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Abstract: In the present report are examine advantage and disadvantage to the stepless transmission, well as forces action in Continuous
Variable Transmission(CVT). Work out an dependency from range to change on transmission ratio of stepless transmission. Work up a
program working in ambient to Matlab, through that define thoroughly geometric parameter on stepless transmission.
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1. Introduction

Stepless gearbox, known under the name CVT
(Continuous Variable Transmission) is essentially a
gearbox, whereby the transmission ratio can be varied
smoothly according to the change in engine parameters or
a change in the traffic conditions of the car. Efforts to
establish a CVT there are long time ago. Already in the
Middle Ages, such transmission is designed from
Leonardo Da Vinci. With the advent of the first cars arises
need of variable transmission. Because the characteristics
of the engine, and more exactly the curve of the torque, are
not suitable for direct connection of the car wheels with
the crankshaft of the engine. This requires the installation
of clutch and gearbox with strictly fixed gear ratios. The
installation of a manual gear box leads to dynamic loads of
the mechanisms of transmission. These loads largely
depend on the qualification of the driver, besides the driver
is not always able to assess the appropriate gear to ensure
operation of the engine in optimal mode. From the
automotive theory is known, that the ideal number of gears
of the gearbox is infinity ie the gear ratio should be
changed smoothly in wide enough range with changing
traffic conditions or parameters of engine. These
disadvantages of manual boxes can be avoided by
embedding in the car of stepless automatic gearboxes. The
main advantages of these boxes in front the manual
gearboxes are the following:

- optimum use of the engine in different modes of load;

- as a consequence of the optimal engine operating
conditions are achieved lower levels of toxicity of the
exhaust gases;

- the fuel economy of the car is improved,;

- and most important advantage - the constantly
changing gear ratio provides better traction-speed
properties of the car;
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- greater compactness in comparison with existing
gearboxes.

Beside the mentioned advantages of the continuously
variable mechanical transmissions, they have some
shortcomings, which are as follows:

- transmit the power flow from the engine to the driving
wheels by means of friction, which leads to their faster
wear;

- when starting of the car do not provide slip, which
requires installation of the clutch or torque converter
between the engine and the gearbox;

- have a limit in the transmitted maximum torque;

- for their manufacture is needed complex and expensive
technology, which increases the cost of their construction;

- at V-belt transmission be required large pressing forces
on the conical washers during transmission of greater
torque, which requires higher pressure in the hydraulic
control system and adds to the mass and dimensions of the
transmission;

- V-belt transmission is not reversible and need from
additional reverse gears.

Famous are the following
mechanical transmissions:

- frictional frontal transmission;

- frictional toroidal transmission;

- multi-plate frictional transmission;

- V-belt frictional transmission.

The largest automotive applications have the V-belt
transmission and the toroidal transmission.

The V-belt transmission consists of two pairs of conical
washers - one transmits and the other accepts the torque.
The pulleys are with oppositely orientated conical
surfaces, which are connected by a flexible belt.

constructions  stepless


mailto:bgigov@tu-sofia.bg1
mailto:vmotishev@tu-sofia.bg

e

1 - Torque converter;

2 — Reverse mechanism;
3 - Conical washers;

4 — Belt;

5 — Hydraulic control;

6 — Axle gear.

Fig. 1

The first washer gets power from the engine and via belt
transmits the movement to the second washer, which
transferred to the propulsion system of the vehicle's
wheels. Changing on the gear ratio is by gradually shifting
the position of the belt on the cone surfaces. This move is
performed by hydraulic control system. In need of
transmitting greater torque is increased pressure from the
hydraulic system on the washers, respectively at a lower
torque, pressure on the cone washers decreases.

2. Force and kinematic analysis of the V-belt
transmission
The gear ratio of the V-belt transmission is determined by
the expression:

where:
Dy, Dy — the current diameters of the conical washers.

Xo — neutral line;

: d :

i, = ——— minimum gear ratio;
D2
D

min

H 1 . .

lnax = — maximum gear ratio;
d,

D1, D,— maximum diameters of the driving and driven pair

of a conical washers;

d,, d, — minimum diameters of the driving and driven pair

of a conical washers;

Y1, Yo — axial displacement of the conical washers.

For symmetrical transmissions:
d, =d, =d [mm]
D, =D, =D [mm]
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The range of change of the gear ratio is determined by the
expression:

The range (W) is limited by the maximum radial
movement of the belt on the conical surfaces (Ar).

Abtg

_ b,
Ct
2 2 93

[mm]

- atset point displacement Ar

W = (1 + A—rJ[l + ﬂ}
r2 rl

The range (W) depends on the width of the belt by, the
angle y and the diameters d; and d,. From the condition to
not jam the belt optimum angle y is 22°. For normal V-belt
transmission the range W=5, and for special constructions
with broader belt W=10.
Between y; and y, and gear ratio “i” has a strict
dependence. Lateral displacement of the two washers
y; and y, at a fixed value of ,,i is different.

This explains the need to maintain a constant distance
between the shafts ,,I and the length of the strap ”L”.
The length of the strap ”L” is determined by the
expression:

2
Lz2|+£(D+d)+M[mm]
2 41

| — distance between the input and output shaft.
Displacements y; and vy, are determined by
expressions:

the



For diameters:

i—7;(1+i)+\/7;r2(1+i)2 +2(1—i)2[|'— )
D, =

X (1—i)2

Fig. 3

The effort in the belt can be saved by the equation:
25, =S, +S,[N]

S1, S, — tensile forces in the belt.

Atidle S;= S

Peripheral force acting on the cone washers given by the
expression:

Py, =S; = S,[N]
The maximum peripheral force is obtained based on
Euler's formula in the presence of condition of no slip
between the belt and the conical washer:

m-1
P, =2S, —— [N]
m+1
where:
f'
m=e”" _ coefficient
e — Euler's number

o — angle the scope of the belt on the cone washer in [rad]
f' — aligned coefficient of friction

f':L

sin

N [R
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f — coefficient of friction between the belt and the conical
pulley

25, m_i
_ m+
B “p

B — coefficient of reserve
To determine the friction coefficient (f) using the
calculation model shown in Fig.4.

X

_> Frm
FTern
M el
—L=
Fu
Fig. 4
Fn — normal force
F.p, — friction force
F ez — traction
F., — pressing force
FTP < f.Ry

Efficiency of V-belt transmission is expressed by the
formula:

@-v)o,—0,) 20-Vv)E, J,(i*+1)

=1- +
7 E K, FD*

p

where:
E, —a modulus of elasticity of the belt;
F — area of the cross section of the belt;

)
K, =—2 —allowable tension;

p
oo — tensile tension, caused by pre-tensioning the belt;

o, — tensile tension, caused by the action of the centrifugal
forces on the belt;

Jp — moment of inertia of the cone washer;

v — coefficient of transmission of the axial force.

In calculating the V-belt transmission for cars are the
trends to use wider straps. This achieves transmission of
higher torque. One of the most important parameters
describing the strap is allowable stress Ko. This tension
depends on the ratio bo/h. The value of this ratio is most
often 2.5. This value is recommended in reference works
for the calculation of V-belt transmission.

3. Results
Based on displayed above formulas of this report is
made program running in the middle of Matlab®, via
which quickly and easily calculate the geometric
parameters of V-belt transmission. When working with the
program, shall put the following parameters of the
transmission: length and width of the belt, and radii of



primary and secondary conical washers. The results of
calculation of the program visualizes graphically and have
the type, shown in figure 4. From the figure clearly visible
minimum and maximum working diameters of the V-belt
transmission and the corners of range of the belt. Has been
developed and the second program in the middle of
Matlab®, which graphically shows the dependence the belt
angle as a function of the minimum and maximum
working diameter of the conical washer. Calculation
results of the program are shown graphically in figure 5.
With programs developed in this report is optimized pretty
the time for work at the initial analysis of the V-belt
transmission. With the introduction of several geometric
parameters of the V-belt transmission we get data in
graphic form that are needed in further analyze and
calculate the stepless CVT transmissions.
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KHHEMATHUYEH U CHJIOB AHAJIM3 HA

KJIMHOPEMBYHA BE3CTEIIEHHA TPAHCMUCHS 3A
TPAHCIIOPTHHU MALLIMHHU

KINEMATIC AND FORCE ANALYSIS TO THE
CONTINOUSLY VARIABLE TRANSMISSION FOR
TRANSPORT VEHICLES

KNUHEMATHUYECKWU U CUJIOBOU AHAJIN3
KJIMHOPEMEHHBIX BECCTYIIEHYATBIX I[IEPEJAY JUUIS
TPAHCITIOPTHBIX MAILIUH

Doc. dr. Gigov B.!, Conf. dr. eng. Motishev V.2
Faculty of Transport, — TU-Sofia, Bulgaria

Abstract: In the present report are examine advantage and disadvantage to the stepless transmission,

well as forces action in

Continuous Variable Transmission(CVT). Work out an dependency from range to change on transmission ratio of stepless transmission.
Work up a program working in ambient to Matlab, through that define thoroughly geometric parameter on stepless transmission..
Keywords: RANGE OF CHANGE, STEPLESS TRANSMISSION, DIAMETERS, FORCES

1. BbBenenue

bescrenennara MexaHMYHa TPAHCMHMCHUS H3BECTHA
ome mnox HaumMenoBanuero CVT (Continuous Variable
Transmission) 110 CbIIECTBO € IPEJaBATE/HA KyTHs, IPH
KOSATO IIPE/IaBaTeIHOTO OTHOLIEHHE MOXKE Ja Ce MPOMEHs
IUIABHO B 3aBHCHMOCT OT NpOMSHATa IapaMeTpHTe Ha
JABMrartelss WJIM IIPOMSHA HAa IIbTHHTE YCJIOBHSA Ha
JBIOKEHME Ha aBToMoOmIa. Ycunus 3a cb3gaBane Ha CVT
CBLIECTBYBa  OLI€ OT  CpPEJAHOBEKOBHETO,  TaKapa
TpaHcMucHs e npoextupain Jleonapio Jla Bunuu. Ome ¢
[I051BATa Ha I'bPBUTE aBTOMOOH/IM CE M3IIMTBA HY)KAATa OT
0e3CTereHHN TPAHCMHMCHH. 3alll0TO XapaKTepHCTHKATa Ha
JIBUraTesIs, U MO-TOYHO KPUBATA HA BBPTAIIUAT MOMEHT,
He ca I[OAXOMAIIM 3a JUPEKTHO CBBP3BaHE Ha
aBTOMOOMW/IHUTE KOJIeJIa C KOJSIHOBUAT Bajl HA JIBUTATEIS.
ToBa Hajmara MOHTHPAaHETO HAa  CbEAMHUTEN H
npejaBaTe]Ha  KyTHS  CbC  CTpOro  (hUKCHpaHH
IpeJaBaTe/Hi OTHOIIEeHHs. MOHTHpaHeTO Ha pbyHA
CTElIEHHA IIpeJaBaTe/lHa KyTHUS BOAU J0 JUHAMHYHU
HATOBApBAHMUs HA MEXaHM3MHTE Ha TpaHCMHUCHATA. Te3u
HATOBApBaHMs /IO TOJsIMAa  CTENEeH  3aBUCAT  OT
KrandpuKalmaTa Ha BOJa4a, OCBEH TOBAa BoJaya He
BUHArM € B CbCTOSHUE Ja IIPeLeHH IOAXOJslaTa
npefaBka 3a jga oOe3zneud paboraTa Ha JBUTaTels B

onrumaineH pexum. OT aBromMoOWiHara Teopus e
U3BECTHO, Y€  MaealHusT Opoil  mpejaBku  Ha
npe/iaBaresiHara KyTHS e Oe3kpaifHoCT T.€

[IPe/[aBaTe/IHOTO OTHOIIeHHe TPsAOBa Ja Cce MpOMEeHs
IUIABHO B JIOCTAThYHO IIHPOK JHAIA30H IIPU IIPOMsHA Ha
€IMH OT [apaMeTpuTe — YCJIOBHSA HAa JBIJKEHHE HIN
napamMeTpurTe Ha JBuratesisi. Te3dm HEIOCTaTbLUM Ha
PBUHHTE KYTHH Ce U30ArBaT C BIPaXK[aHEeTO B aBTOMOOM/IA
Ha Oe3CTElCHHH aBTOMATHYHM IIPE/IaBaTe/IHH KyTHH.
OCHOBHHTE NPEAMMCTBA HA TE3M KYTHH IIPE] PbYHHUTE
NpeaaBaTe/IH1 KyTHH Ca CIICIHHUTE:
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- OITHMAJIHO H3IIOJI3BAHE HA JIBUIATCJIA IIPpU Pa3IM4YHH
PEXHUMHU HA HATOBAPBAHEC.

- B CJICACTBUE HA OITHUMAJIHHUTE pa60'mu PEXKHUMH Ha
JBHIaTe/Id C€ IOCTUIAaT 110- HHUCKH HOPMH Ha TOKCHYHOCT
Ha 0Tpa60Tudee rasose.

- nopoOpsiBa ce TOpUBHATA HKOHOMHYHOCT Ha
aBTOMOOHIIA.

- M HAi-BOXHOTO IPEUMYIUECTBO - IIOCTOSHHO
[IPOMEHSIIO Ce IIpPeaaBaTeHO OTHOIIEHHE

OCHTYpSIBAILO MO-A00pH TETJIUTETHO-CKOPOCTHH CBOHCTBA
Ha aBTOMOOMIIA.

- IO0-rojsMa KOMIAKTHOCT B CpPaBHEHHE CbC
CBILECTBYBALIMTE IIPENABATE]HU KYTHH.
Hapen ¢ uszbpoenure  mpeaumcrBa — Ha

0e3CTeneHHUTe MEXaHHYHHU IIPeaBaTeIHH KYyTHH T€ UMaT
1 HAKOM HEOCTAThIM KOMTO CE H3Pa3sABaT B CJIIAHOTO:

- IpeAaBaT MOUIHOCTHHAT IIOTOK OT JBHIaTels Ha
3a[BIKBAILATE KOJIeNa 4Ype3 TPHEHe, KOeTO BOJM [0
OBP30TO UM H3HOCBAHE.

- INpH TOTErIsHE Ha aBTOMOOHIA HE OCUIypsiBaT
XJIb3raHe, KOeTO W3MCKBA MOHTHPAHE HA ChEIHMHHUTEN] WIH
XupoTpaHchopmMaTop MEXIy JIBUTaTesIs u
Ipe/laBaTesiHaTa Ky THs.

- UMAT OrpaHUYEHHe B IpeJaBaHus MaKCUMaJeH
BBPTSIL MOMEHT.

- 3a IPOHM3BOJACTBOTO UM Ca HYKHHM CIIONKHU H CKBIIK
TEXHOJIOTHH, KO€TO OCKBIIsIBA KOHCTPYKIIUATA HM.

- IPH KIMHOPEMBYHHTE IPEJaBKU CEe HM3UCKBAT
rOJeMH CHJIM Ha MPHTHCKAHE HAa KOHYCHHTE INIAiOM npu
npeJaBaHe Ha TOMIM BBbPTAILL MOMEHT, KOETO OT CBOS
CTpaHa M3MCKBA I0-BHCOKO HAJLITAHE B  XUJPABIMYHATA
CHCTEMa 3a YNpaBJeHHE BOJCIIO JO YBeIMYaBaHe Ha
MacaTa M rabapuTHTEe Ha TPAHCMUCHATA.

- KJIMHOpEMbYHATa IpeJaBKa He € PeBepCHBHA U
ce HY)K/[ae OT JOI'bJIHHUTEIHH 3bOHH NpPEJaBKH 3a 3aJeH
XOL.



M3BectHn ca cieaHure 0e3crereHH!
MEXAHUYHHU TPAHCMHUCHH:

- (DPUKLHOHHA Ye/IHA TPAHCMHUCHS

- (DpUKIMOHHA TOPOH/IA/IHA TPAHCMHUCHUSL

- (DpUKLMOHHA MHOT'O/IHCKOBA TPAHCMMCHS

- PUKUMOHHA KIIHHOPEMbYHA TPAHCMUCHS
B aBTOMOGH/IMTE HAH-TOJIAMO HPUIOKEHHE OT n3bpoeHure
TPAHCMHCHHM  Ca  HAMEpHIM  KIHHOpPEMbUYHATa U
TOPOU/AIHATA TPAHCMHCHSL.

KinmHOopeMbuHATa TPAHCMHCHS € ChCTABEHA OT

JIB€ IBOMKM KOHYCHH LIaiiOM, KaTo ejiHaTa JBOMKa 11aiou
€ IpejiaBalla, a Apyrara HpueMalla BBTSAIIAA MOMEHT.
[laii6ure ca ¢ MPOTHBOMOIOKHO OPHUEHTHPAHH KOHYCHH
IIOBHPXHMHH, KOMTO Ca CBBP3aHU C I'bBKAB IIpeJaBaTelieH
PEeMBK.

KOHCTPYKLIMH

+]

5.4
1 — XupgpotpaHcdopmartop
2 — MexaHuabm 3a 3ageH xof
3 — KoHycHu waiibu
4 — Pembk
5 — XuppaBnuyHo ynpasneHue
6 — MaeHo npenaBaHe

Que. 1

[TepBaTa 1aiiba moiyyaBa 3aJBUKBAHE OT JABMTATEIS H
IIOCPEICTBOM IIPEIaBaTE/IHUS PEMBK IIPe/aBa JABIKEHHETO
KbM BTOpara 1aiba, KOSTO OT CBOS CTPaHa o MPEXBbpIIs
KbM CHCTEMaTa 3aJBMJKBAllla KOJIelaTa Ha aBTOMOOMIIA.
IIpomsiHaTa Ha IpPeJABATEIHOTO OTHOLIEHHE CTABA YPE3
IUIABHO IPEMECTBAHE HA I10JIOKEHHETO HA PeMbKa BbpXY
KOHYCHUTE  NOBbpPXHMHM. ToBa mnpemecrBane  ce
OCBLIECTBSIBA IOCPEACTBOM XMAPABIMYHA YIIPABIIABAIIA
cucrema. [lpu Hyxma or npegaBaHe Ha IoJsAM BbPTALI
MOMEHT C€ yBeIMYaBa HATHCKAa BBbpPXY IIAHOUTE OT
XH/ApABJIMYHATa CHCTEMA, M PECIEKTHBHO IPH I0-MaIbK
BBPTSLl MOMEHT HATUCKA BBPXY KOHYCHHMTE IIaiOH
HaMaJlsiBa.
2. Cu10B M KHHEMATHYEH AHAJIH3 HA

KJHHOpPEeMBbYHA MpeJIaBKa

HpeﬂaBaTeﬂHOTO OTHOLLICHHE Ha KJIMHOpEMbYHaTa
IpeaaBKa ce orpeaeiis ot uspasa:
i= Dl,\'
195
KbIACTO:
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Dy, Doy — Texyuu quamerpu Ha KOHYCHHUTE 11aiiou

b0 ¥1

bl

ar

Que. 2
Xo — HeyTpaJiHa JIMHUS

- MUHMMAJIHO IIPE/aBaTeIHO OTHOLIEHHUE
2

21— - MAKCHMAJIHO IPEJaBaATEeITHO OTHOLIEHHE
2

D, D, — MaKkcuMalIHy JUaMeTpy Ha 3a/IBHKBALIATa |

3aJIBUJKBAHATA BOHKA KOHYCHH LIai0H

d,, d; — MMHMMAJIHH AMAMETPH Ha 3a/IBUKBAIIATA H

3a[IBUJKBAHATA JBOMKA KOHYCHH 11ai0u

Y1, Y2— aKCHAJIHO IPEMECTBAHE HAa KOHYCHUTE IIaiou

3a CUMETPHUYHH [IPEJABKHU:

d, =d, =d[mm]

D, =D, = D[mm]
Jluana3oHa Ha M3MEHEHHE Ha NPEIABATE/HOTO OTHOLICHHE
Ce ompe/ieNis OT u3pasa:

max

Huanazonst (W) ce orpaHnyaBa oT IPeAEIHOTO PaJIHaIHO
IIPEMECTBAHE HA PEMBKA BbPXY KOHYCHHTE HOBBPXHUHH
(Ar).

b h b
—Octgl—— = —'cth[mm]

2 25 25 ) 2

Ar =

- IpH 33Ja/ICHO [IPeMECTBaHE Ha Ar

Ar, 1

r, h

Ar,
+ i

wW=|1+

Huanasonst (W) 3aBHCH OT MIMpOYHHATA HA pemMbKa by,
BIbIBT Y W auamerpure d; u dy. Ot ycinosuero 3a
HE3dKJIMHBAHE HA pPeMbKa ONTHUMalHATAa CTOWHOCT Ha
brona y e 22°. 3a HOpManHa KIMHOpEMbuHa npejaBKa



AnanasonsT W=3, a 3a 1o-CrelHaIH! KOHCTPYKIUHH C O-
WUpoK pembk W=10.

Mexay y, M y» M [peJaBaTelHOTO OTHOLIGHHE i MMa
crtpora 3aBucumoct. [IpemecrBanero Ha

Y1 Hy> IIpH ONpe/ie/ieHa CTOHHOCT Ha i e pasinuno. Tosa
00scHABA HEOOXOAMMOCTTA OT 3alla3BaHe Ha MOCTOSHHO
pascrosHue | Mex 1y BajoBeTe U Ib/DKUHATA HA peMbKa L.
Hbiokunara L Ha pembka ce onpesess oT u3pasa:

D+d)

L= 2[+§(D+d)+(4—l[mm]

| — pascTosHMe MeX/ly BXOAAUMUAT ¥ U3XOIAIIMSAT BaJl
IIpemecTBaHuATa Y| My, CE ONPEIEIAT OT U3PA3UTE:

Dz - D, ¥ (Dz _DI )2 ¥
= X X0l 4 o x/ 4 _[mm
i R b Sg
Dlx -DZX y (D2x _Dlx)2 7
, = g+ tg = [mm
Y2 g vy o Egm

3a nnamerpure:

i—%(1+i)+ ”TZ(IH)Z +2(1—i)2[%—1)

‘* (-iy

Vewnnero B PEMBKA MOJKE J1a Ce 3allUlle C YPABHEHHUETO:
28, =8, +5,[N]

Si, S; — onbHOBM CHiIM B pemMbKa

Ha npasen xon S;= S,

[lepudpepnara cuna jeiicrBaia Ha KOHyCHHTE aiion ce
M3passiBa ¢ U3pasa:

Py =S5, -S,[N]
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Maxkcumainnara nepudepHa cuna ce rnonayyapa Ha Gazara
Ha Qopmynata na Ojilep NpH HAIMYKE HA YCIOBHETO [a
HSIMA [PHILTB3BAHE MEK/ly PeMbKa H KOHYCHATa 1iaiiba.

m—1

P =25
¥ "m+1

(N]

KBJIETO:
1

m= eaf - KOe(hpHLHEHT

e — Henepogo unciio

0 — BI'bJI Ha 00XBaTa Ha peMbKa BHPXY KOHyCHATa Iaiiba
B [rad]

f' - npusenen koeduument Ha TpUEHe

fl = f
sinZ
2

f — xoeduIMeHT Ha TpueHe MeXy peMbKa H KOHyCHAaTa
maiiba

2501—_1
= m+
- R,

B — Koeduument na 3anac
3a onpesiensue Ha Koeuimenta Ha Tpuene (f) ce
M3I0JI3BA M34YHCIUTEIHIS MOJIE TT0Ka3aH Ha (ur. 4.

X

* anlcw cuna
Fen
M —>
FL_

Fu

Que. 4
Fy— HopmanHa cuia
F.p, — cuna na tpuene

F.XIE

KII/1 Ha knuHOpeMbYHaTa Npe/aBKa Ce H3pa3aBa upes
(bopmynara:

(1-v)o, —cr”)+ 21-v)E, J,(* +1)
E K, FD*

P

r=i=

KbACTO:
Ep — MOJyJI Ha €JIaCTUYHOCT Ha peMbKa
Fp — ILIOLI HA CEYEHHUETO HAa peMbKa

P

0
K, = ;— - JIOIyCTHMO HalpeKeHHe
P



6y —  ONBHOBO  HANpeKeHHe
[pe/(BapUTE/IHUS HATAT HA peMbKa
Gy — OITbHOBO HAIPEXeHHE NMPUYNHEHO OT AEHCTBHETO Ha
LIEHTPOOEIKHUTE CHIIM BBPXY peMbKa
J, — MHEPIMOHEH MOMEHT Ha KOHYCHATa 1aiiba
U — KOe(UIMEHT Ha Ipe/laBaHe Ha 0coBaTa CUjla
[Tpy M3YUCIISIBAHETO HA KIMHOPEMbYHH [IPEIABKH 3a JIEKH
ABTOMOOMIIH TEHJCHIMUTE Ca KbM M3II0J3BAHETO HA IO-
LIHPOKH pemblM. Taka ce MocTura npejaBaHe Ha IO-
rOJISIM BBPTSILI MOMEHT. E/IMH 0T Hali-Ba)KHUTE ITapaMeTpu
KOWTO OIMCBa peMbKa € JIONyCTUMOTO HampexeHne K.
ToBa HanpekeHHe 3aBHCH OT OTHOLIEHHeTo by/h.
CroifHOCTTa Ha TOBa OTHOLIEHHE Hal- yecto e 2.5. Tasu
CTOHHOCT C€ IIPeIopbhbuBa U B CIIPABOYHATA JIATEPATypa,
[IPH M3YKUCIIIBAHETO HA KIMHOPEMbYHH IPEIABKH.
3. Pesyaratu

Ha ©6aszara Ha wu3BejeHuTe M0-rope (OPMYyIH OT
HACTOAIIMS J0KIaJl € HalpaBeHa nporpama B padorema B
cpenara Ha Matlab®, upes k0ATO MHOrO GBP30 U JTECHO ce
U3YHCIIABAT reOMETPHYHHTE napameTpH Ha
KIIMHOpeMbyHHTE IpeaBku. I1pu pabora ¢ nporpamara ce
BbBEK/IAT CIIEJHHUTE IapaMeTpu Ha IpeaBKaTa: AbJDKHHA
Ha peMbKa, IIHPOYMHA, KAKTO U PAJMYCUTE HA 'bPBUYHATA
U BTOpHYHATa KOHYyCHM Iwaibu. Pesynarature oT
M34YKMCIICHHETO Ha IporpaMara ce BHU3yalaupar B rpaduyeH
BHI M MMAaT BHJA Noka3aH Ha ¢urypa 4. Ot durypara ce
BIDK/IAT SICHO MHHHUMAJIHHMTE M MAaKCHMaJHUTe PabOTHH
JIMaMeTpH Ha KJIMHOPEMBbYHATA NPEIaBKa, KAKTO U BIIIHTE
Ha o0OxBaTt Ha pemMbKa. Pa3paboTeHa e u BTopa nporpama B
cpenata Ha Matlab®, kosto rpaguuHo  mokassa
3aBHCHMOCTTa Ha BIbJlA Ha peMbKa BBB (YHKUHSA OT
MHMHUMAJIHHS W MaKCUMallHug paboTeH JAuMaMeTbp Ha
KOHycHaTa miaiiba. Pesyararite OT H3YHCIEHMSTA Ha
nporpaMata ca nokazaHu rpadpuuno Ha ¢urypa 5. C
nporpamMuTe pa3pabOTeHH B HAaCTOSAIUMS JOKJIAg ce
ONTUMH3Mpa J0CTa BpeMero 3a paborara  IIpu
I'bPBOHAYAIHHA AHAJIM3 HA KJIMHOpEMbYHHTE npefaBku. C
BBBEK/IAHETO HA HAKOJKO IEOMETPHYHH IapaMeThpa Ha
npeJaBKara I0/TyyaBaMe JaHHHU B IpaduueH BHJI, KOMTO ca
HEOOXOJMMH IIPU II0-HATATHLUIHOTO AaHAIM3HPAHE U
H34YKCIIsBAHE HA Oe3CTeleHHH BapHATOPHH IIPEIaBKHU.

NPUYHUHEHO oT

W3mecTBaHe Ha pembka no Z-koopauHara [mmj

|
|
|
|
|

o

50 -

Paauyc Ha KoHycHaTa waitba [mm]
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PaboTeH AMaMeTbp Ha KOHYCHaTa LWaliba Bb8 (yHKLMA OT brbna Ha peMbka

2, e T T T
P ) |
48] ~obete Lo P £ TRl LN e DA
‘ | | | i
| iy | !
10- oy Aoy R i
= oy l i
o 1 I I 1
ol I I I 1
§5 7777777 et e st el S et VS B R ==
E- | U I I I 1 |
~— | | 1 ! |
: 1 U I 1 [
;0777—7—‘ ! T T T e L L -
2 | 1 |
2 alo e BE Al e DI
= | I I
e | 1
B he TR e i e
| | 1 |
1 | 1
1 I I I
15| - ) i
1 ! 1 1 1
1 ] 1 1 ! |
1 | ] | I |
N T B 1 [l 2 e am g b T |
3 35" 40" =455 60 65, -+i60° - 485 H0E T 80
PaboTeH vaMeTsp Ha KoHyCHaTa Waitba (mm)
Que. 5
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