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A Study for Effects of Automatic Transmission
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Abstract — In order to improve the fuel economy by design change of automatic transmission, various tech-
nologies 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 trans-
missions. 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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Table 1. Physical properties of ATFs used in the experiments

Test Items ATF A ATF B ATF C ATF D ATF E kow High
Vis. ATF  Vis. ATF
KV 40, cSt 33.95 36.71 33.59 26.82 23.50 23.92 59.18
KV 100, cSt 7.120 7.314 7.538 5.579 5.391 4.929 10.38
VI 180 169 202 153 176 134 166
HTHS @150, cP 2.41 2.46 2.77 2.02 2.05 1.80 325
Brookfield Vis, @-40 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 2.45 333 - -
KRL(20Hr), @100 Vis Loss, % 194 20.5 14.5 2.7 4.3 - -
B 67 72 72 135 71 - -
Ca 86 115 60 348 95 - -
Element, ppm P 260 287 291 362 255 - -
Zn T T T 33 T - -
N 1785 2208 2226 1161 1982 - -
S 425 1684 352 726 642 - -
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Table 2. Test conditions of SAE No.2 test

Items Conditions
Friction Material BWA 4300
Friction Material Size(o.d./i.d.), mm 127/104
SPlza:t:egr;alr;;gee)ment(F Friction Plate, S-F-S- S-F-S
Fluid Volume, L 0.20
Fluid Temperature, °C 120
Inertia, kgm® 0.343
Dynamic Test Speed, rpm 3,000
Static(Breakaway) Test Speed, rpm 0.7
Apply Pressure, kPa 441
Cycle Length, s 30
Test Cycle 5,000
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Table 3. Test conditions of LVFA test

Items Conditions
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
Measuring rpm for friction coefficient  30,50,100,150
Measuring rpm for dp/dv 50
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Table 4. Test conditions of engine dynamometer
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Fig. 1. Test mode of fuel economy test.

Table 5. Test mode of fuel economy test

Mode Stage Duration I]{Elgg/l ?{gﬁt T((I)\E?r?)e

1 60z 1,000 90 100

2 603 1,250 230 50

3 60 1,535 300 50

4 60% 2,010 650 50

3 60x 1,340 300 50

2 60% 1,085 230 50
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A==, 1000149 F=7F 7.0~7.5cSE3EQ] ATF A,

Items Conditions
Test Engine New EF Sonata 2.0L DOHC
Number of cylinder 4
Swept volume, cc 1997
Compression Ratio 86 :1
Test Transmission F4A42-1(HIVEC AT)
Coolant-in Temp., °C 80 £ 2
Engine Oil Temp., °C 90 + 2
Transmission Oil Temp., °C 92 £ 2
Intake Air Temp., °C 25~28
Break-in, Hr 8
Measuring rpm for dp/dv 50
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Table 6. Friction coefficients in LVFA test
°C m/s ATF A ATF B ATF C ATF D ATF E
120 0.18 0.1195 0.1231 0.1330 0.1004 0.1168
030 0.1221 0.1252 0.1359 0.1050 0.1193
0.60 0.1255 0.1256 0.1359 0.1070 0.1201
090 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 0.1252 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 0.1390 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
030 0.1372 0.1353 0.1427 0.1162 0.1315
0.60 0.1349 0.1368 0.1455 0.1143 0.1321
090 0.1380 0.1410 0.1483 0.1129 0.1275
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Table 7. Relations between friction cofficients in
LVFA test and fuel economy

Temperature, °C Velocity, m/s cogf?g:}:;io&z)
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
0.90 0.1064
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