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A Study for Effects of Automatic Transmission Fluid on Fuel Economy

SangYeob Cha', SiWon Yang?

1)Research & Development Division for Hyundai Motor Company & Kia Motors Corporation,
2)Daeduk Institute of Technology, SK Corporation

Abstract : In order to improve the fuel economy by design change of automatic transmission, various
technologies such as increased shift stages, slip control of lock-up clutch and compact and low-weight
design have been developed. And also many OEMs have developed their own ATFs as a part of these
automatic transmissions. In this study, to investigate the effects of ATF characteristics on fuel economy, we
got the worldwide OEM ATFs and made some reference fluids. And physical properties, frictional
characteristics and fuel economy using dynamometer test for these fluids were evaluated. From the
investigation, it was found that viscosities of ATFs are correlated with fuel economy in dynamometer test
and reducing the viscosities made it possible to obtain fuel economy.
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Tablel °} 4&, 8 59 2AFA FHrlso] 7
Bt AgEtn Qe AFHREVF €3S B
ATFE Y3 AAMHoz AFRG AFEET)H
g A4E JeEhith ATFA,B,C,D,EE @4
T e AFEE7]HolY, Low Viscosity

ATF = ATFA dA FEXFEAAS A 2 sle



Table | APNE ATF & A4

Test Items ATFA | ATFB | ATFC | ATFD | ATFE Low High
Vis. ATF | Vis. ATF

KV 40°C, cSt 3395 | 3671 3359 | 2682 | 2350 2392 | 59.18
KV 100, cSt 7120 | 7.314 | 7.538 5.579 5.391 4.929 10.38
Vi 180 169 202 153 176 134 166
HTHS @150°C, cP 2.41 2.46 2.77 2.02 2.05 1.80 3.25
Brookfield Vis, @-40°C cP 13700 | 18500 | 11780 8500 7900 - -
TAN, mgKOH/g 1.70 1.72 2.20 1.06 1.64 . ;
TBN, mgKOH/g 2.96 3.82 3.05 2.45 3.33 . -
KRL(20Hr), @100°C Vis Loss, % 19.4 205 14.5 27 43 ; ;

B 67 72 72 135 71 - .

Ca 86 115 60 348 95 - -

P 260 287 291 362 255 . .

Element, ppm

Zn T T T 33 T - -

N 1785 2208 2226 1161 1982 . -

s 425 1684 352 726 642 -

Y=g $A AAE AlZolH, High Viscosity ATF
T ATF A o] AH&EHE 71F =8 54 89 3
TE A UE Algeld
2 HEZEAM

Ul ATHE7|FY FESAAT dvleky

BAE spetalr] Yl 40T, 100CEHEY 2
HEH(150C)stoll M o] H=E AT
Low Viscosity ATF ¢} High Viscosity ATF £ 3 &
7} dwlel wixle JE§L Ipetrstnat zhzb 100C
oMol w7l 4,93, 10.38cSt & gy AFHL

ZifRch 74z A g 9, A4 AAAG.
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Table 2 SAENo.2 2% 27

e =3
Friction Material BWA 4300
Friction Material Size(o.d./i.d.), mm 127/104
Plate Arran = Fricti
Plate, S Stoel Sﬁi) Friction S-F-S-S-FS
Fluid Volume, L 0.20
Fluid Temperature, C 120
Inertia, kgm2 0.343
Dynamic Test Speed, rpm 3,000
Static(Breakaway) Test Speed, 0.7
Apply Pressure, kPa 441
Cycle Length, s 30
Test Cycle 5,000

Table 3LVFA Ag =7 '

4= EXa
Friction Material D0580-3
Friction Material Size(o.d./i.d.), mm 126.7/104
Fluid Volume, L 0.10
Fluid Temperature, C 40,60,80,100,120
Pressure, kPa 1,000
Test Speed, rpm 150
Meas:u'ring rpm for friction 30,50,100,150
coefficient
Measuring rpm for du/dv 50




 Ade 98 AFussld 28%e FEO
2t 5ol dgd £ A= AL 7)o
(Differential Gear)& 7| %8t AEWHE7]E B2E 7}
ohd Ao THEA AFAE7|7H WLl H
w® 49 E ARy
Table4 A FHA A=
TE B
Test Engine New EF Sonata 2.0L DOHC
Number of cylinder 4
Swept volume, cc 1997
Compression Ratio 8.6:1
Test Transmission F4A42-1(HIVEC AT)
Coolant-in Temp., T 80 + 2
Engine Oil Temp., T 90 £ 2
Transmission Qil Temp., T 92 + 2
Intake Air Temp., C 25 ~ 28
Break-in, Hr 8
Measuring rpm for dy/dv 50
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Table5 Av|HPR= 23
Py . by
Mode | % | Duration | E/G RPM RPM Torque(Nm)
a 1 60 * 1,000 90 100
@ 2 60 = 1,250 230 50
3 3 60 = 1,535 300 50
@ 4 60 = 2,010 650 50
® 3] 60% 1,340 300 50
® 2 60 = 1,085 230 50
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Table 6 LVFA o| A1) w}&Al4= 4 o) gk

T m/s | ATFA | ATFB | ATFC | ATFD | ATFE
120 0.18 { 0.1195 | 0.1231 | 0.1330 | 0.1004 | 0.1168
0.30 | 0.1221 | 0.1252 | 0.1359 | 0.1050 | 0.1193
0.60 | 0.1255 | 0.1256 | 0.1359 | 0.1070 | 0.1201
0.90 | 0.1252 | 0.1256 | 0.1354 | 0.1094 | 0.1195
100 0.18 | 0.1234 | 0.1198 | 0.1355 | 0.1049 | 0.1152
0.30 | 0.1255 | 0.1232 | 0.1369 | 0.1093 | 0.1175
0.60 | 0.1272 | 0.1244 | 0.1377 | 0.1118 | 0.1202
0.90 | 0.1289 | 0.1250 | 0.1377 | 0.1115 | 0.1208
80 0.18 | 0.1271 | 0.1208 | 0.1363 | 0.1094 | 0.1166
0.30 | 0.1297 | 0.1243 | 0.1384 | 0.1116 | 0.1198
0.60 | 0.1297 | 0.1256 | 0.1380 | 0.1125 | 0.1218
0.90 [ 0.1262 | 0.1266 | 0.1390 | 0.1122 | 0.1225
60 0.18 | 0.1321 | 0.1265 | 0.1382 | 0.1137 | 0.1224
0.30 | 0.1300 | 0.1296 | 0.1404 | 0.1144 | 0.1255
0.60 | 0.1329 | 0.1287 | 0.1380 | 0.1127 | 0.1260
0.90 | 0.1335 | 0.1327 | 0.1382 | 0.1111 | 0.1256
40 0.18 | 0.1351 | 0.1358 | 0.1438 | 0.1173 | 0.1307
0.30 | 0.1372 | 0.1353 | 0.1427 | 0.1162 | 0.1315
0.60 | 0.1349 | 0.1368 | 0.1455 | 0.1143 } 0.1321
0.90 | 0.1380 | 0.1410 | 0.1483 | 0.1129 | 0.1275

120

H, LVFA 2 53T & 2EY £k He
7 AERE7IFES AT 2 2hE Table 6 f
Herdiglth dAAes 2xrt dolasEs wha

AFddgol gotde AFS degusied, &
Eo WE ¥ gL 2EoME 27t B
F5 opRAF RNl wolAE A¥E gou,
SE7b dolA A o2 g AL HA dshwch

US4 MEHHT
AZFHAE o] &3t
3’—]- Reference Qil Oﬂ EH

=
=

33

=
=

* 2

]/K]—_,] oﬂa]xl—o—q
Yetliglon, MAA o2 8Hr F 11.3~12.4kg
o] A8 ARFE YHUA

26]5

125

12.32

120

11.92
— 1183

11.48
15

11.31 13

10

Fuel Consumption, kg/8hr

ATF A ATFB ATFE Low Vis. Hgh Vis,

Fig5 Ar|d4E 2%

ATFC  ATFD

w

4 o} elu| g Tlotel
AEWET 9 7 BAo) Qo] WA 9
shebslr] 918 WA AESHH Quiske] Fu

#AE Fig6,7, 8 eI

E A
—_|
/‘\ ]

ha

2t
il

o)

o}

6} rulo

124 - J— B

"

122

120 =
R2=0.8731

18
1n.é

N4

Fuel Consumption, kg/8Hr

1n2

n.o

20 30 40

KV @40C, cst

Fig640CEAES Avlste] JouA

50 60



124 - - A:_ -
£ 122
£i20
Sus e ¥ = 08485
gll.é
§n.4 " L
T 1.2
e ~ = - - ——
40 5.0 6.0 7.0 8.0 9.0 100 11.0
KV 2100C, ¢St
Fig.7 100C 5 =9 dAnjote] AdA
124 ¢ - B
- 122
s
3120
S8 - /
€.
8 ®*=0.8154
5 11.6
gna ———(F—>~ *
3na2
11.0 g
1.5 20 2.5 3.0 3.5
HTHS @150C, cP
Fig.8 ISOCHTHS A =¢} odn]ge] th oA
agoM HE upel Zo] 40T, 100CEFH LT}
IS0CHTHS #AZ=9e zZkZh R?=0.8731, 0.8485,

0.8154 o F#ATE Vel Awtdoz A
EEYFE J8AS R=08 o)de A#@AS
Jehdiglen, A2 FHAZ dAuig &34
Transmission & &%=7} 9242C 7} H 28 Control &}
Aot 0TEFREe] FRBALN AR RA
vhebsteh, welA g =rb @A AAE ATF D, E
C18]3l Low Viscosity ATF © AUldog oAnjo|
FATE ¢ 4 Uk

ATF A 9 ZEE 2343l Low Viscosity ATF ¢
High VlSCOSlty ATF & 9n] 2do9 7‘74 11 33 31]-

A= 2EE %8}1 ?iﬂl% g ¢ dee oEL
2 0l
LNV NV YN

T UP‘“:*MH FEBA RS oty
9l SAE No2 & ZAgE 7 Cycle ol A 9] v} 2A
F2ulgk 3 Stop Time o Hghsdt Qu| e Ao
HAE 247 Fig9, 10, 11 o) YR o

a4 BE ulel Zo] <9} SAE No2 2
SRS ol EAF BN s, pd & Stop Time
Aulepe] uEA Z+zk R%:=0.0196, 0.2436,
04516 &2 vh$ Wetm, 1 FoAE Stop Time
de| ABAAEr} FuHez Eohr)

[

o

12]

124 .
. 122
3 R=00196
20 "
= *
§ 18
g e -
g4 n .
a2 —
1.0 — — s
0.080 0.090 0.100 0.110 0.120
us
Fig9 SAENo.2 9] ps o} dnjetel A4@aA
124 = B
.
. 122
I
[ N
5120 i
o ' Ra02e36
S8 — . = :
a
E116
*
g 1.4 * "
*
Sna2
1o . —— .
0.120 0.125 0.130 0.135 0.140
wd
Fig.10 SAE No.2 & pud oF 9d8]9te] A@aA
124 oo .
_ 122 ',
3
B120
= N R 204516
S8 -
gn.a —
gna S *
- .
Sna
1.0 —— . —
0570 0590 0610 0630 0.650  0.670
Stop Time, sec
Fig.11 SAE No.2 ¢] Stop Time ¢ v &ho] A#
AA

92 IVFA 2 Z £59 2504 &A% qt
AArEd et Avige] FBAAE Table 7 o
VERACE ATAIFRe] AdtHoz A G

HA 01013~0.1064 Z v]$ PFgton, £y &
Sof g FABASRY B BFE HojA &

S
olgld wiAEAHA dAsjAgAdee AaaA
2B FE #Aolu} Hardware 2 74 glo] =t

FHES7I viE s SRves dug Qs
71 oddoes A€ ¢ ¢ dUh

thgt, SAE No2 & 3% Stop Time & 3¢ o
A& dulet d#EaAE yeldga gl o] Stop



Time ©] 2HA Yetue A58 E7] 771 An] &4
of B 71992 bsAdel des HEd

Table 6 LVFA o A o] v}&A|4=d ol gha} ¢iv]e}e
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120 0.18 0.1045
0.30 0.1041
0.60 0.1030
0.90 0.1028
100 0.18 0.1030
0.30 0.1029
0.60 0.1020
0.90 0.1018
80 0.18 0.1018
0.30 0.1019
0.60 0.1015
0.90 0.1027
60 0.18 0.1011
0.30 0.1021
0.60 0.1009
0.90 0.1025
40 0.18 0.1022
0.30 0.1013
0.60 0.1030
0.80 0.1064
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