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ABSTRACT

This project concern the experimental study of tribology in electric-car steering system.
First of all, The design and development of the test equipments were presented in this project.
The hydraulic motor and solenoids valve were selected for implement to drive and control the
steering system in order to get high reliability testing system. The loads were applied to the
steering system by using hydraulic jack. Microscope was used to inspect the failure behaviors on
rack & pinion in the real practical working conditions . Torque measurement device was also
developed using strain gauges and were installed on the steering shaft . The results of the
experiments were investigated and compared in order to obtain the best steering system for the

electric vehicle.
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Common name Composition Gage Temp Resistance. Stress
Factor coeficiency Ohms per ft.in | equivalent to
Of resistance 1-millimeter 10°C on
Diameter steel psi.
Nichrome Ni-0.80, Cr-0.20 2 300 638 2000
Maganin Ni-0.04,Mn-0.12, 0.47 Nil 260 -400
Cu-0.84
Advance 2.1 ¥ s -66
Copel Ni-0.45, Cu-0.55 24 2,-2 290 -200
Constantan 2.1 s = -60
Chromel-C Ni-0.64, Fe-0.25, 2.9 < 640 980
Cr-0.11
Iso-elastic Ni-0.36, Cr-0.08, K, 175 680 5000
Fe-0.52,
Mo-0.005
Nickel : -12.1 6000 70 -13500
Platinum - 4.8 3000 80 =
Soft Iron 5 4.2 5000 68 -
Carbon - 20 -500 45000 =
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234 puaulindunzves masuna lugaund

Specification Resistance strain gauge

1. Size Very small

2. Weight Insignificant

3. Ease of attachment to test piece Relatively simple

4. Sensitivity to Strain Fair-higher output would be very advantageous
5. Sensitivity to ambient variables Slightly affected, but the gauge can usually be

Protected or the variable compensated for

6. Static and dynamic strain indication Will indicate both with equal ease

7.Remote indication and recording Easily accomplish

8. Expense Most gauge are comparatively inexpensive

9. Gauge length Shortest gauge length presently available is 1/64

in.
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X X d
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by i
American Standard Channels or C Shapes  SI Units
1
Web Flange X=X axis Y-V axis |
Designation | Area | Depth | thickness | width thickness o
A d [ by iy / Z S r g Z \) r
mm X kg/m | mm’ | mm mm mm mm 10°mm* | 103 mm? | 10° mm? |- mm | 108 mo® | 18 mm?* | 10° mm® | mm
€380 x 74 9480 | 381.0 18.20 94.4 16.50 168 1120 882 133 4.58 134 61.8 220
C380 x 60 7610 | 381.0 13:20 89.4 16.50 145 937 761 138 3.84 113 §5.1 2S5
C380 x 50 6430 | 381.0 10.20 86.4 16.50 131 826 688 143 338 102 509 229
C310 x 45 5690 | 305.0 13.00 80.5 12.70 67.4 551 442 109 2.14 71.0 338 19.4
C310 x 37 4740 | 305.0 9.83 774 12:70 599 479 393 M2 1.86 62.9 30.9 19.8
€310 x 31 3930 | 305.0 7.16 74.7 12.70 537 416 352 117 1.61 57.2 283 20.2
€250 x 45 5690 | 2540 17.10 g~ 11.10 429 436 338 86.8 1.61 61.9 278 17.0
€250 x 37 4740 | 254.0 13.40 733 11.10 38.0 377 299 89.5 1.40 523 24.3 17.2
C250 x 30 3790 | 254.0 9.63 69.6 1110 32.8 316 258 93.0 117 44.4 21.6 17.6
C250 x 23 2900 | 254.0 6.10 66.0 11.10 28.1 259 221 98.4 0.949 385 19.0 18.1
C230 x 30 3790 | .229.0 1140 67.3 10.50 25.3 275 21 81.7 101 40.5 18.2 16.3
C230 x 22 2850 | 229.0 724 63.1 10.50 1P 221 185 86.2 0.803 33.6 16.7 16.8
L C230 % 20 2540 | 229.0 .90 618 10.50 19.9 205 174 88.5 0.733 320 15.8 17.0
€200 x 28 3550 | 203.0 12.40 64.2 9.90 183 226 180 7.8 0824 35.6 16.5 15.2
C200 x 20 2610 | 203.0 7.70 S9iS 9.90 15.0 179 148 75.8 0.637 28.3 14.0 15.6
; C200 x 17 2180 | 203.0 5.59 57.4 9.90 13.6 156 134 79.0 0.549 25.9) 12.8 159
C180 x 22 279 | 178.0 10.60 58.4 9.30 Ll 159 127 63.6'1 0.574 26.9 12.8 14.3
C180 x 18 2320 | 178.0 7.98 L Sy 9.30 10.1 138 113 66.0 1 0487 234 11§ 14.5
C180 x 15 1 850 | 1780 5.33 53y 930 8.87 117 ShT 69.2 | 0403 20.6 10:2 14.8
C150 x 19 2470 | 1520 11.10 548 8.70 7.24 119 95.3 54.1 0.437 23 10.5 133
C150 x 16 1990 | 152.0 7.98 5.7 8.70 6.33 101 833 56.4 0.360 18.8 822 13.5,
C150 x 12 1550 | 152.0 5.08. 48.8 8.70. 545 84.1 717 593 0.288 16.3 8.04 13.6
C130 x 13 1700 | 127.0 8:25 479 8.10 3.70 71.4 58.3 46.7 0.263 15.0 735 12.4
C130 x 10 1270 | 1270 4.83 4.5 8.10 312 7% 49.1 49.6 0.199 12§ 6.18 12.5
C100 x 11 1370 | 1020 8.15 43.7 1.50 1.91 46.0 37:S. 3731 0.180 11.4 5.62 11:5
C100 x 8 1030 102.0 4.67 40.2 7.50 1.60 37.0 314 394 0133 9:32 4.65 11.4
CI5x9 1140 | 762 9.04 40.5 6.90 0.862 282 226 275 0.127 8.91 4.29 10.6
C75 X7 948 76.2 6,55 38.0 6.90 0.776 24.6 20.2 285 0.103 7.64 383 104
L(WS X6 781 76.2 4.32 358 6.90 0.691 213 18.1 298 | 0.082 6.57 332 102
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Anuduiildnn | aruuandavesd szoznaiildnyude usadadiun
dsa(psi) | anuemedngliih FOUMININIU wande (N -m)
qeqa (AV m V) (AT)(sec)
600 3.5 1.94 21.892
700 3.8 2.28 23.5585
800 4.9 3.23 29.669
900 - - -
@'iumu’emiﬁﬂ@%ﬂgﬂmmﬁ’u%ﬂwﬁqmﬂJ%"‘qua AU 1,
Anusuildng | anuuandisuesd szozina i 19y usadafiuny
a0 (psi) | anwehedndliih | seseumsthan | s (N -m)
qaga (AV YmV) (AT )sec)
600 3.4 1.58 21.3365
700 4.7 1.9 28.558
800 4.9 2.75 29.669
900 5.4 3.69 32.4465
ﬁmmiamsﬁﬂézaanmﬂﬁ’u%ﬂwﬁamiﬁuﬂqq S 2.
Ausuiildng | anmandavead szuznafi vy usadafiuny
wsa(psi) | avweedndliih | deseumistens | mwaange (N -m)
gaqa (AV YmP) (AT X(sec)
600 2.8 1.56 18.0035
700 3.7 1.72 23.003
800 4.4 2.08 26.8915
900 4.7 9,58 28.558
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anusuildne | anuuandsvesdn szoznaildnyy usadafiuny
#sa(psi) | aowdiednd i | deseumsihany | whandy (N -m)
qega (AV Ymy) (AT )sec)
600 2.9 1.60 18.559
700 3.2 1.81 20.2255
800 3.7 2.16 23.003
900 45 3.12 27.447
éimm.iams?mé?a@nwmnﬁuﬁ?ﬂwﬁqmiﬁuﬂqq funiafi 4.
anuduiiling | anuuandisesh szoznmilFuyy usafiafiunu
dsa(psi) | anwdisdadlilth | desenmsien | wiund (N-m)
qga (AV YmV) (AT )sec)
600 3.2 1.74 20.2255
700 3.6 2.08 22.4475
800 4.4 2.99 26.8915
900 49 3.38 29.669
séimmiqmsﬁﬂﬁgagnnmnﬁu%ﬂwﬁamﬁﬁuﬂqa fumisdi 5.
Anuduildng | anuuandevesd szuz i ey usadinfitn
asa(psi) | awsedndinth | deseumsiiom | waandy (N -m)
qaqa (AV \mV) (AT)(sec)
600 3.5 1.94 21.9375
700 3.8 208 23.5585
800 4.9 3.23 29.669
900 - - -
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fumisms | szozvinvnguinasadnde | anugenindaenadn JEYHININgUINaNg
famagnrinn | Tuuwaenvessa (mm.) 40 (mm.) adndolunuiniie
AU V0939 (mm.)

Aouilsuilge 101.9 89.5 25.4

1 73 88 58

2 83 89 58

3 93 90 58

4 103 91 58

5 113 92 58
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