modest innovator ranking 31st out of 35
countries with Summary Innovation Index of 0.2458 much below
0.5539 which is the EU average. Situation with SME’s innovation
are even worst. Macedonia is ranked 31st based on SMEs
innovating in-house indicator (0.0155), and 19th regarding
Innovative SMEs collaborating with others indicator (0.3590) which
gives some perception on open innovation adoption by the SMEs in
Republic of Macedonia. Regarding innovation outputs, SMEs
introducing products or process innovations indicator is 0.5938
(ranked 15th) and SMEs introducing marketing/organizational
innovations indicator is 0.3615 (ranked 24th). So, the open
innovation is still a relatively new process in Republic of
Macedonia with only small portion of enterprises actually practicing
it [7]. The reasons behind the low commitment to the innovation in
general can be seen in the lack of innovation network, lack of
funding and venture capitalist and very small percentage of GDP
devoted to research and development [7]. The low capacity of
absorption and the technical problems which SMEs face

considering the implementation of new research and developments
techniques puts the SMEs into an utmost difficult position on the
bargaining side of the process that is open innovation. Despite the
larger enterprises witch can reserve a lot more assets into the
research and development program SMEs rely on having their idea
and innovation process increase their chances of market success.
But, the lack of information and data concerning the process of
open innovation is one of the possible reasons for low level of
awareness for the process of open innovation amongst the
Macedonian SMEs. [7]. Also, the lack of networking structure at
national and regional level on tackling Open Innovation issues can
be foreseen as one of the crucial problems for implementation of
open innovation process especially among SMEs.

This paper concerns awareness and constraints for adoption
open innovation strategies in SMEs in Republic of Macedonia. The
constrains have been categorized and reviewed concerning four
open innovation aspects: human constrains, general constrains,
policy constrains, and constrains that have evolved due to the rise of
global competition [8].

2. Theoretical Review

Open innovation is a distributed innovation process based on
purposively managed knowledge flows across organizational
boundaries, using pecuniary and non-pecuniary mechanisms in line
with each organization’s business model [9]. This means knowledge
inflows to the focal organization (leveraging external knowledge
sources through internal processes), knowledge outflows from a
focal organization (leveraging internal knowledge through external
commercialization processes) or both (coupling external knowledge
sources and commercialization activities) [9]. The traditional
(closed) innovation system has some serious shortcomings and there
is an urgent need of establishing a contemporary innovation system
— an open innovation system. The contrasting principles of closed
and open innovation are presented on Table 1.

Table 1: Comparison between Closed and Open Innovation Principles.

Closed Innovation principles Open Innovation principles

The smart people in the field work Not all the smart people in the field
for us. work for us. We need to work with
smart people inside and outside the
company.

External R&D and Innovation can
create significant value: internal
R&D and Innovation is needed to
claim some portion of that value.

To profit from R&D and Innovation,
we must discover it, develop it, and
ship it ourselves.

If we discover it ourselves, we will
get it to the market first.

We don’t have to originate the
research to profit from it.

The company that gets an
innovation to the market first will
win.

Building a better business model is
better than getting to the market
first.

If we make the best use of internal
and external ideas, we will win.

If we create the most and the best
ideas in the industry,
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We should control our IP, so that
our competitors don‘t profit from
our ideas

We should profit from others’ use of
our IP, and we should buy others’ IP
whenever it advances our business
model.

There are two important kinds of open innovation: outside-in
and inside-out. The outside-in part of open innovation involves
opening up a company’s innovation processes to many kinds of
external inputs and contributions. Inside-out open innovation
requires organizations to allow unused and underutilized ideas to go
outside the organization for others to use in their businesses and
business models [10]. In contrast to the outside-in branch, this
portion of the model is less explored and hence less well
understood, both in academic research and also in industry practice.
In order to further improve the scientific capabilities and
commercialize the research output from projects such as the LHC,
new businesses and business models must be identified, explored,
and undertaken [10].

In addition to being beneficial for large "firms as well as for
small and medium-sized enterprises (SMEs) [3], SMEs can open
their own innovation processes to implement internal ideas
otherwise unexplored, to ensure access to external ideas, to enable
better utilization of their partially hidden innovation potential, to
share the wealth and efficiency in resource allocation (e.g. per unit
cost accounting basis), to extend their potential for growth via
alliances and or attraction of funding, to be offered ample
opportunities by larger companies to access resources/knowledge
otherwise far too expensive for them [11].

3. Empirical Research

The research aims to acquire knowledge about open innovation
adoption by SMEs in Republic of Macedonia. The focus is to
identify SMEs characteristics especially related to their innovation
activities in general, and in open innovation process in particular.
The main goal is to identify Macedonian open innovation trends and
practices and identify constraints for open innovation adoption.
Several specific objectives of this research are:

- To assess the level of open innovation awareness amongst
Macedonian SMEs

- To assess the open innovation adoption by SMEs

- To identify the key actors involved in open innovation
process in Macedonia

- To recommend measures to improve open innovation
adoption rate by SMEs

The survey was conducted using a questionnaire as a research
tool for data collection. The questionnaire was developed and
placed online using the Google Drive, and emails with a request to
fill in the questionnaire were sent to 63 SMEs. Responses were
received from 36 respondents, representing 57 percent response rate
which is much higher than the average response rate of 35.7 percent
for studies that utilized data collected from organizations [12]. Still,
the margin of error for this sample size is 16.7 percent, so the
survey results are not representative, but only indicative and will
use as a pilot for tuning the final design of full research that will be
carried out in the next phase.

Respondent sample is consisted of 21 micro, 14 small and 1
medium enterprises. Almost one fifth of all enterprises (19.4
percent) do not have innovation budget at all, and 44.4 percent
spent only 0-1 percent from their income on innovation activities
(Table 2).

Table 2: Percentage of income spent on innovation activities.

Percentage of income Percentage of enterprises
spend on innovation [%] [%]
0 19.4
0-1 44.4
1-2 8.3
2-4 25.0
4-6 0.0
6-10 0.0
10-15 0.0
15+ 2.8
Grand Total 100.0

SMEs in Macedonia do not pay much attention on innovation
activities. The results also show that 72.3 percent of all enterprises
do not have employees dedicated to any innovation activities
(16.7%) or only 0-3 percent of the employees are part of some
innovation activities in the company (55.6%) (Table 3).

Table 3: Employees dedicated to innovation activities.

Percentage of employees Percentage of enterprises
dedicated to innovation [%]
from all employees [%]
0 16.7
0-3 55.6
3-6 11.1
6-10 2.8
10-15 0.0
15-20 8.3
20-30 0.0
30+ 5.6
Grand Total 100.0

83.3 percent of all SMEs have not heard about the concept of
Open Innovation, and 94.4 percent have no knowledge about Open
Innovation concept at all. Despite the low awareness amongst
Macedonian SMEs, 54.5 percent of all SMEs have cooperated with
other companies or organizations in any of their innovation
activities, so the SME are not aware of, but still they use the Open
Innovation concept.

Table 4: Main Innovation Partners of Macedonian SMEs.

Type of Innovation Partner Mean

Suppliers of equipment, materials, components or software

Clients or customers from the private sector

Government, public or private research institutes

Universities or other higher education institutes 75

Clients or customers from the public sector

Competitors or other enterprises in the sector

ol|u|u|~]eo|o|R]=

Consultants or commercial labs institutes

Table 4 illustrates the type of innovation partners of the SMEs.
According to the results the most common partners into their
innovation activities are their suppliers (38.2 percent) and clients
from the private sector (16.4 percent). The most unlikely partners of
the SMEs in innovation activities are the clients from the public
sector, competitors and consultants or commercial labs.

Table 5: Open Innovation Concept Applicable per Type of Innovation.

Open Innovation Concept Used or Intended T Response
to be Used per Type of Innovation rate [%]
. Yes 28 84.8
Product Innovation No 5 152
Process Innovation Yes 15 833
No 3 16.7
. . Yes 21 80.8
Business Model Innovation No 5 192
Organization Innovation Yes 20 18.7
g No | 3 13.0
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Table 5 shows the percentage of SMEs that intent to use or are
already using the concept of Open Innovation for different type of
innovation activities. According to the results, all four types of




innovation activities are appropriate to be implemented with the
Open Innovation concept.

80.6 percent of the SMEs have dedicated no part of their
innovation budget for Open Innovation activities, have no dedicated
employees for open innovation and also have no product developed
in the last three years which is based on the open innovation
principles. 19.4 percent of all respondents spent 0-5 percent of their
innovation budget on open innovation activities, resulting in 0-10
percent of their new products developed implementing open
innovation concept.

According to the answers provided by the SMEs presented on
Table 6, the key constraints regarding Human Resources are the
scarcity of skilled employees in their companies (93.3 percent) and
the high level of the wages which is burden for their financial
condition (36.7 percent).

Table 6: Key Constraints in Implementing Open Innovation in SMEs.

Key Constraints n Response
rate [%]
Recruiting Constraints (Human Resources)
Scarcity of skilled employees 28 93.3
Wages of the skilled employees are 11 36.7
too high, it is a great burden for us
General Constraints
Lack of knowledge in 18 54.5
implementing new technology
Lack of quality managers in the 18 54.5
country
The labor market lacks skilled 17 515
workers
Competition Constraints
Increase quality of product/service 24 72.7
Increase marketing activity 22 66.7
Policy Constraints
Government policies, laws and 19 73.1
regulations
Unfavorable business climate 17 65.4

The main general constraints are the lack of knowledge to
implement new technology (54.5 percent) and the lack of skilled
workers on the Macedonian labor market (51.5 percent). In an era
of globalization and enormous influence that Internet technologies
have on people’s private and professional life, the competitiveness
constraints to adoption of the open innovation competition
constraints, or activities that should be undertaken to compensate
the barriers related to competition. The first one is to increase the
quality of the products/services (72.7 percent) and to increase the
marketing activities (66.7 percent). The last aspects of the
constraints for implementing Open innovation in SMEs are the so
called policy constraints.

Table 7: Factors Affecting Success of Implementing Open Innovation
Concept in SMEs.

Open Innovation Success Factors for n Response
SMEs rate [%]

Support by the top management 19 57.6
Collaborators' training for Open 18 54.5
Innovation
Allocate enough resources (employees, 14 424
time and budget)
Managing an idea generation process 11 33.3
(selection and prioritization of the ideas)
Managing the intellectual property 11 33.3
(protection and valorization)
Ability to measure Open Innovation 9 27.2
success in Enterprises
To have a corporate culture that promotes 7 21.2
idea-sharing
Support by the middle management 3 9.1
Existence of systematic and organized 3 9.1
approach for acceptance of external ideas
Proper selection and encouraging of 3 9.1
partnerships
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The last aspects of the constraints for implementing Open
innovation in SMEs are the so called policy constraints.
Macedonian SMEs have identified the following two key
constraints: 1) problems with the government policies, laws and
regulations that are not in favor of the open innovation concept, and
2) the unfavorable business climate presence in the country.

Results presented on Table 7 shows that according to the SMEs
themselves three main factors important for successful
implementation and practice of Open Innovation concept in SMEs
are: Support by the top management, Collaborators’ training on
Open Innovation and Allocation of enough resources (including
employees, time and budget) dedicated to Open Innovation.

4. Conclusion

SMEs on their innovation path can follow two possible
approaches. The first one is to perform the innovation activities
fully in-house (so called close innovation), but for small firms this
is a big challenge because they typically struggle with lack of
financial resources, scant opportunities to recruit specialized
workers, poor understanding of advanced technology, and so on.
The second approach is to adopt an innovation model to use ideas
and knowledge from outside the firm’s boundaries, so called open
innovation concept.

The awareness of Macedonian SMEs on Open Innovation is not
satisfactory. It is evident from the research results that in general
they do not pay proper attention on innovation activities (both
closed and open), but the fact that they do not have even idea and
information on good SMEs open innovation practices and strategies
should raise a ‘red flag’ among all innovation stakeholders in the
country.

The research finds that the two main constraints for the low
level of open innovation adoption rate by the SMEs are the problem
related to the scarcity of skilled employees and the problem with the
government policies, laws and regulations that are not supportive to
the open innovation paradigm.

Despite overcoming both key constraints depend more on
innovation policy makers, the SMEs themselves could make some
actions to improve as well. The research suggests that the most
obvious measures are to build a strong commitment and support for
open innovation concept by the SME’s top management (in most
cases the owners of the firms), and to take joint activities with
firm’s collaborators and partners with focus on promotion and
training on Open Innovation concept.
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JECONWJIBHBIE PAMBI C HOBOM KHHEMATHUKOM PE3AHUSI
FRAME SAW THE NEW KINEMATICS OF CUTTING
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Annomayun: Paccmampusaiomcesi 60npocel co30aHus 1eCONUTLHBIX PAM HOBO20 NOKOJEHUs C YCIMAHOBKOU NUNbHOU PAMKU 8 WAPHUPHO-
DPLINANCHOU NOOBECKe U KAYAHUEM NUTL NO CAMONEPecekanujelica 3aMKHymoll Kpusoll muna 60cbMepku. B pesynvmame yiyuuaromes yciosust
pabomul nun u crHudicaemcs snepeoemkocms npoyecca nunenus na 40...50%. Ilpu smom npou3zgooumenbHoCmb 1eCONUNLHBIX PAM MOICHO
yeenuyums 6 1,5...2 pasa.

KITFOYEBBIE C/IOBA: JIECOITHIIBHAA PAMA, ITH/IPHASA PAMKA, 3AIOTOBKA, MEXAHU3M KAYAHWUA, KHHEMATHUKA PE-

34HUA

Abstract: The question of creating a new generation of log frames with the installation of the saw frame in hinged - arm suspension and
swing saws on self-intersecting closed curve such as the Group of Eight. As a result of improved working conditions and reduced energy
consumption saws sawing process by 40 ... 50 %. This performance saw- frames can be increased in 1.5 ... 2 times.

KEYWORDS: FRAME SAW, THE SAW FRAME, BLANK, ROCKING MECHANISM, KINEMATICS OF CUTTING

1. Beeoenue

JleconumbHbIE paMbl MCTIOIB3YIOTCS B Kau€CTBE TOJOBHOTO
000pyI0BaHUS B IMHUSX M3TOTOBICHUS MIIoMaTepHanoB. Ilostomy
KauecTBO MUJIOMATEPHANIOB, a TaKXKe NPOM3BOJUTENBHOCT U 3(¢-
(EeKTUBHOCTh ITHUX JIMHMH B OCHOBHOM oOIpenensiercss paboToit
JIECONMMIBHBIX paM. B CBA3M ¢ 3TUM B HPOLUIOM CTOJETHUH ObLI
BBINIOJIHEH Psil paboT MO M3YYEHHIO, UCCIENOBAHHUIO U COBEpIICH-
CTBOBAHHIO CIEAYIOIMX NPOOJIEMHBIX BOIPOCOB JAJIbHEHIIEro
Pa3BUTHSI JIECOIMIBHBIX paM [7]:

1) Kunemaruka mporecca MHJICHUS,;

2) YpaBHOBELIMBAaHUE CHJI HHEPLIUH;

3) 3ameHa HampaBISIOMIMX U YCTAHOBKA MTHJIBHOW paMKH

B IIAPHUPHO-PBIYAKHBIE MEXaHU3MBI;
4)  CuioBble ¥ KQYeCTBCHHBIE MTOKA3aTENH poliecca M-
JICHUS;

5) KoHCTpyKTHBHBIE 0COOCHHOCTH y3JI0B U MEXaHH3MOB;

6) TloBbluIeHHE HAJIEKHOCTH U JJOJIITOBEYHOCTH.

CrnenyeT OTMETHUTh, YTO KHHEMATHKa IpoLEecca MUICHUS
Ha JIECONMIIbHBIX paMax JJOCTaTOYHO OCHOBATEIbHO OblIa M3JI0XKe-
Ha B paborax M.A. [lemesoro [5]. Bbito oTMeueHo, 4TO mpu IMH-
JIEHUH JPEBECHHBI C PABHOMEPHON CKOPOCTBIO IOJAYM BO BpEMs
pabodero xoja BeIMYHMHA MOAAYM HA 3y0 (TONIIMHA CPE3aeMOTro
CJIOSL JPEBECHHBI 3yOOM IHJbI) CYIIECTBEHHO HM3MEHSETCs, a B
Havajie XOJIOCTOTO XOJa IIPOJIOJDKASTCSl B3aMMOAEHCTBHE 3yObeB
IIIJIBI ¢ THOM TIPOIMIIA M HAOMIOJaeTcsl JaKe CMATHE JIPEBECHHBI.
B pesynbpraTe BO3HUKAIOT AOMOIHUTENbHBIE CUIIBI — CUIIBI CKOOIIE-
HUS, KOTOpPBIE IPEMATCTBYIOT MPOJBIDKEHHIO 3arOTOBKH B 3TOT
nepuon BpemeHH. IIpu 3TOM OIIMOOYHO OTMEYAIOCh, YTO 3TO
CKOOJICHHE MOYKHO YMEHBIIHUTH WM AaXKe UCKIIOYHUTH ITyTeM yCTa-
HOBKH TTHJI ¢ GoipmmM ykiaoHoM. MccnenoBanus B.S1. ®uibkeBu-
ya [6] mokaszamu, 4TO B Hayale XOJOCTOrO XOJa, B PE3yJbTare
B3aNMOJICHCTBUS 3yObeB IMIIBI C APEBECHHOMH, 3aroToBKa ( IMMIIO-
BOYHUK) OCTAHABIMBAETCSl MM JaK€ COBEPIIAET BO3BPaTHOE
nepeMenieHne. OTH CHIBI CKOOJEHHs, AEHCTBYIOT HA IOJIOTHO
paMHOI MHJIBI, BBI3BIBAIOT OOKOBOE OTKJIOHEHHE MX U 00yCIaBIIH-
C uensto
YMEHBIIEHHs] CHJI CKOOJICHUsI 3yObeB MIJIBI O JHO IPOIMIIA B HAaYa-

BAIOT IIPEXACBPEMEHHYIO IIOTEPI0 YCTOHYHBOCTH.

ne xosnocroro xona A.JI. bepmanckuii [4] pexkoMeHI0Ban 3aqHUAN
yroi 3y0beB paMHBIX NI YBEIHYHUTh U NMPUHATH €ro PaBHEIM 28°
BMecTO 18°. DTO OTpUIaTeNIbHO HOBIMAIO HA IPOLIECC PE3aHUS BO
BpeMsi pabodero xo/a, TaKk Kak ¢ yBEJIWYCHHEM YIJla pe3aHus Ha
10° cuma pe3aHus BO3pOCia, a Ka4eCTBO MOBEPXHOCTU IIPOIIMIIA
YXYILHIOCh.
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2. Hayunsiii nouck cosepuiencmeosanus
KUHEeMamuKu pe3anus

B cBsi3M ¢ 3TUM HaYanuCh IOWCKHU YIYdIIECHHS U COBEp-
IICHCTBOBAHMS KMHEMATHKH IPOLEcca NMUJICHHS Ha JICCOIMIBHBIX
pamax. IIpemmaranoch IOHNONHHUTENBHO OCYIIECTBIATh KadaHHE
MM B IUIOCKOCTH THJICHUSA 110 3JUIMITHYECKOIH WM KaruIeBUIHOM
kpuBoi. Oxnako uccnenoBanus B.®. Ooukuna [8] mokasanu, uto
B 9TOM CIydae CMSTHE JPEBECHUHBI 3yObsSMH MBI B Hadaje XOJIo-
CTOTO XO/la MOXKHO HE TOJBKO YMEHBIIUTb, HO M MOJIHOCTBIO HC-
xmrounth. Ho mpm 3TOM mpoucxonuT emie Oolblas HepaBHOMEp-
HOCTb [I0/1auM Ha 3y0 BO BpeMs pabo4ero xoza, 4yeM MpH ITHICHUH
0e3 kauaHms mwI. OTo 00yClIaBIHMBAaeT yBEIMYCHHE MaKCHMallb-
HBIX Harpy3oK Ha NWIBI ¥ YXyJUICHHE KauecTBa MOBEPXHOCTH
nporuia. Co3qaHue OMBITHBIX OOpasloB C TaKOil KUHEMAaTHKOH
pe3aHus He YBEHYAIOCh YCIEXOM, TaK KaK KaueCTBO IMOBEPXHOCTH
Hponmwia yXyAIlaJloch, a HPOM3BOJAMUTENBHOCTh B CBSI3H C 3THUM
CHI)KAJIACh.

IIpemnaranocsk Tak ke OCYIIECTBIATH NEPEMEIICHUE 3aro0-
TOBKH C NEPEMEHHON CKOPOCTBIO (TOJYKAMH) C LUKJIOM 3a pado-
YHH WK XOJIOCTOH XOJBI, @ TaKXKe C IUKIOM 3a Paboduuid U X0Jo-

croil xox miu 3a obopor. UccnenoBanus mokasanu [1,2], uro B

TOM CITydae, KOTja Iojada 3aroTOBKH OCYILIECTBISIETCS C Iepe-
MEHHOW CKOPOCTBIO C IIMKJIOM 3a paboyuii MM XOJIOCTOH XOIBI,
cKoOJIeHHe 3yObSIMH ITUIIBI IHA [TPOIIMIIA B HaYaJle X0JIOCTOTO X0/a
MOXKHO HCKIIIOUHTh, HO BO BpeMs pabodero Xoia BO3pacTaioT
MaKCHMaJbHBIE 3HAaYEeHUs MOJAYd Ha 3y0 W, CJICOBATEIbHO, MaK-
CHMaJlbHbIE 3HAUEHHUS CUJIBI PE3aHUsI YBEINUUBAIOTCS, a KAUYECTBO
MOBEPXHOCTH Tponmia yxynamaercs. IIpu mojgade 3aroToBku C
TIEPEeMEHHON CKOPOCTBIO € IUKJIOM 3a Pabounil M XOJIOCTOH XOMBI
WIN C LUKIOM 32 000pOT HUCKIIOYUTH CKOOJEHHE 3yObsIMU MBI
JIHA TIPOIMJIa He MPEJCTaBIIETCS BO3MOXKHEIM. [Ipu onepexeHnn
WITH 3ana3AblBaHUU [IUKIIA MEPEMEHHBIX I01a4 HaOII0AaeTCsl pPOCT
rmoja4y Ha 3y0 BO BpeMs pabodero xoja M yXy[IIICHHE KadecTBa
MOBEPXHOCTH Iponmia. TakuM o0pa3oM, co3JaHUe JECOMMIbHBIX
paM C MPeAToKEHHBIMU paHee MEPEMEHHBIMU CKOPOCTAMH MOJAYH
3aroTOBKH HE 3(Q(EKTHBHO, TaK KaK MPOU3BOJUTEILHOCTD CHIKA-
eTcs, a KayecTBO MOBEPXHOCTH O0OpabOTKM HMIOMATEepUaIoB
yxyamraercsi. HecMoTpst Ha 5TH Hay4HBIC BBIBOJBI YYEHBIX, IIPO-
MBIIUIEHHOCTh MPOJ0JKAET MHOTAA BBIMYCK JIECOMMIBHBIX PaM C
TaKMMH HEPEMEHHBIMU CKOPOCTAMH MOAAUH.



3. Pewienue paccmampueaemoii npoodaemol.
OcHogHble HayuHble NO0NHCEHUSA NO CUHXPO-
Hu3aYUU O8UIICEHUIL RUJI U 3A20MO6KU

PaGoramu aBTopa [2] 6BUIO YCTAaHOBIIEHO, UTO JUISI CHHXPO-
HHM3alUU JBWKEHHH paMHBIX MUJ M 3aTOTOBKU KadaHHE MU HEOO-
XOUMO OCYIIECTBIATH 32 Pabodmii X0/ 0 KPUBOMH, MPECTABIISIO-
et co0o0il MOJIOBHHY BOCBMEPKH, a 33 XOJIOCTOM X0 - IO KPHUBO,
MIpeACTaBIIIoNIEeH co00ii nooBuHy Karumi. [Ipudem okasanocsk, 4To
paMHbIe MBI B Hadane pabovero xoja HEOOXOAUMO OTBOJIHUTH OT
JHa TIPONMIIA, 3aTeM B CPeIHEll uacTH Xoja MU HAaABUTaTh UX Ha
3ar0TOBKY, a B KOHIIE X0Jia ITHJI CHOBA OTBOJIUTH OT JHA Ipormia. B
Hayaje XOJIOCTOro Xoja HeoOXOAMMO MPOAOKUTH OTBOJ ITHI OT
JIHA TIPOIMIIA, a 3aTeM IIEPEMECTHTh HX B BepXHee KpaifHee IOJO-
JKEHHe NMIbHON pamku. Takue mOTydeHHBIE MaTeMaTHYeCKHe
MOZIENU TMEPEMEILEHHUs MU OCYLIECTBUTh HAa IMPAKTHUKE IOBOJIBLHO
TPYJOHO, TaK KaK MaTeMaTHYecKasi MOJENb JBIDKSHUS I 32 pado-
9Ui XOJI CYIIECTBEHHO OTIMYAETCs OT MAaTeMAaTHYECKOW MOIEnu
JBIDKEHMS I 32 X0JocToi xox. IIpobiema ocymecTBiIeHHs 1OJI-
HOM CHHXPOHM3alMM ABWXEHMM IWJI U 3aTOTOBKM OKa3ajlach IIPO-
THUBOPEUNBOH M CIOXHOH. Takum o0pa3oM, co3laHUE JICCONUIIb-
HBIX PaM C IOJHOW CHHXPOHHW3aLUed JBIDKCHUH ITHI M 3arOTOBKH
TPYJOHO BBITIOJIHMMO, TaK Kak pa3paboTka MeXaHW3Ma KayaHUs IHII
C MOJTy4eHUEeM 3a pabodurii X0 mojayn Ha 3y0 mmiibl S,=CONnst u B
TO € BPeMs UCKIIIOUUTh CKOOIEeHHE 3yObsSIMH MBI THA MPOIIUIIA B
Hayajle XOJIO0CTOI0 X0/a — JOBOJIBHO ClIOKHas 3anada. [lostomy Ha
TIEPBOM 3Tarle IpeyIaraloTcs yIpouieHHbIe MaTeMaTHIeCKue MoJie-
JM MEepeMELICHHs U, B KOTOPBIX HEMpPEMEHHBIM (IIEPBOCTEIEH-
HBIM) YCJIOBUEM CTABHTCS HUCKIIIOUCHUE CKOOJICHUS 3yOBbSIMU ITMIIBI
JHa MPOIHUJIA B Havyaje XOJIOCTOro X0/a, a mojavya Ha 3y0 MHJIbI BO
BpeMsl pabovero xoaa MOXKET U3MEHSTHCS, JOCTHIass MaKCHMAJIbHO-
ro 3HayeHus B 1,2...1,3 pa3za oT ee cpeaHero 3HaueHHsA. Takoro
pe3yabTaTa MOXKHO JOCTHTHYTb, €CITH IEpeMENIEHHE IHI OCy-
LIECTBIATh II0 CaMOIIEPECEKaromeCcss 3aMKHYTOH KpHBOW THIA
BochbMepKu. Eme mydriue pe3ynpTaThl MOTyYarOTCS B TOM CIydae,
KOrja IepeMeleHUe U OCYIIECTBICTCS 110 CaMONepeCceKaroLeH-
Cs1 3aMKHYTOM KPHMBOM, y KOTOPOM y3J0Basi TOUKa CMEIEHA B CTO-
POHY BEPXHEro IOJIOKEHHs MUIBHONW PaMKM, a pa3Max KadaHHs B
HIDKHEH 9acTH Xoa i 6ossine B 2,0 pasa, 4eM pa3Max KadaHUs B
BEPXHEHN 4acTH X0/ M.

B ToMm cityuae, korza CHHXpOHM3AIMs IBM)KEHHUH HHI U 3a-
TOTOBKH OCYILECTBIISIETCSI C NMEPEMEHHONH CKOPOCTBIO MOJAyH, Iie-
pEeMeIeHHe 3arOTOBKH HEOOXOIUMO INPOHM3BOIUTH C BO3BPATHBIM
JBIDKEHHEM B Hadajle X0JIOCTOro xona. IIpmdaeM ckopoctn mBmke-
HHMI 3arOTOBKH BO BpeMs Pabouyero M XOJOCTOTO XOJOB JOJXKHBI
OBITh PA3IMYHBIMH, IIPH 3TOM CKOPOCTH IEPEMEIICHHUS 3aTOTOBKU
BO BpeMs XOJIOCTOTO XOja I Ooiiblie, YeM BO BpeMs paboyero
xoma. Takylo MaTeMaTHUeCKyl0 MOJENb BBHIIOJIHUTH JIOBOJBHO
CJIOXHO, B BHAY TOTO, YTO MAaTeMAaTHIECKOE ONHMCaHUE MepeMelne-
HHS 3aTOTOBKH BO BpeMs pabouero Xoja OTJIMYAETCS OT MaTeMaTH-
YECKOTO OIMCAHMS IEepEeMENIeHHs 3arOTOBKH BO BPEMsI XOJIOCTOTO
xoJa. B cBsi3uM ¢ 3TuUM IpejanararTcs yHNpolIeHHbIE BapHAHTHI Me-
PEeMeIEeHNUsI 3aTOTOBKH. 3a pabodumii M XOJIOCTOH XOMBI IepeMerie-
HHE 3arOTOBKM HEOOXOJMMO OCYIIECTBISTH C OCTAaHOBKAMHU MM
BO3BPATHLIMHU MEPEMEIICHUAMNU B MOMEHTBI, KOT/la MUJIbHasA paMKa
HaXOAWTCSA B BEPXHEM M HIDKHEM KpalHHX MOJIOXKEHHAX. B sTom
ciiyyae ckoOseHue 3yObsSMH MUJIBI IHA MPOIHIIIA BO BpeMs X0JI0CTO-
TO XOJla MCKIJIFOYAeTCs, a MaKCHMaJIbHOE 3HauCHHE I0J[a4X Ha 3y0
BO BpeMsi pabodvero xoxa MoxKeT JocTurath 3HaueHus S,=(1,2...1,3)
OT CpeJHEeH €€ BEeTMYNHBI, YTO BIIOJIHE JOIYCTHUMO.
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Takum o0pa3oM Hay4yHO pa3paboTaHbl MaTeMaTH4ecKue
MOJIETM TepeMEelIeHHs] MU WM 3arOTOBKH, NPHU KOTOPBIX MOXHO
00ecneynThb MOJIHYIO WM YACTHYHYIO CHHXPOHU3ALHIO.

4. Peanuzayus HayuHwvIX HON0NHCEHUIL 8
RPOMBIUIIEHHOCIU

Bapuant kayaHusa nmui 1o caMoInepeceKarollencsl 3aMKHY-
TOM KpUBOH THma BOCbMEpKH [2] ObLl BIiepBBIC pealM30BaH Ha
OJTHOATAXKHOM JIecommIbHOM pame moa. P63-4. [lanmnosckuii 3/1C B
1983 romy mno mpemtoxkeHu:o BsAT[Y HM3roTOBMI  OMBITHO-
MIPOMBIIIIEHHBIH 00pa3el, KOTOPBIH IOATBEpAMI HaydHBIE IOJO-
JKeHHsl aBTopa [2] U moKas3aj MOJIOKUTEIbHbIC Pe3yibTaThl U pabo-
TOCHOCOOHOCTH 00pa3na B HPOMBIIUICHHBIX ycioBusax. dDaxrnde-
CKas TPAeKTOPUs JBWKEHMS IUII C BBICOKOH CTENEHBIO TOUHOCTU
COBIIAJAE€T C PAaCYETHOM TEOPETUYECKON TPAEKTOpUEH IepeMellie-
HUS TIHJL.

B nanpuelimem mo ucXoxHBIM JaHHBIM aBTOpa [2] Boso-
roackoe I'KB]I pa3paborano paboumii MpoeKkT OAHOITAXKHOI Jeco-
NIIBHOM paMel Mof. P63-7, B KoTopoii Obu1a peann3oBaHa Takas ke
TPaeKTOpHs JBWXKEHMS MM, KaK M Ha OIBITHO-POMBIIITICHHOM
oOpasie jeconmnbHOi paMbl Mox. P63-4. McmbITaHus ONBITHOTO
oOpasua neconmabHOM pambl Moa. P63-7, usrorosnennoro Tapba-
raraiickuM 3JIC (Yurunckast obmacts) B 1992 roxy moxasamu, 4to
MPOU3BOJUTEIBHOCTD Bo3pocaa B 1,5 pa3a, a SHEProeMKOCTh Ipo-
necca nuiaeHus cHuszunach Ha 37%. Takas Mozenb ecONUIbHOR
paMbl m3roTaBimuBanack 6 yer. HecMOTps Ha IOJIOXKUTENBHYIO
peanu3aluio HayYHbIX MOJOXKEHUI B IPOMBIIUIEHHOM MaciiTate,
JaTbHEHIINI BBITYCK M COBEPIICHCTBOBAHHUE JIECOIIIIBHBIX paM C
yIydIIeHHOH KMHEMAaTUKON pe3aHHs B HACTOsIEe BPeMs MpHOCTa-
HOBJIEH.

5. Onboim UCNO1b306aHUA WIAPHUPHO-

PUIUANHCHOU NO0BECKU NUIbHOUL PAMKU

3acinyKUBalOT BHUMAHUS M OJOOpEHHs Takxke padoThl MO
YCTaHOBKE IMJIBHOH paMKU B INAapHUPHO-PBIYaKHBIE MEXaHU3MBL.
Jnst 3TOro peKoMeHIO0BAJlOCh HCIONB30BaTh YETHIPEX3BEHHBIE
[IapHUPHO-PhYaXXHBIE MeXaHW3MBl Yarra, PoOeprca, OBamuca,
YeObIeBa U IPYyruX ydeHbIX. B 3TOM citydae TpeHUE CKONbXEHHs
B IIape IOJI3yH-HANPaBIIIONINE 3aMEHSIETCS] Ha TPEHHE KaueHUs B
[IApHUPHO-PEYaXXHOM MexaHu3Mme. OIbITHEIE 00pasIibl JIECONMIIb-
HBIX PaM C LIAPHUPHO-PHIYKHON MOABECKON MUIBHOM paMKH ObLIH
nzrotosieHs B CCCP B 1a60paTOPHBIX YCIOBHUSX U ITOKA3aJIU CBOIO
paboTocrnocobHOCTh. 3apyOekHbIME (GUPMaMH OBUTH MPEATI0KCHBI
OIIBITHO-TIPOMBIIIUICHHBIE 00Pa3IIbl JIECOMMIBHBIX paM C MIapHUPHO-
PBIYAXHOM MOABECKON NnuibHOM paMku. Ho cneumanucramu npo-
MBILIICHHOCTH TPU3HAHUSA 3TH 00paslpbl JICCOIMIBHBIX paM He
nonyuwd. IlpemnaraeMele IIapHUPHO-PHIYAXKHBIE MEXAaHH3MEI
JOCTAaTOYHO CJIOKHBI U MPOOJIEMBI C UX HCIOJIB30BaHUEM He ObLIH
JOCTATOYHO IIyOOKO M3y4eHBI U anpOOHPOBAHBI B IPOMBIIIICHHO-
ctu. K Tomy e Ha 3TuX 00pa3slax JIECONMWIBHBIX PaM MPOH3BOIH-
TENILHOCTh HE MOBBIIIANACh, @ FHEPTOEMKOCTh IIpoliecca MpaKTHuye-
CKH OCTaBaJIach HA IPEXKHEM YPOBHE, TaK KaK KMHEMaTHKa IIPOIec-
ca MUJIeHHs HEe U3MEHSIACh.

Cremyer TakxKe OTMETHTh, YTO KadaHWE NWIBHOM paMKu
BMECTE€ C TOJNI3yHAMU U HANpaBIAIOIUMU IIPEACTABIsAET coOoi
TaKylo CHCTEMY, B KOTOPOIl TPyIQHO HOOHUTHCS BBIIOJIHEHHS TPeOy-
€MOH TOYHOCTH TEOPETHYECKOW TpaeKTopuy IBmxkeHHs mml K
TOMY € CTaOMJIBHOCTb M >KECTKOCTh NMUIIBHOW paMKH B GOKOBOM
HalpaBJICHUH TIPH Ka4aHUU ee CHIKaeTcs. ClIenoBaTebHO, TOIBKO
COBMECTHOE MCIIOJIb30BAaHUE 3TUX JBYX HAIPaBIEHUH — yCTaHOBKa



MHUIBHON PaMKH B IIAPHUPHO-PBIUAKHOI MOABECKE M CHHXPOHHU3a-
sl IBIDKCHUH ITMJI U 3aTOTOBKU IO3BOJIHUT OOECIICUUTH CO3JaHHUe
HAACKHBIX U Oonee 3(PEKTUBHBIX JECONMIbHBIX PaM HOBOTO IO-
KOJICHHS.

6. Ilpeonazaemvlii éapuanm i1econuIbHOU pamol
C HOGOIl KUHEMAMUKOU Pe3aHus

IIpennaraercss BapuaHT JIECONMIBHON paMbl C HOBOH KHHe-
MaTUKOW pe3aHusl M YCTAaHOBKOM NWJIBHOW PaMKM B ILIapHUPHO-
phIYaxHO# moasecke (¢ur. 1, dur. 2).

Que. 1 lpunyunuanvuas cxema 1eCONUILHOU paMbl C Kadd-
Huem nui (6U0 6 NONEPEYHOM HANPABGIEHUU).

JleconmibHasi paMa COCTOUT M3 KOJIEHYATOro Baja 1, KpH-
BOILMIIOB 2, IIaTYHOB 3, COEAMHEHHBIX ¢ MIJIBHON pamMKoii 4, KOTO-
past yCTaHOBJICHA B BEPXHUX 5 M HIDKHUX 6 pbryarax. Ha konenda-
TOM Bally 1 ycraHOBJIEHA 3Be3J0UKa LICITHOM nepenadu 7 ¢ nepena-
TOYHBIM OTHoLIeHHeM 2:1. LlermHas nepenaua 7 nepenaeT JBIKEHHE
Ha IPOMEXYTOUHBIH Bad 8, HA KOTOPOM DPAacCIIOJIOXKEHBI JOMOIHU-
TeNbHbIE KPHBOLIMITHO-IIATYHHBIE MEXaHU3MbI 9, KOTOpbIE IIap-
HUPHO COEAUHEHBI C OJJHUM U3 KOHIIOB HIDKHETO JBYIICYEro phrya-
ra 10 u ¢ nomompro TIru 11 KMHEMAaTUYECKU CBSI3aHBI C OJHUM U3
KOHIIOB BEPXHETO JByIuleuero perdara 12. Ha npyrom KoHIe HUX-
Hero JBymuiedero pelyara 10 ycTaHOBIEH 3KCLEHTPUKOBBIA Bal 13 ¢
panuycom r. Ha sToM ke Baly ycTaHOBIEHO 3yOuaToe kKoieco 14,
KOTOpOE HaxXOAUTCS B 3aLEIVIEHUH ¢ 3yO4aThIM KoiecoM 15 u Bpa-
I1aeTcs BMECTE CO 3BE3N0YKON IeNMHON mepenayu 16, ycTaHOBIEH-
HOW Ha NMPOMEXYTOYHOM Bady 8. DKCLEHTPUKOBBIE Bajbl 13 map-
HUPHO COEAMHEHHI C HIDKHAMHM pbhldaramMu 6 mwibHOW pamku. Ha
Bally 3y0Ouaroro koisieca 15 ycraHOBIIEHa 3Be3/104Ka LIEMHOH mHepe-
maun 17, xoropast cBsi3aHa C BEpXHEH 3BE3JOYKOM M 3yOUaThIM
KosiecoM 18, HaxomsumMcs B 3alCIUIEHHMM C APYTHM 3y0daThIM
KojiecoM 19, pacronokeHHbIM Ha JPYroM KOHIIE ABYIIIEUETO phlua-
ra 12. Ha Bamy 3y0uaroro xoneca 19 pacrosno)xeH BepXHHI SKCIIEH-
TpUKOBBIH Ban 20 ¢ paguycoM I, KOTOpPBIA CBA3aH LIAPHUPHO C
BEPXHHUM pblYaroM 5 MUIbHOHU paMku 4.
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Kauanue mnunpHON pamMKu IO caMoIlepecekarouiercs 3a-
MKHYTOH KpHUBOH OCYIIECTBIISETCS OT JONOJHHUTEIHHOIO KpPUBO-
HIMITHO-IIATYHHOT'O MEXaHU3Ma 9, a BRIpaBHUBAHUE OCH CUMMETPUH
9TOM KPUBOH MPOU3BOAUTCS SKCLHEHTPUKOBBIMU MeXaHu3Mamu 13 u
20.

Benuuuua aMmiauTyabl KayaHWs W 10 caMoIlepeceKaro-
meicst 3aMKHYTOW KpPUBOW THIA BOCBMEPKHU OCYILECTBISIETCS OT
JIOTIOJTHUTENFHOTO KPUBOIIUITHO-IIATYHHOTO MEeXaHu3Ma 9 u ompe-
JIeNsieTCsl ypaBHEHUEM

()

X= rSin 2a,

Tie I, — paguyc AOMOIHUTENFHOTO KPUBOIIUITHO-IIATYHHOTO MeXa-
HHU3Ma KadaHWs IIAT; o — YToJl IOBOPOTA KPHUBOIINIIA.
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@Due. 2 [punyunuanvHas cxema 1eCONUIbHOU PAMbl ¢ KA4aHuem
nun (6U0 N0 HANPABIEHUIO CKOPOCMU OBUNCEHUS 3A20TNOBKIL).

Bemmuuna  paguyca

HIaTYHHOTO MEXaHU3Ma KadaHHusA I PACCUUTBHIBACTCA C YUYETOM

JIOTIOJIHUTEIPHOTO  KPHBOIIHMITHO-
X0Jla MUJIbHOHM paMKkH R, mogaun Ha ofMH 060pOT KOPEHHOro Bana
So, Lrara 3y0beB mui t,, a TakkKe COOTHOILICHHUI IJIed IBYILICYErO
pbIyara 1o oopIYHbIM MeTOIUKaM [3].

Jlns obecrieyeHust ABMKCHHS IMIIBHOW paMKH (TiepemMere-
HHE M) [0 CaMOIIePEeCceKaoNIelicsl 3aMKHYTOM KPUBOM THUIIAa BOCh-
MEpPKHU, UMEIOLICH TPSIMOJIMHEHHYO BEPTHKAIBHYIO OCh CHMMETPHU
HEOOXOMMO YCTaHOBHTb 3KCLICHTPHKOBBIN Ball TaKUM 00pasoM,
YTOOBI 3aKOHBI IIEPEMEIICHHUS IKCLEHTPUKOBOTO Bajla W IHIBHOMN
paMKy ObUIM MICHTUYHBIMH. J[BHIKEHHE MUIBHOH PaMKH MO BEpPTH-
KaJIM ONUCHIBACTCS yPABHEHUEM

y=R:(1- cos a)+L-(1- cos f3), (2)

rae R — paguyc kpuBoIIMIa NpUBOJA MWIBHOM pamkH; L — manuna
nIaTyHa; 3 — yroj Mex/Iy [aTyHOM H BEPTHKAIIBIO.

VYron noBopoTa MmaTyHa OTHOCHUTENIBHO BEPTHUKAIH MOXKHO
OIIPEAEeIUTS 110 (hopMyIIe

. Rsina
B = arcsin——

©)



IIpy nepemelieHuy NUIBHON paMKH IOBOPAuYMBAIOTCA U
pBIUary, ¢ KOTOPHIMM OHa CBsi3aHa mIapHupamu. IIpm moBopore
MIapHUpA pbluara 1o Ayre OKPY>KHOCTH NMUJIbHAs PaMKa MOIydaeT
CMEIICHHE TI0 TOPH3OHTAIN X, KOTOPOE MOXHO KOMIIEHCHPOBAThH
sKkcueHTpuKoM. IIpu 3TOM 3KCIEHTPUK HEOOXOAMMO PACIOIOKHUTh
TakuM 00pa3oM, 4TOOBI Hawyalao paboduero Xoja IWJI COBMAJAJO C
HayaJloM OTBOJA MX IO TOPH30HTaIXM. B maHHOM BapumaHTe Jeco-
MIIBHOHM paMbl SKCIEHTPUK HEOOXOIMMO PACHOJIOXKUThH B KpaiiHee
JeBO€ MOJIOKEHWEe, KOrja IWIbHAs paMKa OyHeT HaXOJUThCA B
Hayasie pabo4ero xoJa B BEpXHEM KpalHEeM IOJI0KEHUU. TOJbKO B
9TOM citydae OyAeT MPOUCXOANTH BEIPAaBHUBAHUE TYTH OKPYKHOCTH
JBIDKEHHS MIAPHUPHOTO COSAMHEHMs phlyara ¢ NUIBHON PaMKOH 3a
CUET MOJIy4aeMOT0 MePeMEILEHNUs OT IKCIIEHTPHKOBOTO Basa.

JIBI>keHne SKCIEHTPHKA 110 TOPU30HTAIN OYIEeT OCYIIECTB-
JSTBCS IO YPABHEHHUIO

X,=r-(1- cos 2a), 4)
rae I — paguyc 3kcueHTpuKoB 13 u 20.

3a 1moJI0BUHY pabovero xoja MuibHON pamku (Y=R) mms
HEO0XOMMO OTBECTHU IO TOPU30OHTAIM HAa MAKCHMAJbHYIO BETHUYH-
Hy UCKPUBIICHUSI OCH JBI)KEHHMS pbluara Mo FOPU30HTAIH, KOTOPOE
JOIDKHO OBITH paBHO 2. B sTOM ciydae 3a MONOBHHY XOma ITHII
(0=90°) 3KCLEHTPHK IOJDKEH MoBepHyThcsa Ha 180° u Torma mepe-
MEIIeHHe M0 TOPU30HTaNu OyJeT paBHO 2r. 3a BTOPYIO NOJIOBHHY
pabGouero xoia MM 3KCLUEHTPUK CHOBa moBepHercss Ha 180° u
obecriednT BO3BpAT HHJIBHON paMKM B HMCXOIHOE IOJOXKCHUE Ha
BenuuuHy 2r. CremoBaTenbHO, YIJIOBas CKOPOCTh BPAIEHHUs JKC-
LEHTPUKa JO0JDKHA OBITH B 2 pa3za Ooublle, YeM YIJIOBas CKOPOCTh
BpaIIEeHNs] KPHBOIIHIIA IPUBOJA ITIILHONH paMKH.

[Ipu ucnosIb30BaHUM HKCLIEHTPUKA NEPEMEILEHUE HIIbHOM
PaMKH [0 TOPU30HTAIN OIPEETINUTCS 10 hopMyIte

Xp=ly:(cos pg— c0S @) — r-(1-cos 2a), (5)
riae lp — IuMHA phlyara MIAPHUPHO-PHIYAKHOW TOJBECKU IMIIbHOM
paMKH; (pg — YroJI HAaKJIOHA phIYara MIapHUPHO-PHIYaKHOH IoJBec-
KM MWIBHOM paMKHu OINpEEsIoIIel BEpXHee KpailHee M0JI0KEHUE,
(p — TEKYIIUH Yroj MOBOPOTA 3TOTO phluara MUIbHON PaMKH OTHO-
CHUTEIIbHO TOPU30HTAIINL.

Yron pg MOXKHO ONpeneanTs 1o Gopmyie

. R
@p = arcsin_. (6)
P

Texyuuii yroia mnoBopoTa pbluara IHIAPHUPHO-PHIYAKHOU
TIOJIBECKH ITMJIBHON PaMKH MOXKHO OIPEETINTh o GopMyiie
R—y—rsinZa ©)

@ = arcsin lp

CrnenoBaTenbHO, HEOOXOIUMO, YTOOBI IpU paboTe TakKoro
MeXaHH3Ma 00eCeYrBaIoCh PABEHCTBO

lp' (1= cos a) = r(1-cos 2 a). (8)

Hcrnonb3ys 3T0 paBeHCTBO U MOACTABISAA YUCIEHHBIE 3HA-

YeHUs B 3TO paBeHCTBO mpu ¢=0 um a=180°, moay4uMm BeIUYUHY

paauyca SKCIEHTPUKA, MPH KOTOPOM OOECIEUMBAETCS IMPSMOIH-

HelHas OCb CUMMETPHHU NEepEeMENeHNs MBI 110 caMOoIlepeceKalo-

nielics 3aMKHYTOH KpUBOM TuUna BOCbMEpKH. B 3ToM ciyuae paauyc
SKCIEHTPUKA ONPEAENUTCS 1Mo hopMyIre
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r=05-(,— [I3-R3?). 9)

Takum 00pa3oM, BBIPAaBHUBAHUE OCH IBIDKEHHS HMHIBHON
paMKu 10 CaMOIIEPECEKAIOLEHCs 3aMKHYTOH KPHUBOM THIA BOCh-
MEpKH B MPSAMYIO JIUHHIO OyAeT HaOIII0AaThCsl TONBKO JIMIIL B TOM
cllydae, KOT/la paJiyc SKCIEHTpHKa OyJeT ompenensaThes mo ¢Gop-
myie (9).

7. Boieoowt u npeonoscenusn

Takum 00pa3oM UMEIOTCSl HaydHBIE U MPAKTHYECKHE MPen-
MOCBUTKH JUISl CO3[aHMsI JTECOMMIBHBIX PaM C MIAPHUPHO-PHIYAXKHON
M0JIBECKOH IMIIbHOI paMKU U HOBOM KMHEMAaTUKOW pe3aHus. Pamu-
OHAJILHOW TpaeKTOpHeH KauaHWUs ITHII SBIISIETCS caMOoIIepeceKaromia-
ACsl 3aMKHYTasi KpUBas THIIAa BOCBMEPKHU, KOTOpas IMO3BOJSIET HC-
KIIFOYHUTH CKOOJICHHE 3yOBbsIMU NMJIBI JHA MPOINHUIA B Hadaje XOJo-
CTOTO XOJa M YMEHBIINTh MAKCUMallbHble HAarpy3Kd Ha INHIIBI BO
BpeMs pabodero xona. [l MONydeHHWs TaKOro HepeMeNIeHHs
MHUIBHON paMKM HEOOXOJMMO YTOOBI yIJIOBask CKOPOCTh KadaHMs
nu1 Obta B 2 pa3a OoJbIIe YeM YIJIoBas CKOPOCTh ABM)KEHHS KO-
PEHHOTO BaJla JIECONMIBHOM paMsbl. [Ipy cHHXpOHU3AIMN IBIKSHUH
MU U 3arOTOBKH IYTEM MCIIOIb30BaHUS MEPEMEHHON CKOPOCTU
MOJja4YM 3arOTOBKM HEOOXOIMMO, YTOOBI IepeMeIleHHe 3arOTOBKH
OCYILIECTBIAIOCH C LUKJIOM 3a pabo4yuii U XOJOCTOH XOIBl C OCTa-
HOBKaMH HJIM C BO3BPATHBIMHU MEPEMEIIEHUSIMU 3TOH 3arOTOBKU B
MOMEHTBI, KOT'J[a IMJIbHAs paMKa HAXOJUTCS B BEPXHEM H HIDKHEM
KpaliHuX noJokeHusx. Ha neconmibHbpIX pamax ¢ HOBOW KMHEMa-
THKOH pe3aHusi PEKOMEHIYeTCsl HCIIO0JIB30BaTh MBI C YIIIOM pe3a-
Hust 60° Bmecto 75°. Ilpu 3TOM 3amHHUN Yroyl peKOMEHIyeTcs pu-
HUMATb paBHEIM 13° BMecTo 18°. Yiryumenue ycnoBui paboThI I
TO3BOJISIET YBEIMYHUTH IPOM3BOAUTEIHHOCTh JICCONMIIBHEIX paM B
1,5...2,0 pa3a, CHU3UTH SHEPrOEMKOCTh Mpollecca MWIEHHS Ha
40...50% ¥ yMEHBIIUTH NOTEPH APEBECUHEI B OTIHIIKN.
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INFLUENCE OF PARAMETERS BY ELECTRONIC RAY ON PROPERTIES OF
SUPERFICIAL LAYERS OF OPTICAL ELEMENTS OF EXACT INSTRUMENT-
MAKING

BJIMSTHUSA ITAPAMETPOB DJIEKTPOHHOI'O JIYYA HA CBOMCTBA IIOBEPXHOCTHBIX CJIOEB
OIITUYECKUX DJIEMEHTOB TOYHOI'O [IPUBOPOCTPOEHUA
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Abstract: In the article are presented the results of researches of action of electronic ray on optical elements. The analysis of surfaces of
elements before and after a beam-processing the method of atomic-force microscopy shows that in first case the height of microburries
makes 50...60 nm, and in second case goes down to the level of 0,5...1 nm. Influence of parameters of electronic ray is set on the height of
microburries: the increase of closeness of thermal influence of ray in 6 times results in diminishing of height of microburries in 3...4 time,
diminishing of rate of movement of ray in 5 times results in diminishing of height of microburries in 5...6 times. It is shown that by
optimization of the modes of beam-processing of elements it is possible substantially to improve (to 50...60%) properties of its superficial
layers and basic operating descriptions of devices. Thus probability of destruction of elements and death devices in the conditions of
intensive external thermal influences, devices can undergo that at their storage, portage and application, diminishes in 1,5...2 time.
KEYWORDS: OPTICAL GLASS, ELECTRONIC RAY, SURFACE LAYERS, ELEMENTS OF PRECISION INSTRUMENTS

1. Introduction The research results of the surface elements of optical glass

by scanning electron microscopy method showed that on the surface

Application expanding conditions (higher heating temperature, ~ Of the machined glass (K108, K208, etc.), the presence of various
external pressure, thermal shock effects, etc.) devices with optical ~ Micro roughnesses are the most characteristic: tiny cracks of
elements for measurement and control of thermal objects of ~ 0.1..1,5 mm depth, as well as “hillocks", bubbles, dots etc., those
different physical nature (laser modules for fiber optics, sights to ~ Sizes are 310...210 microns. After the electron beam treatment
observe in the visible and the infrared of the spectrum, IR-devices ~ On the surface of the glass bubbles and points sizes (diameters)
targeting and tracking of different objects, etc.) make high demands ~ decrease in 3...5 times, the "bumps" and other unevenness smaller
on their technical and operational characteristics (resistance to  than 1..3 microns are not detectable, i.e. by treating the surface with
external heat and mechanical stress, sensitivity, reliability, etc) ~ @n electron beam glasses they "cleared” and minor defects
[1-3]. This is because in these conditions there is a deterioration of ~ disappear. Surface analysis of optical glasses before and after
the surface layers of the optical elements up to their destruction  €lectron beam treatment by AFM shows that in the first case, the

(cracking, chipping and other defects), leading to failure of the height of asperities is 50...60 mm, and in the second case it reduces
devices based on them. to 0,5...1 nm level. That is why the following effect parameters of
That is the anticipation of these adverse events at the stage of ~ the electron beam at the height of the residual microscopic
design and manufacture of devices considered to optical elements is  irregularities (fig.1, 2) were established: the increase of the density
urgent. In a number of studies conducted by different authors in this ~ Of heat exposure to the beam up to 6 times reduces the height of the
direction [4-6] was found that one of the most promising directions ~ reésidual microscopic irregularities in 3..4 times. Reducing the
in the elimination of undesirable changes in the properties of the ~ Speed of the beam is 5 times reduces the residual height of asperities
surface layers of the optical elements is their finishing moving ~ in 5...6 times.
electron beam. In particular, the possibilities of an electron beam Ra M
method in the formation of surface layers on the elements of optical
glass with altered physic and chemical properties were shown [7].

2. Results and discussion

Systematic studies on the effects of the electron beam on the
surface layers of the elements are very limited nowadays.
Therefore, in this paper the results of studies on the influence of the
main parameters of thermal effects (heat flux density, its speed),
low-energy electron beam (E < 10 keV) in the surface layers of the
elements of optical glass (K8, K108, K208, BK10, TF110) are
presented.

In order to find the regularities of thermal influence of the 1
electron beam on the elements of optical glass and mode control
processing it is necessary to know changes in the structure of the
modified layers of materials, the height of the residual microscopic
irregularities on the treated surfaces of the glass and the depth of ~ Fig.1. The dependence of the height of the residual surface
their melting depending on implemented in practice processing ~ roughness of the optical elements of glass on the density of the

125 b 5T 7

modes: heat flux density from electron beam F, = 7:10°%..  electron be_a3m exposure to heat: 1 - V = 5107 mis;
510° Wt/m?, the speed of its movement according to the optical 2 —V = 8107 m/s; — K8 glass element; — —— - - TF110
elements V = 8107°.5102 m/s. Characteristics of the studied  glass element; - -~ - = - - BK10 glass element;

glasses, methods of preparation of their surfaces, as well as modern 4, o, [J—experimental points.
methods of studies of the properties of the surface layers of glass
are standard and well-known [2].
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Fig.2. The dependence of the height of the residual surface
roughness of the optical elements of glass on the velocity of the
electron beam: 1 - F, = 710° m/s; 2 - F, = 510° m/s;
— K8 glass element; — — — — — TF110 glass element;
— —'— —BK10 glass element; 4, o, //— experimental points.

Study of fractogram surface layers of the optical elements of
glass before and after electron beam treatment showed that the
depth of the main-heat zone or the thickness of the fused layer can
reach 250..300 microns and substantially depend on of the density
of the heat exposure to the beam and its speed (fig.3-6): an increase
in the heat exposure to the beam from 7:10° Wt/m? to 5:10® Wt/m?
leads to an increase in the depth of melting of the optical element
from 50 microns to 300 microns; an increasing the velocity of the
beam from 810 m/s to 5102 m/s, on the contrary, leads to the
reduction in the depth of melting from 150 microns to 30 microns.
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Fig.3. The dependence of the thickness of the melted layer of the
optical elements of glass on the density of the electron beam
exposure to heat (V = 510° m/s): 1 — the element of the optical
glass K8; 2 — the element of the optical glass K108; 3 — the element
of the optical glass K208; 4, o, //— experimental points.
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Fig.4. The dependence of the thickness of the melted layer in the
elements of the optical glasses BK10 (1) and TF110 (2) on the
density of the thermal effect of the electron beam:
-V =510° mls; - - - - -V = 4107 mfs;
A, o, [7—experimental points.
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Fig.5. The dependence of the thickness of the melted layer of the
optical elements of glass on the speed of the electron beam
(Fn = 6108 Wt/m?): 1 — the element of the optical glass K8; 2 — the
element of the optical glass K108; 3 — the element of the optical
glass K208; 4, o, //— experimental points.
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Fig.6. The dependence of the thickness of the melted layer in the
elements of the optical glasses BK10 (1) and TF110 (2) on the
speed of the electron beam: - Fy = 610° Wt/m?
———— —F,=3108Wt/m% 4, o, /7 experimental points.
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A detailed study of sections of scans surfaces of the optical
elements of glass after the electron beam treatment points to the
local smoothing irregularities, significant dependence on the surface
shape of the processing modes. So that, with a deep melting
(250...300 mm) there is a clear undulating surface of the section.
That is why this modified layer has a clearly melted oriented
structure depth reflow.

Thus, the electron beam, melting surface of the optical glass
elements, changes the properties of the material in depth. Due to
this formed with electron beam the surface layers of the elements
are changed in different degree of chemical composition. Thus, the
analysis of changes in the elemental composition of the glass
surface K108, held with spectrometer wave dispersion showed
decrease in Na and O concentration, and an increase of Si
concentration and constant of K concentration. At the same time, by
X-ray analysis on an example of the untreated and treated by
electron beam heating BK10 it was showed that significant
quantitative changes in the chemical composition of its surface was
not observed, however, it is possible to conclude that the
improvement of the uniformity of element distribution in micro
glass surface layer after the electron beam treatment.

Spectra analysis of the concentration dependence of element
distribution in the treated and untreated surfaces of the electron
beam optical glass (e.g., glass K8, K108 and BK10) also indicate on
the instability of K,O and Na,O on the depth of the electron beam
exposure.

In the study of the elements of optical glass by ultra-soft X-
ray reflexometer method was found that the electron beam in the
treated cell the surface structure corresponds to the crystalline state,
in which a violation of coordination of silicon atoms is virtually
nonexistent.

It is also established that the electron beam treatment of the
optical elements of glass reflow leads not only to homogenization of
the surface but also to the surface oriented rearrangement in silicon-
oxygen network of the glass, close to that of quartz glass, which has
a high heat resistance to external-heat.

3. Conclusion

It was found that the electron beam, melting surface of the
optical glass elements, changes the properties of the material in
depth. Due to this formed with electron beam the surface layers of
the elements are changed in different degree of chemical
composition. Thus, the analysis of changes in the elemental
composition of the glass surface K108, held with spectrometer wave
dispersion showed decrease in Na and O concentration, and an
increase of Si concentration and constant of K concentration. At the
same time, by X-ray analysis on an example of the untreated and
treated by electron beam heating BK10 it was showed that
significant quantitative changes in the chemical composition of its
surface was not observed, however, it is possible to conclude that
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the improvement of the uniformity of element distribution in micro
glass surface layer after the electron beam treatment.

It is also established that the electron beam treatment of the
optical elements of glass reflow leads not only to homogenization of
the surface but also to the surface oriented rearrangement in silicon-
oxygen network of the glass, close to that of quartz glass, which has
a high heat resistance to external-heat.

Thus, by optimization of electron-beam processing of
elements of optical glass (up to 50...60%) the properties of their
surface layers and the basic technical and operational characteristics
of the devices can be significantly improved. The probability of
failure of elements and the failure of the devices under intense
external-heat, which the units during storage, transport and use may
be exposed, decreases in 1,5...2 times.

4. Literature

1. Vashhenko V.A. Teplovye processy pri jelektronnoj obrabotke
opticheskih materialov i jekspluatacii izdelij na ih osnove
(Thermal processes at electronic treatment of optical materials
and exploitation of wares on its basis) / V.A.Vashhenko,

D.I.Kotel'nikov, Ju.G.Lega, D.M.Krasnov, 1.V.Jacenko,
0.V.Kirichenko — K.: Nauk.dumka, 2006. — 368 s.
2. Vashhenko V.A. Osnovi elektronnoi obrobki virobiv z

optichnih materialiv (Bases of electronic treatment of wares are
from optical materials) / V.A.Vashhenko, I.V.Jacenko,
Ju.G.Lega, O.V.Kirichenko — K.:Nauk.dumka, 2011. — 262 s.
3. Dudko G.V. Formirovanie predel'no gladkih poverhnostej
opticheskih  stekol / G.V.Dudko, A.A.Kravchenko,
D.l.Cherednichenko (Forming maximum of smooth surfaces of
optical glasses) // Fizika i himija stekla, 1987. — t.13. — Ne5. —
S.740-746.
Vashhenko V.A. Opticheskie svojstva podlozhek OIS iz stekla
posle nizkojenergeticheskoj jelektronno-luchevoj obrabotki
(Optical properties of plates of OIS from glass after a low-
energy beam-processing) / V.A.Vashhenko, G.N.Dubrovskaja,
G.V.Kanashevich, S.V.Pozdeev // Trudy 111 Mezhdunarodnogo
simpoziuma «Vakuumnye tehnologii i oborudovanie».
Har'kov, 1999.
5. Dubrovskaja G.N. Poluchenie funkcional'nyh sloev v
opticheskom stekle i keramike metodom jelektronnoj obrabotki
(Receipt of functional layers in optical glass and ceramics the

method of electronic treatment) / G.N.Dubrovskaja,
G.V.Kanashevich, V.A.Vashhenko 1 Sh.dokladov
Mezhdunarodnogo  nauchno-prakticheskogo ~ simpoziuma

«Funkcional’nye pokrytija na steklah». — Har'kov: NTC HFTI
«Konstanta», 2003. — S.135-137.



wlloapeneno mpouszBoacTBo” (Lean manufacturing) 3a moBumaBane
e(heKTUBHOCTTA HA KOHBEIiePHO MAILIMHHO €JIEKTPOHHO MMPOU3BOACTBO
B ycuaoBusd Ha Toranano ynpasjienue Ha kauecTBOTO(TYK)

A-p, uHK. BajsenTun Ilerpos Llenes

Yuunoct OO/1, rp. [TneseH, yu. “Can Credano” 47, valio@unipos-bg.net, www.unipos-bg.net

Pesome. B AaKjiaga €€ pasrjickaa KOHBeﬁepeH MAalmMHCH CJICKTOHCH MOHTAX H HCO6X0)_II/IMOCTTa OoT
npwjiarane Ha CbBPpEMCHHU MOJACPHU MCTOJU 3a MOBUILIABAHC Ha C(I)GKTI/IBHOCTTEI B yCJIOBUATA Ha TOTAJIHO
YHIpaBJICHUC Ha Ka4Y€CTBOTO. qpe3 HU3MI0J3BaHE Ha MECTOOa ,,Lean manufacturing” € IMOKAa3aHO pCaJIHO
INOBUIIIaBaAHC Ha e(i)eKTI/IBHOCTTa Ha MAllIMHHO IMMPOU3BOJCTBO IPHU BHCOKO Ka4€CTBO. I[a,I[CHI/I Ca KOHKPCTHU

npumepa

3a IIOBHIIIABaHC Ha C(l)eKTI/IBHOCTTa Ha MalIMHHO IMPOU3BOJACTBO B MOACPHO CICKTPOHHO

IpeaAnpuaATUC 4Ype3 BBHBCKIAHC Ha BHCOKOTCXHOJOTHMYHO MAIIWUHHO O60pyﬂBaH€. KOHerTI/IBI/IpaHI/I ca
OCHOBHHTC MOJI3U OT MPUJIAraHe€TO Ha ONMCaHUA METO/] C pCaJIHU UKOHOMUNYCCKHN PEIYyJITATH.

Kniouoeu oymu: - lean manufacturing, nukianyHO Bpeme 3a MPOU3BOJICTBO, TPOU3BOAUTEIHOCT,

Ka4de€CTBO.

1. BbBeaenne

EdekTnuBHOTO MpPOHM3BOACTBO M Ka4eCTBOTO
OTJaBHA Ca EIIEMECHTH Ha CTaHJapTH OT OO
xapaktep[l], [2], Taka u Ha -cnenUpUUHU
CTaHJapTH 3a KOHKpeTHu oOmactu[3], [4]. B
o0JlacTTa Ha EIEKTPOHHUS MOHTaX KaueCTBOTO
U e(pEeKTUBHOCTTa B MHOIO OT CIy4auTe €
BOJCIIM 33 YCICIIHOTO ChIICCTBYBaHE Ha
JajieHa OM3HeC eIMHKIA U 332 Bb3MOXHOCTUTE U
3a peaqu3alys Ha BUCOKOKOHKYPEHTHH Ta3apH.
IIponecute B €NEKTPOHHUS  MOHTaXx ca
CBIIPOBOJICHU C BHCOKH CKOPOCTH U CHOTBETHO
MajKd  OIEpPAllMOHHM IUKJINYHU BPEMEHa.
lopHoTo mpenpasmoniara 3a W3MOJN3BaHE Ha
pa3iM4HUd  METOOM 32  NOAOOpeHue  Ha
e(EeKTUBHOCTTa M HaMalliBaHE Ha pHCKAa OT
jgomio  kadectBo[5]. 3a ma e ycTOWYHBO,
IpeICKa3yeMo u PEHTaOUITHO, BCSKO
IPOM3BOJCTBO BEYE CE CTPEMH Ja H3IO0I3Ba
aBTOMaTH3alMs 4Ype3 MallMHHAa 00paboTka,
KOSITO € pellaBamia 3a ONpeAesiHe TakTa Ha
auHUATa. Bee moBedue 4YOBEKBT ydyacTBa B
HACTpOMKaTa W MOJArOTOBKATa Ha JIMHUATA WU
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Hail-MHOTO B OOCIY)XBaHETO U, KOETO

MO3BOJISIBA J1a CE MOJTyYaT HyJa 1e(eKTH.

2. lIponecu B MAIIMHHUSA €JIEKTPOHEH
MOHTAK
OcHoBHUTE pouecH
EJIEKTPOHEH MOHTAX Ca!
CIIEKTPUYECKH MOHTaX 4pe3
BBHA[8];
KOHBEHEpPEeH aBTOMATH3UPAH MEXaHHUYEH
MOHTAX;
napaMeTpuIHO
TECTBAaHE.
B macrosmms martepuan € OmMcaH MO
HAa MAalIMHHO EJIEKTPOHHO TMPOU3BOJICTBO,
BKJIFOYBAII] YacCT OT ISUIOCTHHS mporec(dwur.l),
32 KOHTO € MPWJIOKEH MeTo/a 3a MoJo0peHue
»,Lean manufacturing” BBB ¢upma YHumocr
OO/], xoliTo 0OXBamIa cIeIHUTE TPOLIECH:
CIEKTPUYECKH MOHTaX Ha 00eMHHU
KOMITOHEHTH ChC CCJIEKTHBHA CIOWKa BbiIHA[9]
W chopeil HaHacsHE Ha 3allUTHO JIAKOBO
nokputue[10];

B MalllMHHUA

CIIOMKa

u (byHKIMOHATHO



ABTOMAaTHU3MPAH MEXAaHUYECH MOHTAX Ha
KpailHU U3AeNusl.
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3. Pazoupanero 3a “Lean
manufacturing”

»,Lean manufacturing”[6] ¢ w™eton 3a
nogoOpeHue Ha e(heKTUBHOCTTA Ha
MPOU3BOJCTBEHUSI TMPOIEC, MPU KOWTO dYpe3
U3y4JaBaHe, U3MEepBaHe, MpecMsITaHe,
aHAJIM3UpaHE U MPOMSHA Ce OCBHIUIECTBSIBA HOBA
OpraHM3aiusi Ha TMPOU3BOJACTBO C  Iel
HaMaJIIBaHE Ha OINEpPAlMOHHUTE IUKIUYHU
BpEMEHa 3a MPOU3BOJICTBO Ha JaJieH MPOAYKT U
MaKCHMaJHO U3IOI3BaHEe Ha PECYPCUTE.

Co3nanen e B SAnonusa npe3 50-Te roguHu Ha
MUHaIMS BeK OT Talnun OHO U CUITHO Pa3BUT B
TOYOTA. bnarogapeHre W Ha HEro Ta3u
bupma cTaBa BOJEIIA B
ABTOMOOWJIOCTPOEHETO B CBETa M CHUMBOJ 3a
BHCOKO KauecTBO Ha JJ00pa LieHa.

OCHOBHHTE MPOW3BOJICTBEHU MPUHLHUIN TPU
HEro ca:

TerjieHe OT CTpaHa Ha KJIUEHTa, a He
OyTaHe OT MPOU3BOJICTBOTO;
MUHUMU3UpAHE Ha BCHUYKU 3aryom u
U3ITUIIBLIN;

nepeKTHO KaueCTBO OT MbPBUS IIbT;
HEIMPEKbCHATO MO00PECHHE;

I'bBKaBOCT.

Toll € mpuIOKHM 32 BCUYKH TMPOLECH H €
Hall-CUJTHO M3MOJI3BaH 3a TMoJ0OpeHue Ha
e(eKTUBHOCTTA HA MTPOU3BOJICTBOTO B MOMEHTA.

METOoaa
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To3u mMeron € ¢ Bb3MOXKHOCT 3a MOCTOSTHHO
nonoOpeHne M € ChUIECTBEH €JIeMEHT Ha
TOTAJIHOTO YIIpaBJIEHHE Ha Ka4eCTBOTO.

CpmiectByBaT  pa3nuuHu  dopMu  3a
yJIeCHSIBaHE Ha IpUJIaraHeTO My, HO B KpaiiHa
CMETKa IIeJiTa € Jla Ce pasNpeelisiT pecypcuTe
Taka, 4Ye Ja Cce U3M0J3BaT €JHaKBO U
MaKCHMAaJHO U ce MpeMaxHar 3aryoure.

3amoyBa ce C JIETAUIHO U3y4YaBaHE Ha
cTblkuTe Ha  mpouecute. CHemar  ce
OTIEpAI[MOHHUTE BpEMEHa U LIUKIMYHOTO BpeMe
3a mpou3BoAcTBO. IIpaBu ce aHanu3 u 4ypes
MpeHapexaHe, 3amapajieliBaHe Ha IPOLECH U
HaMaJsiBAaHE Ha TPAHCIOPTHUTE NBTHUILNA CE
OpraHM3upa HOB HA4yMH Ha [JBWKEHHE H
o0paboTKa ¢ IeJ HaMallsBaHEe Ha IUKJIMYHOTO
BpeMe 3a MPOU3BOJICTBO U EIMMHHHMpAHE Ha
YCIIOBUSITA 32 TPELIKA.

4. Tlpunarane Ha ,,Lean manufacturing”

B npousBoicrtBenara nuHUA Ha ¢upma
,, YHUITOC” Genre mpoab/KEHO MpUIaraHETo Ha
meroga ,Lean manufacturing”[7] ¢ men
HaMaJsiBaHE Ha IMPOU3BOJICTBEHUTE Pa3Xxolu U
nosoOpeHue Ha KadyecTBOTO 4Ype3 HaMallsBaHe
Ha peMoHTa. OCHOBHOTO Pa3BUTHUE MPOIBIIKHU C
WHBECTUPAHE M BBHBEXKJAHETO B EKCIIOATALIMs
Ha CBHBPEMEMHHHM MAIllMHU 3a 3alosBaHE W
MOHTAaX.

Ha ¢wur. 1 e moka3zana aBTOMaTHU3WpaHaTa
MIPOM3BOJICTBEHA JIMHUS MPEAU MPUIIaraHeTo Ha
MeTos1a. OCHOBHHUTE MPOIECH 0 €NEeKTPUUECKH
U MEXaHMYeH MOHTaX Ce€ U3BbpIIBaxa Ha
MalIMHHY JIMHUU OT OIEpaTopH IO MoKa3zaHaTa
cxema. Pesynrarure Osxa:

IUKJIMYHO BpeMe 3a Mpou3BojaACTBO — 11
CeKYH/IH;

npou3BoguTeNHOCT — 2600 wm3menus Ha
CMSHA;

pasxoxa Ha Tpyn — 0,73 MuUHYTH;

pemonT — 0,57 %.

Cnen mpuiaraHe Ha METOJa C€ CTHTHA 10
pEIIEHNETO 3a BbBEXKJaHEe Ha JOMBIHUTEIHA
aBTOMAaTH3allMs 3a yCKOpsiBaHe paboTraTa Ha
MallMHHUS ~KOHBEHEp 3a  eNeKTPUYECKH
MOHTaX U 3a cTabmin3upaHe Ha paborata My
OT TJIeJIHa TOYKAa Ha KbCUS LUKBJI Ha paboTa
Ha olepaTropa, KakTo € Moka3aHo Ha ¢wur.2.
Yact ot crino0sBaHeTO Ha BTOpaTa JIMHUS
Oelre MHTETPUPAHO B paboTaTa Ha IIbpBATA.



Measiien 1« Enescnpieaacion uonTax,

@ { « Elachical assambly

g
-
g

Titiien 2 - Menamuies MONTEY

Line 2- Mevhanical assumby

L LrEET

[ [ Wees [ Ve
wrmt | wrmz | ommi o ™

L L
N

A

~

v W '\
Crepare 1 Orapuncg » Orepurcpd

Owr.2 - ABTOMATMIHDAHA NIHNA 53 WOHTLK G 3TONATHIIGHE HI PRHD SapeRIade.

[Tonmyuynxa ce crnegHUTE pe3yaTaTH NpU
eKCIJIoaTalusATa Ha OUcaHaTa JMHUS:
- IUKJIWYHO BpeMe 3a npou3BojcTBo — 10
CEKYH]IU;
- mpousBoauTenHOCT — 2880 u3menusi Ha
CMSHa;
- pazxon Ha TpyA — 0,67 munyTH;
- pemonTt — 0,42 %.
HNmame cepuo3Ho moaoOpeHue, KOeTo
paboremie ycroiunBo. [IponsBoaurennocTra
ce yeimmun ¢ 10%, pasxoma Ha Tpya ce
Hamaiu ¢ 8% u peMonTa Hamass ¢ 26%.
Beue Oemie HU SICHO, 4Ye CTBIKUTE 3a
nonoOpeHue mie craBaT BC€ MO-TPYAHH, HO
THH KaTo o0eMHUTEe pascTsxa, OmaromapeHue
HAa HaMaJeHUTe LEeHU OT M0-e()EKTUBHO
MIPOU3BOJICTBO HUE MPOIBIIKUXME.
Cren neraityIHOTO HAOJIOAEHME W aHAJIU3 Ha
paboTaTa Ha MalIMHHHUTE JIMHUU CE€ CTUTHA
0 W3BOJAA, 4ye TpsAOBa Ja ce HHTErpupar
[oBeUe OMepalud B €JHAa, H3MOJI3BANKU
JOMTbIHUTENTHA aBTOMaTH3aIus,
MO3BOJISBAILlA OMEpPaTOphT JAa MAaHHUIYJIUpa
BEJHDBXK, IIPU KOETO Ja Ce MOoyyaBa MPOIyKT
B IO-TOJISIMO Pa3BUTHE WJIM C MOHTHUPAHU B
napa’ein noBeye KOMITOHEHTH oT
JIOMbJIHUTENHAa  MamuHa. ToBa  Oemre
BHEJPEHO B JMHUATA 3a EJIEKTPUYECKU
MOHTaX W TO JIOBEAE€ [0 YCKOpSBaHE
paboTtara Ha JTUHUATA U HaMaJIABaHE Ha Opost
Ha OMepaluuTe B MEXaHUYHHUSI MOHTaX.
JlombJIHUTETTHO oerre CTAOMIIM3UPAHO
crio0sBaHETO Ha YyBCTBUTEIHUS €JIEMEHT Ha
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MPOM3BEXKIAHOTO M3JeNIhe, KOETO Jafe
BB3MOXHOCT TMO-KbCHO Jla C€ OMNPOCTH
HacTporikata My. CTurHaxme ©W 10
pelieHneTro, 4e TpsOBa Ja ce IPOMEHHU
OCHOBHO JIMHHUATAa 33 MEXaHUYEH MOHTaX,
KOSTO B ChHILECTBYBAIlMS CH JU3ailH He
OTroBapsiIe Ha Bb3MOKHOCTUTE Ha JIMHUSITA
3a eJIEKTPUYECKH MOHTaXX. BcHUko omnucaHo
JI0BeJle 10 HOBA OMPOCTEHA OpraHu3alus Ha
3axpaHBaHe ¢ MaTepuain. OpraHu3nroOHHATa
CXeMa Ha Ta3| JIMHUA € TIoKa3aHa Ha ¢ur.3.
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[TocTurHaxme CIETHUTE pPE3yaTaTH IPH

eKCIUIoaTanusaTa Ha Ta3H JIMHUS .

- [HMKJIAYHO BpeMe 3a MPOM3BOACTBO — 9
CCKYH/IH;

- mpomsBoauTenHOCT — 3150 um3menus Ha
CMsIHA;

- paszxon Ha TpyA — 0,45 munyTn;

- pemonrt — 0,3 %.

[IpousBogutenHocrra ce ysenuuun ¢ 10%,
pasxona Ha TpyA ce Hamanu ¢ 33% U peMOHTa
Hamais ¢ 29%.

HaMaJli pa3xoJHTe 3a TP/ U MaTepHalIH.
Paborara mpoabiku, KaTO aHATTM3UTE ITOKA3BarT,
ye TpsOBa Ja ce peausaiiHBa paborara Ha
JMHHATA 32 MEXaHWYCH MOHTaX H JIa CE HaMaJll
pbuHus Tpyd. HacouBame ce KbM MHBECTHUpPaHE
B IIEHTHD 32 aBTOMAaTU4YCH MEXaHHUYEH MOHTAK,
KOWTO TpsiOBa Ja € T'bBKaB, C OOCITy)KBaHE OT

eInH

oneparop MU C BB3MOXKHOCTU 3a

HeTNpKbcHaTa padora. [Ipu Te3u Obp3u mporiecw,
peMonTa TpsioBa na e 0.



5. 3akouenue

NuBectupanero B monoOpsiBaHE  Ha
OpraHu3aIusATa Ha MTPOU3BOJICTBO U B MAIIMHHU
aBTOMaTUYHU KOHBEWEpPHU JIMHUU CE Hajara
3aIBJDKUTEIIHO TIPU 00€MH Ha IPOU3BOICTBO
Hazg 200000 uznenus TOAMIITHO M 0COOEHO, aKo
m3genusita ca KpaHu. HamansBanero Ha
ce0eCTOMHOCTTa TPH OTJIUYHO KAdyeCTBO €
OCHOBaTa 3a KOHKYPEHTHa CIIOCOOHOCT |
pasmMpeHre Ha  TMa3apHd  BB3MOXKHOCTH.
[TocTuraneTo My € HEBB3MOKHO 0€3 YCTONYHBO
nmpuiaraHe Ha ChbBPEMEHHH  METOIU  3a
e(heKTUBHO MIPOU3BOJICTBO n TOTaJIHO
yIpaBIICHHE HA KAa4€CTOTO.
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Abstract: The report presents a certain example of using lean manufacturing for increasing the efficiency of
machine production in TQM environs. The approach, the application and the final results of TQM lean

manufacturing are shown.
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Abstract: While designing a Cardan coupling it is necessary to assess the assembly-ability of its components as well as to ensure that
they do not interfere with each other during normal operation. In practice, this is done by use of prebuilt sample models, where everything is
checked by experimenting. The authors share herewith their idea for developing a new approach to designing Cardan couplings, where all
operations are performed in an automated way as early as the design stage,

Keywords: CARDAN COUPLING, AUTOMATED DESIGN, ASSEMBLY

1. Introduction

One of the most substantial applications of Cardan couplings is
to connect rotating shafts arranged at an angle to each other, and to
transfer torque from one shaft to the other. Various designs are used
in practice, the most common joint to connect the shafts is the
Hooke’s joint, where two forks are connected by a crosspiece with
perpendicular axes, through needle roller bearings.

While designing a Cardan joint, it is necessary to assess the
assembly-ability of its components, as well as the manufacturability
of such a connection. In effect, this comes down to ensuring non-
interference of the components in any possible positional
relationship within the chosen range of intersection angles of the
shafts, as well as during the components’ assembly. So far such
checks have been commonly carried out by pre-building several
sample models of the design, and using them for simulated checks,
since 2D mapping only cannot provide sufficiently reliable
compatibility.

In this publication the authors propose a new method and
algorithm for automated checking of the assembly-ability of
individual components of a Hooke’s joint in the course of designing
a minimum mass coupling.

2. Current state

The rotation of the two forks with different angular velocities
not only complicates the interference check but also affects in a
complex manner the forks’ instantaneous velocity values. This
makes it difficult to carry out a correct strength estimate of the
forks. The estimate is realized with some reserve, basing on the
forces and the corresponding torque and bending moment values in
two limit positions [1, 2 and 6]. This makes the strength estimate to
a great extent conditional. At higher speeds of rotation, the dynamic
load on the components of the Cardan coupling substantially
increases, and the design is required to take this factor into account
too [4, 7].

The foregoing necessitates an optimization of the Cardan
coupling design, and calls for a new design approach which requires
the solving a sequence of problems:

1. A parametric description of the mathematical model
representing the base design for modelling a minimum size
Cardan transmission;

2. Development of a method for accurate determination of the
tangential and axial forces acting on the joints for an arbitrary
rotation angle of the drive fork;

3. Development of an algorithm for determining the conditions
allowing assemblability of the fork and crosspiece for a
specified size as early as the design stage;

4. Development of an algorithm for determining the size of the
forks under the condition of non-interference in motion, with
an accurate 3D spatial model of the joint, at various shaft
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intersection angle values, and in arbitrary relative positions of
the fork legs;

5. Checking the state of tension of the components of the
Hooke’s joint for each specific position.

The present article is focused mainly on solving task Ne3.
3. Problem solution

The mathematical model adopted in [3, 5] was adopted here as
the mathematical model for describing the fork shape.
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Fig. 1 Parametric model of the fork legs a x b, a* x b*— initial and final
cross-section values; ¢ — leg length; o4, a2, az— angles defining the final
cross-section

For convenience in compiling the mathematical model of the
design, the values (a"x b") of the final cross-section — the one nearer
the fork’s eye — are to be represented via the a4, ap and az angles
(Fig. 1). Different angle values result in rectangular or trapezoidal
shape of the final and intermediate cross-sections, with different
size.

3.1 Determining the conditions for assemblability
of the fork and the crosspiece

The assemblability conditions are examined for two cases: for
non-chamfered and for chamfered (chamfer angle ) fork eyes.

To determine the assemblability conditions for non-chamfered
fork eyes, the limit position of the crosspiece is examined (Fig. 2),
determined by the following:

Point A of the upper journal lies on the border line of the upper
eye hore; point G of the lower journal lies in the internal plane of
the lower eye; point D lies on the right border line (or the extension
thereof) of the upper eye bore; the geometric axes of the crosspiece
and the bore are at an angle of 45° with respect to each other.

Thus the horizontal straight line FD determines the limit
position of the upper eye relative to the lower eye. In this position,
the crosspiece touches the three points A, D, and G. On
displacement of point A upward, the touching point of the



crosspiece will move away from point D. Then the distance
between FD and the lower eye will correspond to the minimum
distance between the eyes at which assembly is possible.

Fig. 2 Diagram for determining the assemblability conditions for the fork
and crosspiece for non-chamfered fork eyes.

From the isosceles right-angled A ABG, the side

1) BG = H/2" is determined.
Segment CG is determined along =
(2) CG =BG - Dpey
From the isosceles right-angled A CPG, the side
(3) CP=PG=CG/2" =(BG - Dypear)/2% =(H/2" - Dpear)/2” is
determined;
where: H — crosspiece height, mm.
Segments PE and CE are determined through (4).
4) PE = (d1+Dj pase)/2;

CE= PE+CP = (d4#Dj pase + H- Dpear2”)/2;

where: Dj paee — diametre of the base of the crosspiece
journal, mm.

From the isosceles right-angled A DCE, the following is
determined:
(5) B min=CD =2"%/2. (d1+Dj.base + H- Dpear 27

The condition which guarantees assemblability is: B> B .

If the eyes are chamfered at an angle B (Fig. 3), the distance
Bin determined for non-chamfered eyes must be increased by the
difference between the enlargement of the upper eye (segments KM
and NP) and the lower eye.Then for B, , (6) can be written.

(6) BBmin =B min + (KM- NP)

Since KM = Diear.tgB, and NP = tgB. (Dpesr +Deye)/2 for BP i
obtains the value >

) BBmin =B min + t9B (Dpear - Deye)/Z;

where: Dey— outer diameter of the eye, mm.
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Fig. 3 Diagram for determining the assemblability conditions for the fork
and crosspiece for fork eyes chamfered at angle f5.

Due to strength considerations, in order not to reduce too much
the eye height L, and affect the integrity of the bore, the value of
angle B may have to be restricted: the chamfered part should not
exceed 1/3 of the eye height.

3.2 Determining the minimum fork dimensions

The components comprising the fork design are: a hub,
connected with two identical legs, each ending with an eye. The
main geometric parameters characterizing the design are (Fig.4):

hub — a cylinder with an outer diameter Dy, inner diameter
dhup, @nd length Ligp;

eye —a cylinder with an outer diameter Dy, inner diameter deye,
and length Leye;

leg — a prismatic geometric base shape with dimensions a x B x
¢, with an initial cross-section representing a rectangle with
dimensions a x B touching the hub face and displaced relative to the
geometrical axis of the fork by a distance of R,.

Through varying the a; a,, and a3 angles, the geometric base
shape can morph into a right or skewed pyramid with a square or
rectangular base.

The following parameters for relative position of the individual
components have been defined in relation to the geometric axis of
the fork:

e Parameter B — the distance between the eyes positioned
symmetrically with respect to the fork’s geometric axis.

e Parameter Ry — determines the position of the leg in relation
to the hub and eye.

e The distance between the eye and the hub is determined
through the ¢ dimension of the leg.

Geometrical and design characteristics of the bearing:

Four versions of design implementation have been assumed, namely
I, 11, 111, and 1V. Outer and inner bearing diameter Dy, Qpear;

e diameter and length of the needle d, , I,
e thickness of the bearing housing base byes;

e inner bearing shoulder: m=0 mm for versions | and IlI;
m=3 mm for versions Il and IV,

e clearance between the journal face and the bearing base
when assembled: ¢=0.5 mm.
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Fig. 4 Main fork components. Relative positions and geometrical characteristics defining the design.

Basing on the values defined above, the geometrical
characteristics of the crosspiece, eye, and hub are defined by use of
mathematical expressions. The minimum dimensions of the
crosspiece have been specified during the selection and
dimensioning of the bearing. The minimum eye thickness value can
be assumed to be equal to the thickness of the bearing case. The
minimum c value (Fig. 4) can be assumed to be equal to zero, where
the eye will touch the hub. Such a leg can be implemented only if
the intersection angle y between the geometric axes of the forks is
equal to zero. In the other cases the initial value of ¢y, i assumed
to be 1 mm, and subject to additional correction.

Relative position of the leg with respect to the eye

The assumed spatial shape of the leg is a right or skewed
pyramid with a rectangular base (or, as a special case, square), can
also have negative values. The initial cross-section (base of leg) lies

in the face plane of the hub and represents a rectangle with
dimensions a x b. The final cross-section, with dimensions a* x b*,
is located at a distance ¢ from the initial cross-section, and can be
either a rectangle or a trapezium, depending on the a; ap, and o
angle values. A conditional cross-section is also introduced,
representing a transitional geometric shape between the eye and the
leg. It sets the conditional limit beyond which the leg protrudes
inside the eye.

When the leg is located between the eye and the hub, certain
general limitations are in order (Fig.5).

a) If a, > 0, then the conditional part of the leg (where the
transition between leg and eye occurs) must not protrude
inside the bearing, i.e. the minimum distance at which the
conditional final cross-section of the leg should be located

In

(Deye'deye)/z = Sey 3

01 max

C .
Initial base cross- N
Actual final section
/ Cross-section
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: — HG -
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:E‘Q fOCZ max .., L ________________
tgay (CHoey = o
. g ( eye) é | Ro= Ivasesect = b/2
Conditionalfnal . =ls | [ = T -
Cross-section 01 max B 2
! foramax
]

fOI a: Min:0

Fig. 5 Defining the position of the leg in relation to the fork eye and hub, through the initial base cross-section, the displacement of the final
cross-section with relation to the initial one, and the admissible displacement of a conditional cross-section in relation to the final one.

resulting from the prism base shape (where the three angles oy, oy,
and o3 have a value of zero). The spatial shape can be modified into
a pyramid, depending on the assumed values of the three angles.
The o4 and o, angles can only have positive values (> 0) while o
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b) relation to the geometric axis of the eye, is equal t0 %2 Dy,
while the distance between the conditional and actual final

Cross-sections is Jeye.



c)

d)

e)

9

h)

)

If a, = 0, the maximum displacement of the conditional final
cross-section of the leg coincides with the eye’s geometric
axis, and the distance between the conditional and actual
final cross-sections is equal to Jeye.

If a, > 0, then the minimum limit value for the location of
the initial base cross-section r™"y e sec is determined by the
condition that the leg must not protrude inside the hub

., min -
bore: ™ pasesect = Ohub/2 -

If a, =0, then the inner surface of the leg cannot be
positioned under the inner face surface of the eye. Then the
initial base cross-section must be located outside of the hub
thickness, which necessitates supplementing the leg with a
new geometric shape similar to the assumed one, to serve as
a material bridge between the initial cross-section and the
hub. These conditions determine also the location of the
starting point of the base cross-section r™" y.ce sect > B/2.

The highest part of the base cross-section may be located at
the level of the outer face surface of the eye. Then
rbase.sect,max < B/2+ Leye'b-

Dimension b of the initial cross-section of the leg must be
located within dy,p/2 (lower limit) and B/2 + Leye (upper
limit), which means that its maximum overall dimension in
this direction must be b < B/2 + Leye - dpu/2. Its
minimum value can be assumed to be b yin > Leye /2.

The final cross-section should be
thickness of the eye.

located within the

The maximum value (an,,) Of parameter a of the base cross-
section may not exceed the eye diameter amax = Deye, While
the minimum value can be assumed to be a y,,= d; (journal)
= din.gia (bearing inner diameter).

Angle oz is only related to the strength characteristics of the
final cross-section. No specific limitations need to be
introduced for it, as it is dependent on the two limitations
described above.
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4, Conclusion

- The applied approach for designing a Cardan coupling can
serve as the initial stage of software development. 3D imaging
combined with automated computation of certain parameters would
reduce the duration of the design phase and provide greater
certainty in the final result via suitable visualization.

- Characteristic for the examined approach is the intent of the
authors not to focus on any specific case, but rather to develop the
algorithm to cover all possible design variations resulting from the
variety of input data, in a way such that the mass of the designed
Cardan coupling is minimal.
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Abstract: This paper examines the features of spindle electric drives for a class of milling machines with digital program control. The re-
quirements that should be met with these electric drives are formulated. Practical settings of the represented DC and AC electric drives have
been carried out. Experimental studies have been conducted showing that the selected AC drive with vector control satisfies the necessary
requirements. The research held and the results obtained can be used in the development of such electric drives for the studied class of ma-

chine tools.

KEYWORDS: MILLING MACHINES, SPINDLE ELECTRIC DRIVE, DUAL-ZONE SPEED CONTROL

1. BLBeaenue

CBbBpEMEHHUTE METATOPEKEIIM MAIIUHUA ¢ LU(PPOBO-IIPOrpam-
Ho ynpasnenue (L[ITY) mocTaBsIT BUCOKH M3HCKBAHHS KbM CHCTE-
MHTE 32 3aJBIKBaHe. PonsiTa Ha eneKTpo3aJBIKBAHHUATA HAPacTBa
BCE MOBEYE U MIOHACTOSIIIEM T€ BIMAAT JOPH HAa KOHCTPYKIUHUTE Ha
caMuTe 3aJBHKBaHH MexaHu3Mmu u Matunu [1], [2], [3], [4].

B MeTanopexemuTe MaIIHU eJIEKTPO3a(BIDKBAHETO HA IIMHH-
Je7a ydacTBa B IIpoIleca Ha MeXaHWYHAaTa 0OpaboTKa, BIHSEKH
CBIIIECTBEHO BBPXY KadeCTBOTO Ha JETallnuTe W IPOU3BOAUTEN-
HocTTa. OCHOBHHUTE H3HCKBAHUS, KOMTO CE€ IOCTaBAT KbM TOBa
eNIEKTPO3a/BIDKBAHE, MOXKE Aa ObIAaT (OPMYIHpPAHU IO CICTHHSA
HaYHH:

® JBy30HHO peryjHpaHe Ha CKOPOCTTa (CHOTBETHO NPH HOCTO-
SIHEH MOMEHT U IIPH TIOCTOSTHHA MOIIIHOCT);

BHCOKa MaKCHMaJIHa CKOPOCT;
peBepcupase 1o CKOpoCT;
OPHEHTHPAHO CIHPAHE C BUCOKA TOYHOCT.

IIpn pa3pabGoTBaHETO Ha ENEKTPO3aJBHKBAHMS 3a LINTHHAENIA €
HEoOXoauMO na ObJAaT OTYETEHH PEAWIa CHINECTBEHH (DaKTOPH,
TaKMBa KaTO: OCOOEHOCTHTE HA TEXHOJOTHYHUS IPOLEC, BUAA Ha
00paboTBaHNTE MaTepuay, MapaMeTPUTE Ha H3MON3BAHUTE WHCT-
PYMEHTH 1 U30paHUTEe MEXaHIMYHU MPEIaBKH.

W360pBT HAa MOAXOIAIIO €IEKTPO3aIBIKBAHE 33 INIABHOTO IBU-
JKEHHe NIPEMHHaBa 1Ipe3 CISJHUTE HAKOJKO eTara:

e pa3paboTBaHe Ha METO/AMKA Ha 0a3aTa Ha U3MCKBAHMUATA;
MIPOBEX/IaHe Ha ChOTBETHUTE U3UUCIUTEIHH POLEYPH;
TEXHHKO-UKOHOMUYECKH aHaJIM3 Ha Bb3MOXKHUTE BAPHAHTH;
CHHTE3 Ha CHCTEMara 3a yIpaBJIeHHE;

® aHaNM3 Ype3 MOAEIHPAaHE U KOMITIOTHPHO CUMYIIUPAHE;
® IIPOBEXKAAHE HAa €KCHEPHUMEHTAIHU H3CIEABAHUS B CHOTBET-
HUTE PEXKHUMU Ha paboTa 1 OIICHKA HA ITOKA3aTEeIUTE.

Metonnka 3a U300p Ha EIEKTPO3aJBIKBAHHS 3a INIHHICIA,
TIPHUJIOKHAMA KaKTO 33 MIOCTOSTHHOTOKOBH, TaKa U 3a MPOMEHJIUBOTO-
KOBH CHCTEMH € oricana B [6].

MareMaTn4ecKoTo MOJCIHPAHe H KOMIIOTHPHOTO CHMYJIHPAHE
npemarar epeKTHBHU HAYMHU 3a HM3CJICABAaHE Ha CHCTEMHTE 3a
3aJBIDKBAHE IMPU Pa3IMYHU AWHAMUYHUA U CTaTUYHU PEXKHUMH Ha
paboTta, 0coOeHO KOraTo He € BB3MOXKHO WIIM € HeyZOoOHO 1a ce
M3BBPIIBAT TAKWBA TECTOBE B JaOOPATOPHMU WIIM HMPOMHUIIIEHH yC-
noBus. Pesynratu oT u3cnenBaHe NMOCPEICTBOM KOMIIOTHPHO CH-
MyJIMpaHe Ha aJanTHBHA CHCTEMa 3a IBY30HHO PEryJIHpaHe Ha CKO-
pocrra ca oTpaseHu W aHammsupanu B [5]. Momen Ha enekTpo-
3aJIBIDKBAHE, 00CITYKBAIIO IIMTUH/EIA HA (PE30BH MAIIUHH € TPE/-
craBeH B [7].

B ta3u cratus ca mpeacTaBeHH pe3yNTaTH OT M3CJICABAHHS Ha
JIBy30HHHU €JIEKTPO3aJABIKBAHUS C IBUTATEIH 32 MOCTOSHEH H IPO-
MEHJIMB TOK, MpeIHa3sHaYeH! 3a MINHHAENA Ha eIUH BHI (Hpe30BH
mammnu ¢ L{ITY. HanpaBen e u cpaBHHUTENEH aHAIU3 MO0 OCHOBHU
TMOKa3aTeIH.

2. [1ocTOAHHOTOKOBO CJICKTPO3a/IBUKBAHE

Ha ¢ur. 1 e npeacraBena 6i0koBaTa cxema Ha €JHO ABY30HHO
€JICKTPO3a/JBH)KBAHE 3 INIABHOTO ABMKEHHE Ha Pa3IICKIaHus Kilac
(Gpe30oBH MalIMHM, PEATM3UPAHO C IBUraTel 3a IOCTOSHEH TOK

(JUTT).
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HW3znon3pannte o3HaueHus ca ciegnure: 3M — 3agaTumuk Ha MH-
tensuBHocT; PC — perynarop Ha ckopocT; BTO — 6ok 3a Tokoor-
pannuenue; PT1 — perynarop Ha kotBeHus Tox; CUDOVY1 — cuctema
3a MMIYJICHO-(a30BO yIpaBJICHUE 3a CUJIOBHS NpeoOpa3yBareln Ha
kxorBeHata Bepura; bOC — 610k 3a oOpaTHa Bpb3Ka MO CKOPOCT;
OT1 - 6ok 3a oOpaTHa BpB3Ka 110 KOTBeHHs TOK; bJI — 6ok storu-
ka; JIP — npocein; TT — Ttokos Tpancdopmarop; CII1 — cunos mnpe-
obpasyBarel 3a KoTBeHaTa Bepura; J{T1 — maTunk Ha KOTBEHHS TOK;
TB - tpancopmarop Ha Bb3OyauTenHarta Bepura; PT2 — pe-
ryjiatop Ha Bp30ynutennus Tok; OT2 — 6110k 3a oOpaTHa Bpb3Ka O
BB30yauTennus Tok; CII2 — cunmoB mpeoOpasyBaren 3a BB30OyAU-
tenHara Bepura; J{T2 — naTuuk Ha Bp30yauTenuus tok; [1b — mpes-
xirouBarn 610k; LM — BB30yauTenHa Bepura Ha JBHTaTelNs 3a 10C-
tostHeH Tok M; BOH — 6110k 3a 0OpaTHa Bpb3Ka M0 KOTBEHO Harpe-
xxenne. Cucremara 3a ynpaBlIeHHE BKIIIOYBA J[BE B3aHMMOCBBP3aHH
MOJICUCTEMH, KaTO CBBP3BAIIMAT IapaMeTbp € KOTBEHOTO Harpe-
JKEHHE Ha JIBUTaTels:

Ha ¢ur. 2 ca npexnctaBeHu amarpamMmre, ChbOTBETCTBAIIM Ha
JIBETE 30HH 3a peryiupaHe Ha ckopoctta. C @y e o3HaueHa 6a3o-

BaTa CKOPOCT, IPH KOATO C€ NPEBKIIIOYBAT 30HUTE. OOMKHOBEHO ce
HpHEMa @) = @pom -
M, P1

M = const

P = const

Y

0 ¥y,

@Due. 2. 30Hu Ha pezyrupare ¢ nocmo-
SAHEH MOMEHM U NOCMOAHHA MOWHOCT.

MexanngHuTe XapaKTEPUCTUKU HA YCTHUPUKBAAPAHTHO ABY30H-

HO €JIeKTPO3a/IBIKBAHE ca MPe/ICTaBEeHH Ha (PUT. 3, KBAETO ®may ©
rOpHaTa I'PaHHIIA Ha JUaNa30Ha Ha perynmpane, a Mpyay € MaKcH-

MaJIHUAT MOMCHT Ha IBUTaTCIIA.

@t
@,
L e—— T
@y == —= @y
- M pax M e M
= B — - @y
- @Dmax - @max

Que. 3. Mexanuynu xapakmepucmuku npu 08Y30HHO 3A08UNCEAHE.

Enextpo3aiBukBaHUsATa C JBUTaTEIH 33 MOCTOSHEH TOK MpH-
TEKaBaT MHOTO JOOPH PEryIUpOBBYHM KaueCTBa, HO ChHIIECBPEMEH-
HO MMAT U PeAnIia ChLISCTBEHN HEJOCTAThIM, CBHP3aHH C HATMYH-
€TO Ha KOJICKTOPHO-YETKOB amapat. 1o Ta3u mpuurHa HamocaeIbK
MOCTOSIHHOTOKOBHUTE €JIEKTPO3aIBIKBAHHSI CE 3aMEHST C MPOMEH-
JMBOTOKOBH, Ha 0a3aTa Ha acHHXpOHHH asurarenu (A/l) c BekTop-
HO ympaBienue. [Ipu TakoBa ympapieHHE MOXE J1a €€ H3MOJI3BAT
AHAJIOTMYHU CTPYKTYPHU C TIOJYMHEHO pEryjIHpaHe Ha KOOPIAMHATHU-
Te, KAKTO MPHU MOCTOSIHHOTOKOBUTE CHCTEMHU.

3. I[IpoMeHJIMBOTOKOBO €JIeKTPO3aJABUKBAHE

Ha 6a3ata Ha dopMynupaHuTe U3UCKBaHUA, C OTYUTAHE Ha He-
00XOIMMOCTTa OT JBY30HHO DEryJpaHe Ha CKOpPOCTTa, IOCPEJICT-
BOM OCBIIECTBEHHUTE M3YUCIHMTEIIHH IPOIEIypH 0 pa3paboTeHaTa
MeToauka [5], e m3bpaHa u BHeJpeHa MPOMEHIMBOTOKOBA CHCTEMA
3a eJIeKTPO3aABIKBAHE Ha IIITHH/ENA.
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Due. 4. Enexmpo3adsusiceane Ha wnunoena ¢ ACUHXpOHeH 08ueamerl.



OyHKIHOHANTHATA CXEMa Ha M3CIIEABAaHOTO MPOMEHINBOTOKOBO
eNIeKTPO3aBIKBaHE ¢ acHHXpoHeH jsuraren [8], [9] e mamena Ha
¢uwr. 4.

ITopaan W3MON3BaHUTE 3HAYMTENHO IO-MOILIHU [BHUTATENd 3a
TJIABHOTO 3aJIBIDKBAaHE B CPaBHEHHE C IMOJIABATEIHOTO, B CIydas €
n30paHa cucTeMa C yIMpaBisieM H3MPaBHUTEN, MPH KOATO UMa BBH3-
MOJKHOCT 32 BpBIIIaHE Ha CHEPIHs B 3aXpaHBaIlaTra MpOMEHINBOTO-
KOBa Mpexa.

VnpasieHreTo € u31sU10 HU(POBO U ce OCHIIECTBABA ChC 3a/1a-
BaHe Ha HEOOXOIMMHUTE MapaMeTpu OT 0a3a AaHHU. YKa3BaT ce
TUNA Ha HM3MOJ3BAHMTE [BHraTell U CHOTBETEH MpeoOpasyBaTed,
BXOJHHU/M3XOTHH KOMIIOHEHTH U Ha Ta3u 0a3a ce M3BBPILBA HEOO-
XOIMMaTa HACTPOWKA 33 KOHKPETHATA CHCTEeMa.

M ﬁ ﬁP
M, 0 *esenas, 1
M. i, /
- Pﬂmﬂ
. 2
0 ©Pnom @Dy Opay

Due. 5. Xapaxmepucmuku Ha enekmposadsudcearemo c AJ].

Ha (1)1/11“. 5 ca MpCACTaBEHU CHOTBETHUTEC XapaKTCPUCTHUKHU Ha
TOBa CJICKTPO3aJABHUKBAHE, KBJACTO H3IIOJ3BAHUTE O3HAYUCHUSA Ca
CJICTHUTC: 1 - KpHUBa Ha MOIIHOCTTA; 2 - KpHUBa Ha BbPTALIUA MO-
MEHT; @{f - OTPaHUYCHHUC HAa CKOPOCTTA IPH IMOCTOSTHHA HOMHHAJI-

Ha MOIIIHOCT.

4, EKCl'lepl/IMeHTaJIHH H3CJI¢ABaHUA U AHAJIN3

3a OChIIECTBSIBaHE Ha HEOOXOIUMHUTE EKCHEPHMEHTATHU H3C-
JeBaHuA € pa3paboTeH CTeH/ 3a HACTPOWKA U U3CIIE/IBaHE Ha eIIeK-
TPO3aJBHKBAHUSATA.

IIpoBeknaHe Ha EKCIIEPUMEHTAIIHO U3CIIEIBAHE U HACTPOMKA Ha
€lHO eNEeKTPO3aJBIKBaHE 3a INMHHAENA Ha pa3TIekKIaHUTe
METAJIOPEXKEIN MalllMHH € WIIOCTPUPAHO HA (uT. 6.

@ue. 6. Hacmpoiika na enekmpo3adgudiceane 3a WnUHOed.

Ha ¢wur. 7 ca npencrasenu Hsikou ocumiorpamu @(t) ot usc-

JIEBAHETO Ha [JBY30HHO IIOCTOSIHHOTOKOBO €JICKTPO3a[BIKBAaHE,
MOJTy4YeHH €KCIIEPUMEHTATHO MIPU Pa3IMYHE HACTPOWKU Ha Peryiu-
pamuTe KOHTYpH.

Tpaekropusita, mokazana Ha ¢ur. 7a e cHera npHu paboTa mox
OCHOBHAaTa CKOPOCT Ha BbPTEHE Ha INMMHAeNA. 3a1aeHaTa CKOPOCT
e ®, =100rad/s u ce HaMupa B IbPBATa 30HA.
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Ha ¢wur. 76 e npencraBeHa TpaeKTOPHs IIPH 3a[ajfeHa CKOPOCT
@, =140rad/s, koeTo B TO3H cilydyail OTroBaps Ha paboTa BbB BTO-

para 30Ha.
Ha ¢ur. 76 e nmanena TpaekTopHs, BKJIIOYBAIIA YCKOPSBaHE,
BBPTEHE ChC 3a/lafieHaTa ckopocT @, =100rad/s u IIaBHO OpHeH-

THUPaHO CIIUpaHE.

[rad/s][e [rad/s] [
120 120 /
80 80
40 40 /
1] 0 —
-40 Ho 40 1
01 2 3 4 5 6 7IJs] 01 2 3 4 5 6 7I[s]
a) 0)
[radis] [ [radis] [
120 120
80 f 80
40 ,/ 40
op— 0 _J
-40 L L

-40
01 2 3 4 56 7[s 012 34 56 7[5
B) r)

@ue. 7. Ocyunoepamu na enexmposaosudxnceane ¢ JIT.

Ha ¢ur. 72 e npeacraBeHa ocuuiiorpama Ha tpaekropus «o(t),

BKIIOYBAIA TPU 33]aICHN CKOPOCTH Ha BBpTeHE: @, =52rad/s,
w;, =90rad/s, w; =150rad/s u cnexsamo Gbp3o crmpane.

Ha ¢ur. 8 ca npencraBenn ocmuiorpaMy, IOJIyYeHH €KCIEpH-
MEHTaJIHO IpU M3CIEABAHE Ha IPOMCHJIMBOTOKOBA CHUCTEMa 3a
€JIEKTPO3a/IBIJKBAaHE Ha LINUHAEIA. 32 CHEMAHETO Ha CbOTBETHUTE
XapaKTEepUCTHKH € U3Moi3BaH nporpaMHusT npoaykt AIPEX PRO,
KOMTO € Crenuanu3upaH U AaBa Bb3MOXHOCT 3a MOAPOOHM M3CleN-
BaHUSI, C BUCOKO Ka4eCTBO Ha Pe3yITaTUTE.

@ue. 8. Ocyunocpamu Ha erexmposzaosudicéane ¢ AJ1.

Ilo abcuucHara oc € MPEACTaBeHO BPEMETO 3a M3BBPIIBAHE HA
W3CIEBAHUATA B CEKYHIHU, a II0 OpAUHATHATA — CHOTBETHUTE CUT-
HaJIU, KaTo CKajaTa € BbB BoNTOBe. C YepBEHA JIMHMA € HIIOCTPH-
paHa CKOpPOCTTa Ha BbPTEHE, ChC CHHS — MOMEHTA, a ChC 3€JeHa —
HaTOBapBaHETO Ha MHBepTOopa. IIpu ToBa HM3cieABaHEe 3ajajcHATa
ckopoct e 53.41 rad/s.

W30paHusaT MpOMEHIMBOTOKOB JABUraten € or cepusra DH Ha
¢upmara AMK c BrpazeH eHkozaep 3a odpaTtHa Bpb3ka [8]. Tosa ca
BHCOKO-TMHAMHYHY TPU(A3HU IBUTATENIN, KOUTO ca 0COOEHO Iof-
XOJSIIYU 3a TJIAaBHU €IEKTPO3aJBIKBAHUA HA METAIOPEKEIU Ma-
muHU. IIpenumcrBaTa Ha U3MON3BAHUS ACUHXPOHEH ABMraren ca
CIIETHUTE:

® BHCOKa IIPeTOBapBalia CrlocOOHOCT;

® BB3MOJKHOCTH 3a CKOPOCTHO, IO3UIMOHHO U CHHXPOHH3H-

paHo yIpaBICHHUE;



® BrpajicH BEHTHJIATOP 3a OXJIAXKIaHe.

HanpaBeHusT cpaBHHTEIICH aHaJ W3 IOKa3Ba, Y€ CHOTBETHHUTE
JMMHAMAYHHA M CTATHYHHM [OKA3aTeNld Ha M3CIIEJBAHOTO MPOMEHIIU-
BOTOKOBO €JIEKTPO3a/IBI)KBAHE Ca BUCOKH W HAIBJIHO ChHU3MEPUMU
C Te3W Ha MOCTOSIHHOTOKOBOTO €NeKTpo3aaBikBaHe. ChIlleBpeMeH-
HO TpsAOBa 1a ce 0TOeIekH 3HAYUTEITHO MO-JIECHATa eKCIUIoaTalu-
OHHa MOJPHKKA Ha TOBA EICKTPO3aABIKBAHE, IOPAJIH JIUICAaTa Ha
KOJIGKTOPHO-YETKOB amapar. Karto HeJoCcTaThk, Ha TO3W €Tal MOXE
Jla ce MMOCOYH HEroBaTa Io-BHCOKa IIeHa.

YacT OT pe3yiTaTuTe OT HANPABCHO MPOYYBAHE HA Pa3IHMYHU
(hbupMHU POM3BOAUTENN HA CNCKTPO3aBIDKBAHMUS 32 TJIABHOTO JIBU-
sxenue [8], [9], [10], ca npencraseHu B Tadm. 1.

Taobn. 1. Haxou pesyimamu om HAnpageHomo npoyyeaHe.

KOMILIEKT AT U ITPEOBPA3YBATEJI

Monen IMapamerpnu Iena (€)
MP 112L/5EOQA 7.5 kW, 104.67 rad/s 1382
MP 132M/8EOA 11 kW, 104.67 rad/s 1650
MP 132L/12EOQA 15 kW, 104.67 rad/s 1820

KOMILJIEKT A/l M TIPEOBPA3YBATEJ

Mongen Mapamerpn Iena (€)
DH 10-40/KW 8 6.3 kW, 157 rad/s 2342
DH 10-55/KW 10 10 kW, 188.4 rad/s 2856
DH 13-100/KW 20 15 kW, 157 rad/s 3839

KakTo ce BmKna, IeHaTa Ha NMPOMEHIMBOTOKOBHS JIBUTATEN C
BKJIIOUECHUSI CHOTBETEH IIpeoOpas3yBaTel], ce yBelIndaBa 3HAYUTEITHO
C HapacTBAaHETO Ha MOIIHOCTTAa HA JBHUraressi. Benpeku ToBa, Cb-
IIECTBYBa YCTOIUMBA TEHJCHIMA KbM IOCTENIEHHA 3aMsHa Ha ToC-
TOSSHHOTOKOBHTE €JIEKTPO3aBHKBAHUS C NPOMEHIMBOTOKOBH, Ha
6azaTa Ha aCHHXPOHHH U CHHXPOHHHU JBHTaTENH C BEKTOPHO YII-
paBieHuUe.

5. 3akiarouenne

DopmynupaHu ca U3UCKBAHUATA KbM €JIEKTPO3aJBHKBAHETO Ha
LINMUHJENTa Ha eAUH BUA (PEe30BU MAIINHHU C IU(POBO-TIPOrpaMHO
yIIpaBIICHHE.

M3BbpiieHa € npakTHdecka HaCTPOiKa Ha U3IOJI3BAHNTE €IIEKT-
pO3aJBIDKBAHUS 3a IIOCTOSHEH W IIPOMEHIMB TOK. HampaBeHn e

78

CpaBHUTEJIEH 110 OCHOBHH MTOKa3aTelH.

ITpoBeneHu ca eKCIEpPUMEHTAIHH H3CIeIBaHNUS, TTOKa3BalllH, e
MPEICTaBEHOTO MPOMEHINBOTOKOBO ACHHXPOHHO EIEKTPO3aJBHXK-
BaHE C BEKTOPHO YNPABJIECHHE HAITBIHO YAOBIETBOPSABA IOCTABEHH-
T€ U3UCKBaHUS.

IIpoBenenure u3cneABaHUs U MOJIYYEHUTE PE3YATaTH OT TAX
MOXKE Jla ce M3IIOJI3BaT NpH M300p Ha ENEKTPO3aJBIDKBAHHS 3a
TJIABHOTO JIBIDKCHHE Ha Pa3MISKAAHMS Kiac MeTanooOpaboTBamu
MaIIiHH.
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The results of studies of the influence of the type of machining and tool material to the structural state of the surface layer and the
fatigue strength of XBCT steel during machining are shown. Processing with the composite-10 tool in a surface layer for o - and y - phases is
accompanied only by compressing residual pressure while abrasive processing promotes occurrence of stretching pressure of an I-type.
Increasing of cutting speed of the composite-10 tool from 50 to 200 m/min does not lead to significant changes in fatigue strength.
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RESIDUAL STRESSES, FATIGUE STRENGTH

Introduction.. The impact of high temperatures and
pressures in the cutting zone has a decisive influence on the
formation of surface layers in the machining tool alloy steel.
Structural changes occurring during this process depend on the
value of the factors above, as well as the chemical composition and
structure of the original material. Unlike conventional heat
treatment, this changes happens in the course of plastic deformation
caused by high contact pressure, speed of heating and cooling the
surface layers of metal [1].

In the case of the machining of high-strength structural
steels two zones of the structural state are formed in the surface
layers: directly at the surface - area of secondary hardening and the
surrounding area, corresponding to the structure of the quick high-
temperature release. Depth of zones of structural changes in the
surface layers of the steel at various machining types is determined
by various combinations of temperature and pressure contact pairs
[2, 3]. Machining of tool alloy steel with cutter has little effect on
the strength and ductility of both soft and hardened steels, but has a
significant influence on their resistance to cyclic stresses [4]. This is
explained by the development of fatigue failure, usually from the
surface and in a small volume; while every local weakening of the
material causes a shift with tears and thus fatigue cracks later [5].

The grinding of tool steel alloys usually leads to a decrease
in fatigue resistance, which is conditioned by the occurrence of
tensile residual stress during processing [6]. The rough turning also
reduces the fatigue resistance of structural and tool steels because of
worst microgeometry of the surface. However, different types of
turning have different effects on endurance, and more rougher the
machining, the lower endurance will be in the details made of
structural steel [7]. Therefore, fine turning with small feeds
provides a surface with good microgeometry, a smaller number of
defects (gaps, cracks, torns) and reinforcing effect. The most
significant effect of turning on endurance of alloy steels have the
rate of feed, the radius of the rounding of the cutting edge, the rake
angle and the cutting speed [8]. The changing the depth of cut has
little influence on the fatigue resistance of steels, since the
microgeometry of the machined surface has no significant
dependence of this parameter; and some increase in work hardening
by increasing the depth of cut is offset by the growth of residual
tensile stresses [9].

Usage of superhard cutting materials based on wurtzite
boron nitride —composite-10, which has a high thermal
conductivity, contributes to shift of the level of residual stresses
and, consequently, improves the strength properties of the material
[10, 11]. However, the question of using nitride ceramics in the
processing of tool alloy steel by turning and grinding isn’t studied
enough.
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Objective. Study the effect of the type of tool material and
machining conditions on the strength characteristics and structural
condition of the surface layers of tool steel alloy 107WCRS.

Study methodology. To study the effect of the type of tool
material on the structural state of the surface layers of the studied
steel 107WCR5 obtained by grinding abrasive wheels and turning
cutters of composite-10. Technological process of manufacturing
the samples consists of cutting round bars for workpiece, pre-
turning, semifinished and finish machining. To study the effect of
the grinding process of steel 107WCR5, hardness HRC 54 ... 56
samples were prepared in the form of cylinders of 10 mm height
and 50 mm in diameter, and effects of turning - 250 mm long,
which were hardened at a temperature of 850 °C (with cooling in
oil) and tempered at a temperature of 200 °C in air.

Grinding was carried out on cylindrical grinding machines
3b12 with abrasive wheel: 1A1 250x16x76 63C 6 CM1K and wheel
1A1 250x16x5x76 T'A 125/100 100% BCT from composite-10.

Turning was performed on a turning machine 16K20 with
cutters of composite-10 and different processing rates - the cutting
speed V = 20, 40, 80, 160 and 250 m/min, feed s = 0,07 mm/rev and
depth of cut t = 0,25 mm. X-ray studies were conducted by stratified
analysis on a diffractometer IPOH-3 in Fe K o-radiation. The
amount of residual austenite (fy) in the samples was determined
from measurements of the integrated intensity of X-ray lines (110)
and (111) a and y-phases in view of repeatability factor:

. -
7 066:S,+S,

where S,; S, —the integrated intensity of X-ray lines o and y-phases,
respectively. The numerical values of Sa and Sy are determined by
computation of respective lines. I-type stresses in the surface layers
were evaluated by X-ray diffraction as the sum of the principal
stresses (o1 + 62) by the formula:

-100% )

Y7
where E - modulus of elasticity; x - Poisson's ratio; A® = @ - O -
angle difference, K, - components of o and y phases after machining
(®) and the original (®,).Research of microhardness of the surface
layers of samples was performed on microhardness tester IIMT-3
with a load of 0.2 N and 0.5 N.

Fatigue test of samples were performed as a cantilever bend
with rotation. The frequency of load changes was — 15.0 Hz, the test
base — 10 million cycles. For curve fatigue plotting at least 15
samples were tested, machined according to the regimen. The

resulting calculation of averages &, Ig N_p, mean-squared



departure of o; and Ig N, the correlation coefficient and others are

the initial data to correlation equation - fatigue curve equation:

Table 1The amount of residual austenite, f,% in 107WCR5
steel after grinding by abrasive wheels and after turning by cutters

of composite-10

IgN » =A+Mo (3)
where N, - the average number of cycles to failure of the sample Type of Depth, (mm)
with stress o; 4, M - factors. No | processing | 10 | 20 | 30 | 40 | 80 | 120 | 160
Evaluation. Studies of microhardness depending on the f, %
depth of the layer during grinding with abrasive wheel and turning 1 Grinding by
with cutters of composite-10 showed that the depth of the zone of abrasive 23 127 |28 | 28 | 29 | 30 30
the secondary quenching decreases with increasing thermal wheel
conductivity of the tool material processing. In this case area of 2 | Turning by
high-temperature tempering have a depth of 30-650 microns for cutters of
grinding wheel, , and 8-12 mm in the case of turning cutters of composite- o5 128 130 |31 |31 |31 |31
composite-10. Thus, when the temperature drop in the processing 10
zone, the depth of the damaged layer is reduced and becomes a 20‘m/min
minimum for the surface processed with turning by cutter of -
composite-10. 3 | Turning b¥
~ The results of measurements of residual austenite after ggg]eprgsite-o 25 27 129 30 | 35 | 36 | 38
grinding by abrasive wheels and after turning by cutter of 10
composite-10 shown in Table 1. As seen from Tables depth of 40‘m/min
austenite impaired concentration is by several times less than the -
depth of impaired microhardness and when processing with 4 | Tuning by
abrasive wheel is equal to 120 microns by cutter of composite-10- cutters  of
80 microns. Noticeable changes in the concentration of retained composite- | 31 | 32 1 33 | 33 | 36 | 37 |37
austenite during the turning by cutters of composite-10 occur in the 10, .
range of V = 20-80 m/min. It can be associated with the process of 80 m/min
adhesion of the processed material on the cutter as described in [5, 5 | Turning by
7]. cutters  of
The structural state of the surface layer of the studied steel composite- | 36 | 37 | 38 | 39 | 41 | 41 |41
during turning with cutter composite-10 (Fig. 1, a-d) is 10, .
characterized by compressive stress area during a- and y-phases, 160 m/min
maximal at the sample’s surface. The subsequent behavior of the 6 | Turning by
stresses in depth for the a- and y -phase varies and depends on the cutters  of
cutting speed. To investigate the rate of the minimum in y-phase is composite- 31|31 |31 (32|32 |33 |34
reduced to zero at a depth of 60 micron. A characteristic feature of 10,
the process of grinding with abrasive wheel is the occurrence of 250 m/min
tensile stresses of I-type during a-phase of structure of the high-
speed release (Fig. 1, h). Their maximum value according to (o1 +
02) is achieved at a depth of 30-50 micron below the surface.
During y-phase small compressive stress takes place, extending to a
depth of 40 micron.
(0'1+0'z)v o 50 100 150 200 250 h,pm (0-1+62)‘ o 50 100 150 200 250 h,;tm
MpPa © . a - - MPa © - A R
-1000 = A - = : A A~ -1000 A a - 2
A Agg =
-2000 ‘= A - -2000 ..::'
-3000 -3000
a) d)
(0,+0,), 0 50 100 150 200 250 zo0  hum (0:+02) o 50 100 150 200 h, um
MPa © A Y R MPa o = a ‘ "
-1000 A = - - s N - mm 'y -
res -1000 2 =
-2000 -‘.- - “‘A.-
A -2000 =
-3000 T
b) -3000
e)
(01 +7). 50 100 150 200 250 h, um (0:+0),
T T Mp1a500 -
: ‘ = - - - . -
500 pm L -
AA e e e e
C) 500 - 50 100- 150 -200 253 300
h) h, um

Fig. 1 - Distribution of residual stresses of the first kind in depth of the surface layer at V = 20 (a); 80 (b); 160 (c); and 250 m/min

(d), grinding with abrasive wheel (h), (m —y-phase, a— a-phase)
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For the fatigue test four batches of samples were made.
First — machined by grinding wheel according to the following
routine: RPM range - 2800 rotations/min, number of revolutions of
the sample - 400 rev/min; second, third and fourth - composite-10 at
a cutting speed V = 50, 100 and 200 m/min. respectively; depth of
cut and delivery rate for the last three parties remained constant and
equal to t = 0,25 mm S = 0,07 mm/rev. The results of fatigue testing
of the above 107WCRS5 steel batches of samples are presented in
Fig. 2.

Data for stress-cycle diagram, correlation coefficients and
limited fatigue strength are shown in Table 2. The analysis of the
test results shows that, on the basis of approved testing, fatigue
resistance of the material is characterized by a sloped fragment of a
diagram — beginning of stress-cycle diagram is shifted towards
longevity. The stress-cycle diagram of the fourth installment sample
(200 m/min.) is located below the 2nd and 3rd parties curves and
the limited endurance limit is 10% lower than for the 2nd batch.

1100 —TT
A il 3
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o R I
a 900 q N T
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g .\\ \\ \.‘n\\‘~
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Cycles Number, N

Fig. 2. - Stress-cycle diagram of 107WCR5 steel samples:
grinding with abrasive wheel - (1); turning with cutter of
composite-10 at a speed V =50 (2), 100 (3) and 200 (4), m/min.

Table 2. The results of fatigue tests of 107WCRS5 steel
samples in a cantilever bending

Correlation Limited
Ne Type of coefficients fatigue
processing strength 6.4,
4 M MPa
Grinding by
1 | abrasive 12,09 -0,0089 660
wheel
Turning by
o |outers  Of | 4507 | 001126 827
composite-10
R, 50 m/min
Turning by
cutters of
12,76 -0,00776
3 | composite- ' ' 770
10,
1000 m/min
Turning by
cutters of
12,27 -0,00775
4 | composite- ' ' 735
10,
200 m/min

Endurance of grinded test samples is significantly lower
than endurance of samples turned with cutter of composite-10.
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Narrow endurance limit for the first batch (560 MPa) is by 32%
lower than for the 2nd batch. This is due to the fact that in the
process of cutting with composite-10 fast tempering in the surface
layers of steel goes under stress, this causes compressive residual
stress of the 1st type in o- and y-phase, slowing the decay of
residual austenite. The combination of evenly spaced brittle and
ductile structural components in the surface layer enhances
endurance of 107WCRS5 steel. While grinding with abrasive wheel
is causing tensile stresses of the Ist kind in the y-phase, partially
decomposes retained austenite and increases the degree of its
hardening.

Conclusion. Thus, studies of the process of grinding with
abrasive wheels and turning with cutters of composite-10 a tool
steel alloy 107WCRS5 showed the following:

- the increase of thermal conductivity of the tool material is
narrowing the area of the structural changes occurred in the surface
layer of the processed material, it is minimal for turning with cutters
of composite-10;

- the amount of residual austenite in the process of turning
with cutter of composite-10 is lowest within the limits of cutting
speed 40-80 m/min;

- the joint effect of pressure and temperature in high-speed
cutting reduces the degree of strain hardening y- phase in the
surface layer;

- machining by composite-10 tool for a- and y-phases in the
surface layer is only accompanied by compressive residual stresses,
while grinding with abrasive wheels contributes to the tensile I-type
stress in a-phase structure of tempering speed;

- turning by cutters of composite-10 increases on 30% the
endurance limit, compared with the grinding by abrasive wheels,
wherein the increasing of cutting speed from 50 to 200 m/min does
not cause the substantial change of resistance to fatigue.
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METHOD OF CUTTING OF THIN-WALLED PIPES ON THE DETAILS AND SEMI-
FINISHED DETAILS

CIIOCOBb PA3PE3KM TOHKOCTEHHBIX TPYb HA JETAJIM U IIOJIYOABPUKATDI

Eng. Savchenko D., PhD Holyavik O., Prof. dr. Steblyuk V., PhD Boris R., PhD Orlyuk M.
Institute of Mechanical Engineering, National Technical University of Ukraine «Kyiv Polytechnic Institute», Ukraine

Abstract. The main issues are considered in this topic: new structural diagram of the device for cutting the tubular billet with through
shear and torsion; the geometric parameters and characteristics of the cut surface; analytical dependences for determining the shear force
and torque cutting of thin-walled pipes on the details and semi-finished details; performed modelling physical process.

KEYWORDS: SHIFT, TORSION, WASTE-FREE CUTTING, HOLDER, CUTTING, PIPE BLANKS, THE STRESS-STRAIN STATE, KNIFE

1. Beeoenue

M3BecTHO MHOTO CIIOCOOOB OTPE3KH JeTalel W MoIy(padpuKaToB
OT TOHKOCTEHHOH TpyO4aTOil 3aroTOBKH: MEXaHHYECKHE Ha
OTpPE3HBIX CTAHKAX Pa3IMYHBIMU CTAIBHBIMH WM KePaMHIECKUMU
HHCTPYMEHTAMH, OTpe3Koi TUApoadpa3suBHON CTpYyeH,
TEPMHYECKHUM pa3jielieHHeM, B T.4. U3lydeHueM Jiazepa [1, 2].

Hapsiny ¢ mnpenmMymiecTBamu, KaXIOMy U3 YIOMSHYTBIX
CMoco00B NPUCYIIH OIpPEe/eICHHbIE HEJOCTAaTKU: IOTEpH MeTauia
Ha MPOPE3HOMH CIOM, SIHEPrOEMKOCTh, HANUUUE 30HBI TEPMHYECKOTO
BIIMSTHHS, HEJOCTAaTOYHAsl IIPOM3BOJUTENHHOCTH, YTO  OCOOCHHO
HPOSIBISICTCS. B KPYNHOCEPHMHHOM M MacCOBOM IIPOHM3BOJCTBE
(M3roTOBIICHUE HJIEMEHTOB BTYJIOYHO-POJIMKOBBIX LIEIEH, 3ar0TOBOK
JUIL  XOJIOJHOTO BBIABIMBAHHUS OCECUMMETPHUYHBIX JIETaNeH,
3aIIUTHBIX 9KPAaHOB OT 3JIEKPOMArHUTHOTO W PAAMAlMOHHOTO
W3JTy4CHHN ).

IepcriekTBHON HpenacTaBIsieTCs pe3ka B INTAMIAX YUCTHIM
C/IBUTOM Ha Ipeccax.

Ilpm  umcrom caBure oObeM owara  nedopmanuu
MHUHUMAIIBHBIH (TEOPETHYECKH OH OTPaHHYEH IUIOCKOCTHIO C/IBUTa),
a, CIeNoBaTeNbHO, M MHHHMAJbHAas DHEProeMKOCTh IIpoliecca,
OTCYTCTBYIOT HMOTEPH Ha MPOPE3HOW CIIOH, MPOCTHIMU CPEICTBAMU
MEXaHU3alUu O00ecrIedynBaeTCcsd BBICOKas MPOU3BOJUTEIHHOCTD
mporecca.

OpHako, Impu pe3ke B IITaMIIaxX YUCTHIH CIABHAT HaONIOHACTCS
TOIBKO B HAYalnbHOM CTaguM Ipomecca C 0OOpa3oBaHHEM Ha
MOBEPXHOCTH Cpe3a y4acTKa C HE3HAYHUTEIHbHOH IepOXOBATOCTHIO
(<0.32p). TIlocnme wuyero CIBHUT COTPOBOXKIACTCSI HM3THOOM,
HCKPHBJIEHHEM IIOBEPXHOCTH Cpe3a, YTO NPHBOJUT B KOHEYHOM
UTOTe K pa3pyLICHHIO CKOJOM. B pe3ynbrare IOBEpXHOCTh
pa3zeneHns HMEET XapaKTEepHYI CHrMaoOpasHylo ¢opmy He
MePIEeHIUKYISIPHYI0 OCH 3aroTOBKH. J{Is WCKIIOYEHUS WIN
MHHUMU3AIWN BIMSHHS M3THOAIOMIEr0 MOMEHTA HpH pa3jeleHun
NpoQUIBHBIX 3arOTOBOK B INTaMIax MPHUMEHSIOT pe3Ky ¢
i epeHIMPOBaHHBIM HPYKMMOM, C OCEBBIM C)KaTHeM, a Juis
pa3pe3ku  TOHKOCTEHHBIX TpyOuareix 3arotoBok (TT3) -
HPUMEHSIIOT CIIeNHAaNbHO CripodHInpoBaHHble myaHconsl (Puc. 1.).

Puc. 1. Paspeska TT3 npodmiIbHBIM IyaHCOHOM:
a) - HavyaJbHas cTaaus; 0) - KOHeYHask CTajus.
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OpHako OTpe3ka B NEPBBIX JBYX CIydasX COINPOBOXKIACTCS
UCK&KEHHEM TpOQMIs IONEPEeYHOro CEYeHHs, HaHEeCEHHEM
MOBPEXACHUN HAa IMOBEPXHOCTH, & B TPEThEM CIydyae HU3KOH
CTOMKOCTBIO ITyaHCOHa.

2. Ilocmanoexa 3adauu u pewienue npooaemul

ANBTEpPHaTUBHEIM ~ METOJOM, JIMIIEHHBIM  OTMEYEHHBIX
HEJOCTAaTKOB, MOXKET CITY)KUTh pa3pe3ka TOHKOCTEHHBIX TPyOUaThIX
3arotoBok (TT3), 3akifOueHHBIX B JBYX mapax omnpasok [3, 4].
3a30p MexIy HapyKHbIMH M BHYTPEHHHMHU OIpAaBKaMH paBeH
tonuuHe cteHkd TT3 ¢ yueroM fomycka Ha TOMIIMHY B COOCHOCTb
BHYTPEHHETO M HapyXHOTO KOHTYpPa ITONEPETHOTO CEUECHHS.

OmpaBky NUM(OBAHHBIMUA TOPIAMH MPIDKATHL B IIpoLecce
pa3lenieHus B IUIOCKOCTH Cpe3a, 4YeM HCKIIoYaeTcss WU3ruo
oTpe3aeMol JacTH 3aroToBKH. KOHCTPYKIMS SKCIEPHMEHTAaIBHOTO
YCTpOMCTBa 11 HUccaenoBaHus mporlecca paspesku TT3 mokasana
Ha Puc. 2.

L

77 2 8 56 7 4

20

43

_‘
al

i

i
U

Puc. 2. KoHCTpyKTHUBHAsA cXeMa HKCIIEPUMEHTAIBHOTO
ycTpoiicTBa Ui uccnenoBanus paspe3ku TT3 B ompaBkax.

1, 2 - Hapy)XHast MU BHYTPEHHSSI OLIPaBKH, BPALLAIOIINECS BOKPYT
(uxcupoBaHHOHU ocH; 3, 4 - ONIOpHBIE KOJIBLA; 5, 6 - HapyXHAs U
BHYTPEHHSIS OIIPABKH, COBEPIIAIOIIIE ITIOCKONIAPALICIIBHOE
JBIKEHHE; 7 - yrop; 8§ — maser] (3KCIEeHTPHK).

Kak BumHO u3 pHCyHKa, BHYTpEHHHE ONpaBKkH 2 U 6
COeIMHEHBI NaJbLEM 8, 0Cb KOTOPOTO 3KCIIEHTPUYIHA OCH BPAIIECHHS
neBoi mapsl onpaBok 1 u 2. Ilpouecc paszgenenust TT3 B onpaskax
MIPOUCXOAUT CIEAYIOMKUM 00pa3oM: NPH BpaLIeHUH ONpaBokK 1 u 2
BOKPYT (pHKCHPOBAHHOI ocH, sBIsTfomeiicss ocblo cumMerpun TT3,
ONpaBKH 5 M 6 C OTHEIsIEMOI AeTaNbl0 CMEIIAIOTCS TapajuIeNbHO
wiockocTr cpesa [5]. CymecTBeHHO, 4TO HalpaBlICHHE CMEIICHHS
(caBura) HEMpPEpPBHIBHO M3MEHSETCS B NPOIIECCE BPAIEHHST OIPABOK
1, 2, 4ro mpemoTBpamlaeT HAKOIUICHHE MHUKPOTPEIIUH U
pa3pyIIeHue CKOJIOM HpH (UKCHPOBAHHBIX JTHHHAX CKOJBXKEHUS,
XapakTepHBIX B CIy4ac HEM3MECHEHHOTO HANpPABICHUS CIBHIA.



B KxoHEuHBIi MOMEHT YYaCTKH CMBIKAIOTCS, U IHPOUCXOAUT
pasjenenue 3aroToBKd. IIpy CMBIKAHMM MPOUCXOAUT CKOM M Ha
MOBEPXHOCTH cpe3a obpasyercst «BbIpbIB» (Puc.6). M3bexars
HEXKETaTeIbHOTO CKOJIa MOKHO TP YCIOBHM pPEBEpCca CMEIICHHs
OIPaBOK 5 M 6 TIpU HEM3MEHHOM HallpaBJICHHH BPAICHUS ONPABOK
1 u 2. [ng 3TOro UCHOIb3yeM CBOMCTBO KMHEMATUKU JIBIDKEHUS
KPHUBOIIMMA, pPOJIb KOTOPOTO B HAIIEM CIIydae BBINOJIHSET
9KCUeHTpUK §. Hampumep, ecim ock SKCIEHTPHKA B HMCXOJHBIN
MOMEHT OyJeT HaXOAWTHCS BBIINIE TOPU3OHTANBPHOTO AHAMETpPA
OMpPaBOK, TO MPH BPAIEHUU ONMPaBOK 1, 2 10 4acOBOH CTpENKe OHa
OyzeT cMelaThCs BIPaBo U BHU3, Kak moka3ano Ha Puc. 7 u Puc. 8.

VI3MeHeHUe HampaBiIeHHs IOKa3bIBaeT roforpad MakCUMalIbHOTO

cmemenus (Puc. 3).
48 75mm
=

Puc. 3. l'omorpad MakcuMaibHOTO CMELICHUS OTPABOK S5, 6 B
3aBHCHMOCTH OT yTJIa IOBOPOTA ONpPaBokK 1, 2.

B pesynprate cmemeHus ompaBok S5, 6 Ha 3aroToOBKE
o0pa3yloTcst 1Ba CEpIOBMIHBIX Hajpesa, (GopMma U pasMepsl
KOTOPBIX 3aBHUCAT OT yriia nmoBopota (Puc.4): ¢ Hapy>kHOH CTOPOHBI
oOpazyercs Haape3 A;M ALK A ¢ BHYyTpeHHeH - B;L; BLK; B;.

Puc. 6. Buz moBepxHOCTH cpe3a B MECTe CMBIKaHHs HaIPE30B
0e3 N3MEHEHHsI HallpaBJICHUsI CMEIIEHHUS ONPaBokK 5, 6 B

X
/ ‘ 3aKIIFOUUTENBHON cTaguu pazgeneHus TT3.
Resrs
\,\\
. Reo
e \_M '//{ % = / ////////j'.
'/d'/ i //%

e / N

\ ¢ P ‘d/

< . \ VX 7

A /////;% / %// /

2 7 4av

Puc. 4. HauanpHnas cragus pasnenenus TT3 B onpaBkax
TPH yTJie TTOBOPOTA SKCIIEHTPHKA (p<45°

2 e

Puc. 7. HampaBnienue cMeleHust onpasok 5, 6 B
3aBHCUMOCTH OT MCXOJIHOTO TOJIOKEHHUS OCU SKCLIEHTPUKA U
BpAILEHUs] ONPABKH | MO 4acOBOH CTpelKe.

C yBeqMyeHHEM yIJla IIOBOPOTA IUIOMIAJb CPE3aHHBIX
y4acTKOB Bo3pacrtaer, B Toukax L, L' cremka 3aroToBkm
mpope3aeTcsi, a yJacTKH HENpOpPEe3aHHO CTEHKH YMEHbBIIAIOTCS

(Puc. 4.)
B KOHEYHBIi MOMEHT YYacTKH CMBIKAIOTCS, M IPOHMCXOIUT

pasneneHue 3aroToBKy. IIpu CMBbIKaHHH MPOUCXOIUT cKol [6].

C yBeqMYeHHEM yIJla TIOBOPOTAa IUIOIIA[b CPE3aHHBIX
yd4acTKoB Bo3pacraer, B Toukax L, L' cremka 3aroToBkm
HPOpPE3aeTCcsl, a YYacTKH HENPOPE3aHHOW CTEHKH YMEHbIIAIOTCS

(Puc. 5.)

142 Tewger
sazomady Koy Smyavod ) /
()

2 e

172 Tewgued nAnwady Coess cmamy
sgzomadky Brmpenset orpadas

R

12 Fewyued naoyady coesa cmeny -

2e20MoBky MO0 Amymwot

12 Texgued nanwady cpean emevy
Fzomot BrmpenHee onpato

Puc. 5. Henpopesannsle ygactku crenku 1T3 npu yrie

II0BOpOTa (p:450

Puc. 8. HanpaBienue cMmenieHus onpaBok 5, 6 B 3aBUCUMOCTH
OT UCXOJHOTO ITOJIOKEHHUS OCH KCLIEHTPHUKA U BPALICHUS
OTIPaBKH 2 MO YaCOBOM CTpeKe.
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[l peBepca cMeIeHUsT ONPABOK 5, 6 BHYTPCHHUE ONPaBKH 2 U 6
COCJIMHEHBl KOJEHYaThIM mnanblieM. OCH KaXAOro M3 KOJICH
pACIOIOKEHbl  HKCHEHTPUYHO OTHOCHUTENIBHO OCH  BpAllICHUS
ompaBok 1 W 2, W HaxoAgdTcsd IO pas3HbIe CTOPOHBI JHaMeTpa
MIePIEHIUKYIISIPHO MPSIMOH, COEAMHSIONE OCH yKa3aHHBIX KOJEH
(Puc.9.)

Puc. 9. 3D-Mozenb 3KCIIEpUMEHTAIBHOTO yCTpoiicTBa It
pazaenenus TT3 B onpaBkax, BE U3 KOTOPHIX (BHYTPEHHHE)
COC/IMHEHBI KOJICHYaTOH OChio [7].

Ipu peBepce cMeleHHUs OIPABOK Ha 3aKIIIOYUTEIbHON CTaanuu
pasmenenus TT3 ckon HE MPOUCXOOWUT, a Ha MOBEPXHOCTU Cpe3a
«BBIPBIBBI» OTCYTCTBYIO. (PHc 10).

Puc. 10. Bug Ha mOBepXHOCTH Cpe3a MPH PEBEPCE CMEICHHUS
OTIPAaBOK B 3aKIIOYUATENBHOM cTagun pasnencaus TT3.

Ilockonpky BenmuMuuHOM 3a3opa Mexnay crenkamu TT3 u
OIpaBKaMHU MOXHO IpeHeOpeyb, TO IPaHUIIAMU TEKYIIEH IUIOIa1
cpesa OyayT [Iyrd OKpPYXHOCTEH, SBIAIOIIMECS KOHTYpaMH
MOTIEPEYHBIX CEYEHHUH OMpaBOK (PEXyHIMX KpoMok). Torzma jerko
YCTaHOBUTH AHAINTHUYECKHE 3aBUCHMOCTH JUISl  ONpeJeTIeHHs
MaKCHMAaJbHOTO CIBHTa, TEKyIlei IUlomanyu cpesa, YCHIMS Ha
Ka)XJ0H CTafny pa3eeHusl.

IlepBass cragusi caBura HpU YCIOBHY, YTO MAaKCHMAJIBHBIN
CIIBHT' Y/IOBJIETBOPSET YCIOBHUIO:

frnax = 2esin%s Ruap — R

max

Texylyro miIomanb cABUra COOTBETCTBYIOIEH YIily IOBOPOTA
( SKCIIEHTPHKA C BHEIIHEH CTOPOHBI MOBEPXHOCTH 3arOTOBKHU
HallleM Kak pa3HOCTb IUIOIIAAEH KPUBOJIMHEHHBIX Tparneunuil
OrpaHHYeHHBIX Ayramu yi(x) u y3(x) B npenenax (-Aq - A'y):
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X 1 X 1
A A

SHap j yl dX - j y3 dX -
X X

RZ,,~(esin(¢/2))
[2e-sin(p/2)dx =

Rz, Gesinfor2)F

= 4e-sin(p/2)- \/Rz —(e-sin(g/2))?

Tekyuryro IuioOmaab CABHTAa COOTBETCTBYIOIICH YyriIy ¢
MOBOPOTA JKCHEHTPHKA C BHYTPEHHEH CTOPOHBI ITOBEPXHOCTH
3aTOTOBKM HalaeM Kak pa3HOCTh IUIOM[afell KPHBOJIMHEHHBIX
Tpanenuil OrpaHMYEHHBIX OYraMu Ya(X) U y4(X) B mpenenax (-A; -
A'y):

“4 4 RE~(esin(o/2)F

Sy (0)= [y (x)ax— [y, (x)dx = [[2e-sin(p/2)dx =
Xn Xn ~RZ —(e-sin(e/2))?

= 4e -sin(p/2)- \/R2 (e-sin(p/2))?

OO0Imast IIoIaahb CBUTA:
S(0) =S, (9)+ 5., (0);

DTy BEIMYMHY CIeIyeT paccMaTpuBaTh Kak aOCOIIOTHOE
3HAYEHHE YMEHBIICHHUS IUIOIIAJHM IIONEPEYHOTO CEYEeHHS IpH
BHEJIPCHUH OIPABOK B 3aTOTOBKY:

AF(p)=S(p),

S(p) = 4e-sin (p/Z#:\/RZ (e-sin(e/2)7 +

+ \/R2 (e-sin(p/2)f }
OTHOCHTEINBFHAS TUIOIIAIh CIBHTA (Cpe3a):

vo)- Flo)Ste),

FO FO
rae Fy — mromans nonepeunoro cevenns TT3:

Fo =[R2, +R2).
W[(RBH + s)2 - REH} —4e-sin(p/2)
n[(RBH + s)2 - Rfﬂ}

\/RZ —(e-sin(p/2))?
n[(RgH + 5)2 - Rgﬂ

quT YIIPpOYHCHUST  BBINOJIHUM 110 YPAaBHCHUIO KpI/IBOﬁ
YIPOYHEHUs BTOporo poja npemioxenaomy C. M. ['yOKkuHBIM:
Vi
Ty,

nin

v(p) =

=% | ¥V
1_\|jm Vo

VaureiBas TO, 4TO pa3aciCHUC prGBI MIPOUCXOIUT B YCIIOBUAX
OJIM3KUX K YCJIOBUAM YHUCTOr'O CABUIa, COIIPOTHUBJIICHUE CABUTY
MPpUHUMAEM 10 TCOPUU MAKCUMAJIbHBIX KaCaTCJIIbHBIX HaHpﬂ)}(eHHﬁZ

Cs

‘VW
L . Vu
2(1_Wm) VY

TeKyIIIaSI miomangb cpe3a IMocCjae CABUIa Ha BCINYHUHY S((P)

paBHa:



F,,(0)=Fy—S(p);
Tor;[a TeKyIIIee yCHHI/Ie cpe3a Ha HepBOﬁ craagnuu p%HeHeHHﬂ
3aroTOBKHU MOXKHO OHpeIIe.HI/ITL 110 Q)opMyJIe:

P.,(0)=15(0)xF,,(0)
WK ¢ y4eToM hopmyi
\VIU

% [V |V _[4e-si
P, (0)= I kv x {F, —[4e-sin(¢p/2)

[VRE ~Gsinto 2)F +RE~(e-sinfor2)F |
MOMEHT CHJIbI OTHOCHTEIBHO OCHU OKCHEHTPHUKA!

M(e)=P,,(¢)xL(o),

rae

L(p)= 2e-cos%

C yaeroM GopMyII, TOTYIUM:

Y
2 2
S Y| . 2 9 2 9
M(p)= ——>—| — Fo—|4e-sin—-| /RS, —|e-sin—| +.|R; —|e-sin—
o weles) [ 2 N (o) \/ 2-{ean) H

x 28OS >
2
IMapamerpbl  pe3kd  HA  BTOPOM  CTajuH,  Koraa
fmax 2 Rnap - R@H :

TeKymasI omanb cpe3a Ha BTOpOﬁ CTaauu pasaciICHu:

2
2 2 R2 _ R2 l
s (oed” esin% R,i,,,—[esin%] +esin§ Rﬁ,—[esin%] -2 RZ, - L("“+esin% +
o (0) = 4esinEP [

2
2 in P
RZ, - (esmE

2
R, - [esin%] x [esin%) +RZ,, arcsin

2
RZ, —RZ
R, -| B R oo [
.l 2
4esmE
RZ arcsind——— < 7

nap
R

uap

2
1 2 R, —[esin 9]
Y 2 L@ .9 2 2
2||—|,|Re —| €SI | x|esin* |+ Ry arcsin——m——— |-
2 2 Rmr

2 2
RZ, - R2 RZ, — R
RZ, —| 2" sesind | « |RZ, ~RZ -| 2" sesind | 4
. 2 ° 2
2

4esin =
2

RZ, arcsin

an

Hnomam) KaXXa0T0 U3 HUX Haﬁ[[eM KaK pasHUIly UHTETrpajioB:
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3.
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F ()

X Xy

[ y2()dx = [ y3(x)ax
X 4 Xg,
Buieoowr

HPHUBEICHHBIM  (OpPMyJIaM  NPOTPaMMHBIM ~ METOJOM

HOCTpOCHB! juarpammbl P, ((p) u M((p) HEoOXOAUMBIE IS

p

OTpEENeHNs] SHEPrOCHIOBBIX MapaMeTpoB pe3Kd. Pazmuums
pacdeTHBIX M 3KCIEPHMEHTAIbHBIX 3HaUe€HMH He mpesblmaroT 10-
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DEVELOPMENT OF A CANTILEVER PLATE’S MODEL AS A COMPONENT OF
THE METHOD OF LOCAL APPROXIMATIONS
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AIIMPOKCUMAIINN
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Abstract. The paper contains a numerical-analytical solution for deflections and force factors in a cantilever plate of infinite length due to
a concentrated load, which is obtained using modern data about optimal quadrature integration. The aspect of optimality is the main feature
that distinguished the present solution. The formulas provide high accuracy, which is examined through comparison of the results with the
finite elements method and another numerical-analytical solution. The paper also contains formulas for deflections for different laws of load

distribution and ideas for their application.
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1. Introduction

Due to rapid development of technologies and materials usable in
mechanical engineering, the need of strength calculations’
clarification rises for innovative purposes. In this context,
theoretical studies of stress concentration in complex-shaped
bodies with loaded ledges (such as gearings, for example), which
are based on separate analysis of force factors due to an applied
load, are extremely valuable. As it is noticed in [1], the
standardized methods for calculating numerous sets of details of
different mechanisms and machines with loaded ledges (e.g., the
Russian GOST - State Standard Ne21354-87 “Cylindrical Involute
Gear Transmissions: Strength Calculations”, 1987) for bending
strength of the ledges are guided by simplified conceptions. They
provide neither information about force factors’ distribution laws
nor ways for modeling different materials with complex properties.
On the other hand, there is a very effective tool — the finite
elements method, which has high prevalence among engineers and
researchers. However, it demands much of constructing the model
properly, and has some specific disadvantages such as the locking
effect, for example, which can give troubles if you desire to
compute the result with high accuracy. Other reasons for building
analytical solutions in parallel with improvement of the FEM
modeling are, of course, urge towards having comparative results
and general regularities, which could be made more precise with
the FEM.

The present paper contains some basic ideas about the method of
local approximations (the MLA) — a method of investigation of the
stressed state of complex-shaped bodies with loaded ledges.
G. A. Zhuravlev proposed it in [2, 3] in the context of
modernization of a gearing’s geometry accordingly to the actual
stress concentration, which takes into account origin of every stress
component. The method is based on two plane problems, to which
the three-dimensional one is being reduced. Thus, we calculate the
force factors on a cantilever plate (using classic or improved
theories of plate bending) in order to use them in calculation of the
respective stress components in the model of a rod with two deep
symmetric hyperbolic recesses. In this connection we consider, that
the contour of the hyperbolic recess approximates the contour of
the ledge, and take into account the depth of the plate’s sealing. It
is shown in the paper [4], how the first requirement can be satisfied
for a tooth of a spur pinion. The question about the depth of the
sealing is observed, for example, in [3].

The problem of stress concentration in a rod with two deep
symmetric hyperbolic recesses is solved in [5]. As for the problem
of a cantilever plate calculation, the number of papers, which
contain analytical or numerical-analytical solutions, is not big. The
present paper describes a comparatively simple solution, which
corresponds to a model of an infinitely long plate, clamped along
one of its long sides. T. J. Jaramillo described this problem in [6]
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and gave an exact solution in terms of improper integrals for the
deflections and moments due to a transverse concentrated load
acting at an arbitrary point of the plate. It was proposed in [6] to
calculate the respective integrals using residue theory, but as it was
shown in the papers [7, 8] and in the Proceedings of 2015
International Conference on “Physics and Mechanics of New
Materials and Their Applications” (PHENMA 2015), the residue
solution of [6] gives a big error for some calculation points. The
present paper continues the course of [7] and presents a numerical-
analytical solution for deflections (which is basic for calculating
force factors and stresses), built with applying modern ideas about
optimal quadrature integration.

We also introduce formulas for deflections, suitable for different
laws of load distribution, such as uniformly distributed over a
segment and over a rectangle loads, a distributed over a segment
accordingly to the parabolic law load and a load, distributed over
an ellipse.

2. Deflections

2.1. A numerical-analytical solution for deflections

On the analogy of [6], the plate is considered in the form of an
infinitely long strip of width A and thickness h, fixed along one
of its long edges. The transverse load F is applied at an arbitrary
point P(c,O) of the plate, where the Cartesian coordinate system

Oxyz is located such that xy is the middle plane of the plate, Oy
belongs to the fixed side and the line of F belongs to the xz plane.
Let the plane x=c divide the plate and the functions, which are
determined in the areas 0<x<c and c<x< A, have the indexes 1
and 2 respectively. Then, if the weight of the plate isn’t considered
the deflections W, (x,y), j=1,2, satisfy the biharmonic equation
VAW, (x,y)=0, j=12,

which is valid everywhere except the point P .

It is proposed in [7] to define the functions W, (x,y), j=12,as

W, (x,y)=|f;(xa)cos(ay)da,

O t——38

where
f, (x,a):(Aj +B, ax)cosh(a x)+(Cj +D, ax)sinh(ax) ,
A;, By, C;, D; are assumed functions of the & variable.
Then the boundary conditions can be written as



f(0,a)=f,(0,a)=0;
fon(Aa)—a’uf,(Aa)=0;
foon(A)—a?(2-u)f,, (A a)=0;
f(c.a)-f,(c,a)=0;

f.(ca)-f, (ca)=0;
fu(ca)-1,,(ca)=0;

F
fz,xxx (C’a) - fl,xxx (C’a) = E’

E 3

12(1-4*)

Young’s modulus, g is Poisson’s ratio).

Being solved for A;, B;, C;, D;, j=1,2, the system provides
the following functions:

4 8
ZEAFDy{_XaCOSh(X“)Zaiki +5inh(Xa)iZA;aiki} ,

i=1

where D= is the flexural rigidity of the plate (E is

f(xca)=

f,(x.ca)=f(cxa),

y=a’[5+2(Aa) (u-1)" +(2+ ) u— (1 + 21 ~3)cosh (2A)

become more than 1% if » approach 1,00. Here we consider the
following parameters of the model in ANSYS:

Multiplicity of
Finite splitting:
IES’nt%teh h A, E N elements the side of L,
,m X
plate m ' type the side of h,
L,m the side of A
400
0,2 0,002 0,01 2000 SHELLG63 4
40

i k; a,

1 5+2A(A—c)a?(u—1)" +(2+u)u cosh(ca)

2 ~(4* +2u-3) cosh[(c—2A)c |

3 a(u-1)(2A-c)(u-1) sinh(ca)

4 ac(u-1)(u+3) sinh[(c-2A)c |

5 | 5+(2A°-2Ac+ox)a® (u—1)" +(2+u)u cosh (car)

6 ~(1+cxa®)(u* +2u-3) cos (c—2A)c |
—c(u-1)" +2A%a? (u-1)" - _

! a[ —2A(cxa2—1)(/1—1)2+4x(,u+1)] sinh(ee)

8 ca(u’ +2p-3) sinh[(c-2A) |

Thus,

Wj(x,y,c):ffj(x,c,a)cos(ya)da, i=12,
0

and for numerical calculation of the deflections we have proposed
in [10] the following formula:

o 1 (Zk—l)ﬂ'
Wj(x,y,c)—znkZ;F{x,y,c,tan ™ }

where
F,(x, y,c,a)::(l—az) f,(x.c.a)cos(ay), j=12,

j=12 @

and the error of (1) is x.
4n

Due to the behavior of the respective functions it is proposed to use
different values of n for j=1 and for j=2. The main feature of
the formula (1) is that it can be called an almost optimal one,
because we use the respective result from theory of optimal
quadrature integration in order to build it. However, some
additional assumptions, which take into account the behavior of the
integrands and substantiate selection of n values, have to be made.
It is convenient to use dimensionless coordinates

y c

AR

Computational experiments show that the values of deviation
between the results of the FEM modeling and the formula (1)

X
i_xr n=
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It is obvious that the results directly depend on the ratios of % and

Y in the FEM model; thus, we have to consider a sufficiently long
plate and calculation points, which are sufficiently removed from
the side edges of the plate.

2.2.Different laws of load distribution

The following formulas in terms of improper integrals correspond
to different cases of a distributed load, such as uniformly
distributed over a segment and over a rectangle loads, a distributed
over a segment accordingly to the parabolic law load and a load,
distributed over an ellipse. Hereinafter we suppose, that r is a ratio
of a distance between the sealing line of the plate and the center of
a loaded area to the size A, F, is adistributed load, q, is intensity

of loading in the center point of a loaded area and
fi(&.¢m .
(pdf,{,y)z%;ﬁk(y), i=12, where u=aA,
1+v

k(1) = 1+ 6% + (20 +1)cosh? (1) HZT' The following

formulas are proposed on the base of [8].
If the load is uniformly distributed over an interval of length 2o,
which is parallel to the sealing line, than

_ Fz 7 (pj (5’ I',,u)
G e
If the load is distributed over the same segment, divided into k
elementary segments of equal lengths A4S, accordingly to the
parabolic law

3F, (pz —32)
q= T )
where ¢ is the distance between the center of the segment and the
calculation point, then

3F, T, (& ru)
Wi(End)=—F|" "
J( ) qOS ?[ IUBK'(‘L[)
If a load of intensity g is uniformly distributed over a rectangle
<ELE,, n<n<n,,then
—177)  Jsin(uv)

cos(un)sin(un)du .

cos(un)[sin(up)— upcos(up)]du.

WJ (§‘n’§):4qICOS[(77ﬂ5K(u) @(i,ﬂ)d,u '

where

- < sinh(uu; )y (&,85.) +

(0(63’”)_; +[,uujCOSh(‘uUj)—Sinh(,uuj)aj(ég‘g”uﬂ )

7,(£,¢ 1) =(1+20)(2uEC, +S, - S,) — 2u(1— ) C, =S, +2uC, +1,S;,

t =1+ 4u%E , t, =(1+20) +4p2(1-€),
S, =sinh[(2-¢ +&)u],
S, =sinh[(+&)u],

S, =sinh[(2-¢ -&)u],
S; =sinh[ (¢ ~&)u].




C,=cosh[(2-¢ -&)u], C,=cosh[(£+¢)u],

_ _ _mh - _Tht
Cy=cosh[(¢—&)u] v o 7l >
L _ala-max(sg)] ese

0 &4,
L _lalmin(e.g)-¢] 24
0 £<t,

&=¢rmax(6.¢)], &=[min(£6,)+4].

At last, if the load is applied accordingly to the law of semi-
ellipsoid over an ellipse with dimensionless semi-axes a and b,
which is inclined by an angle A, it is proposed in [8] to use a
method, based on reduction of the problem to the case of the
parabolic law of load distribution. Thus, we divide the ellipse into
elements with a system of equidistant chords, parallel to the free
edge. The intensity of the load inside every element is

__[gcos(A)+(cj—r)sin(o:)]2 ~ 2
£,¢)=0q, & 2 (!
W)= _ [esin(4)~(¢ ~r)cos(a)]
b2
where g, =—

is distributed accordingly to the parabolic law over the chord,
which contains the application point of the resultant force of the
element. We introduce the following notation:

NN’ is the diameter of the ellipse, connected with the chosen

'

system of dividing chords; S, :%; S is a linear coordinate,

which is counted off the center of the ellipse along the diameter
NN’; n, is a number of parts, into which the ellipse is divided;
A, 1=12,.

) ,n+1, are the coordinates of points of dividing
chords’ intersection with NN';

F., k=1..,
resultant force on the element between A, and A4,.,;

n, is the value of the
I, is the
coordinate of the point of the resultant force acting; p, is one-half
of the chord, along which the equivalent load is distributed; g is

the angle between NN’ and O¢.
The following relations link all of the introduced parameters:

:\/a“sin“(A)+b“cosz(A) _

a’sin?(A)+b’cos?(A)’

ﬂ":_AUJr(i_l)znfﬁo. i=12,..,n,+1;

b 0 2 2 2
k:gri;:z{% _(’11@1 +Adca A )] k=12,..,n
——quﬁ 2 2 2
s A A2

_ab P
Px /10\v/azsin2(/1)+b2 cos?(A) '
a’sin ( )+b?cos?(A)
\/a sin?(A)+b*cos?(A)
Thus, the method prowdes the following:

_3kzn_;pk J'(PJ § rﬂ Ikif)(ﬁ) ﬂ)cos[(nﬂksin(ﬁ))#]

COS

[sin(up)—up cos(up,)]|du
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2.3.Practical recommendations for calculation

The problem of the deflections’ calculation for the observed
cases of load distribution consists in calculation of the
respective improper integrals, which contain complex
integrands. We suppose that the most effective way is building
highly accurate approximate formulas, which take into account
not only behavior of the integrands, but also correctly reflect
the influence of the respective derivatives. The latter is very
important for creation calculation algorithms for force factors
and stresses.

Some approximate formulas can be found in [8]. Though they
include strict limitations for calculation points and are not
universal concerning material properties, they provide
satisfying accuracy for steel plates within the limits of their
application.

It is also useful to notice, that for deflections at the points
located in the area of loading it is not hard to reduce the
problem to consecutive repeated application of the formula (1).
This is shown in the paper [1], where an algorithm for the case
of the parabolic law of load distribution is represented.

3. Force factors due to a concentrated load

In the proceedings of PHENMA 2015 we have proposed the
following formulas for the force factors due to a concentrated
load — respectively, shearing force, bending and twisting
moments:

D& 2k -1«
Qu(x.y.c) :—Z—n; F {x, y,c,tan(‘m)} ,

7D (2k-1)z
ij(x,y,c):—ﬁ — FjMx |:X,y,C,tan4n} y

k=1 4n
where
f (x,c,a)cos(ay +
F(xy.ca)= L jeos(ay)],, (1-a?),
+[fj(x,c,a)cos(ay)lw
f.(x,c,a)cos(ay)| +
IR L G

+u[ f,»(X,C,oz)cos(ay)}yy (1-a?),

FJ-Qx (X, y,C,a)z[fJ (x,c,a)cos(ay)ly (1_a2) .

This solution was compared with one, which could be found in
[9] for a steel plate. It is shown, that the results of [9] are
qualitatively improved.
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ORGANIZATIONAL INNOVATIONS AND INFORMATION SUPPORT AT THE MAIN SHOPS OF
ENGINEERING PRODUCTION
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Pestome. Ha ocHoBe 0606HI€HI/I$I TEOpUU W MPAKTUKHA OpraHUu3alfluOHHBIX H3MCHEHUH B CTaThe NpeaACTaBICH IOAXO0d K
COBCPIUICHCTBOBAHUIO CHUCTCMBI ONEPATUBHO-IIPOU3BOJACTBECHHOI'O ILUIAHUPOBAHUA, 3aKIIIO‘13IOH1PIﬁC5I B OpI‘aHI/I?)aL[I/IOHHOI‘/'I TpaHC(i)OpMaHI/II/I,
periaMeHTaluyd M CHHXPOHHU3AIMK paboT MO IUIAaHWPOBAHMIO M CTHUMyJIupoBaHuio. IlpeanoxeHHBII MHCTpyMEHTapuil anpoOHpOBaH B
OCHOBHOM IIPOM3BOJICTBE HOBOCHOMPCKOIN OpraHu3aldy JHUTEHHOro MallMHOCTpoeHHs. Kak pe3ynbTaT — Ha OCHOBE COKPALICHUs
TPYJOEMKOCTH 00paboTKH MHGOPMALUK U HPOJOIKATEIFHOCTH BBIMOJHEHHS PaboT MO IUIAHUPOBAHUIO M Y4YETy IPOHM3BOJICTBEHHOTO
pouecca YMEHbIINIOCH COTIPOTUBIICHHUE NNEPCOHATIA TEXHOJIOTMYECKUM NHHOBAIUAM.

Abstract. On the basis of generalization of the theory and practice of organizational changes presents an approach to the
improvement of operational and production planning, which consists in organizational transformation, regulation and synchronization of
planning and promotion. Proposed instruments tested in the main production of foundry engineering organization. (Novosibirsk). The staff
resistance to technological innovation based on reducing the complexity of information processing and duration of work on the planning and
integration of the production process to reduce. As a result as resistance to technological innovation personnel decreased by reducing the
complexity of information processing and duration of work on planning and accounting of the production process.

KnroueBsie cnoBa. OpraHu3anuOHHBIE WHHOBAIUH,

ONIEPAaTUBHO-NIPOMU3BOJACTBEHHOE IUIAHUPOBAHUC,

CASE-TexHoaoruu,

CIIENUAIMCT 1O OpraHru3alvii TPYAOBBIX 1 MPOU3BOACTBEHHBIX MPOLECCOB, MAIIMHOCTPOUTEIIBHOC MTPOU3BOACTBO.
Keywords. Organizational innovation, operational and production planning, CASE-technology specialist in the organization of

labor and production processes, machinery production.

1. Introduction / Beeoenue

CorjgacHO  CTaTUCTMYECKMM  JIaHHBIM, TI0  YPOBHIO
MHHOBAIIMOHHOM AKTUBHOCTU opraHuzauui Poccus
3HAYUTEIBHO OTCTaeT OT OOJBIIMHCTBA cTpaH EBpocoro3a,
CIDA wu gpyrux 3apyOexHbIXx cTpaH. bomee Toro,
HAMETHWJIACh TPEBOXKHAS TEHICHLUS CHIDKEHHS YICIBHOTO
Beca OpraHW3alui, OCYMIECTBISIOMINX TEXHOJIOTHICCKUE
WHHOBAIUH B 00pa0aThIBAIOIINX ITPOM3BOACTBAX [1].

K umcny mpobnem, Ha Haml B3TJISLI, OTHOCHTCS, HapsAy C

JIpYyrumH, OTCYTCTBUE JIOJDKHOTO BHMMAaHUSA K
OpraHU3allMOHHBIM  WHHOBAUMSAM: J0JI1  OpPraHU3ALMMH,
OCYILECTBIISIIONINX MHHOBAI[MM B ATOM 00JacTH, B TpU pasza
HUXKE, YeM TeX, KIO peaau30Ball TEXHOJOTMYECKUE
UHHOBAIIMHU.

B cocraBe OpraHu3allMOHHBIX HMHHOBAlUH 3HAYUTEIIBbHYIO
JIOJIF0  3aHMMAaeT BHEAPEHUE COBPEMEHHBIX METOJAOB

YIpaBICHUS. Ha OCHOBE WH(OPMAIIMOHHBIX TeXHOJoTuil. B
CBSI3M C OTHUM BBIIIOJIHCHHAs] T€Ma HCCIIECIOBAHUS SIBISCTCS

aKTyaJIbHOM.
Lenbto uccnenoBanust ABUIACH pa3paboTKa HHCTPYMEHTapHUs
BHEJPEHHUS  COBPEMEHHBIX  METOJOB  OIEPAaTHBHOTO

YIpaBJICHUs] MPOM3BOACTBOM Ha OCHOBE MH(GOPMAIIMOHHBIX
TEXHOJIOT M.

Jns peanuzanuu MOCTaBICHHOW UEIM PpELIEH psija 3aaad:
TeopeTHIeckoe 00OCHOBAaHHE BHEIPEHHUS OPTaHU3AIIMOHHBIX
WHHOBAIlMi{ ¥  METOJOB  OIEPATUBHOIO  YHPABJICHHUS
MPOM3BOJICTBOM HAa OCHOBE WH(OPMAIIMOHHBIX TEXHOJIOTHH;
aHaIM3 TPEIMETHOM 00JacTH (JMTeHHOE MPOM3BOJCTBO) H
uccienoBaHue 00BbEKTa BHEIPEHHS HMH(POPMAIIMOHHBIX
TexHoNorui (4yryHomureinbiii mex OAO «Cubautmarn
[2);

JOKaNu3anusi OOBEKTa ¥ BBISBICHUE
po0JIeM 1 OrpaHNYEHHH B pEIICHUH 3a71a4;
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aHaJIn3 MCTOJOB U nyTei/i peuicHus IIOCTAaBJICHHOMN 3aJa4yu U
pa3pa60TKa CUCTCMBI OIEPATUBHO-TIPOU3BOJACTBEHHOI'O
TJIaHUPOBAHUA.

2. Preconditions and means for resolving the problem
[ IIpeonocwvinku u cpedcmea 01s peuienue npoodiemol

Kiaccnueckoe — ompenenieHMEe  CHCTEMBl  OIEPAaTHBHO-
IPOU3BOACTBEHHOTO  IUIAHMPOBAHMA MBI  HaXOIUM B
y4eOHUKe, aKTyaJbHOM Jusl IV TexXHOJIOrnueckoro ykniaja,
KOT'Jia I0J] HeI0 MOHMMAJIHCh METOMKA U TEXHHUKA IUIAHOBOH
paboTel,  ompernenseMble  CTENEHBIO  LEHTPAIU3AlUN
TUIAaHOBOM paboThl, BHIOOPOM IUIAHOBO-YYETHOH €IMHUIIBI,
muddepeHnnanyeil IIAHOBBIX MEPHOAOB, COCTaBOM U
TOYHOCTBIO KaJICHAApPHO-TUIAHOBBIX HOPMAaTHBOB, a TaKXe
COCTaBOM, MOPSAKOM O(OPMIICHUS W JIBHXKEHHUS IJIAHOBO-
y4eTHO# mokymenTanu [3].

CoBpeMeHHBIE CJIOBapH BKIIOYAIOT TEPMUH «OIEPATUBHOE
mwiaHupoBanue» (anrn. Operative planning) kak Tekyiuee
MPOU3BOACTBEHHO-(HMHAHCOBOE u UCTIOJTHUTEIILCKOES
IUIAHUPOBAaHUE,  OPUCHTHPOBAaHHOE HAa  JONOJHCHHE,
JeTau3aliio, BHECCHHE KOPPEKTHB B HAMCUYCHHEIC paHee
wianel U rpadukn padot [4]. KoHKpeTH3upys 3Ty cucTeMy
Ha YpOBHE OTIEJBHBIX IPOU3BOACTBEHHBIX CIUHHUL], €¢

Ha3bIBAlOT  CHCTEMOH  OIEPaTHBHO-TIPOU3BOACTBEHHOIO
TUTAHUPOBAHHUS.
I'naBHOM 3ana4yeit OIIEPATUBHO-IIPOU3BOICTBEHHOT O

TUTAHUPOBAHMSI SIBJIICTCS OPTaHU3AIMs CIaXKEHHOW paboThI
BCEX TMOJApA3NeNeHUld TNPEanpUiTUs s oOecredeHus
PaBHOMEPHOrO0, PUTMHUYHOIO BBIIyCKAa MPOAYKIHWHA B
YCTaHOBJICHHOM OOBEME ¥ HOMEHKIATYpE WpPH IOJHOM
HCIIOJIb30BAHUY IPOU3BOACTBEHHBIX PECYPCOB.

CoBpemeHHOE OIEPaTUBHO-TIPOU3BOACTBEHHOE
IUTAHUPOBaHUE UMEET CICAYIOMIHE OCOOCHHOCTH, KOTOPHIC



HCOOXOUMO  yYUTHIBATE B  XOJE
MHPOPMAITMOHHOTO 00ECTICUCHHUS:
O00BEKTOM IUIAHUPOBAHUS BBICTYNAET MPOU3BOJICTBEHHBIH
npolecc Kak COBOKYITHOCTh oOmeparuid, TpeOyromas ux
CTPOTroil yBS3KH B IIPOCTPAHCTBE U BO BPEMEHU;
[IJJAHOBBIMU [IOKa3aTeNIMA  SABJISIIOTCS
M3MEPHUTEIIMU (JIeTajie-OTepalnn);

pecypcHoe obecredeHre OnpeessieTCs IAaHOBEIM 00hEMOM
BBIITyCKa HAa OCHOBE CaJIbJI0BOY MOJICIIH;

JeTaju3alys Nepuoja ONCPATHBHOTO IUIAHUPOBaHUS (OT
MecsIa A0 OJHOTO 4Yaca B 3aBHCHUMOCTH OT M3MEHUYHUBOCTH
(bakTOpoB U TpeOyeMoil CKOPOCTH pPEarMpoOBaHUS HA 3TH

INOCTaHOBKHM  3aJa4

KOHKPETHBIC

W3MCHCHUA);

BO3JCiCTBE HA XOJ MPOU3BOJACTBEHHOTO  Mpollecca
OCYIIECTBIISICTCSL MyTEM JOBEICHUS IUIAHOB-TPA(UKOB X012
mpoiecca 110 JTMHEHHBIX pyKOBOAUTECH u

SIBIIIETCS  TUIAHOBO-IMCIIETYEpCKOoe  Oropo, (QyHKIHMoOHAT
KOTOPOTO JOCTATOYHO pPa3HOOOpa3eH (HaMu BBIABIEHO 16
¢ynknmif). B umcxomHOM BapmaHTe B IieXe B KadyecTBe
CaMOCTOSATENILHOTO  TOJpa3ieieHus  (yHKIHOHHPOBAIIO
Takke OlOpo Tpyaa M 3apabOTHOM IUIaTel, B 30HY
OTBETCTBEHHOCTH KOTOPOTO BXOAWJI Y4Y€T BBIIOJIHSIEMOM
paboTel M HauMcieHHe 3apabOTHOM IUIATHI OCHOBHBIM
MIPOU3BOICTBEHHBIM pabounm. Opraan3anroHHAs
TpaHchopmanust Ha MHKPOYpPOBHE Ii€Xa 3aKiiodanach B
OOBEANHEHNN JSKOHOMHYECKMX (DYHKOMH TITaHUPOBAHUS
MPOW3BOACTBA M  CTUMYNHpOBaHUS Tpyda (pacuéra
3apabOTHOM  IIaTBl  OCHOBHBIM  IIPOHM3BOJICTBEHHBIM
pabouum). Tlpu cokparieHud OOBEMOB MPOU3BOJICTBA
KaXI0e M3 NOApa3JielieHHH ObUIO IPEJCTaBICHO OJHUM
CIELHUAINCTOM, MO3TOMY OBUIO TPHHATO peuieHne o0 ux
o0BeIMHEHNH B TUIAHOBO-IUCIIETYEPCKYIO chyk0y. B ee

HETIOCPEACTBEHHOTO TIPUBEACHUS CHCTEMBI B PABHOBECHE B COCTaB  BKIIIOYCHBI  BCIYHIHH  HWHXCHEP-DKOHOMHCT U
COOTBETCTBHH C 33J[aHHBIMU TIapaMeTpamu [5]; CHCIIHATHCT o OpraHM3alx TPYIOBBIX u
TeCHas  B3aHUMOCBSI3b  TEXHUKO-TEXHOJIOTHUYECKOTO ¥  TPOHM3BOICTBEHHBIX MTPOIECCOB.
TPYAOBOTO IMPOIECCOB MPEAONPEeNIAeT YBA3KY IIAaHOBEIX 1 Ommpasice Ha  OTpabOTaHHBIE aBTOPAMH  allTOPUTMBI
(axTHIecKuX nokasaresen IIPOU3BOJICTBA C  TpOBeACHUS MOZOOHBIX UCCIICIOBAHUH, BRIIOJHEHHBIX paHee
NPOU3BOJUTENBFHOCTRIO  TpyAa W 3apaboTtHoM maroit  [6, 7, 8], B KkauecTBe OCHOBOIMOJIATAIOIIEH MPEIIOKEHO
OCHOBHOT'O TPOU3BOCTBEHHOTO TIEPCOHAA. HCTIOJB30BaTh METOJIOJOTHIO (HhYHKIIMOHATFHOTO
AHanm3upys nmpeaMeT u 00BEKT npunoxkenust  mopenupoBanusi  (CASE-texHonorun) [9]. Omnucanue
WHQOPMALMOHHBIX TEXHOJIOTHH, HAaMHU BBIABICH psIl  JICHCTBYIOIIETO JOKYyMEHTO000pOoTa B JTAaHHOM
6apbepoB, NPEMATCTBYIONIMX BHEIPEHHIO TEXHOJIOTHYECKUX  MOJpasZeieHuH npeacTasieHo B Hotanuu DFD (puc.1).
WMHHOBaIMi  (MTeiiHoe  mpom3BOACTBO).  OCHOBHBIM
HOApa3/ieiecHueM,  OTBETCTBEHHBIM 332  OIEpPaTHUBHO-
MIPOM3BOJICTBEHHOE  IUTAHUPOBAaHME HAa ypPOBHE  L€Xa,
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Puc. 1 — Mooenv DFD AS-IS pabouezo mecma cneyuarucma no opeanuzayuu mpyooswlx U NpOU3B00CHEEHHbIX NPOYeccos (COCMasneHo

asmopamu)

Ocoboe BHumanue Obuto yneneHo ABC-ananmzy (Activity
Based Costing), wiM CTOMMOCTHOMY aHAIU3y, C LEJbIO
ornpezeauTh obiyo croumocts npouecca OIIIl Ha ocHoBe
HaOmoMeHuss W (QUKcallud 3aTpaT pabodero BpEeMEHHU
CIICIIMAIIICTOB, CBA3aHHBIX C BHIIIOJHACMBIMHU OIICPALSIMU.

IIpu paccmorpenun Bceil coBokymHocTH DFD-mumarpamm
OBIIM BBISBIICHBI CICIYIOLIME HEJOCTaTKU CYIIECTBYIOIIETO

JIOKYMEHTO0000pOoTa: OOJBIIIMHCTBO
COCTaBIISIETCS

BPY4HYIO,

pacyeTsl

TMIPOU3BOIATCA

JOKYMEHTOB
Ha
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OOBIYHOM KaIIbKYJIATOpPE, HEKOTOpPBIE OTYEThl BEIYTCS B
TeTpaasx.

B Hacrosimee Bpemst Ha HpeANPHITHH OOXOISTCS HMPOCTHIM
criocoboM nepenaun nHGopmanuu. [Ipn 3ToM HEOOXOIUMEI
KOJIOCCAJIbHBIE 3aTpaThl BPEMEHH VISl TIOMCKa HEOOXOIUMOM
uHpopManuy, 1 GOPMHUPOBAHHUS OTIETHOCTH PYyKOBOJICTBY
nexa u 3aMHTEPECOBAHHBIM MOIpa3IeeHUsIM
3aBOJIOYNpaBicHUs. Bo3HMKaeT mocrosHHas mpobiema —
NOTEPS BaXKHBIX JTOKYMEHTOB.



Pesynpratel mpoBeaenHoro ABC-ananusza mnokasanu, 4YTO
4acTh BPEMEHH CIICIHAINCTAa MO OPTaHU3alM{ TPYIOBBIX H
MIPOM3BOJICTBEHHBIX MPOIIECCOB YXOMUT Ha JyOJIHpOBaHWE
JIEUCTBUI WHXKEHEPA-PKOHOMHUCTA W TOCTOPOHHIOIO, HE
OTHOCAUIYIOCS K IaHHOMY pabodeMy MecTy paboTy; Taxxke
JIOCTAaTOYHO OOJBIIOE KOJWYECTBO BPEMEHH TPATHTCS Ha
3al0JHEHHE TEKyIled M €XEAHEBHOM JTOKYMEHTALWH,
MOJIrOTOBKY OTYECTOB U MPOBEACHUEC HEOOXOIMMBIX PACcUeTOB
BpyuHyto. Kak pe3yibTaT, cBepx HOpMaTUBHBIX 166,25 uaca
B MeECAll B CpeJHEM MO TOAy MepepabdoTka MO BpPEMEHU
cocTaBysieT 19 yacoB B MecsIl.

CyHJ,eCTBeHH])IM q)aKTOM SABJIACTCA TO, 4TO CHCHUATIUCT ITIO
OpTaHU3aIlMH TPYIOBBIX W IPOWU3BOACTBEHHBIX IIPOLECCOB
BBIIIOJIHSIET HE TOJBKO CBOM, HO M HECBOWCTBEHHBIE
(yHKINMH, HE OTHOCSIINECS K TaHHOMY MOJIpa3JelICHUIO U K
JaHHOMY pabodemy MecTy. Takke dYacTh (DYHKIHA
BEITNIOJTHSACTCSI MM COBMECTHO C BEIYIINM HH)XCHEPOM-
SKOHOMHUCTOM. B TaKOM cirydae HEOOXOUMO
nepepacnpe/ieiecHie BBITIONHSAEMBIX Ha JaHHOM paboueM
MecTte QyHKIUIA.

B  pabGore  mpoaHanM3UpOBaH  PSAA PEIEBAHTHBIX
MPOrpaMMHBIX IPOAYKTOB, pEAIM3yEMBIX Ha pPBIHKE, a
HUMCHHO:

CHCTeMa KaJICHIAPHOTO IUIAHUPOBAHUS M JMCIETYEPCKOTO
koHTpoust Zenith SPPS;

3. Solution of the examined problem / Pewenue
paccmampueaemon npoonemol

B kadecTBe peuIeHUs] BBISIBICHHBIX MpobjeM B 001acTu
ONEpaTHBHOTO  YNPABJCHUS NPOU3BOJICTBOM B  YacTH
TUTaHupoBaHus B cpeae MS Access pa3paboTaH MpPOTOTHIT
MporpaMMHOTO  obecrieueHnss 10  (HOPMHPOBAHHWIO U
pacrhpesieNieHHI0 CMEHHBIX 3a/laHMi [0 ydYacTKaM Iiexa u

ABTOMATH3MPOBAHHAS CHCTEMa OIEPATHBHO-KAJICHIAPHOTO
IUIAHUPOBaHMS U AucneTdepusanuu npoussoacrsa CIIPYT-

OKII (¢pyHKUIMOHAIFHO — TNPOrpaMMHBI KOMIUIEKC JUIs
CO3JaHMsl M BHEJPEHUS  CHCTEMBl  aBTOMAaTH3AaLUU
YIIPaBJICHUS! IPEATIPUITHEM);

WHTETPUPOBaHHAs CHCTEMa OIEPAaTUBHOTO  YIIPABICHUS
npousBoacteom (anrn. MES — Manufacturing Execution
Systems) «®OBOCy;

MES-cucrema juis mamrHocTpoenus PolyPlan;

IRIUS MES - mnardopma, npenHasHadeHHAs 1T CO3MaHMS
ABTOMATH3MPOBAHHBIX CHCTEM YIPABJICHUS HPOM3BOJICTBOM
Ha MIPOMBIIIUIEHHBIX MPEAIPUATHIX Pa3IHIHBIX OTpaciei;
cucTeMa ympaBiieHHs mnpousBogcteom Omega Production
(xommanust Omega Software);

«1C: VYnpaBneHnue Npou3BOACTBEHHBIM NpeanpusarueM 8.0»,
MO3HUIIHOHUPYEMOE  Kak KOMIUIEKCHOE  TPHKJIaTHOE
pellieHre, OXBaThIBAIOIEE OCHOBHBIE KOHTYPBI YIpaBIICHUS
1 y4eTa Ha NPOU3BOJICTBEHHOM IPEANPUSTHH.

BrIsBIIEHBI MX OCOOCHHOCTH U YCIIOBHS pealn3aIiii.

BuInofHEeHHBIH  aHaaW3 MO3BOJHI  00OCHOBATh BLI60p
COOCTBEHHOT'O noaxoga K OpraHn3aliuOHHOMY
COBCPUICHCTBOBAHUIO mponecca OIICPATUBHO-

TIPOU3BOACTBCHHOI'O INTAHUPOBAHUA.

MOATOTOBKE OTYETHOCTH IO BBIIIOJIHEHHBIM B LieXe paboTam
Ha KOHEIl CMeHBI M Ha KOHell Mecsla.

Jnst peanuzanuu MpoTOTHIIA IPOTPAMMHOTO 00ECIICUCHHUS B
pabotre TakkKe COCTaBICHH WH(GOPMAIMOHHAS MOJENb
cucTeMbl M crenupukanus WHGOPMAIMOHHBIX MOTOKOB,
CTPYKTYpa olucaHus Tabnui BHyTpeHHeld HH)OPMALMOHHOM
6a3pl, cxema 6a3sl JaHHBIX  pa3padaTbiBaeMoii
MH(OPMALIMOHHOI CUCTEMBI, @ TAK)KE CXEMbI Pa00YNX MECT.
@DparMeHT NpeCTaBIIeH Ha puc.2.
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[Ipu ucnosb30BaHUK JAHHOTO MPOrPAMMHOTO 00eCHCUCHHS
JIOCTUTAeTCI  CHIDKCHHWE  TPYHOEMKOCTH  00paboTKm
uH(OpMALIUK U MOBBIIICHHE KAYeCTBA PACUYETOB.

4. Results and discussion / Pezynsmamut u ouckyccuu

PazpaboTtanHas cucTeMa MO3BOJIUT 3HAYUTEIHEHO COKPATHTh
TPYJIOBBIE M BPEMEHHbIE 3aTpaTbl Ha IOATOTOBKY M pacyeT
HEOOXOANMBIX TOKa3aTeNnei o OTIYETHOCTH.

[MomuMo m3MeHEeHUH B (QYHKIHOHUPOBAHUHM PabOYMX MECT
IUIAaHOBO-IUCTIETYEPCKON CIY)KOBIB B CIIydae YBEIWYCHHS
00BEMOB TIPOM3BOACTBA (MPH 3arpy3ke MPOU3BOJICTBEHHBIX
MoIHOCcTe Oomee yem Ha 50%) MpeUIOKEHO BBIACIHUTH
oTAeNbHOE paboyee MECTO ClienualicTa Mo IIaHUPOBAaHUIO,
KOTOpBIi  OymeT Ha  aBTOMATH3MPOBAaHHOM  YpOBHE
COCTaBJIATh IUIAH PaboOT Ha dYac, JAEHb, MeECAl, a TaKKe
3aHUMAaThCS HOPMHMPOBAHUEM Tpyna  pabouux u
COCTaBJICHHEM (CBOEBPEMEHHBIM OOHOBJICHMEM) HOPM U
PacLeHOK Ha CJlIeJIbHbIE PA0OTHI.

5. Conclusion / 3aknrouenue

OTrMeTHM,  YTO  OpraHU3alMOHHAas  TpaHchOopMarlws,
periaMcHTals U CUHXPOHU3AlUA pa60T IO IJIaHUPOBAHUTIO
U CTUMYJIHMPOBAHUIO TPpyJda OCHOBHOTO MPOU3BOACTBEHHOI'O
NnepcoHaja YCKOpWUIMW aAalnTallii0 U K TCEXHOJOTMYCCKUM
WHHOBallUAM, o qycMm CBUACTCIILCTBOBAJIU PE3YIAbTATBL
Oorpoca: HHACKC COINPOTHUBJICHUA IICPCOHATIA 3HAYUTCIBHO
COKpaTHiCH.
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BJIMSTHUE BHEIIHEM CPEJIbI HA PABOTOCIIOCOBHOCTH 3AIIOMMHAIOIINX
YCTPOUCTB B YCJIOBUAX KPUTUYECKOI'O IPUMEHEHMUS

Annpuenko B.A.
Uepkacckuii rocyJapCTBEHHBIN TEXHOIOTUYECKHH YHUBEPCUTET

Annomayun: B cmamve uccnedosanvl paxmopsl u Yciosus, srusiowue Ha 6e30mKasHylo pabomy s1emMeHmos namamu 6 CUCmemax Kpumu-
4ecko20 npumeneHus. Ycmanoeueno, ymo naubonvuiee GuusHUe HA MOYHOCHb 3anomunaowux yempoticms (3Y) umeiom caedylowue pax-
mopbl 8HewHell cpedbl. meMnepamypa, subpayull u 1ekmpocmamuyeckoe none. A6mopom npeoiodicer cnocob UCHbIMAHUSL ¢ HOMOULIO
KOMOPO20 803MOICHO UCCLE006AHUE COBMECHIHO20 BNUAHUSA HE2AMUSHBIX (QAKMOPOE HA dNIeMEHmMbl NAMAMY. Ycmanoeneno, umo Haubonee
cywecmeentoe GrusAHUe Ha pabomocnocOOHOCIb UMeen UMEHHO KOMNAEKCHOe GIUAHUE GblienepedlCleHHbIX QaKmopos, a KCIyamayus
3V 6 onmumanvhbix pesxcumax paspewaem yeenuuums 6epoAmHocmy 6e3omrasHoi pabomul. Kpome mozo, ycmanosieno, umo cospemenuule
onemenmol namsmu muna DDR4 umerom bonvuiyio nomexoycmoiuugocms no cpasnenuio ¢ yemapesuwumu (DDR2).

KJIFOYEBBIE C/IOBA: 3ATIOMHUHAIOLEE YCTPOHCTBO, IIOMEXOYCTOHYHUBOCTH, BJIUAHUE TEMIIEPATYPbI, DJIEK-
TPOCTATHYECKOI'O ITOJIA, BUBPALJUH

1. Beeoenue

HaHOdJIeKTpOHHKa — OTHOCHTENIBHO HOBas OTpacib HayKH,
3aHMMaromascs pa3paboTKOil (HU3UYECKHX ¥ TEXHOJOIMYECKUX
OCHOB CO3[aHHSl HHTEIPAIBHBIX 3JIEKTPOHHBIX CXEM C XapaKTepHbI-
MH TOMOJIOTUYECKHUMH pa3MepaMu 3JIEMEHTOB MEHee
100 nanoMeTpoB. C TOSBICHHEM COBPEMEHHBIX CYOMHKPOHHBIX
TEXHOJIOTUH, KOTOphIe 00ECTIeYnBAIOT BHICOKUI ypOBEHb MHTETpa-
IIWH, BO3PACTAaeT MPOM3BOACTBO Pa3HOOOPA3HBIX CPEACTB KOMIIBIO-
TEPHOM TEXHUKH. BOJBIIMHCTBO TaKMX CPENCTB OCHOBAHBI Ha yHH-
BEpCAJbHBIX KOMIIOHEHTAX, KOTOPBIE COACPXKAT pPa3HbIC BHABI 3a-
MOMUHAIOLUIUX YCTPOICTB, 8 IPH HX H3TOTOBJICHUH HCIIOJIb3yCTCS
TEXHOJIOTHSI «yCTPOMCTBO Ha OJHOM Kpucrawiey (System-on-Chip,
SOC). D10 MO3BONSIET 3HAUUTENBHO YBEIMYHUTH OBICTpOACicTBHE
paboTOCIIOCOOHOCTD, 8 TAKKE YMCHBIIHUTH ra0apHUThl TAKUX CUCTEM,
YeM YIAyULIACTCS UX ONEPATHBHOCTD M CHIDKAETCS SHEPro3aTparhl.

OxHAaKo, MCIOTB30BaHUE CPEICTB KOMITBIOTEPHON TEXHUKH B
crCTeMax KPUTHIECKOTO MPUMEHEHHs (CHCTeM YIpaBIIeHHs CTpaTe-
THYECKUMH  JHEPTeTHISCKIMH OOBEKTaMM, a’pPOKOCMHIECCKUMH
00BbeKTaMH, CHCTEMaMH JKH3HEOOeCeueHne U T.J1.), KOTOpbIe Tpe-
OyIOT BBICOKOH HAJEKHOCTH, TOYHOCTH BBIYHCICHUH, CKOPOCTH
00paboTki ¥ oOMeHa HH(pOpPMAIUEH, MPUBOIUT K 3HAYUTCIHLHOMY
YMEHBIICHHIO BPEMEHH Ha MPOBEJCHHE pacueTHHIX omeparmii. Kak
pe3ynbTar, 3TO BEAET K IOBBILICHHIO MHTEHCHBHOCTH OTKA30B U
MOSIBIICHHIO COOEB, YTO BBI3BIBACT 3aIEPKKYy B PabOTe M MOXKET
MPUBECTH K HCKOKEHUIO pPe3yabTaToB. OCOOEHHO KPHTHYESCKHUM
SIBIICHHEM CYMTAETCS OTKA3 3alIOMUHAOIINX YCTPOUCTB.

B toxe Bpems m3BecTHO [1], uTo HauGosbliee BIUSHHE HA
paboTOCIIOCOOHOCTD 3aIIOMHHAIOIIMX YCTPONUCTB OKA3bIBAIOT YCIIO-
BHS OKPYXKAIOIICH Cpeibl, @ MMEHHO: BIXHOCTb, BHOpAILMH |
ANIEKTPOCTATHYECKHE TIOJIsI, & YMECHBUICHHE BO3JICHCTBHS THX (aK-
TOPOB BEHET K YBEJIMYCHHIO CPOKA HAIEKHON OKCILTyaTaIuu
ycrpoiictBa. OfHAKO DIEMEHTHI MaMATH KPHUTHIECKOTO MPHUMEHE-
HUS TPeOYIOT BBICOKOM HANEKHOCTH PabOTHI MMEHHO B JKECTKHX
YCIIOBHSX OKpYyskaromei cpenpl [2]. Tloaromy 1enbio paboTsl SBIIs-
eTCst M3ydeHUe BIHUSHUS (aKTOPOB OKpYXKarolieil cpesisl (Temmnepa-
TYpbl, BIQXHOCTH, BHOpaHMil M DIEKTPOCTATHYSCKHX IMOJeH) Ha
PaboTOCIIOCOGHOCTh MAMSITH U MPEIOCTABICHHE PEKOMEHAALMIT 110
HCTIOIB30BAHHUIO AMSTH B KDUTUUECKUX YCIOBHUSX.

Puc. 1. Brewnuii 6uo ouacnocmuueckoeo cmenoa: 1 — pyuku pezy-
UPOBAHUSL NAPAMEmpPO8,; 2 — UHOUKAMOP COCMOANUS pabomol
cmenoa; 3 — KHONKA GKIIOYeHUs-bIKTIOUeHUs, 4 — Keapyegvie 1am-
not KI-1000; 5 — npyorcunvr 6ubponodseca; 6 — pazvemvr 015 noo-
kmouenust ITIK u anexmpocemu; 7 — snekmpoosueamens, 8 — pazo-
emvl 015 ycmarognenua 3Y; 9 — menzooamuux; 10 — mepmonapoi;
11 — xopompon-pazpsaonux; 12 — oamuux HANPANCEHHOCU DJleK-
mpocmamu4eckozo noJis.

Paboune peKMMBI THarHOCTHYECKOTO CTEHJA, IMPH KOTOPBIX
ucnsIThiBaNMCH 3Y crenyrouue: temneparypa: +20...+70 °C; no-
BEpXHOCTHAs IUIOTHOCTH 3JIeKTpocrarmdeckoro 3apsma: 0,1...
2,2 MrKi/Mxm?; BuOparmonueie Koiedanus: 0...0,45 mm/c.

CyTb 5KCIEpUMEHTa 3aKiII04agach B CIEAYIOIIEM. 3alloMH-
HaloIlee YCTPOWCTBO YCTAHABIMBAIOCH B CIICIMANIBHBIC PAa3beMBbl, U
MO/BEPraioch TEIIOBOMY, BUOPAIIMOHHOMY H 3JIEKTPOCTATHYECKO-
My BozzaeicTBHIO. [Ipn 5TOM AMarHOCTHYECKUH CTEH]| MOAKIIOYa-
cs k 1K, a 0TKa30yCcTOHYHNBOCTh 3JIEMEHTOB IMaMSTH MPOBEPSUIACH
HabOpOM CHEIHUAIBHBIX KOMITBIOTEPHBIX TECTOB B PEATLHOM Bpe-
men# [3].

3. Obcyrycoenue pe3yibmanmos ucciedo6anuii

2. Iopadok npogedenus sKcnepumenma B pesynbrarte sKCHEpUMEHTOB OBUIH ITOJYy4YEHBI 3aBHCHMOCTH
HaJISKHOCTH (BEPOSTHOCTH BO3SHHUKHOBEHHsI COOEB), TIOMEXOYCTOM-

YHBOCTH OT COBMECTHOTO BIIMSHHS TEMIIEPATypHl, BIAKHOCTH, aM-
IUIUTYI5I BUOPAIIMOHHBIX KOJIeOaHUH W MOBEPXHOCTHOH INIOTHOCTH
IJIEKTPOCTATHYECKOTO 3apsa/a. Pe3ynbTaTel HcciaenoBaHUN Ha IIpU-
mepe snementoB mamsith SDRAM DDR2 u DDR4 npencraBneHst
Ha pHuc. 2.

B kagectBe nccnenyeMoro odpasia HCIOJIb30BAINCH TUIAHKH
namsitt SDRAM DDR2 u DDR4 S, xotopsle ycTaHaBIHBaIUCh B
CIIEIMAIIBHO pa3padOTaHHOE aBTOPOM AMArHOCTHYECKOe 000pymo-
BaHue (puc. 1), rae 00pa3Ib! HCIBITHBAINCH B ITUPOKOM JHAIIa30He
TeMIeparyp, BUOpaLi H JIEKTPOCTATHYECKUX MOJIEH.
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Puc. 2. Dxcnepumenmanvhvie 3a8UCUMOCMU  GIUSHUSL GHEUUHUX
gaxkmopos Ha eeposmuocmv b6e3omraznou pabomvl 3V pazuvix
Munos namsamu

OKcnepuMeHTalbHbIE HCCIIEOBAHUS MTO3BOIMIN YCTAHOBUTb,
4yTO Hanbobllee BInsHUEe Ha Oe30Tka3Hyo padoty 3V tuma DDR2
n DDR4 nmeer mMeHHO KOMOMHHPOBAaHHOE JEHCTBUE TEMIIEPaTy-
PBI, BIQXHOCTH, BHOpamMii M SJIEKTPOCTaTHYecKoro mousi. Tak,
MOHIDKEHHAsT TeMIepaTypa NpH HHU3KOH BIaxHOCTH (puc.2.al, a2)
MIPUBOANT K YMEHBIICHUIO IIOMEXOYCTOHYMBOCTH JIEMEHTOB ITaMsi-
TH. DTO MOXET ObITh CBA3aHO C YMEHBIICHHEM DJIEKTPOJHHAMHYC-
CKHX CBOICTB KaK MPOBOJHUKOB, TaK U MOTYNPOBOAHUKOBBIX KPH-
CTaJUIOB C OJHOBPEMEHHBIM HAKOIUIEHHEM 3JIEKTPOCTaTHYECKOTO
3aps/a Ha HOBEPXHOCTH ITHX 3JIEMEHTOB, YTO HETaTUBHO BIMSET HA
Ka4ecTBO COXpaHEeHUs MHpOpManuu B vieMeHTax namsatu. C npy-
roii cropoHsl (puc.2.Bl, B2), Temieparypa, KOTOpas IMpPEBbIIACT
ONITHMaJbHBIE 3HAUCHUS, C OJHOBPEMEHHBIM BIIMSHHEM BHOpaIy-
OHHBIX KoJlcOaHMi ¢ amrumuTynoi 6osee 0,27 MKM/C TPUBOIMT K
YMEHBIIEHHUIO BEPOSITHOCTU Ge30Tka3HO#M pabotsr 3Y Ha 3-8%. Ilo
MHEHHIO aBTOpa, Tako€ KOMOWHHPOBAHHOE BIHSHHE BBI3BIBACT
YBENMUCHHE MHKpPO- M HaHOAe(eKToB B Kpucramie 3Y, dYeMm
YMEHBIIIAET €ro CIIOCOOHOCTh HAKAIIMBATh M COXPAHATh HHPOPMa-
o (puc. 3) [4].
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Puc. 3. ACM-uzobpasicenue monozpammuvl y4acmKka no8epxHOCmu
9/leMeHma NAMAMYU ¢ OMCIOUGUENICS WUHOU OGHHBIX 6CNe0Cmeue
COBMECIMHO20 MEPMULECKO20 U SUOPAYUOHHO20 OeliCmBUs CO CHo-
DOHbL 8HEeuiHell cpeobl

B Toxe Bpems, Kak MOXHO YCTaHOBUTh M3 3aBHCHMOCTH,
npuBeneHHON Ha puc.2.61, 62, Ha HajexHy0 padoty 3Y Oomnbiice
BIIMSTHUE OKA3bIBAa€T BBICOKAs MIOTHOCTh IMOBEPXHOCTHOTO pacmpe-
JETIeHHs SJIEKTPOCTATHYECKOTO 3apsiia, 4YeM BUOpaIuu, AeHCTBYIO-
mye Ha 3neMeHT namati. [Ipu atom (puc.2.rl, r2) B oNTUMAIBLHOM
nmuana3one Temmeparyp 20-25 °C HaOmoaaeTcss yMEHBIIICHHE TUIOT-
HOCTH paclpeseneHus 3apsija, 4eM Ha 2-6 % MOBBIIIACTCS HaJaeK-
HOCTB paboTs! 3Y.

TIpoBens cpaBHeHHMe Mexay snemeHTamMu namsatd DDR2 u
DDR4, ycTaHOBIIEHO, YTO BIMSHHE BBIIICTICPEUYHCICHHBIX BHELTHUX
(hakTOpoB OOIbIIEe CKa3bIBACTCS HA JJIEMEHTaX HaMATH IIEPBOTO
tuna (DDR2), uro cBs3aHo ¢ OoMplIell TEXHOIOTMYHOCTHIO U IO-
MEXOYCTOMYHUBOCTBIO BJIEMEHTOB mamsTH Broporo tura (DDR4).
OTO JNMIIHUKA pa3 momuepkuBaeT (HakT HEOOXOJUMOCTH NPHMEHe-
HHS B CHCTEMaxX KPUTHYECKOTO NMPUMEHEHHS HMEHHO COBPEMEHHBIX
9JIEMEHTOB TIaMsITH.

4, 3axnwouenue

B xo/1e NpoBeEHHBIX UCCICA0BAHUH ObLIIO U3y4EHO BIMSHUEC
(akTOpOB OKpYXKaIOLIEH cpelbl (TeMIepaTyphl, BIaKHOCTH, BUOpa-
LU M JJIEKTPOCTaTHYECKHX II0JIei) Ha pabOTOCMOCOOHOCTh diie-
MEHTOB TaMsTH, KOTopass paboTaeT B KPUTUYECKHUX YCIOBHAX, U
TOKa3aHO:

1. HawnGonbmee BnusHHE HA paboTocrocoOHOCTH 3Y HMeeT
KOMOMHAIUS TaKUX BHEIIHHX (DaKTOPOB, KaK: TEMIIepaTypa, BIIaxk-
HOCTh, BHOpAlMM M 3JIEKTPOCTATUUECKUE IOJs, OJHAKO MOAOOp
ONTHMAJIBHBIX YCJIOBHH ITO3BOJISIET MOBBICHTH BEPOSITHOCTH 0€30T-
Ka3HO# paboTsl 3Y.

2. Tloxa3aHO, YTO COBPEMEHHBIC HJICMEHTHI IAMATH, HANpPH-
mep, Tuna DDR4 mmeroT mpemmyiiecTBa MO CPaBHEHHUIO C YyCTa-
pesmmmu (DDR2), a taroke Oombiryto paboTOCIOCOOHOCTH U TO-
MEXO0YCTOHYHMBOCTD, YEM IOBBIIAIOT BPEeMs HAJIEKHOI JKCILTyara-
LY CHCTEM KPUTUYECKOro IIpuMeHeHus B 1,5-2 pasa.

5. Cnucox numepamyput

1. Texuuueckas mexanuka mukpocxeMm / B.H. Tumodees // M.:
BMHOM. Jlabopatopwust 3Hanwmii, 2011. — 176 c.

T'OCT P 52567-2007 ABTOMOOWMIM CKOPOH MEIUIIMHCKOW IT0-
Moy, TexHrdeckne TpeOOBaHHUs X METO/IbI HCIIBITAHHUH.
PernaMeHTHPOBaHUE MPOBEICHHUS MHOTOBEPCHOHHOTO JMArHO-
CTHUPOBAHHMS 3a[IOMUHAIOIINX YCTPOICTB C Y4ETOM IMOIyHEePHO-
noB nerpagauun / B.A. Auapuenxo, B.I'. Ps6ues, T.10. YTkuna
// PagioenexktporHi i komm’totepHi cuctemu. — 2008. — Ne7. — C.
135-140.

TlepcrieKTUBY BUKOPHCTAHHS METOJY aTOMHO-CHJIOBOI MiKpO-
CKOTIii IPM KOMIUIEKCHOMY KOHTPOJI €J1E€MEHTIB NpHIaiiB TOY-
Horo npwiano6yaysanss / B.C. Aurontok, 10.}O. Bonnapenxo,
M.O. bounapenko, C.O. binokins, B.O. Aunpienko // Ilep-
CIIEKTHBHI TeXHOJIOTI] Ta npmiaay. 30ipHAK HAYKOBHX Ipallb. —
2014. - Bum. 5. - C. 5-9.



VIRTUAL FULL FACTORIAL EXPERIMENT IN THE SIMULATION OF A
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Abstract: With the use of computer modeling in the environment of the DEFORM-3D software, a virtual full factorial experiment has been
conducted for the processing of commercially pure titanium by equal-channel angular pressing (ECAP) via the Conform scheme. In the
course of the modeling, the effect of independent parameters (the rotation velocity of the working wheel, the friction factor on the lateral
surfaces of the working wheel and the friction factor between the billet and the die) has been evaluated. As a result of the experiment, a
regression equation has been obtained and the most important individual factors and their mutual combinations that influence the response

parameter (strain intensity) have been identified.

KEYWORDS: COMPUTER MODELING, COMMERCIALLY PURE TITANIUM, VIRTUAL FULL FACTORIAL EXPERIMENT,

FRICTION FACTOR, STRAIN INTENSITY.

1. Introduction

Currently, there is interest in research aimed at enhancement of the
strength of metals by microstructure refinement to a
submicrocrystalline (SMC) size using severe plastic deformation
(SPD) processing [1]. One of the SPD processing techniques is
equal-channel angular pressing (ECAP) [2, 3] and its advanced
modification - ECAP-Conform [4], which was developed to
produce long-length billets with a bulk SMC structure and enables
creating preconditions for practical implementation of SPD
processing. Fig. 1 illustrates the principle of the ECAP-Conform
process.

Fig. 1. Principle of an SPD technique - equal-channel angular
pressing - Conform (ECAP-Conform): 1 — stationary die; 2 - billet;
3 — working wheel - punch

This process, based on structure refinement by SPD processing
and implemented on an ECAP-Conform setup, is an effective way
to increase the strength of metals and alloys. However, to produce
long-length semi-products using this process, it is necessary to
solve the problem caused by a revealed contradiction. This
contradiction lies in the fact that to feed the billet in the
deformation zone, it is necessary to use active friction force on the
lateral surfaces of the working wheel, i.e. to have the maximum
friction coefficient (f,). At the same time, to implement directly the
deformation process and produce high-quality semi-products with a
defect-free surface, it is required to ensure the lowest value of the
friction coefficient (f,) in the deformation zone.

The use of fragmentary application of a lubricant only on those
surfaces where it is necessary to have a low friction coefficient
leads to lower productivity and mechanization of SPD processing.
The processing, which is already not cheap, becomes even more
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expensive. Thus, to improve the efficiency of SPD processing by
the ECAP-Conform technique is necessary to find a compromise
solution, which would enable the use of one option of preparation of
the billet surface prior to deformation processing, able to ensure the
feeding of the billet in the deformation zone and fabrication of
semi-products of the required quality in the deformation process.

In scientific and practical activities, in particular, in the
analysis of tribological systems, of significant importance are
numerical methods for the study of complex processes, including
computer modeling using the latest software products [5, 6]. The
efficiency of the methods applied for modeling and solving of
engineering problems grows significantly, if at the stage preceding
the design of the actual manufacturing process, conditions are
created to assess the influence of the most important independent
parameters.

The application of mathematical methods is one of the most
rational approaches to solving problems related to assessing the
effectiveness of non-standard metal forming processes. In this
regard, it seems reasonable to conduct numerical simulation using
the planning of a virtual full factorial experiment (FFE) [7].

The advantage of FFE is the ability to describe the process in
full compliance with the algorithm of physical experiment, taking
into account the established assumptions. FFE is the most easily
implementable method among the numerous methods of physical
experiment. The aim of conducting the FFE is to obtain a linear
mathematical model of the process, which will allow defining the
future strategy for conducting a real experiment.

Thus, the purpose of modeling is to perform a virtual SPD
processing by ECAP-Conform with the use of FFE, and to identify
the rational processing velocity in combination with a universal
preparation of the billet surface in the conditions of fabrication of
long-length SMC semi-products.

2. Research procedure

In order to obtain more complete information about the studied
dependencies, the authors used FFE when performing modeling.
Experiment planning is a procedure of selecting the number and
conditions of the experiments, which are necessary and sufficient to
obtain a mathematical model of the process [8]. It is important to
consider the following: a tendency to minimize the number of
experiments; simultaneous variation of all variables that determine



the process; the choice of a clear strategy that allows making
grounded decisions after each series of experiments. Prior to
planning a full-scale experiment, it is necessary to gather additional
information about the object under study, employing the skills and
knowledge obtained in previous studies, or described in literature
[9].

The planning of the experiment was conducted on the basis of
the modeling of the processing of long-length semi-products from
commercially pure titanium, using the ECAP-Conform technique.
The principle of the device for ECAP-Conform is presented in Fig.
1.

The object of study is commercially pure titanium VT1-0, the
rheological properties of which were entered when developing the
numerical model [10].

For the purposes of numerical simulation, the standard
application software package (ASP) DEFORM-3D was applied.

To perform the simulation and factorial experiment with the
DEFORM-3D  software, three-dimensional models  were
preliminarily created with the Kompas-3D software.

Assumptions

1) The material of the billet in the initial state is isotropic and
has no initial stresses and strains;

2) The temperature of deformation is assumed to be 200°C;

3) The angle of the channels intersection is 120°;

4) The tool is absolutely rigid, and the geometry of the tool is
taken into account automatically;

5) The initial billet material is assumed ductile;

6) The selected number of modeling steps is 100, taking into
account a full passage of the billet through the die and obtaining a
stable result;

7) The billet is divided into 43553 trapezoidal elements.

We believe that at the stage of preparation of the modeling
task, the most significant factors influencing the fabrication of
defect-free semi-products in the conditions of severe deformation at
a temperature of 200° C are factors of friction (contact parameters)
of the billet with different parts of the tool and the deformation
velocity, conditioned by the rotation velocity of the working wheel.
In this connection, it was decided to perform a virtual FFE using a
two-level model with three unknown variable factors, followed by
the formalization of the results in the form of a regression equation
and the optimization of the selected factors.

Thus, as independent variables in the process of drawing with
shear, characterizing the running of the process and its effectiveness
from the point of view of the deformation force, we chose the
friction factor from the upper and lower surfaces of the working
wheel, which determines the efficiency of feeding of the billet in
the deformation zone, f; (Xy), the friction factor from the forming
tool parts, f, (X,), the deformation velocity (the rotation velocity of
the working wheel) V (X3). The deformation force P (Y) was
determined as the response parameter (dependent parameter).

The factors were varied at two levels. The variation intervals
of the variable factors and their real-scale values are shown in table
1.

Table 1. Factor levels

Factors X1 | X2 [ X3 (V, m/min.)
Basic level (X;) 0.50|0.50 20
\Variability interval (AX;) 0.25(0.25 10
Upper level (x;=1) 111 30
Lower level (x; =-1) 0|0 10

The number of experiments N was determined from the
number of factors k in accordance with the formula:
N=2"=2°

8 (1)

It is required to determine such values of fy, f,, V, at which the
lowest deformation force P is ensured.

3. Experimental results and discussion

The mathematical model after the implementation of the full
factorial experiments takes the following form:

y=bo+b1X;+0oXo+ ... +D1oX1Xo+D13X1 X3+

+D23XX3. .. +D123X1XXs, 2

where bj is the regression coefficient.

For calculating the coefficients of this model, the extended
matrix of experiment planning and results has been used (table 2).

Table 2. Extended matrix of plan 2% and results of experiments

Experi %
ment | xg | X1 | X2 | X3 |X1X2 |X1X3 | XoX3 | X1XoX3
(kN)
No.
1 + + |+ | + + + + + 13.3
2 + -+ |+ - - + - 16.5
3 + |+ - |+ - + - - 10.7
4 + | - -+ ]+ - - + 12.7
5 + |+ [+ ] - + - - - 23.2
6 + -+ - - + - + 19.8
7 + | + - - - - + + 135
8 + - |- + + + - 129
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Fig. 2 illustrates the solution of the problem of numerical
simulation of the ECAP-Conform process, as a result of which the
minimum deformation force has been obtained.

Step 52

Strain - Effective (mmimm)
0 3.00 I
o 263

0.0
30 m/min

L
-
2325
P paage =107 kv 188
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0.750
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Fig. 2. The result of the simulation of the ECAP-Conform process:
distribution fields of accumulated strain. Deformation force Payerage
=10.7 kN

The regression coefficients were calculated using the formula:

N
D XY,
b ==L

i ’ (3)
N

wherei=0,1,2, ..., 8.

On the basis of the calculations, the following general form of
a linear regression equation has been obtained:

y=15.33X; — 0.15X;+2.88X,—2.03X5+0.20X;X,~1.15X, X5 —
1.28X,X3 — 0.50X.X5Xz )

Equation (4) shows that the most significant influence on the
deformation force is exerted by the friction factor in the sliding
contact between the billet and the tool f, (X,) and the deformation
velocity V (X3). Moreover, it can be seen from the coefficients of
the regression equation that the deformation force will decrease
with an increase of both factors. A much smaller influence on the
deformation force is exerted by the active friction factor f; (X,) from
the upper and lower surfaces of the working wheel which feeds the
billet in the deformation zone. While the greatest and unidirectional
influence is extered by the factors X, and Xs, it becomes possible to




select the option of universal preparation of the billet surface. It
should be noted that double and triple mutual interactions have
ambiguous interpretations, and therefore complex interactions
should be analyzed separately and with reference to the specific
operating conditions of a multicomponent system.

A priori, it can be stated that in the considered conditions the
minimum value of the deformation force can be obtained at the
optimal combination of the independent parameters adopted in this
study.

It is of practical interest to solve the optimization problem
dealing with defining the actual values of the independent
parameters considered in the virtual experiment of numerical
simulation and providing the minimum value of the deformation
force when implementing ECAP-Conform. This task is solved by
the "steepest ascent" method [6].

Steps in the variation of the factors were calculated in the real
scale. For this purpose, we first identified the product of the
coefficients with the corresponding intervals of factor variation, i.e.

bi4X;, then in proportion to these products steps were assigned.
Using the values of b;4X;, the steps in the variation of the factors
were determined as follows. From the technological considerations,
the step in the variation of the factor of friction from the upper and
lower surfaces of the working wheel was selected (4; = 0.05). The
steps for the other factors were derived from the following
proportions:

b,AX,
b,AX,

: ®)

_A
A,

The sequence of the stages of the steepest ascent is presented
in table 3.

Table 3. Steepest ascent

Xi (the factor of
friction from the | X, (the factor of X3 (the Y (the
upper and lower | friction from the deformation .
Factors ; - deformation force
surfaces of the  |[forming tool parts, velocity V, P, kN)
working wheel, f2) m/min) '
f;)
b; 0,25 -0,8 -0,2
biAX; 0,125 -0,4 -4,0
Step 0,05 -0,16 -1,6
Step after rounding 0,05 -0,2 -5,0
Basic level (X;) 0,5 0,5 20
Mental experiment 0,45 0,3 15
Practical experiment 0,45 0,3 20 13,20
Mental experiment 0,55 0,7 15
Mental experiment 0,55 0,3 25
Practical experiment 0,55 0,7 15 17,90
Mental experiment 0,45 0,7 20
Mental experiment 0,55 0,3 20
Practical experiment 0,55 0,3 30 12,20
Practical experiment 0,55 0,3 10 14,50
Some of the mental experiments were implemented in a
computer model (Table 3). Experiment planning using the steepest Step 54

ascent showed that under these conditions the deformation force
will be minimum at high friction from the upper and lower surfaces
of the working wheel (f; = 1.00), at the friction, tending to the
minimum values, from the forming tool parts (f, = 0.00), as well as
at a high deformation velocity (V' = 25 m/min). If the indicated
values of independent parameters are observed, it is possible to
ensure the deformation force P = 10.7 kN (Fig. 2). However, the
objective of the study was to provide SPD processing by ECAP-
Conform with the minimum possible deformation force under the
condition of a universal preparation of the billet surface.

By solving the inverse problem we were able to choose such
an option of universal surface preparation and deformation force, at
which the value of the deformation force P ~ 2.5 kN, which is
quite acceptable, is achieved.

Here, it is necessary to ensure f, = f, = 0.3 and the
deformation velocity V' = 30 m/min.

Fig. 3 shows the simulation results for the above values of
variable factors in the context of the stated task of the study.

Thus, a universal preparation of the billet surface is possible,
ensuring the minimum value of the deformation force. On this
basis, for a practical implementation of processing of commercially
pure titanium by ECAP-Conform, an option of preparing the billet
surface can be proposed, combining a sub-lubricant layer and a
technological lubricant.
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Fig. 3. The result of the simulation of the ECAP-Conform process
after solving the inverse problem: the distribution field of
accumulated strain. Deformation force Payerage = 12.5 kN.

The rheological properties of such a combination would
correspond to a material with a high shear stress in the area of the
sliding contact. This assumption requires further research.

4. Practical implementation of the obtained dates

To assess the correctness of the obtained simulation results and
their possible use in a real process were made long length semi-
finished products of commercially pure titanium. Installation for the



implementation of SPD by scheme ECAP-Conform represented in
Fig. 4.

Fig. 4. The machine for continuous sever plastic deformation.

For practical implementations use sub-lubricant coating
trinitraftorborate in combination with a graphite lubricant on the
basis of the polymer and isopropyl spirit for practical
implementations use sub-lubricant coating trinitrotoluene in
combination with a graphite lubricant on the basis of the polymer
and isopropyl spirit. This combined preparation of the billet surface
allows providing a coefficient of friction in the region of 0.25 - 0.3
and high shear stress in the lubricating layer in the process
according to the scheme of ECAP-Conform. The deformation
velocity was 30 m/min.

In Fig. 5 show the semi-finished products of commercially
pure titanium after ECAP-Conform. Analysis of semi-finished
products showed that the proposed preparation of the workpiece
surface ensures the production of defect-free products with the
desired surface quality.

Fig. 5. Produced semi-finished products

Conclusions

1. As a result of a virtual full factorial experiment, it has been
established that the most significant influence on the deformation
force is exerted by the friction factor in the sliding contact between
the billet and the tool f, (X,) and the deformation velocity V (X5). It
has also been found that the active friction factor f; (X;) from the
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upper and lower surfaces of the working wheel, which feeds the
billet in the deformation zone, has a much smaller influence.

2. The virtual full factorial experiment, conducted using the
steepest ascent method in the process of numerical simulation, has
allowed us to determine the numerical values of friction factors
from the upper and lower surfaces of the working wheel, f; and
from the forming parts of the tool, f,, which are universal for the
SPD processing of commercially pure titanium by the ECAP-
Conform technique.

3. For a opractical implementation of processing of
commercially pure titanium by ECAP-Conform, an option of
preparing the billet surface can be proposed, combining the
application of a sub-lubricant layer and a technological lubricant.
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Abstract: Increasing demands for the quality and longer service life of machine parts require methods of strengthening treatment with
plastic deformation of the surface (PDS). The PDS processes become significantly more efficient when technological inheritance is taken
into consideration. The mechanics of technological inheritance was developed by the author and exemplified by the life cycle of a part, in-
cluding processes of cutting and PDS as well as fatiguing, which occurs during the operation stage. Theoretical and experimental findings
include key patterns of technological inheritance and can be applied to engineering of efficient strengthening processes.
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1. Introduction

One of the crucial challenges of contemporary machine engi-
neering is to make sure using processing methods that machine
parts have a longer service life. The service life of machine parts is,
in many ways, determined by the behavior of the surface layer. Its
parameters are formed throughout the entire design process.
Among the processing methods which improve the service life of a
part at final stages of the processing route are the methods of plastic
deformation of the surface (PDS) that are widely applied to manu-
facture. Practical application has proven that with the correctly
assigned modes of PDS the service life of a part can increase 5
times or more. At the same time, the incorrectly assigned PDS
modes and disregard of properties accumulation occurring prior to
PDS can cause the rupture of the surface during the manufacture or
premature failure of the part during operation.

When designing a route for strengthening machining and when
evaluating the service life of a machine part technological inher-
itance (TI) has to be taken into account. This means exposing and
applying the functional dependencies between the parameters of the
surface behavior and performance parameters. That, in its turn,
requires an analysis of that behavior initiation at all stages of the life
cycle of a part. In most cases, the dependency between the surface
layer and technology, on the one hand, and the surface layer and the
part service life, on the other hand, is established empirically. That,
in its turn, contradicts to the practical application needs because
new materials, new articles and new operation conditions require a
whole new set of time-consuming and labor-intensive experiments.

The author underlines four crucial aspects.

1. Manufacturing engineering is developed to the point when
the accumulation of scientific facts and findings do not generate
new knowledge any more.

2. High rates of machine engineering development, occur-
rence of new materials and more complicated machine operation
environment require a shorter period for design-to-manufacture
facility by reducing experiments and increasing design work. That,
in its turn, generates the necessity in more complex but also more
accurate models of metal behavior under loading. It is especially
critical for strengthening treatment.

3. A plethora of specific data, unfortunately, can not always
make the basis for contemporary automated process engineering
techniques. That requires the exposure and description of physical
dependencies between the phenomena and processes under study. It
also requires making the information obtained systematic and struc-
tured to be further used in contemporary information technologies.

4.  The patterns of technological inheritance are too complex
to be exposed as various stages of surface stressing (e.g., cutting,
plastic deformation of the surface, operation fatiguing) are currently
studied by means of various methodologies and definitions.

Despite the complexity of the phenomena that develop in the
surface layer, the author has described them from a phenomenologi-
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cal perspective using the fundamentals of the mechanics of deform-
able environments. The core of this approach is that the physical
behavior of the surface layer is interpreted as a result of the plastic
flow of metal within the deformation site, with the plastic flow
developing under the conditions of complex stress-strain behavior.
This approach includes not only the conventional parameters of
surface layer behavior such as roughness, waviness, hardness, re-
sidual stresses but also the degree of shear deformation, degree of
plasticity reserve depletion, which are well-known in strain theory.

The life cycle of a part is seen as a continuous process of deple-
tion by the metal surface layer of plasticity reserve. The stages and
steps of such process are controlled by stressing programs.

The models of formation and transformation of the surface layer
during cutting, plastic deformation of the surface (PDS) and opera-
tion fatiguing were developed and patterns of such phenomenon
were studied. The end-to-end analysis and computations of heredi-
table deformation parameters of the surface layer during machining
and operation of parts were carried out.

In addition to the above, the processes occurring in the surface
layer were described in a way adapted to the use by engineers.

1. Problem solution: prerequisites and aids

Technological inheritance is one of the key areas of research
study in machine engineering, which has been done in the Soviet
Union and Russia since 1930s.

When analyzing how accurate metalcutters can process machine
parts, Sokolovsky A.P. found that inaccuracies copy themselves
throughout the entire design process [1]. Kovan V.M. suggested a
dimensional analysis from the final (assembly) to the initial (work-
piece) manufacturing stages [2]. At that time the part to be manu-
factured carried hereditary information and its accuracy characteris-
tics were getting “copied” (inherited) throughout the entire design
process.

By early 1960s demands for reliability of machine parts in-
creased and that, in its turn, required a new approach to evaluating
engineering procedure. After performing a set of studies researching
the accuracy and quality of the surface of parts of bearings
Yatsheritzyn P.l. established that the properties of treated surfaces
had to be studied in relation to the whole set of performed opera-
tions [3]. Together with Ryzhov E.V. and Averchenkov V.I. he
showed that a design process includes certain “barriers” that disrupt
some parameters describing the surface layer of a product [4]. There
are positive and negative factors of technological inheritance. Dur-
ing process engineering the structure of a process should involve
operations, which would generate more obstacles for negative fac-
tors to reach the final operation.

A.M. Dal’skiy proved that inheritance played a role in making
sure that high-precision parts of machines are reliable [5]. Together
with A.S. Vasilyev and A.l. Kondakov, he gained new knowledge
about process environments [6]. Primary forms of inheritance were



established such as parametric and structural and, also, the inher-
itance of interaction characteristics between a workpiece and its
external environment, which are found in process environments at
various levels. The prevalent opinion is that hereditary information
is carried by the thin surface layer, which is getting formed
throughout the entire design process.

A.G. Suslov believes that technological inheritance is represent-
ed by various structural models [7].

The author of this article developed the scientific foundation for
the mechanics of technological inheritance. Its fundamentals are
shown below [8].

1. The conceptual foundation of technological inheritance is
formed by the fundamentals of the strain and fracture mechanics.

2. The TI mechanics is based on the categories of life cycle
(LC) and continuous processes of deformation accumulation and
depletion of plasticity reserve in the metal surface layer of a part
during machining and operation that follows.

3. The fundamentals of Tl mechanics are exemplified by the
life cycle of a part, including cutting, plastic deformation of the
surface and operation fatiguing affected by cyclic loading.

4. Each machining or operation step is seen as a stressing
stage. Stressing stages are interpreted through stressing programs
and how complete they are. They are described in terms of the
phenomenology of deformation accumulation and plasticity reserve
depletion.

5. Stressing stages are divided into a set of steps of quasimo-
notonous deformation, which determine the patterns of deformation
accumulation in the surface layer of a part.

6. Operation fatiguing, in its turn, involves two stages. The
first one begins with cyclic loading and ends with the point of the
complete depletion of plasticity reserve and the occurrence of visi-
ble faults (cyclic life stage). The second stage begins with the point
of surface material discontinuity and ends with the complete failure
of a part (separation into fragments) and is described with the cyclic
crack growth diagram (cyclic crack growth stage).

7. Interrelated deformation processes occur in the surface at
each stressing stage and step. According to the ideas of mechanics,
during stressing at each stage there occurs a deformation site (DS),
plastic deformations accumulate, plasticity reserve of metal is grad-
ually depleted, residual stresses occur and transform. Thus, the
surface layer is getting formed with specific hereditable properties.

8. Ontological models of processes are based on the patterns of
formation and transformation of the deformation site at the stages of
life cycle.

9. At each stage the deformation site forms under the exposure
to stressing. The behavior of the DS reflects the surface behavior.
The DS is the carrier of hereditary information; its form, dimen-
sions and behavior are fully and adequately determined by the
properties accumulated (inherited) prior to that.

10. Tl is seen as a common pattern when deformation accumu-
lation at a certain quasimonotonous stage is determined by stressing
program and its history. The evaluation of stressing programs is
made on the basis of the computation of DS stress and strain state
(SSS).

11. Stressing history is described in terms of stressing programs
within the prior time periods. Stressing history affects the stressing
programs at a certain stage by altering the intensity of deformation
accumulation and plasticity reserve depletion.

12. Tl is exemplified by the terms of non-hereditable (reversi-
ble) and hereditable (irreversible) damage or by the terms of deplet-
ed and residual plasticity reserve.

13. The TI mechanics governs engineering techniques of new
design of strengthening treatment by means of PDS, of plasticity
control and of efficient control for the surface behavior at each
stage of stressing by means of physical methods.
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3. Solution to the problem under discussion

We are discussing the life cycle of a machine part undergoing
the stages of cutting, plastic deformation of the surface and stress-
ing with the exposure to operation cyclic loading. A more character-
istic type of fatiguing is multicycle stressing of a machine part,
which, in its turn, includes two stages such as cyclic life and fatigue
crack growth.

Parameters known as terms of mechanics of deformable solids
are used for Tl mechanics problem solving:

e  Stress state index:

(1) o 1/3(0y + 05 + 03) _
T 1/V6(0, — 6)% + (0, — 03) + (05 — 5)%
e  Degree of shear deformation:
A =

t
2 1 3
(2) = <ﬁf JE [(fx - fy)z + (fy - SZZ)Z + (fz - fx)z] + +Z(rbzcy
0

+ 7]3212 + Tl%x)) dt;

e Residual stress tensor:

(3) [TJOCT]ij = [TJAQQD]U + [Tgpas]ij + [To-t]ij;
e Degree of plasticity reserve depletion [9]:
lpzlpl'i'l'pz =lp1+(lp21+l'["22) =
4) Ak Ak Ak

n-—1 da n—1
=Nngo Ai dA + A_ ) Ap dA ’
0 0 P 0

where o — average normal stress; T — shear stress intensity; oy, g, 03
— principal components of a stress tensor; &y, <y, €4, Mxy, Myz Nzx —
components of a deformation rate tensor, [T%eﬂij — load stress

tensor; [Tapa3]ij — unloading stress tensor; [Toy];; — thermal stress

tensor; W;— component dependent on flow stress or on accumulated
deformation; W, — component dependent on metal plasticity with
IT = const; A and A, - accumulated and maximum permissible
degree of shear deformation with a certain stress state index IT; n —
strain-hardening coefficient; ¢, — coefficient determined by plastic-
ity tests. In unstrengthened metal ¥ = 0, when plasticity reserve is
completely depleted, ¥ = 1.

The TI mechanics is based on continuous deformation accumu-
lation and plasticity reserve depletion in the surface of a part affect-
ed by stressing programs.

Strengthening curve oy = g,(A), ultimate plasticity curve
A, = A, (1) and fatigue crack growth diagram V = V(K) in the
coordinates «stress intensity coefficient K- fatigue crack growth
rate VV» are used as initial metal characteristics.

It is assumed that the surface behavior is known and is de-
scribed in terms of deformation mechanics for the case of annealed
work material as

[ Aijjli=oj=0 = 0;
Wijli=o,j=0 = 0;
Ap = Ap(ID;
L[Taocr]ij|i=0,j=0 =0,
where i stands for the number of a stressing stage and j — for the
number of a quasimonotonous step at this stage.

It is established that machining by cutting and by plastic defor-
mation of the surface comprises three steps of quasimonotonous
deformation. Deformation alternates where these steps approach
each other and plasticity reserve partially recovers.

The first stage — cutting — starts with initial (zero) values of de-
formation and of degree of plasticity reserve depletion (fig. 1).
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Fig. 1. Orthogonal cutting model:
a —rear angle; y — front angle; p — tool edge radius; @ — indenta-
tion angle; a — cutting depth; S — feed

According to the flow pattern, deformation site KLMCDEF-
GAK is seen to comprise two areas: higher and lower than some
current line 1, which overlaps with line ABC.

The deformation site contour during cutting is described with a
set of points and lines: KL — non-contact swarf edge; LM — end line
of metal plastic flow; point M stands for the end of plastic contact
of swarf with the cutting tool and point N — point of separation of
swarf from the cutting tool front surface, it stands for the end of
elastic contact of swarf with the cutting tool; KAG - starting line of
metal plastic flow (front boundary of deformation site); point G
stands for inmost depth of plastic deformation growth; GF — end
line of metal flow (back boundary of deformation site); ABC —
critical current line, which separates metal flows into those turning
into swarf and those going under the tool; MCDE - cutting tool
contour line; EF — back non-contact edge; point E — point of sepa-
ration of the cutting tool from the treated surface.

The metal plastic flow occurs along current lines with some of
them (e.g. current line 3-3) being displaced into swarf and the
others (e.g. current line 2-2) being displaced under the tool. Some
critical current line 1 (ABC) is the boundary between them.

Deformation accumulates and plasticity reserve is depleted
along current lines under the conditions of a certain state of stress
with the swarf creating additional hydrostatic stress and altering the
nature of SSS in the area of ABCDEFG.

Depending on the stressing diagram and degree of plasticity re-
serve depletion metal flows may split at point A, along current line
ABC (1-1) or at point C, which will generate miscellaneous kinds of
swarf.

Within the three stages of quasimonotonous deformation: de-
formation A, accumulates, plasticity reserve is partially depleted
by the value of W, residual stresses described by tensor
[To,cr]pesoceur in the surface:

3

Aj;

Ape j 5

s = Nijji=1,j=3

J
Ap = Ap(ID;

Whes = Wijli=1,j=35

1

(6)

1
Whes [mpOA;l—l +(1- <p0Ag)A—] dn;
14

Sl — g>
3

[TUOCT]pES = [TJOCT]ij|i=l,j=3'
The surface behavior after the treatment by cutting is initial for
the stage of PDS (fig. 2).
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Current lines

Fig. 2. PDS model: S — feaj;iR;— contouﬁaim; of deforming
tool (roller)

The PDS process is viewed in the axial section of the shaft
where the plane of principal deformations is located. The following
points, lines and areas were specified in the DS cross-section: h, —
active preload, equal to the depth of the tool indentation; h, — height
of elastic and plastic wave prior to the deforming tool; h, = h, +
h,— estimated preload, equal to the elevation view of the contact
front arch; A — height of elastic and plastic metal recovery following
the deforming tool; Ad- length of the bottom view of the contact
front arch (length of the DS contact front zone); d; — length of the
bottom view of the contact rear arch DE (length of the DS contact
rear zone); [ — wave length preceding the deforming tool (length of
the DS front non-contact area); L = [ + d — length of the DS front
area; l;— length of the DS secondary area. Along the DS cross-
section plastic deformation occurs at point A and ends at point F.
The DS cross-section includes front non-contact area ABC, contact
area CDE and rear non-contact area EF. The front non-contact area,
in its turn, comprises concave line AB and convex line BC.

When the surface layer is exposed to stressing, material parti-
cles move into the DS along current lines 1, 2 and 3, plastic defor-
mation reaches depth h. It results into the surface layer character-
ized with a various depth for shear deformation, plasticity reserve
utilization and residual stress tensor.

Close enough interrelation exists between the DS geometric
parameters. Moreover, close interrelation is found between the DS
parameters, on the one hand, and segments of treatment modes and
surface quality parameters, on the other [8].

The interrelation specified above is used to describe boundary
and initial conditions for TI mechanics problem solution.

Residual stresses as a result of cutting are removed during the
PDS stage, involving stressing and creation of plastic deformation
site. Within the three steps of quasimonotonous deformation: plastic
deformation keeps accumulating and plasticity reserve keeps getting
depleted. It results in a new behavior of the surface characterized by
a specific degree of shear deformation, of plasticity reserve deple-
tion and residual stress tensor:

Agjli=2,j=0 = Apes;
Wijli=2,j=0 = Ppess

j=3
Ajjli=z,j=3 = ZAj = Anng;

Jj=1
Ap = Ap(TD;
Wing = Wijjizz,j=3 =
(7) Amng L
= f [mpOA;‘—l +(1- (pOA',;)A—] da;
P
Apes

Ayex = Ape3 + AHH[[;
Whex = Lijes + LIJl'll'l[l;

[TJOCT]ij|i=2,j=0 = [TO-OCT]pe3;
[Toocr]ijjiz2,j=1 = 0;

[Taocr]ij|i=2,j=3 = [TUOCT]HH[l'

Value Wy stands for a degree of plasticity reserve depletion

during PDS, involving the stressing history. Within two machining
stages such as cutting and PDS degree of shear deformation Aq




has been accumulated and plasticity reserve W,,., has been depleted.
In addition, the residual stress tensor depends on the total accumu-
lated deformation.

The mechanics models for multicycle fatiguing such as cyclic
life and fatigue crack growth during operation were introduced.

The initial state for cyclic life is described with values A,
Wyex and [To,er ]y This stage is characterized by further accumu-
lation of deformation occurring when tensors of operation (fatigue)
[Toye,| and residual [To,elnny Stresses go in with each other.

Compressive residual stresses after the exposure to PDS result in
more favorable fatiguing diagrams.

In each fatiguing cycle the degree of shear deformation contin-
ues to accumulate and plasticity reserve continues to deplete itself
where there is quasimonotonous deformation. Residual stresses
partially get partial relaxation. At the completion moment of cyclic
life the residual stress tensor equals to 0.

During cyclic life, deformation Ay, has accumulated and plas-
ticity reserve Wy, has been depleted. As a result, within the three
stages of cutting, of PDS and of cyclic stressing ultimate defor-
mation has accumulated and plasticity reserve has completely been
depleted at a point of probable surface metal failure. That behavior
is denoted by value W = 1; there appears a visible crack in the
surface.

Further fatiguing (stage of fatigue crack growth) is described in
terms of fatigue crack growth diagrams V = V(K) in the coordi-
nates «stress intensity coefficient K— fatigue crack growth rate V».
The crack development begins with threshold coefficient of stress
intensity K, and ends with the ductile failure of a part specimen
corresponding to critical coefficient of stress intensity K.

Fatiguing ends with a complete fragmentation of a part, which
is described by the parameters of failure damping.

At various stages and steps of the life cycle of a strengthened
part any exposure can be applied to an extent that will increase their
duration. First of all, we are speaking of thermal exposure that will
enable complete or partial recovery of initial properties (metal
plasticity reserve). This can be a mechanical action altering the
character of load application and generating a new mechanical state
of a product and so on. The structure of process model and Kinetic
equations incorporates other thermal and mechanical stressing
stages.

4. Findings and discussion

Theoretical and experimental study of the mechanics of techno-
logical inheritance was performed. It is found that the surface prop-
erties formation is affected by stressing programs A = A(TT), which
are shown in the coordinates «stress state index IT — degree of shear
deformation A».

The stressing program-based TI patterns, which have been spec-
ified, are shown below.

1. Technological inheritance exposes itself in the formation of
hereditary stressing programs in relation to hereditary defor-
mation sites, which act as a set of initial and boundary condi-
tions for problem solution occurring in the strain mechanics.
Stressing history is described in terms of the programs occur-
ring at the prior stressing stages.

At each following stage technological inheritance manifests
itself through the transformation of stressing programs com-
pared to the stressing programs of the material lacking such
strain history.

Inherited stressing program «fades out» and deformation accu-
mulation rate reduces at each following stage subject to the ex-
ponential hereditary law.

Residual stress state in terms of inheritance depends on total
(accumulated) values of deformation degree and degree of plas-
ticity reserve depletion.

Residual stress state together with the stresses caused by exter-
nal loading forms an index and, thus, forms a stressing program
at the stage of cyclic life.

7. Technological inheritance is a pattern. It is a characteristic
feature of prior stressing programs to affect the formation of stress-
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ing programs at the following stages, which are also the results of
specific stressing history of the metal surface of a product.

5. Conclusion

The description of technological inheritance is, first of all, the
description of the impact of the complex alternate character of
plastic deformation flow within the prior time periods on the for-
mation of properties during the stressing stage under study.

Solving problems by means of terms and concepts of the me-
chanics of strain does not mean denying conventional beliefs about
the surface quality of machine parts. At the same time, it means that
in order to study technological inheritance more completely and
profoundly, primary (ontological) patterns of surface formation,
which have been accumulated throughout science advancement, can
be applied as boundary and initial conditions to the solution of
problems arising in mechanics.
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BASIC FINANCIAL CALCULATIONS USING INFORMATION SYSTEMS FOR
SOLVING BUSINESS TASKS

ass. prof. eng. math. M. N Bruseva, PhD

An Introduction

A detailed study of the financial concepts fundamentals
certainly is to give some idea on the concepts of finance. The
investment world can be confusing for the investors. The investors
need to go through some finance theories which will help them to
understand the market behavior in a better way. There are a number
of factors that influence the functioning of the investment market.
The individual investor's choice of investment may vary from one
person to another. While some investors go for investing in the
risky securities, some investors tend to play safe in the market by
investing in the less risky environment.

The finance theory concept including studying the various
ways by which businesses and individuals raise money, as well as
how money are allocated to projects while considering the
associated with them risk factors.

1. The concept of finance theory

The concept of finance also includes the study of money
and other assets, managing and profiling project risks, control and
management of assets, and the science of money managing. Simply,
‘financing' also means provision and allocation of funds for a
particular business module or project. There are a number of
finance theories that offer separate approaches to the finance
hypotheses. Some of the major popular finance theories of the
world are: Arbitrage Pricing Theory, Rational Choice Theory,
Prospect Theory, Cumulative Prospect Theory, Monte Carlo Option
Model, Binomial Options Pricing Model, Gordon Model,
International Fisher Effect, Black Model, and Legal Origins Theory

2. Financial Services Company

The finance industry provides to the clients a number of
services. There are different types of financial services which
company can provide to different commercial sectors as well as to
the individuals. Some of that types of financial services are lending
money for different purposes, insurances, depository services,
mortgage services, investment services, credit rating services and
many more. The different types of financial services jointly create
one of the largest industries of the world. Every individual as well
as institution has a definite income source and a particular way of
expenditure. These particular sources of income, habit of
investment and expenditure habit, all come under the domain of
finance. Several important finance concepts have been developed
through close study of all these things [2].

3. Financial Goal - Profit versus Wealth
Every firm has a predefined goal or an objective.
Therefore the most important goal of a financial manager is to
increase the owner’s economic welfare. Here economics welfare
may refer to profit maximization or maximization of shareholders
wealth. Therefore Shareholders wealth maximization (SWM)
plays a very crucial role as far as financial goals of a firm are
concerned. Profit is the remuneration paid to the entrepreneur after
deduction of all expenses. Maximization of profit can be defined as
maximizing the income of the firm and minimizing the expenditure.
The main responsibility of a firm is to carry out business by
manufacturing goods and services and selling them in the open
market. The mechanism of demand and supply in an open market
determine the price of a commodity or a service. A firm can only
make profit if it produces a good or delivers a service at a lower
cost than what is prevailing in the market. The margin between
these two prices would only increase if the firm strives to produce
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these goods more efficiently and at a lower price without quality
compromising. The demand and supply mechanism plays a very
important role in determining the price of a commodity. A
commodity which has a greater demand commands a higher price
and hence may result in greater profits. Competition among other
suppliers also effect profits. Tendency is manufacturers to move
towards production of those goods which guarantee higher profits.
As result comes a time when equilibrium is reached and profits are
saturated.

According to Adam Smith — business man while are
fulfilling the own goals for profit in turn benefits the whole society.
Obviously when a firm tends to increase profit it eventually makes
use of its resources in a more effective manner. Profit is regarded as
a parameter to measure firm’s productivity and efficiency. Firms
which tend to earn continuous profit eventually improvise their
products according to the consumers demand. Bulk production due
to massive demand leads to economies of scale which eventually
reduces production cost. Lower production cost directly impacts the
profit margins. Profit maximization objective is a little vague in
terms of returns achieved by a firm in different time period. When
measuring profit the time value of money is often ignored. It leads
to returns uncertainty. Two firms which use same technology and
same factors of production may eventually earn different returns. It
is due to the profit margin. It may not be legitimate if seen from a
different stand point [5], [6].

4. Importance of Cash Flow

In case of both personal and business finance, cash flow is
an important concept. It is more important with regard to solvency.
Cash flow is used as a documentation of past investments and
earnings. It is also used by the business entities in order to represent
the direction where they want to take their company. In the present
competitive world the business cash flow becomes an important
phenomenon. It is assumed that people like creditors and brokers
that the person or business entity that has a decent cash flow record
is in a better position to make his payments at the right time. Thus it
becomes easier for such parties to obtain finance for various
purposes.

Equational Representation of DCF

The Discounted Cash Flow could be represented through the
following equation:

DCF = CFL/(1+r)*+CF4/(1+r)*+ ... +CFY(1 + r)"
In this formula CF stands for cash flow and r represents the rate of
discount.

Discounted Cash Flow in Mathematics

The method of Discounted Cash Flow is used in Mathematics as
well. The formula for discounted Cash Flow has been deduced from
the future value formula. The future value formula is used to
calculate the following:

* Compounding Returns

* Time Value of Money



5. Basic principles of finance

It is a basic principle of finance that separate amounts of
money cannot be equated, added or subtracted if they are at
different times. Interest is present in all of the problems we
consider. This means that, looking backward a dollar today is worth
less yesterday, or, looking forward, it is worth more tomorrow. The
principle of bringing all amounts to a common point, usually called
a pivot point, is absolutely fundamental when solving finance
problems. Complete freedom of choice is available for the pivot
point, as the correct answer to a finance problem does not depend
on the chosen pivot point. Therefore, the pivot point is usually
chosen for convenience of calculation.[4],[10]

The basic principles and equations are developed for
elementary finance, based on the concept of compound interest. The
five quantities of interest in such problems are present value, future
value, also amount of periodic payment, number of periods and the
rate of interest per period.

The fundamental mathematical topics on which elementary
finance is based are the arithmetic and geometric sequences. Other
terms in use are AP and GP, where the "P" stands for progression,

6.  The basic equation

an older term for sequence. Arithmetic sequences correspond to
problems where simple interest is used, and geometric sequences to
those involving compound interest. We do not consider arithmetic
sequences and simple interest here.

A sound understanding of basic finance is a very important
and useful skill for life, even if a career in finance is not the
ultimate goal. At least in western societies, everyone needs at least a
basic understanding of the implications of borrowing or investing
money in a compound interest environment. With the advent of the
modern electronic spreadsheet, as exemplified by Microsoft Excel,
it is now not only possible, but rather easy to improve drastically on
this approach to the teaching of basic finance.

In the spreadsheet environment, we advocate a three-
pronged approach, and it is tacit that all three approaches must yield
the same result for any given problem. The approaches are:

» Traditional algebraic formulas, sometimes
supplemented with the powerful Goal Seek

»  Linear recursive schedule, also sometimes with
Goal Seek

»  Excel intrinsic financial functions

FV = PV(1+1)"

FV = future value

PV = present value

| = interest

N = number of periods

7.  Excel Spreadsheets. Financial Functions [1], [3], [7], [8], [9]. [11]

Below is the list of the 5 most useful ones:

Functions What it Does

FV Returns the future value of an investment

NPER Returns the number of periods for an investment

PMT Returns the periodic payment for an annuity

RATE Returns the interest rate per period of an annuity

IRR Rreturn the Internal Rate of Return for a supplied series of periodic cash flows

7.1. The RATE Function
The question to which RATE brings an answer to is:

- What is the real interest rate if they ask me for a certain amount each period to pay a loan?

A Descriptions

1 48 Number of periods (years, months, weeks..etc)

2 $550 Periodic payment

3 $24,000 Total amount of loan

4 0 The balance left to pay at the end of the period. If you omit this argument Excel uses "0".
Payment made at the beginning of the period (1) or at the end of the period (0). If you omit this

5 0 argument Excel uses "0" saying that the payment is made at the end of each period which is
usually the reality when you borrow money.
The result with the formula using the RATE function.

6 5.00% Note: the format of this cell must be "Percentage” with any number of decimals. In this

example the number of decimals is 2

Here is the formula in cell A6:
=RATE(A1,-A2,A3,A4,A5)*12

Notes on the formula: The payment argument is negative (-A2); If
you use months asperiods and you want an annual rate you
multiply by 12, if you use a years as periods and you want an

annual rate you don't multiply......; If you don't use the "Percentage”
format in cell A6 the result of this example will be 0.05; The
formula could also be =RATE(A1,-A2,A3)*12 the arguments in A4
and A5 being optional

7.2. The PMT Function



The question to which PMT brings an answer to is:
- If I borrow a certain amount of money and | want it repaid

at the end of a certain period of time what will be the
periodic payment?

A Descriptions
The annual interest rate.
1 [5.00% Note: the format of this cell must be "Percentage” with any number of decimals. In this example the number of
decimals is 2
48 Number of periodic payments (years, months, weeks)
3 [$24,000 Total amount of loan
4 |0 The balance left to pay at the end of the period. If you omit this argument Excel uses "0".
Payment made at the beginning of the period (1) or at the end of the period (0). If you omit this argument Excel
5 |0 uses "0" saying that the payment is made at the end of each period which is usually the reality when you borrow
money.
6 |-$550.41 |The result with the formula using the PMT function.

Here is the formula in cell A6:
=PMT(A1/12,A2,A3,A4,A5)

Notes on the formula: If you don't use the "Percentage” format in
cell Al enter 0.05; If you use months as periods the rate must be
divided by 12 (A1/12), if you use weeks then you divide by 52
(A1/52), if there are 4 payments per year you will divide the rate by
4 (Al/4)and if the payment is annual you don't divide the rate
argument (A1) ; The formula could also be =PMT(A1/12,A2,A3)
the arguments in A4 and A5 being optional; If you want the

payment to show as a positive value add a minus sign before the
equal sign (=-PMT(A1/12,A2,A3,A4,A5))

7.3.

The question to which FV brings an answer to is:

- If | put a certain amount of money in the bank each month, how
much money | will have saved at the end of a certain period of
time?

The FV Function (Future value)

A Descriptions

The annual interest rate.

1 5.00% Note: the format of this cell must be "Percentage” with any number of decimals. In this
example the number of decimals is 2
2 48 Number of periodic deposits (years, months, weeks)
$550 Amount of periodic deposits
$0 Beginning balance. If you omit this argument Excel uses "0".
5 1 Deposits made at the beginning of the period (1) or at the end (0). If you omit this argument

Excel uses "0". In the case of the FV function make sure that you enter "1".

6 -$29,279.68

The result with the formula using the FV function.

A Descriptions

The annual interest rate.

1 5.00% Note: the format of this cell must be "Percentage"” with any number of decimals. In this
example the number of decimals is 2
48 Number of periodic deposits (years, months, weeks)
$550 Amount of periodic deposits
$0 Beginning balance. If you omit this argument Excel uses "0".
5 1 Deposits made at the beginning of the period (1) or at the end (0). If you omit this argument

Excel uses "0". In the case of the FV function make sure that you enter "1".

6 -$29,279.68

The result with the formula using the FV function.

Here is the formula in cell A6:

=FV(A1/12,A2,A3,A4,A5)

Notes on the formula: If you don't use the "Percentage” format in
cell Al enter 0.05; If you use months as periods the rate must be
divided by 12 (A1/12), if you use weeks then you divide by 52
(A1/52), if there are 4 payments per year you will divide the rate by
4 (Al/4)and if the payment is annual you don't divide the rate
argument (Al) ; The formula could also be =FV(A1/12,A2,A3) the
arguments in A4 and A5 being optional; If you want the

RESULT to show as a positive value add a minus sign before the
equal sign (=-FV(A1/12,A2,A3,A4,A5))

7.4. The NPER Function

The question to which NPER brings an answer to is:
- How many months would it take me to repay a certain loan at a
certain interest rate if | pay a certain amount each month?

A Descriptions

The annual interest rate.

1 5.0% Note: the format of this cell must be "Percentage” with any number of decimals. In this
example the number of decimals is 2
2 $550 Periodic payment
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3 $24,000 Total amount of loan

4 0 The balance left to pay at the end of the period. If you omit this argument Excel uses "0".

5 0 Payment made at the beginning of the period (1) or at the end (0). If you omit this
argument Excel uses "0".

6 48.26 The result with the formula using the NPER function.

Here is the formula in cell A6:

=NPER(D1/12,-D2,D3,D4,D5)

Notes on the formula: If you don't use the "Percentage"
format in cell Al enter 0.05; The second argument MUST BE
NEGATIVE; If you use months as periods the rate must be divided
by 12 (A1/12), if you use weeks then you divide by 52 (A1/52), if
there are 4 payments per year you will divide the rate by 4
(Al/4)and if the payment is annual you don't divide the rate
argument (Al) ; The formula could also be

=NPER(A1/12,A2,A3) the arguments in A4 and A5 being
optional;

7.5. The IRR Function (Internal Rate of

Return)

The Internal Rate of Return (IRR) indicates the profitability of an
investment and therefore is commonly used in business, when
choosing between investments.

This measurement uses a series of cash flows (including an initial
investment, along with the net income) over a number of periods, to
calculate the compounded return, assuming the Net Present Value
of the investment is zero.

The value of the IRR is calculated as the value of r that satisfies the
following equation:

N
Z Lz 0
1+r)"
n=0

where the series of cash flows provide the values for Cn
and N is the number of periods over which the returns have been
made.
The Excel IRR function returns the Internal Rate of Return for a
supplied series of periodic cash flows (ie. a set of values, which
includes an initial investment value and a series of net income
values).

The syntax of the function is :

IRR( values, [guess] ),

where the arguments are as follows:

values - A reference to a range of cells containing the
series of cash flows (investment and net income values) - must
contain at least one negative and at least one positive value

[guess] - An initial guess at what you think the IRR
might be. This is an optional argument, which, if omitted, takes
on the default value of 10% (=0.1) - This is only a value for Excel
to start off working with - Excel then uses an iterative procedure to
converge to the IRR.
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Conclusion

Each company main goal is to achieve profit, which goal
requires additional operations and solving many financial problems.
By optimal valuation of the cash flows, applying mathematical
financial models and using the capabilities of free software -
spreadsheets, management experts of the companies will be able to
successfully optimize the company's activities and maximize
profits.
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THE PROCESSING OF ELECTROCHEMICAL COATINGS THROUGH
SURFACE PLASTIC DEFORMATION (SPD)

Stefan Kostadinov
Department “Machinery and technology” — Ruse University ,,Angel Kanchev” - Ruse, Bulgaria, SWk1@abv.bg

Abstract: Because of the surface oxide film’s presence, a negative electric potential and formation of the disadvantageous residual strains
under the galvanic film’s putting on soft metals and alloys, there are the coming of considerable technological complications. This is
obstructive to the good interaction between the films and main metal. In this case it is expedient the technological combination the galvanic
film of the surface with surface plastic deformation. In this case, the surface plastic deformation is realized by the tools with radial feed of

the deforming elements.

Key words: surface plastic deformation, electrochemical covers, quality, roughness, precision.

1. INTRODUCTION

The operating characteristics of the details and their
work’s time limit in considerable stage are defined by their
roughness.

The applying of the surface plastic deformation
(SPD) as a method for finished processing provides the
improvement of the relief of the roughness and its parameters
[5]. From its side it proofs the operating characteristics of the
surface. It can be applied in combination with other
technological methods for finished processing. The realized
combination proofs physic and mechanicals characteristics of
the surface layer metal [1].

The galvanic cover of the metal surfaces is one of
the most applied methods for its finished processing. With
this their corrosion stability and stability of the wear are
rising [2].

With the making of the galvanic covers on soft
metals and alloys, there are considerable technological
complications which appear, because of the presence the
surface oxidized layer, negative electrical potential and
forming of the unfavorable remaining voltages. These
complications disturb the good interactions between the
surface and the main metal [2]. In this case its expedient the
technological combination of the galvanic cover of the
surface and SPD [1].

On a mass scale in the practice the instruments for
SPD with axis feeding found their application. However they
are non- applicable with the processing of thin galvanic
covers. The reason is the presence of the edge defect and
getting of wave in front of the deformation rollers [4].

In this case it’s expedient to be used instruments
with radial feeding of the deformation elements which has
respective priorities [3].
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2. PURPOSE AND OBJECT OF THE RESEARCH

Purpose of the present work is to be examined the
technological opportunities for combining of the finished
processing with galvanic soft cover and surface plastic
deformation in case of recovery of the aluminum pistons for
internal-combustion engines.

The objects of the research are the surfaces of the
apertures for the piston pins of the diesel engines sIM3-238
HB u CM/1-62.

The pins of this kind of engines are made of
aluminum alloy Al25 with high contents of Si. Their
hardness after heat-treating is HB 90-130.

There are presented some requirements according to
the apertures for the piston pin:

e The precision of the piston’s aperture sIM3-238

HB is @ 50 :g"gggmm; the precision of the piston’s

-0,005

aperture CM/1-62 is @45 'y, mm;

e Aperture’s roughness is Rz = 0,4um;
e The mutually beating of the apertures is maximum
to 0,015mm.

3. EXPOSE

With work the piston is put under considerable
mechanical and heat loadings from gases and inertia forces.
The high maximum pressures of the gases and high
frequency of the working cycles determine the accelerated
character of the piston’s loading.

With rendering the technological characteristics of
the processing surfaces (presence of grooves and apertures)
and the contact interaction of the deform elements with the
surfaces, a tool with radial feeding is chosen for the surface
plastic deformation [3] — Fig.1.

The tool for surface plastic deformation has two line
deformation rollers. It has possibility for simultaneously
machining of two apertures in the piston’s tabs.
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Figure 1: A tool for surface plastic deformation has two line deformation rollers

The tool has tubular bearing shaft 1 with chords 3,
which made over it; a separator 2 (it carries two line
cylindrical rollers 4), which is bearing through the thrust
bearing 7 on the bearing shaft 1; a screw 5, a guide insertion
9, a finger 10 (which serve as a fixer), a cap 11 and a tail-end
12.

When the tools is not work situation the fixer 10
ensure establishment of the rollers 4 over the chords 3 and it
go into the grooves of the cap 11. In this case the separator 2
and the bearing shaft 1 are immovable together. The tool has
diametric size smaller than the diameter of the machining
aperture. This allows free tool’s movement — in and out of
the aperture xoero Mo3BoJIsIBA CBOOOIHOTO My BBBEXKIAHE U
m3Bexxaane. The working of the tool is the following: through
the tail-end 12, the tool is moved in axis direction till to
contact the fulcrum 6 with the front of the detail. The
continuing of the movement causes a flexion of the spring 8
from the guide insertion 9 and release the finger 10 from the
grooves of the cap 11. In this way the separator 2 gives the
possibility for a relatively turning with the rollers 4 round
about the bearing shaft 1.

The machining scheme with such tools ensures the
galvanic cover from outflow in the two apertures’ ends [4].

As deformation elements are used cylindrical rollers
from a steel SchCh15 (BDS 12731).They turn over a bearing
shaft with chords. The rollers are polished to Ra = 0,06 —
0,07pm.

The machining by the surface plastic deformation is
going on the vertically - boring machine PK-32 with turning
frequency 63min™. The pistons are fixed in an appliance.
This prevents their rotating toward to the machine. In this
case the fixture is provided from the tool’s jam.

Before the process of the piston’s recovery it is
made measuring, which is necessary for the conclusive
valuation of the done. It is measured 16 pistons of the diesel
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engines AM3 238 Hb and 18 pistons of the diesel engines
CM/I-62. The measuring is made to the following
parameters:

e The precision of the apertures’ shapes for the
piston pin, which is measured with an apparatus
»TALYROND 2007;

e The apertures’ diameters for the piston pin, which
is measured with an universal apparatus for a
length with a precision 0,0002mm;

e The apertures’ roughness, which is measured with
an apparatus ,,TALYSURF-6".

e The dimension’s wear of the apertures’ diameters
for the piston pin is dispersing in a field 0,0636
mm for @ 45mm and 0,0534mm for @ 50mm.
This is over that the apertures’ limit.

The measured roughness is Rz = 4,27 — 14,58um for

@ 45mm and Rz = 3,98 — 7,99um for @ 50mm. This is over
repeatedly the requirements for roughness Rz = 0,4pum which
is necessary in the documentation.

The recovery cover for the piston pin’s aperture is

Fe-Zn alloy. The technological process is the following:

e become lighter in a nitrogen and fluorine-
hydrogen acids;

e contact zinc-coating with a room temperature;

e become lighter and contact zinc-coating for the
second time;

o stratification with temperature 42° and electricity
force from 3 to 5A/gm*.

A planned experiment is carried out on a plan B,

(table 1) and statistic analysis. As an object of the
examination before and after surface plastic deformation are
the roughness and the precision of the dimensions and the
shape of the machined surfaces.



Table 1: A plan of the experiment

Factors and levels of a variance
Naturals _ _ _ _

F, = N/mm: | Coding X, =F X, =m Xg =N X, =1,

m— nymlber; -1 100 1 11,2 6

n—min; 0 150 3 31,5 29

Rz - um +1 200 5 63 52

Steerable factors, which are acceptable: the deform R is the range;

force in a unit of length F,, the turning frequency of the v
bearing shaft n, the starting roughness Rz and the rate data set: X s the chosen measure of central tendency of the

frequency of the deformation influence m (which is
performed by number the separator’s turning).

The following parameters are measured:

Ra is the average absolute deviation of the

roughness of the section, pm;

Rz is the height of the roughness of the section,
pm;

tp is the relatively bearing length of the section,
%

A is the maximum diversion of a circle, um;

E is the dislocation of the real aperture’s axis

toward the geometric axis of the aperture, um;

A, is the radial beating toward the geometric axis
of the aperture, um.

The controlled parameter’s data for each model are
received from two mutually perpendicular plains.

The precision of the dimensions and the shape
before and after surface plastic deformation is presented by
their dispersing field and the respective theoretical and
experimental distribution. The last is illustrated with the
following numeral characteristics:

]

o[x] is the standard deviation;

¢’[x] is the variance;

y1 is the asymmetry;

y, s the excess.

The theoretical frequency of the distribution is
determinate thought characteristics of the appropriate law,
which is confirmed by the Pirson criterion. In the case the
hypotheses for normal, logarithmic-normal and exponential
distribution are examined. The curves of the distribution are
built (Fig.2).

The statistical characteristics of the distribution for
the apertures’ diameters show preservation of its normal
character before and after surface plastic deformation. It is
observed decrease of the average value of the diameter’s

dimension;, remarkable narrowing of the probable field
(20 — 60%), sharpened of the theoretical curve of a
distribution, which is conditioned by the excess value y2 and

displacement of X toward medium of the distribution’s field.
It is evident from the asymmetry value y;.
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Figure 2: Curves of the distribution

The values of the three parameters for the shape’s
precision are determinate as a result of double measuring in
exactly definitely section of the models. The graphs (Fig.3)
are using for evaluation of the diversions of the right
geometrical shape. The comparison of the statistical
distribution characteristics of the parameters and the reading
of the distribution laws, which are confirmed by the Pirson
criterion (Fig.3), enable to establish the following changing
in the shape’s precision:
the value of the probable distribution’s field after
surface plastic deformation decrease with all three controlled
parameters;

110

. the mathematical expectance of the parameters,
which characterized the shape’s precision after ¢ surface
plastic deformation is less than that before surface plastic
deformation;

the percentage notability of the decrease is graded
accordingly the rising line: a radial beating toward the
geometric axis and the diversion of a circle;

the grouping of the diversions’ values round about
the mathematical expectance evidence for presence of a
calibration effect once more.



Figure 3: A graph for control the shape’s precision
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The received data of the planned experiment for the roughness parameters (Ra, Rz u tp) and the analyzing of the
coefficients of the members in the equations of the regression show, that the greatest influence over the roughness have F, and

outgoing Rz.
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Figure 4: A distribution of the shape’s diversions:
a —diversion from a circle (4); b — off-centered; (E) ; ¢ — radial beating (4,)

It is received adequate equations of the regression.
Their comparing shows that the plasticity of the processing
metal determines their structural diversity. The equations’
analyse with the two levels of the outgoing roughness shows
that the decrease outgoing roughness increase the influence
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of other steerable factors. Fig.4 shows the out-rigger curve of
the roughness profile. The favorable shapes of the curves
after surface plastic deformation are obvious — the parameter
tp increase vastly, respectively the carrying ability of the
processing surfaces.



Figure 5: Out-rigger curve of the profile

4, CONCLUSION

As a result of the made research it can do the

following conclusions:

e the finishing machining through surface plastic
deformation of the apertures for the piston pin of
the diesel engine’s pistons in combination with the
discussing technology for the recovery through
galvanic cover ensures the necessary precision
parameters;

e it is satisfied the technical requirements to the
processing surfaces according the constructive
documentation in reference to the received
qualitative indices of the surface (Ra, Rz,
diversion from a circle, diversion from a cylinder);

o the application of the surface plastic deformation
over galvanic recovery surfaces allows to increase
the resource for using of the internal-combustion
engine’s pistons and to expand the technologic
possibilities of the method.
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ASPECTS OF RISK MANAGEMENT IN LOGISTICS ACTIVITIES OF ENTERPRISES.
APPLICATION OF FAULT TREE ANALYSIS (FTA)

HEKOTOPBIE ACIIEKTBI YIIPABJIEHUE PUCKAMMU B JIOI UCTUYECKO JESATEJILHOCTU
NPEAITPUATUU. TIPUMEHEHUE AHAJIN3 JEPEBA OTKA3OB (FTA)
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Abstract. Risk management in logistics enterprises is one of the important topics in the management of supply. In today's global reality
characterized by constant and rapid changes that make high degree of uncertainty and risk, make the logistics activity critical.

The purpose of this article is to present the main aspects of risk management including the construction of the risk profile in logistics activity
in enterprises and demonstrate the applicability of the FTA, which was developed conditional example. This will considerably facilitate
efforts directed at risk management in logistics activity in enterprises.
KEYWORDS: RISK MANAGEMENT, LOGISTICS, LOGISTIC ACTIVITY, FTA

1. Introduction

For many enterprises, the traditional operational strategies
directed to “stock” setting up and investments in buffer capacities,
that will take the high initial demand, cannot match the business
environment and to be competitive. That motivates the enterprises
to direct their efforts to search and apply strategies that will create
an opportunity for quick and adequate reaction of the changes in the
business environment and at the same time the expenses are reduced
to a minimum [1].

The risk assessment in any activity as well as in the logistic
management is a key element and has a determinant role for the
way of functioning and the competitive power in particular and for
the enterprise as a whole.

2. Presentation

2.1. Key role of logistics in business management in the
dynamics of the modern business environment

The modern dynamics of the business environment,
considerably exalted in result of the world crisis, places new
outlines in the global world. New economic sectors are
formed as a result of new demands and preferences as well as
different consumer values. The adaptation of the enterprises
to all these changes is turning to be a critical stage in their
management. The growing variability of the business
environment is getting so big that it is impossible to predict.
In addition to that the new risks coming into existence create
huge risk for the enterprises as well as high insecurity in their
operations.

Keeping the dynamic balance between the way of
functioning of the enterprises and the requirements and
characteristics of the business environment as well as
creating of competitive privileges is getting more and more
difficult goal [2].

Along with the already mentioned above, another two
factors for the modern business cannot be skipped, and they
are time and space where the connection between them is the
logistics.

The logistic itself is defined as one of the main
competitive privileges. For instance — Martin Christopher,
[5] defines the effective management of logistics and chain
of supply as a main resource of competitive privilege —
which means the position of having a long upper hand of the
consumer’s preference among the competitors can be
achieved by better logistic management and chain of supply.
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On figurel is presented a simplified model of the enterprise,
consumers and competitors or the so called the 3 C’s — the
three ways of interdependence between them [5].

Customers

Needs seeking
benefits at acceptable

prices
/Vah/ Value
Assets and _ Cost. Assets and
utilization differentials utilization
D —
Company Competitor

Fig.1 Competitive advantage and the “Three Cs”
(Source: Ohmae, K., The Mind of the Strategist, Penguin
Books, 1983)

According to Martin Christopher [5] the resource of
competitive privilege is detected in first place in the ability of
the enterprises to determine themselves from the consumers
and the competitors and in second place — operating by less
expenses to generate higher profit.

Gleissner and Femerling [6] define the logistics as a
competitive instrument and means for rationalization.

In that way the logistic services can generate different
opportunities for strategical competitive privilege. On the
other hand, the good organization of the logistic systems can
develop the potential of rationalization that can give a stable
competitive privilege of the enterprise.

According to Harrison and van Hoek, [7], you need to
clearly set the goals and their essentiality and measurability
so you can clearly define the logistic privileges. Basically
three “firm goals” are dissociated quality, time and
price. Later on they determine two main ways of logistic
privilege formation and the variability in the logistic process
and managing the vagueness - they are called “supportive
capabilities”.

The goal and achieving of competitive priorities are in
the basis of the enterprises competitive power that is assessed
as inner value for any of them and it is connected with
certain characteristics. The competitive priorities and all



factors of the same character are very dynamical and the way
of getting them stable in the modern dynamics of the
business environment must be directed to searching a broad
complex of different processes and activities connected to
quality, reliability, price, speed including manufacturing and
distribution.

Logistic management as a management of the whole
flow of products, information, people, financial resources
etc... must keep close connection with the whole complex of
activities and processes. The high coordination and
harmonization in management of the logistic process
together with the rest of the activities and processes in the
enterprises is in the basis of high loyalty creation to the
customers and in the basis of achieving stable competitive
privileges.

2.2. Risk profile and risk profiling in management of the

logistic activity.

The large and quick changes in the business
environment put in central stage the topic of risk and risk
management. The risk management is an essential key
element exerting extreme influence on the activity of the
enterprises. They cause different risk situations because of
their complicated nature.

The possibility of identifying and evaluating the risk
situations is in the basis of adequate reaction and respectively
adequate management that can minimize the risk results e.g.
decreasing the loss amount, opening new opportunities etc.
This means it decreases the potential negative risks and
increases the potential of the positive risks and the buffer
effect when you can’t avoid the risk situation. In that way
“taking the risk” creates an environment for the enterprise to
cope with the negative influence (fig.2).

Risk factors of
the internal
environment

Risk factors of the
external
environment

Uncertainty

i
Risk
I

Influence

Opportunities II Threats II

Fig.2 Risk resource and influence

The global factor and the permanent development of
the information technologies constantly change and create a
completely different way of functioning of the logistics and
the logistic systems. They create new structures of
competition, communication, manufacturing locations etc...

Risk management in the logistic activity in the
enterprises has a huge impact on the way of functioning and
the competitive power. In 2011 Aon Global Risk
Management Survey [4] records ,.supply chain failure” as
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one of the top three risks shown by the respondents in the
industries — biotechnologies, pharmaceuticals, consumer’s
goods, machinery and equipment and non-aviation transport.

The large risk variety in different types of business are
typical in the logistic activity as well , like financial risks,
transport risks, outsourcing risk, political risks etc...

Determining of the risk profile that has an effect on the
“risk exposition” in certain period of time is of a great
significance for reaching an effective risk management.
Defining the separate risk groups, specific risks as well as
their potential effect — their probability and consequences
connected with the logistic activity, afford an opportunity for
defining the target risk profile or the so called “desired” risk
profile. This determining will be connected with the risk
appetite, the set goals, the method of management etc... For
instance, if we look at logistic macro-model that consists of
three main components — supply, manufacturing and
distribution, we can define the four main group risks —
business environment, consumers, products and services ,
raw material suppliers( fig.3).

Based on the risk analysis we can create a risk profile
where the accent will be directed to all key risks and risk
areas of this activity, strengths and weaknesses,
opportunities, risk tolerance guideline, priority set up etc... It
is important to be highlighted that forming of a significant
risk profile is a major step to forming of an integrated risk
management.

In that way the risk management in the logistic activity
will be connected with “constant” correction in the current
risk profile, i.e. risk defining (risk groups, specific risks
etc...) that has high influence and effects and will be directed
to different ways of decreasing. This will form the so called
“desired” risk profile.

In result of development and defining of the risk profile
the threats will be identified as well as the logistic activity
possibilities and guidelines for building of effective risk
management strategies.

2.3. Application of Fault Tree Analysis (FTA) for risk
rating in the logistic activity

Fault tree is a graphic method that can make a
quantitative risk analysis in different stages of the activity
e.g. in the process planning stage, in the operation stage
etc... Here this method will be applied in a different way and
it is risk analysis in the logistic activity.

On the basis of presenting the separate reasonable factors and
logic connection along with the identified event (“top” event)
a quantification can be done for the possibility that it will be
realized (fig.4). This allows thorough understanding of the
logistic activities and revealing of the events that lead to risk
realization.

FTA application consists of consecutive stages and is
exemplified by model example. The example illustrates some
possible situations related to the raw material supply.

First stage. Determination of the main event

In the example the main event related to the raw material
supply is “Delay of delivery”. On this basis a graphic model
of the lowest level events is built up and it is showing the
link between the separated elements related to the main
event.



Business environment
e High dynamics and uncertainty of the
business environment;
o High competitive pressure;
e Forming of new market-niches;
o Preconditions for increasing the lead
time and control reduction;
o Others.
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Products and services
e Drastic reduction in the life cycle of
the products;
o Increase of the manufacturing
expenses;
o Stockpile limit;
e Increase of transportation expenses;
o Increase of storage expenses;
e Others.

Risk profile

Fig.3. Risk profile set up in the logistic activity

Second stage. Identifying the reasons leading to the
“Top” event Logic main event

connection A few possible reasons are shown (possible
situations) that are related to the main event realization,
like:

- Incorrect specification of the raw materials -
inaccuracy in the raw material description,

Intermediat Intermediat : .
NS ntcRlaglc inaccuracy in the date of order;

events events

- Incorrect determination of the time between
initiation and realization of the order or the so
called “lead time” — determination of unreal time
of delivery, omission in lead-time delivery

overview;
Basic Basic Basic Basic " e . L
it S events events - “Problem” with invoicing - incorrect invoicing,
invoicing delay.

On the basis of these two stages we can set up a
graphic model showing the links between the separate

Fig.4. Fault tree “elements” with the main event (fig.5).
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Delay delivery
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Incorrect calculation
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specification
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of ,,lead time*

Incorrect

specification Different Unreal time
of the raw dates of of delivery
materials order

Omission in
,.lead time*

Invoicing problem

A

Incorrect
invoicing

Invoicing
delay

Fig.5 Fault tree of delay delivery

In this case the logistic operation between the
separate “elements” will be “or” because every separate
activity will lead to risk realization at higher level.

Third stage. Determination of the possibility of
every separate event

The possibility determination begins with the main
event and in the example given it can be determined on the
basis of statistic data for certain period of time.

For example, if we have “inaccuracy” in the raw
material inventory in a month for 10 out of 50 orders, the
possibility for accuracy is 0.8, respectively the possibility
for inaccuracy is 0.2. For the rest of the parameters::

Different dates of order — 0.55 (0.45);
Unreal time of delivery — 0.45 (0.55);
Non-inspection of lead time — 0.35 (0.65);
Wrong invoicing — 0.90 (0.10);

Delay invoicing — 0.70 (0.30).

Forth stage. Determination of the possibility for
delivery delay

To determine the possibility of delivery delay we
need to determine the possibilities for any of the
intermediate events on the basis of the main events.
Having in mind the logistic operation “or” and
determination of the separate event’s possibility, the
possibility of delay delivery event can be determined by
calculation of “negative event” from one:

P:lf_]nz(l—Pi) (1.1)
1=

Where:

P — in this case — possibility that the delivery will not
be delayed;

P; — in this case — possibility of accuracy of the
examined situations, i=1,...,n,
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In the first case we will begin with calculation of the
possibility that there is no “incorrect” specification of the
raw materials where the intermediate event eventuates
from two main events: inaccuracy in the raw material
specifications and inaccuracy of the date of order. Using
formula 1.1 we have:

P=091

Respectively for the possibility that there is no
“incorrect” calculation of lead time where the intermediate
event eventuates from two main events: unreal time of
delivery and omission in lead time we have:

P-0,64

For the possibility that “there is no” problem with the
invoice, where the intermediate event eventuates from two
main events: wrong invoicing and delay invoicing, we
have:

P =097

Therefore, in this example, on the basis of the
calculations made, the possibility that there will be no
delivery delay is: 0,99, i.e. the risk is 0,01.

The demonstrated method of risk evaluation in the
logistic activity has many priorities like high flexibility
and this gives opportunities for analysis of many factors
and possible situations. The realization of top-down
method allows us to focus our attention to all negative
events connected to the main event.

3. Conclusion

Risk management is of main importance and a key
stage of the activity of any enterprise. The few aspects that
are examined are connected with the risk and its
evaluation. They affect the risk profile and the risk
profiling and are in the basis of effective risk management



in the logistic activity of the enterprises. This gives
opportunities for the enterprises in the logistic departments
and this leads to construction of effective strategies and
their management. The demonstrated method of risk
evaluation by adapting the FTA technique in the logistic
activity gives an opportunity for considerably deeper
analysis and evaluation of the risks in the examined

sphere.
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