LABORATORY INVESTIGATION OF TEMPERATURE RATES OF AN
AUTOMATIC TRANSMISSION-

Assis.Prof. Boyko GIGOV, Ph.D. - Technical University of Sofia

The results of laboratory bench testing of car automatic transmission are presented in the
paper. The main parameters of the transmission have been measured varying the fluid temperature at
different rates. Graphic correlations are designed for the changing and loading characteristics and
efficiency coefficient, for velocity ratio of the torque converter and reduction ratio of the whole
transmission unit including torque converter, mechanical unit and automatic control system. Constant
input velocity has been maintained at different gears while changing output loading to the fixed rates.
Conclusions are given about the influence of the fluid temperature on the transmission performance.

I. INTRODUCTION

The temperature of the working fluid in
hydro-transmissions largely determined its
characteristics and indirectly influences of the
hydro-mechanical and volumetric losses
arising in the system of automatic control and
within hydro or turbomachine. She also
influence the additional power consumed by
the internal combustion engine (ICE) for
powering of the system for automatic control
and the losses in mechanical transmission.

For determining these influence on the
performance of the overall transmission
(hydraulic and mechanical part, along with
automatic control) was conducted a study in
laboratory  conditions  of  hydrodynamic
automatic transmission for passenger cars.

II. METHODOLOGY AND APPARATUS

Laboratory equipment (the test stand),
which is used to study the temperature mode
of transmission and the instrumentation, with
which is equipped, are described in separate
publications [1], [2]. Generally this stand
consists of a drive unit, including asynchronous
motor and hydrostatic transmission with
primary control, tested hydrostatic transmission
and brake (load device) consisting of
adjustable axial piston pump and valve for
creating load by throttling the oil.

The test transmission consists of a
complex two-phase torque converter with
reactor on the one way clutch and centripetal
turbine, planetary gearbox, cylindrical main
transmission and differential. The system of
automatic control includes hydraulic executing
devices, valves and distributors operated via
microprocessor unit and solenoids.

Were examined indicators of transmission
at a constant input speed and multilevel of
load on the output of individual gears and
change operating temperature. Maintaining a
constant temperature of the transmission and

its adjustment without special cooling system is
quite difficult. Therefore the results are
summarized for a range of temperatures, and
in some of the characteristics of the parameter
is assumed load at the output of the
transmission (torque) which, at the adopted
scheme of the stand can be conveniently
adjusted by altering the working volume of the
axial piston pump of hydrostatic loading unit.

The rotation speed of the input is
maintained in the range n' = 1000 + 1 tr / min,
by adjusting the working volume of the pump
from drive unit and this at the outlet (n") is
amended depending on the selected gear and
the operating mode.

Output torque (M") is determined by
measuring the reactive torque (M™) via strain
gages and corresponding calculations, and the
rotation speeds of input and output of the
transmission are measured by optoelectronic
converters and frequency.

Input torque of the transmission M' [Nm] is
determined by measuring the difference in
pressure Ap [bar] in the working hydraulic
pipework on the driving hydromotor [2]. The
amendment to the hydromechanical efficiency
is as expressed by either analytical
dependence in function of working pressure.
The other factors affecting on the value of this
efficiency in this particular case, according to
the adopted methodology , are supported
practically constant: working volume Vyy = 89
cm® / tr; rotational speed nyy = n' and the
temperature of the working fluid for the
hydrostatic transmission of the drive unit Txon
= 80+2°C.

The latter is achieved thanks to the
supported a constant rotational speed the
hydraulic  engine, respectively flow in
hydrostatic transmission and availability of
cooling system, whose fans can be switched
on or off as needed.

In this case, the relative hydromechanical
losses AM, respectively hydromechanical

efficiency nxv of the hydraulic engine will
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depend in practice only by working pressure,
presented in dimensionless form via Kp, and
the other factors are calculated via the
constants A and B, defined in advance by
conducting  additional experiments and
approximation of experimental data [2]:

AM= A + B.Kp 1)

By the change of the input torque are
judged for the load properties of transmission -
the product of the coefficient of primary torque
of the torque converter A and the density of the

oil.p:

M.3O2 3
p=—"T— , kg/m

5 2 2

Da.n LT

(2)

where Dgj is active diameter on the torque
converter , [m].

Transforming properties of transmission
are characterized by a change of the torque
ratio K = M"/M' for the calculation of which is
determined output torque by the dependence :

M =KyM (1-K7)-Mp, , Nm
)

where Kt is the coefficient of friction torque;
Mtpo - frictional torque of idling, [Nm]; Ky -

coeficient of calibration, [Nm/ust]; M-
indication of the strain gage amplifier, [ust].

Kinematic ratio of the torque converter for
each experiment is determined from the
indications of the input and output revolution
counter and the transmission ratios of the
mechanical part (the main gear, differential and
gearbox), which are known.

o Mg

iy =—-— 4

X 2.n' “)
The efficiency of the entire transmission is
obtained by calculation of its torque ratio and
its kinematics ratio i=n"/n":

K.n
= 5
Nyp 1000 (%)
lll. THE TEST RESULTS
Described in point 1l indicators of

hydrodynamic transmission are determined at
different working temperature of the oil, which
is measured in the crankcase of the test
transmission on the individual gears at some
fixed values of the torque M"™, that is
represented via the relative deformation of the
strain beam mounted on the blocked half shaft
of the differential in pst.

Some of the obtained results are given in
Fig. 1a, 1b, 1c, 1d, 1e, 1f and 1g:
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Fig.1. Change indicators of the hydro-transmissions depending on the working temperature (working
fluid - hydraulic oil type MXI1 40A)
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[V CONCLUSIONS

Are studied complex the indicators of
hydrodynamic automatic transmission for
passenger cars on the a testbed in the
laboratory depending on the change in
temperature of the working fluid.

It was found, that with an increase in
working temperature at the same other
conditions increased torque gear ratio of the
transmission as a whole and the kinematic
gear ratio on the torque converter, on which
corresponds reduction of the primary torque
(Fig.1f). This increase is more pronounced in
the range 30 + 65 °C at kinematics ratio
(Fig.1e), while above 65 °C the temperature
influence is much weaker (the relationship is
nonlinear). At temperatures above 80 °C of
some modes of load is observed even slight
lowering the kinematic gear ratio and from
thence on the common efficiency (Fig.1f and
1g)

Load properties vary mainly due to the
change in the density of the oil, while the
coefficient A is retained practically constant.
This is confirmed by the dependence of the

product Ap from kinematic gear ratio on the
torque converter, which practically does not
change with temperature change (Fig.1b),
while at the remaining dimensionless
characteristics influence of temperature is
significantly (Fig 1a and 1c).

The recommended temperature regime for
the studied transmission and working fluid is
obtain in the range - 65 + 80 °C.
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LABORATORY INVESTIGATION OF TEMPERATURE RATES OF AN
AUTOMATIC TRANSMISSION

Assis.Prof. Bojko Gigov, Ph.D. - Technical University of Sofia

The results of laboratory bench testing of
car automatic transmission are presented in the
paper. The main parameters of the transmission have
been measured varying the fluid temperature at
different rates. Graphic correlations are designed for
the changing and loading characteristics and
efficiency coefficient, for velocity ratio of the torque
converter and reduction ratio of the whole
transmission unit including torque converter,
mechanical unit and automatic control system.
Constant input velocity has been maintained at
different gears while changing output loading to the
fixed rates. Conclusions are given about the influence
of the fluid temperature on the transmission
performance.

1. YBOQ

TemnepatypaTta Ha paboTtHus dnyua npu
XUAPOTPAHCMUCUUTE ONpeAens A0 ronama creneH
HEeroBUTE XapakTEepPUCTUKW U BNUSRE KOCTBEHO BbPXY
XUAPOMEXaHUYHUTE [ obemuute 3arybm,
Bb3HUKBALWM B CUCTEMara 3a aBTOMATUYHO
ynpasnexve [ B camute XUAPO-UNU
TypbomaiumHu. Ts ce oTpasssa u Ha
AONBAHWTENHATA  MOLWYHOCT,  KOHCymupaHa  oT
ABuratens c sbTpelwwHo ropeHe (1Bl 3a 3axpaHsaHe
Ha cuCTemarta 3a aBTOMATW4HO ynpasneHve v Ha
3arybuTte B MexaHu4YHaTa 4acT Ha TPaHCMUCUATA.

3a onpegensHe Ha TOBa BNWUSHWE BBLPXY
nokasaTenute Ha TPAHCMUCWUATa KaTto  UANo
(XMApaBNUYHaZ U MEexaHW4yHa 4acT, 3aefiH0 CbC
cuctemata 3a aBTOMaTUMHO  ynpaBenexue) e
nposeAeHo uicneasaHe 8 nabopaTopHu yCnosua Ha
aBTOMaTUYHA XUAPOAUHAMUYHA TpPaHCMUCUS 33
neku asTomobunu.

Il. METOOUKA U AMTAPATYPA

NabopaTopHOTO CbOpPBLXKEHUE (CTEHABT),
KOUTO e  u3noN3yBaH 33  MU3CneaBaHe  Ha
TEMNEPaTYPHUS PEXWUM Ha TPAHCMUCUATA, KaKTO “
u3mMepsaTtenHara anaparypa, c kosTo e obopyasaH
ca onucaun B otaenHu nybnukauuwn (1], [2]. Hai-
0oBUI0 TO3M CTEHA CE CbCTOM OT 33ABWXBALL arperar,
BKMIOYBAlY  aCUHXPOHEH  enekTpoasuraten u
xugpoobemHa npesaBka C NbPBUNHO perynupase,
uU3NUTBaHa TPaHCMUCUA ¥ XxuapoobemHa cnupavka
(HatoBapsawo yCTPOMCTBO), CbCTOAWE Ce OT
akcuanHo-bytanHa perynupyema nomna v knanas 3a
Cb3/laBaHe Ha HaTOBapBaHe 4Ype3 ApocenupaHe Ha
MacnoTo.

M3nuteaHata TpPaHCMUCUS Ce CbCTOU OT
KOMNNekceH AsydaseH xuapoTpaHcgopmaTtop ¢
peaktop Ha Myda 3a csobogeH xoaq
UEHTpOCTpeMuTenHa TypbuHa, nnaHeTHa
npepaBaTenHa  KyTWR,  UWNWHAPUYHO  rNasHo
npepasave u AudepeHuuan. Cucremata 3a
aBTOMaTUYHO YNpaBNeHWe BKNKYBA XWAPABNUYHU
WU3NBAHUTENHM yCTpOWCTBa, Knanasu v

pasnpeaenuTeny ynpaBnsBaHW  4pe3  enexTpo-
MarHuTh OT MukponpouecopeH 6riok.

Wacneagsanun ca  nokasatenute  Ha
TPaHCMWUCUATa NPU NOCTORHHa YecToTa Ha BbpTeHe
Ha 3X042 W HAKONKO HWBA@ Ha HATOBapBaHETO Ha
U3XOAa Ha OTAENHUTE NPeAaBku U Npu U3MeHeHue
Ha paborHata Temnepatypa. [logabpxaHeTo Ha
NOCTOAHHA TemnepaTypa Ha TpaHCMUCUATa "
perynupaseto # ©6e3 cneyuanHa oxnaxaauia
cuctema e AoCTa TpyAHO. 3aTtoBa pesynraTtute ca
obobuieHu 3a onpeseneH TemnepaTtypeH uHTepsan,
a Npu HAKOW OT XapakTepUCTUKUTE 33 napameTsp ce
npvema HaTOBapBaHETO Ha U3X0Aa Ha TPaHCMuUCUATa
(BBLPTAWMAT MOMEHT), KOWTO npu Bb3npuetTata
cxema Ha cTeHga moxe yaobHo pa ce perynupa ypes
nameHeHue Ha pabortHua obem Ha akcuanHo-
6yTanHarta nomna Ha xuapoobemMHOTO HaToBapsallo
YyCTPOWACTBO.

Yecrotata Ha BbpTEHEe Ha Bxoja ce
noaabpka B Auanasoda n'=1000+1 tr/min, upes
perynupase Ha pabotHus obem Ha nomnara Ha
3aABUXBAlUMA arperat, a Tasu Ha u3xopa (n") ce
U3MEHS B 32BUCMMOCT OT BKNKOYEHaTa npeaaska u
pexvma Ha pabora.

Uaxoaawmar BbpTaw momeHT (M') ce
onpeaens ype3 U3MepBaHe Ha pPeaKTUBHWUS MOMEHT
(M") no TeH3oMeTpu4eH nNbT U CbOTBETHU
NPECMATaHUA, 3@ YeCTOTUTE Ha BbpTEHE Ha BXOAA U
u3xoaa Ha TpaHCMUCus\iTa Cce u3mepsat C
oNnTOeNeKTPOHHU nNpeobpasosarTenu u Y4eCTOTOMEPH.

BbpTAWMAT MOMEHT Ha BxoAa Ha
TpaHcmucunaTa M' [Nm] ce onpeaens oT usmepesara
pasnuka Ha HansaraHeto [p [bar] 8 paGoTHuTte
Mmar4ctpanu Ha 3aaBwxsawus xuapomotop [2].
V3MEHEHUETO Ha XUAPOMEXaHUYHUS KOEDUUUEHT Ha
none3Ho peuncreue (KMA) e otyereHo 4pes
aHanUTUYHa 3aBUCUMOCT BbB (PyHKUMs OT paboTHOTO
Hanarade. OcTaHanuTe axkTopu, BAUREWM BbpXy
cronHocTTa Ha To3u K[ B KOHKpeTHus cnyyan
CblNacHO Bb3npueTata MeToAMKa Cca uau  ce
NoAABPXKAT NpaKTUHECKU NOCTOSHHU: paboTteH obem

= 3itr: =n'
Vym=89cm>/tr; uyectoTa Ha BbpTEHE Ny\=n" #

Temnepartypa Ha paboTHus dnyva 3a
xuapoobemHaTa npeaaska Ha 3aABWXBaLMA arperat

AL 0o
Tyon =80£2°C.

MocneaHoTo ce noctura bnarogapexue Ha
noAAbpXKaHaTa NOCTOAHHA YECTOTa Ha BbPTEHE Ha
XuApomMoTopa, peCneKkTUBHO aebur 8
xuapoobemHaTa npepaBka M HanNUuUMeTo  Ha
oxnaxjaua CucTema, YMUTO BEHTUNATOpU MOraT Aa
ce BKnoYBaT unu n3knyBaT cnopej
HeobxogumocTTa.

B TaKkbs cnysaa OTHOCUTENHUTE

XuapoMexaHudHu  3arybu AM, pecnektusHo
xugpomexanuynuat KM Ha xuapomotopa uwe
33BWCAT Ha NpakTuka camo oT paboTHOTO Hanarawe,
npeacTaseHo B 0Oe3pa3mepeH BuA, a ocTaxanuTe
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aktopu Ce OTYMTaT C KOHCTaWTute A v B,
onpepenHu NpPeABapuTeNnHo 4Ype3 npoBexaaHe Ha
AONBLNHUTENHU ONUTU 1 2NPOKCUMAUKA H2 ONUTHUTE
AakHu [2):

AM =A+B.Kg 1)

Mo M3MEHEeHUETO Ha BXOAAWMA BBPTALW
MOMEHT C& CbAWu 33 HaToBapBaluTe CBOWCTBA Ha
TPaHCMUCUATA - MPOU3BEAEHUETO Ha KoeduuueHTa
Ha NbPBUYHWUA MOMEHT (I Ha xuapoTpaHchopmaTopa
¥ NABLTHOCTTA HA MacnoTo .

M 30° ;
A.p= , kg/m
BexD 2
Dy.n' .m

kbaeto Dy e axtvseH AuameTbp Ha
xuapoTpaxncgopmaropa , [m].

Mpeobpasysawure ceowcTaa Ha
TPaHCMUCUATA Ce XapakTepu3upar C U3MEHEHUeTo
Ha CWNoBOTO npejasaTtenHo uucno k=M"/M', 3a
NPECMATAHETO HA KOETO Ce onpejens WU3XOASALUMAT
BbPTALY MOMEHT NO 3aBUCUMOCTTA:

" "
M =ky.M (1—KT)—MTpo ,  Nm
(3)
KbAETO kT € KoeuUMEeHT Ha Tpuewums
MOMEHT, MTPO - Tpueul MOMEHT Ha npaseH XoA,

[Nm]; Kpq - TAPMPOBBYEH KOBDULMEHT, [Nm/pst]; m*
- NOKA3aHWETO Ha TeH3OMETpUYHUsA ycunsaren, [ust].

TEXHUKA-KOHCTPYNPAHE

KuHemaTtuyHoTo npegasaTenHo
OTHOWEHWE Ha XxuapoTpaHcopmaTopa 3a BCekv
ONWT ce onpenens OT NOKa3aHWATa Ha BXOAAWMS U
¥“3x0ARWMA 0O0pPOTOMEP U npeaasaTenHuTe 4Yucna
Ha MExaHuw4HaTa 9YacTt (rnasHOTO npejasaxe,
avdepeHumana v npeagasaTtenHarta KyTus), kouTo ca
WU3BECTHU.

e L
n .Irn.an

gy =
X 1
2.n (4)'
KoeduuueHTbT Ha NonesHo AencTeue Ha
ysnara TPaHCMUCUA Ce nonyyasa Ypes usyucneHus

OT CUNOBOTO ¥  NpeaasaTeNHo  4ucno u
KUHEMAaTUYHOTO | NpeaasBaTeNnHo OTHoWeHue i=n"/n'.
—— L )
TPL=
1000 )

IIl. ONUTHU PE3YNTATHU

Onucavute 8 Todka |l nokasatenu Ha
XUAPOAWHAMUYHATA TpaHCMUCUA Ca onpejenexHu
npu pasnuyHa paboTHa TemnepaTtypa Ha macnoro,
n3mepeHa B KapTepa Ha u3nuTeaHara TpaHCMucus
Ha OTAENHWUTE NPEAABKN MPWU HAKOMKO QuKCUpaHu
cToHoCTH Ha MomeHTa M™, wu3paseH upes
oTHOCUTENHaTa Aedopmauvs Ha TeH3omeTpudyHaTa
rpeaa, MOHTMpaHa Ha OnokupaHus nonysan Ha
AudepeHuuana B pst.
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®ur.1. IaMeHeHne Ha NokasaTenuTe Ha XuAPOTPAHCMUCUATA B 3aBUCMMOCT OT paboTHaTa TemnepaTypa (paboteH
chnyua - xuapasnuyHo macno Tun MXM 40A)

IV U3BOau

W3cneaBaHu ca KOMNNEKCHO nokasarenute
Ha aBTOMAaTW4YHA XUAPOAMHAMUYHA TPAHCMUCUA 32
neku asTomMobunu Ha cCTeHsg, B nabopaTopHu
ycnosuss B 3aBUCUMOCT OT M3MEHEHWETO Ha
Temnepartyparta Ha pabotHusa dnyuna.

YcraHoBeHO €, 4Ye C nosuliasaHe Ha
paborHata TemnepaTtypa npu ejHaksu  Apyrv

ycnosusa HapacTtear ¥ CUNoOBOTO nNpejasaTtenHo
4yucno Ha TpaHCcMucuaTa KaTo ysano “u
KMHeMaTu4YHOTO npejasaTenHo OTHoweHue Ha

XuapoTpaHcopMaTopa, Ha KOeTo CbOTBETCTBYBa
HamanssaHe Ha NbPBUYHUR BBLPTAL MOMEHT
(cur.1e). ToBa HapacTBaHe € NO-CUNHO U3Pa3eHo B

30u465°C npu

npeaasaTenHo oTHoweHue (dwur.1a), a Haa 65°C
BMAHWETO Ha TemnepaTypata € MHoro no-cnabo
(3aBucumocTTa € HenuuewHa). [pu Temnepatypu

AuvanasoHa KUHEMATUYHOTO

Hag 80°C Ha Hskou PEXUMU Ha HaTosBapsaHe ce
Habniogasa  paxe neko NoHWXaBaHe Ha
KUHEMaTUYHOTO NpPeaaBaTenHo OTHOWEeHWE U oTTam
Ha obuwma KNAQ (dur.1a,x)

HatoBapBawure CBOWCTBA Ce WU3MEHAT
Hait-Be4e Nopaju W3MEHEHWEeTO Ha NABLTHOCTTA Ha
MacfloTo, A0KaTo KoedUUUeHTBLT ce 3anassa
NpakTU4eckn NocTosHeH. ToBa ce NOTBLPXAABA U OT
33BUCMMOCTTa Ha  NpPOM3BEAEHUETO A oT
KUHEMATUYHOTO NPEAaBaTenHo  OTHOLLEHW Ha
XUApPoTpaHcopMaTopa, KORTO Ha NPaKTUka He ce
NPOMEHA C U3MEeHeHUe Ha Temneparyparta (dwur.1 6),
AokaTo npu ocTaHanurte 6e3pasmepHu
XapakTepUCTUKU BAUAHWETO Ha TemnepaTypara e
aHauuTenHo (cbur 12 1 g)

MPENCPBYUTENHUAT TEMNEPATYPEH PEXUM
3a uacneasaHaTa TpaHcmucus v paboteH gnyua ce

nonyyea 8 AnanasoHa - 65480°C.
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CTeHp 3a U3CNesBaHe Ha aBTOMaTUYHa XMAPOMEXa-
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Ha aBTOMaTU4HA XWAPOMEXaHWYHA TPaHCMWUCUS 33
nexk asTtomobun B nabopaTopHu ycnosus., cn.
MavuuHocTpoeHe kH. 11-12/2001r.

PE3IOME

B cratuaTta ca npeacTaseHu pesynratu oT
uscneaBaHe  nokasarenute Ha  aBTOMaTU4Ha
XUAPOMEXaHUYHA TPAHCMUCUS 33 NEKu aBToMobunu
B8 nabopaTopHu ycnosus (Ha CTEHA) NpU U3MEHeHue
Ha TemnepaTtyparta Ha paboTthus dnyua. Monyyeru
ca rpaduvyHuU 3aBUCMMOCTU 32 npeobpasysawure u
HaToBapBauMTe CBOWCTBA U KoeduuueHTa Ha
nonesHo Aeucrsue, 3a KUHEMAaTUYHOTO
npejasartenHo OTHOWEHUe Ha
XuApOoTpaHcdopmaTopa v CUNOBOTO NpeaasaTentHo
YMCNO Ha TPAHCMUCHATA Kato UANo, BKO4BaLla
XAPOAUHAMUYEH TPAHCHOPMATOP, MEXaHUYHA YacT
M cuctema 3a asToMaTtu4Ho ynpasnexue. [lpu
ONUTUTE Ha OTAENHWTE NpeAaskn Ce NoAABPXa
NOCTORHHA YecToTa Ha BbLPTEHE Ha BXxoAa Ha
TPaHCMUCUATAE, @ HAaTOBapBaHETO Ha M3XoAa # ce
U3MEHS Ha HAKONKO dukcuparu HuBa. Hanpaseru ca
CbLOTBETHUTE U3BOAM 32 BNUsHWETO Ha paboTHarta
Temneparypa BBLPXY nokasarenure Ha
TpaHCMUCUATA.

[anHu 32 aBTopa:

vHX., KaTeapa "[suratenu, asToMobUNHa TEXHUKa
Tpaxcnopt”, TpaxcnopTeH dakynteT , TexHu4ecku
yHusepcuteT - Codua

cn. ten.: 02/ 965 29 56. 965 34 21, 965 35
81, e-mail: bgigov@vmei.acad.bg
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