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1. Introduction

In modern cars are used mostly traditional manual and
automatic speed gearboxes. However, they have some serious V-belt variator
drawbacks that are as follows:

- at manual gear boxes appear dynamic loads during gear
changes, that reduce the reliability of the various nodes of
the car transmission;

- have strict ratios of the individual gears that do not always
meet the operational mode of the engine; Centrifugal -;

- poor fuel economy of car; :

- high toxicity of exhaust gases.

Order to avoid these shortcomings, the most important is to
ensure optimal modes of engine operation. At optimal mode of
engine load is decreases the toxicity of exhaust emissions and
improved fuel economy of cars. This mode is achieved by
continuously variable mechanical transmissions, which have the
property continuously and smoothly to change gear ratio
depending on engine load and road conditions. One of the most
used in automotive engineering mechanical continuously variable
transmission is a V-belt variator. With its built-in car are
achieved the following benefits:

- reduced toxicity of exhaust gases;
- improved fuel economy of cars; _ )
- high reliability and capable of transmitting relatively high Electric brake

torques;

- improved traction-speed properties of the car.
Figure 1.

This report is described and analyzed test bench for stepless
mechanical gears. Designed stand is a complex system consisting -@%
of the following modules: drive unit, CVT transmission, final
drive and loading unit. For better clarity, the stand is presented in
the form of a block diagram shown in Figurel. The diagram
shows and centrifugal clutch, which acts as a slipping element |
and the connecting element between test transmission and mLf
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loading unit - represents a chain drive and electric brake. Drive 1 7 ]
unit, CVT transmission and the main transmission in a common 3 HE /?7
housing and are fastened to the foundation with the help of = . = .
specially made stands. The stands are shown in Figure 2. N I ! o ! 3
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Figure 2.
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2. Description of individual modules of the stand
Drive unit — it represents a two-stroke gasoline
internal combustion engine. The technical data are
presented in Table 1. Figure 3 shows the external

characteristics of the engine, given from the
manufacturer.
Model Piaggio Liberty 125 2T
Swept volume 125cm’
Engine type single cylinder - gasoline
Stroke two stroke
Power 8.8 kW /6600 rpm
Torque 12.5Nm /5750 rpm
Compression ratio 10.6:1
Combustion system carburetor SOHC
Launcher electrical
Lubricating system with an oil pump
Cooling system air system
Own masse 108.0 kg
Table 1
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- Loading unit — represents a pendel electric machine with
power 28 kW (shown in Figure 4). To the housing of the
electric generator is attached a lever for measuring the
reaction torque. For this purpose it is not stationary, but
stored of special hinge to the foundation. The use of this
type of loading unit ensures proper loading characteristics of
the transmission and has an output consistent with the power
of the drive unit and power, which can transmit
continuously variable test transmission.

Figure 4
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Its main parameters are shown in Table 2 and its loading

characteristic of Figure 5.
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Mark ELbtawerk Heidenau
Model Rapido
Type GPFc7h
Rated voltage 330V
Rated current 85A
Power 28 kW
Rated rpm 6000 rpm
Masse 425 kg
Working temperature 40°c
Table 2
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- variator gear — on the test rig is mounted symmetrical
wedge belt transmission with mechanical control (Figure
6). The main parameters of the gear unit are given in

Table 3.

Figure 6



Diameter of the conical washers ® 130 mm
Minimum ratio imin=0,5
Maximum ratio ivax = 2,2

rubber V-belt
mechanical, symmetric
mechanical with
centrifugal clutch

12 Nm

40 mm

Element that transmits the Torque
Variator type
Control system

Maximum torque
Radial move of the strap

Table 3

Laboratory module for testing variator transmissions is
equipped with sensors for speed, displacement and temperature.
The location of the sensors and recording devices are shown in
Figure 7.

Amplifier [

voltage

Figure 7

1 — Drive unit (ICE);

2 — Variator transmission;

3 — Main drive;

4 — Sensor to engine speed;

5 — Sensor for displacement of the conical washer;
6 — Temperature sensor of ICE

7 — Sensor to rotational speed the output gear;

8 — Electric brake.

The sensor for engine speed is inductive type and receives a signal
from the ignition system of the engine. The ignition system is of a
type dynamo-magnet. The output signal of the sensor is in the form
of alternating voltage with 10V amplitude and frequency,
proportional to the engine speed. After entering in the metering
system voltage is converted to engine speed, rev / min.

A displacement sensor (shown in Figure 8) is of the inductive type.
Stand is equipped with a sensor type RF 232 with a measuring range
of movement 0-25 mm.

Figure 8
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Geometric and technical data of the sensor are shown in Figure 9 and
Table 5.
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Figure 9
Sensor for displacement
Type RF 232
Measurement 25 mm
Ly 160 mm
L, 83 mm
Liviax 69,5 +1mm
Ly 40+£1,5 mm
Table 5

The sensor is mounted on a secondary conical washer. It is contacted
with the washer by means of a rolling bearing and a direct
mechanical connection (Figure 10).

Conical washer

Rolling bearing

Sensor for
displacement

Figure 10

In the stand is mounted only one perceiver of moving because the
studied variator transmission is symmetrical type, i.e. the move of a
specified distance of one cone washer is proportional to the move of
the other washer, but in the opposite direction. The throttle position
of the internal combustion engine is regulated by a DC stepper motor
(Figure 11), with which is adjusted very precisely the load mode of
internal combustion engine and variator transmission.

Stepping electric
motor

Figure 11

The drive unit, variator transmission and the main transmission are in
a common housing and are positioned by stands to the foundation.



The output of variator transmission is associated with the loading
device via dual chain drive, shown in Figure 12.

Figure 12

The gear ratio of this gear is i = 2, and is in line to cover the working
range of the load unit.

3. Methodology of testing

The main parameters, that are considered at the bench tests are:
- Rotational speed of the input of the transmission - n; [min™!]

- Moving the secondary cone washer - x, [mm]

- Rotational speed of the output of the transmission — n, [min™*]
- Torque on the output of the transmission — M, [Nm]

- Temperature of ICE [C”]

The input torque of the transmission is the torque of ICE M; [Nm].
The value of M; in the bench tests is reported by external
characteristic of ICE at the respective speed n; [min™] or is
determined indirectly by fuel consumption or from rarefaction in
intake manifold of ICE. With the readings on the speed of the input
and output of the transmission. (ny, n,) can be determined kinematic
gear ratio of the variator gear.
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Figure 13. Kinematics of VV-belt transmission
For variator gear apply the following kinematic relationships:

R:RCP+AR; R =R, —AR, [mm]
=(R )/2=(R )12, fmmi

1m|n lmax
The radii R; u R, depend on the move x,, which causes their
amendment AR by the following equation:

ﬁa(\/tQZﬂ tgﬁx —tg’g)
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AR =

[mm],
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where (3 is angle of conical washers.

111

The determined values of R, u R, , by measuring displacement x, can
be used to calculate the current geometric transmission ratio of the
test gear:

2
From the measured and calculated values can be determined also
following important parameters of the variator:

- speed of the V-belt:
V. =0.R - o, R, [ms]

- slip of the V-belt:
b V, 1 w,.R, :1_'_1 [
o.R o,.R,

With the obtained values for the torques M;, M, and for the rotational
frequencies ny, n, can determine the efficiency of the tested variator:

_M,0,
M, @

4. Conclusions

2l

[l

With the help of descriptions stand can thoroughly explore the

parameters of the stepless variator transmissions. The data, obtained
in the study serve to build regulatory and loading characteristics of
the studied transmissions. The tester can be equipped with additional
sensors for vibration, and see how it works real arisen during work
vibration the V-belt on the effectiveness of variator transmission.
Data from the sensors enters in the digital measuring system, in
which are set dependencies given out above. The output results are
obtained in the form of graphs. At those graphics can be seen in real
time power, kinematic and regulatory parameters, that characterize
the studied transmission.
The data, obtained at laboratory tests, the maximum come close to
relevant data at road tests. This is thanks to well-chosen features of
the drive and loading devices. With the help of the stand can be
explored various types of V-belts, control systems and conical
washers.
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TESTBED FOR EXAMINER ON THE CONTINUOUS
t r a n s & VARIABLE TRANSMISSION

MOTAUTO 09 MCTIBITATEJIBHBIN CTEH/T JULS BECCTYIEHYATOM

I[MEPEJTIAYU

- CTEH/1 3A UBIIMTBAHE HA BE3CTEITEHHA BAPUATOPHA
TPAHCMUCHA

Doc. dr. Gigov B.", Conf. dr. eng. Motishev V.2, dr. eng. Dimitrov E.*
Faculty of Transport, — TU-Sofia, Bulgaria

Abstract: In the present report are discribed and analyses modules buildings test bed for examined on the Continuous Variable
Transmission (CVT). Described is and methods at examination to CVT in laboratory conditions.
KEYWORDS: SENSORS, STEPLESS TRANSMISSION, TESTBED, SHIFTING, CHARACTERISTICS

1. BoBenenue

B CBBPEMCHHHTE aBTOMOOWJIM Ce H3MOJI3BaT Hal-uyecTo
TPAHIHOHHHUTE PHbYHH H aBTOMATHYHH CTCIICHHH IPEIaBaTCIHHU
KYyTHH. Te obaye nMat HAKOH CCPHO3HH HEIOCTATBIH, KOUTO CC
u3passaBaT B CJI€IHOTO:

Bapnatoera

MEeAasKa AR

® [IpH PHUHHTE CTENEHHH TIPeaBaTelIH KyTHH Ce MOsBABAT
JIMHAMHYHH HATOBapBaHWs, NPH CMsHAa Ha TIPEIaBKHTE,
KOHTO HaMaisiBaT HaJCKIAHOCTTA Ha PA3IMYHH BB3IH OT
TPAaHCMHCHATA Ha aBTOMOOHJIA.

" YMar CTPOTO OMNpee/eHH MNpelaBaTe/HH OTHOIIEHHs Ha
OT/ICJIHUTE TIPEJaBKH, KOWTO HE BHHArH OTTOBapsAT Ha LeHTPOBEXEH
PabOTHHAT PeXKHUM Ha JBHTATEIIA. CLEAMHUTEA

= BJIOILICHA TOPHBHA HKOHOMHYHOCT Ha aBTOMOOHIA .

" BHCOKAa TOKCHYHOCT Ha OTPabOTEHHTE ra3oBe.

3a jga ce pemar Te3H HENOCTATBUM HaH-Ba)XHO e 1a ce
rapaHTHpaT ONTHMATHH PEXXHMH Ha paborta Ha aBuratens. [lpu
ONTHUMAJICH PEKUM Ha HATOBapBaHE Ha JBHTATells Ce HaMalsiBa — . - ————
TOKCHYHOCTTa Ha OTpaOOTEeHHTE Ta30Be M ce Moao0psaBa
TOpPHBHATa HMKOHOMHYHOCT Ha aBToMoOMna. To3m pexum ce
TIOCTHTa Ype3 Oe3CTeNeHHUTe MEeXaHWYHH TPAHCMHCHH, KOWTO
HMaT CBOMCTBOTO O€3CTENMEeHHO W IUIABHO Ja H3MEHST i
Npe/1aBaTeIHOTO CH OTHOILEHHE B 3aBHCUMOCT OT HaToBapBaHetro | Hoeed
Ha JIBUTATeIA M MMBTHUTE yCiIoBHs. EHa OT Hail-H3MOI3BaHKUTE B
aBTOMOOHJTHATA TEXHHKA Oe3cTeneHHa MeXaHHYHA TPAaHCMHUCHS €
knuHopembyHata (CVT). C HelHOTO BrpakiaHe B aBTOMOOWIA
ce MOCTHTaT CIeHATE MPEeIHMCTBA:

neeaasa

® HaMmaJIcHa TOKCHYHOCT Ha OTPBGOTCHHTC rasose.
n nonoﬁpeﬂa TOpHBHA HKOHOMHYHOCT Ha aBTOMOOMIA
" BHCOKa HaJICKIHOCT U BB3MOKHOCT 3a Mpe/laBaHe Ha

EnerTRuuecra
CNMPQUKQ

CPaBHHUTECIIHO TOJIEMH BBPTAIIIN MOMEHTH.
n ﬂOZ[OGpCHH TCTIIUTCIHO-CKOPOCTHH CBOIiCTBa Ha

¢urypa 1.
aBTOMOOMIIA.

B HacTOsmIHA JIOKTaJ € ONHCAaH H aHAIM3MpaH CTEHI 3a
M3MHTBAaHE  Ha  OC3CTENEHHH  MEXaHHWYHH  [IPeJaBKH.
TIpoeKTHpaHUAT CTEHJ € KOMIUIGKCHA CHCTEMa ChCTOSIIA Ce OT
CICIHHTE  MOMYJNH:  3aJBHKBAIl  arperar, BapHaTOpHa
TPAaHCMHUCHS, IIABHO NpeJaBaHe M HATOBApBallO YCTPOIHCTBO. 3a
Mo-7100pa MPErieHOCT CTeHAa e NpeJCTaBeH BbB BHJ HA O/OK-
cxemMa nokasaHa Ha ¢urypa 1. Ha cxemara e mnokaszaH u
HCHTPOOCKEH CBEIMHHTEN, KOHTO M3NBJIHABA poOJIATa Ha
XJTB3rall eJIeMEHT, KaKTO H CBBP3BAIIHSA EJICMEHT MEXKIy
M3MTHTBAHATA TPAHCMHCHS H HATOBapBAIIOTO YCTPONMCTBO, KOETO
NpeaCTaB/IsiBa BEPHKHA TpeIaBKa. 3aJBHXKBALIMS arperar, —
BapHAaTOpPHATa TpelaBKa M TJIABHOTO TpelaBaHe ca B 0Ol
KOpIMyC, M Ca 3aKperneHH HENMOJBHXKHO KbM (DYHIAMEHT ¢

NOMOIITa Ha crenHaaHo H3padoteHn croiikn. Croiiknte ca ,[Eﬁ‘—hﬁ%ékjm—j
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nokasaHu Ha durypa 2.
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2. Onucanmne HA OTIAEJHHTE MOIY/IH HA CTEHAA

e 3aABHKBAIL arperaT — NPE/CTABIABA BYTAKTOB OEH3MHOB
JBHrate]l ¢ BBTPEUIHO TOpeHe. TexXHHWYecKuTe JaHHH ca
[pe/CTaBeHH BbB B Ha TaOmHla, M UMaT BHJA MOKa3aH B
tabmuna 1. Ha d¢urypa 3 e nokasasa BbHIIHATA
XapakTepuCTHKA Ha 3a/BWKBAlMA arperat JaieHa oT
3aBOJ1a MPOU3BOIUTEIL.

OCHOBHMTE i TapaMeTpH ca MOKa3aHH B Tabauua 2, a
HaTOBapBalllaTa i XapaKTepHCTHKA Ha (urypa 5.

Mozex Piaggio Liberty 125 2T
XoaoB obem 125 cm”
Asurarea Tun Exnonnamnipor-Seniunor
TaxTaoCT AsvraxToR
Momsoct 12 x.c (8.8 kW)@6000 rpm
BrpTam MoMeRT 12.5 Nm(@ 3750 rpm
Crenen Ha CTBCTSABARE 10.6:1
Topusna cncrena Kapoypartop
VupagisBama ropEBHA CHCTeMA SOHC
{Craprep Eaextpugeckn
Mazuana cucrema Macaena nomna
Onaaanreana cHCTEMA Boiaymna
CobcTBena maca 108.0 ke
Tabdanua 1
Pe, kW
i
IJ - ee
2
7 . 483 00
5 k= -~ 600
- H=ET<
= i
: |~ : = =100
3 - = 12 M,Nm
L s £ PR
o P \\ i
1 =] = 2
4000 5000 &£000
N wuinin
¢purypa 3
o HaroBapBamy arperat — IpeICTaBIsABa CICKTPHYECKa

crupauka (rmokasana Ha ¢urypa 4) narepyBaHa NeH/JIe10BO C
HaroBapBamia MomHoct 28 kW. M3non3BaneTo Ha TO3M THII
HATOBapBAlO0  YCTPOICTBO  OCHTYpsBa  MOAXOJAIIA
HATOBapBallla XapaKTEPHCTHKA Ha TPAHCMHCHATA, H € C
MOIIHOCT ChOOpa3eHa ChC MOIIHOCTTA Ha 3a/IBHKBAIINA
arperat, M MOIIHOCTTa KOATO MOXe Ja mpeaaje
M3NUTBaHaTa Oe3CTeNeHHa Mmpe/laBKa.

Ne [KW]

Enextpuuecka cimpauka  ELBTAWERK HEIDENAU

Mapxa ELBTALWERK HEIDENAU
Mozea Rapido
Tun GPFc7h
Homnuuaano nanpexense [V] 330
Hoymuanen Tox [A] 85
Momaocrii] 28
Hozuraan odopors [rpm] 6000
Maca kg 425
Paboraa resmeparypa [C] 40'
Tadanua 2
28 - - - - — ”

' '

I 1

1 1

14 ! =

1 I

I 1

! :

.
o 2000 4000 6000  p, [1/min]

(urypa 5

e Bapnartopna npeJaBka — Ha CTCHIA 3a M3MHTBAaHE €
MOHTHpaHa CHMETPHYHA KJIHHOPEMBUYHA TPAHCMHCHSA C
MeXaHHYHO ympasieHue (¢urypa 6). OcHoOBHHUTE
napaMeTpH Ha IpeJiaBKara ca JaJeHH B Tabinna 3.

¢urypa 6



TlraseTsp Ba KomycRMTe mandu |mi] (130
MuH#MaIHO Npes. OTHOmenne :l!' ji-l 0.5
Maxcayaano npex. ornomene(iy | H 32

EaeMeHT Opei’Bam BEPTAOINR MOMERT T'yser TpanenoBRIen peMbK

Bua sapuarop Mexaunuen, CHMeTPHYER

Vipasasisama cHcTeMa Mexannuna, HEHTPOOEKEH ChEARHUTET

\{axcmamaaHo OPeIABAE BLPTAM MOMEHT| 12 Nm
Paanaano npemecrsane Ha pesuxamml| 40
Tabauna 3
JlaGopaTopHHs MOZY] 3a HM3NHMTBAaHE Ha  BapHaTOPHH

TPaHCMHCHH € KOMIUICKTOBAaH CBbC CEH30pH 3a 4YeCcToTa Ha
BBPTCHE, IPEMECTBAHC H TeMIIEpaTypa. PasnonoxeHuero Ha
CGH30pUTE M perucTpupaiiara araparypa ca TIOKa3aHH Ha

¢durypa 7.

Yeuasaren
an 3
manpemenuel

on
[EYY)

¢urypa 7
1 — 3agsmxksau arperat (JIBI)
2 — BapuaTopHa TPaHCMHCHS
3 — I'maBHO npeaaBaHe
4 — Cenzop 3a yecToTa Ha BhpTeHe Ha [(BI
5 — Cen3op 3a MpeMecTBaHe Ha KOHyCHaTa aiba
6 - Censop 3a Temneparypa Ha JIBT
7 - Censop 3a 4ecTOTa Ha BHPTEHE Ha H3XO0/1a Ha Tpe/laBkaTa
8 — EnekTpHyecKa cnupayka

CeHzopa 3a 4ecToTa Ha BbpTeHe Ha JIBI' e OT MHIYKTHBEH THII, ¥
nojyyaBa CHTHa1 OT 3alajkTe]Hata ypeada Ha  JBUTatells.
3anannTesnHaTa ypeaba e OT THIA JHHaMO-MarHeT. M3XoHus CHrHas
Ha CCH30pa ¢ BHB BHJ{ Ha TPOMEHIHBO HANPEKEHHC C aMIUIATYa
10V, 1 yecToTa NMPOMOPLHOHAIHA Ha 0O0OPOTHTE Ha JBHTaTEIIs. TIpn
NMOCTHIIBAHETO CH B M3MEpBaTeIHaTa CHCTEMa HANpPEeKECHHETO ce
npeoGpasysa B 4ECTOTA HA BHPTEHE , 00/MHH.

Censopa 3a mpeMecTBaHe (TokasaH Ha durypa 8) ¢ OT HHIXYKTHBEH
in. CreHzma e obopynsan cbe censop tan RF 232, ¢ anamason Ha
u3MepBane Ha npemectBane 0 - 25 M.

¢purypa 8
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['cOMETpHYHHTE M TEXHHUCCKM JIAHHH Ha CEH30pa ca TMOKasaHH
CHOTBETHO Ha (urypa 9 u Tabauua 5.

HI3MepRane 25

L1 180

L2 83

L. (21mm) 69.5

Lx (1.5 mm) 40
Tabamua 5

Censzopa € MOHTHpPaH Ha BTOpHYHAaTa KOHYyCHa waitba. Toit
KOHTAaKTyBa C maifbara MOCPEJCTBOM THPKAIAIL Jarep M ANPEKTHA
MexaHuyHa Bpb3ka (durypa 10).

KorycHa maibta |

¢urypa 10

B cTeHIa e MOHTHpaH caMO CMH Bb3IpHEMaTel 3a MPEMEecTBaHE,
3amI0TO M3cjIe/IBaHATA BapHATOPHA MpeJaBka € OT CUMETPHYCH THII,
T. € MPEMECTBAHETO HA OMpE/E/IEHO Pa3CTOSHHE HA €HaTa KOHyCHa
1maii6a € MpONOPIUHOHATHO Ha MPEMECTBAHETO Ha Jipyrara maiiba, HO
B 06paTHa mocoka. ITooKeHHEeTo Ha JpoceTHaTa Kiarna Ha JIBI" ce
peryamnpa TocpeJICTBOM TOCTOAHHO TOKOB CTBIKOB MOTOD (¢purypa
11), ¢ KO#TO MHOTO TOYHO CE PEryjIHpa peXHMa Ha HATOBAPBAHC Ha
JIBI" 1 BapHaTOpHaTa rnpejaBKa.

Cronxos
2JEKTPOMOTOD

¢urypa 11

3ajBIKBANMA arperar, BaphHaTOpHaTa MpeJaBka M TJIABHOTO
npeaBaHe ca B 00N KOPIYC, W Ca MO3HIHOHHPAHH TOCPENCTBOM
cToiikH KbM (QyHAaMeHT. VI3x0a Ha BapHaTOpHATa TPAHCMHCHA CE



CBbp3Ba C HATOBApBALIOTO YCTPOHCTBO MOCPEACTBOM JBOIHA
BEPIIKHA MPE/aBKa, Nokasana Ha gurypa 12.

¢purypa 12

TIpenaBaTeIHOTO YHCIIO HA Ta3H MpeiaBKa € i = 2, H € ChoOpaseHo ¢
orjie/l OKpUBaHe Ha pabOTHHS IHAITa30H Ha HATOBApBAILHA arperar.

3. MeToAMKA HA H3NHTAHUATA
OcHOBHHTE nmapamMeTpu KOMTO C€ OTYHMTAaT IIpH CTCHIOBHTE
MU3MUTAHHWA ca:

- YecroTa Ha BbPTEHE Ha BXOJla HA TPAHCMHUCHATA - 1) [min™)
- IIpemecTBaHe Ha BTOPHYHATA KOHYCHA Iaiita - X, [mm]

- YecToTa Ha BbPTEHE Ha U3X0/1a Ha TPAHCMHCHSATA — Iy [min™"]
- BBpTAII MOMEHT Ha H3X0/1a Ha TpaHCMuCHATa M, [Nm]

- Temneparypa Ha JIBT [C’]

MOMEHTHT Ha BXOJa Ha TPAHCMHCHATa € MOMeHTHT Ha JIBI' M,
[Nm]. CroiiHocTTa Ha M, NIpH CTEHIOBHTE M3MUTAHHA CE OTYHTA OT
BBHIIHATA Xapaktepucrnka Ha JIBI', mpu choTBeTHara 4ectora Ha
BbpTeHe N, [min’'] W ce ompenens KOCBEHO OT Pasxoja Ha TOPHBO
WM pa3pekIaHeTo B cMykareaHns konekrop Ha JIBT. C otuerenute
CTOWHOCTH 3a YeCTOTaTa Ha BBPTEHe Ha BXOJa M M3XOZa Ha
npexaBkata (n;, ny) MOXKe Ja C€ ONpENeiH KHHEMaTHYHOTO
npeaBaTesHO OTHOIICHHE Ha BApHATOPHATA MPEIaBKa.

y n
A =72 8]
1

HenoasmaHa maioa

¢urypa 13. Kunemarnka Ha KJIHHOPEMbYHA Npe1aBKa

3a BapuaTopHaTta IipeJlaBka ca B CHJIA CJICJHHTE KHHCMATHYHH
3aBUCUMOCTH!

R,=R,.+AR;
Rep = (Rl.min +R

Rl =RCP—AR, [mm]
)/2=(R R )/ 2, from]

1,max 2,min

Pamuycute R; u R, 3aBHCAT OT MPeMECTBAHETO X;, MPEIH3BHKBAILO
H3MEHEHHeTO UM AR upe3 CIeAHOTO ypaBHECHHE:

i /'[.a.(\[tg2 g + %.tgé.xz —tg g)
B
2

KBJETO 3 € BIbJl HA KOHYCHHTE Mai0oH.

, [mm],

41g

Onpenenennte croifHoctH 3a R, u R, , upes u3MepeHOTO
MpeMecTBaHe X, MOraT Jia Ce H3MOJ3BaT 3a H3YMCISBaHE Ha
TEKYLIOTO TEOMETPHYHO MPE/1aBaTETHO OTHOLIEHHE Ha H3C/IeiBaHaTa
npe/iaBKa:

i IR

L= R—' [

2

OT W3MEpEeHHTE M HM3YNCICHH BEJHYHHH MOTaT Ja Ce ONpeaessiT
CBILO M CIICAHHTE M0-Ba)KHU MapaMETPH Ha BapHaTopa:
- CKOpOCT Ha KJIHHOBHIHHSA PEMBK

V.= o,.R, — ®,.R, [m/s)

- XJIb3raHe Ha peMbKa

S V. =1_(oz.R2___1_z._,‘ -
,.R, o,.R, i

C mosyveHHTe CTOMHOCTH 3a MoMeHTHTe M,;, M, u uecrorure Ha
BbpTEHe n;, N, Moxe aa ce ompernemu KIIJl na wusnuTBanHara
BapHaTOpHa Npe/laBKa:

M, o
p="=2
MLwl

4. U3Boamn

[

C momouITa Ha CTEHZA ONMHCAH B HACTOAIIMA JOKJIax Ce [aBa

BB3MOXKHOCT 3a TMOJAPOOHO M3CTe/[BaHE Ha MapaMeTpHUTe Ha
Ge3CTENICHHHTE BApHATOPHH IIpelaBKH. JIaHHMTE MOJIYYEHH IIpH
H3CIEBAHETO COy’KaT 3a TIOCTPOSBAHE HA pEryJaTOpHH H
HATOBapBallld XapaKTePUCTHKH Ha W3CIEABAHHUTE TPAHCMUCHH.
Crenja MOKe 7a Objie KOMIUICKTOBaH C JOMBIHHTEIHH CEH30pPH 3a
BHOpAllHH, H JIa Ce BHAHM PEaTHO KaK JEeHCTBAaT BB3HHKHAIMTE IO
BpeMe Ha paGora BHOpalMM B KIMHOBHIHHA DPEMBK BBPXY
e)eKTHBHOCTTA HAa BapHATOPHATA NpeJaBKa. JlaHHUTE OT CEH30pHTE
MOCTHIIBAT B H(POBA H3MEPBATEIHA CHCTEMA, B KOATO Ca 3aI0KEHH
3aBHCHMOCTHTE  H3JIOKEHH TII0-TOpE, KOATO TH KalKylIHpa H
WHHIMAIH3UPA U3XOJIHUTE Pe3y/ITaTH BbB BUI Ha rpaduku. Ha Tesn
rpadMKH MOKE B PEaTHO BPEME Ja ¢ BUIAT CHJIOBH, KHHEMATHIHH H
peryJaTopHH TapaMeTpH, KOWTO XapaKTepU3HpaT M3ciieJBaHaTa
npeIaBKa.
IMonyueHute npu 71abOPAaTOPHHTE H3MHTAHHSA J@HHH MaKCHMAaIHO
61130 ce 106IHKABAT 10 CHOTBETHHTE JAHHH NMPH MBTHH H3MUTAHUS.
Tosa ¢ Taka GrnarojapeHye Ha J00pe MOAOpaHHTE XapaKTCPHCTUKH
Ha 3a]BMKBAIIMTE M HatoBapBammM ycrpoiicta. C momomra Ha
CTEeH/ia MOTaT ja ObJaT M3C/Ie/IBAHN Pa3THYHH BHIOBE KIMHOBHIHH
PEeMBbIIH, yIPaBIIsBalli CHCTEMH H KOHYCHH IIaHOH.
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