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Abstract: Based on the working conditions of Shanghai standard road driving cycle, the load
spectrum for the key components of wheel deceleration system was extrapolated. According to the
strengthening effect of low amplitude loads, the running-in test specification for the reducer system
was issued. A durability test specification was developed based on the Miner rule and the
deceleration system durability mileage was estimated. The bench test for durability shows that the
prototype design satisfies the durability mileage requirement, and the bending fatigue strength of
the gear is of sufficient reliability, which gives the possibility for further light weight design. Under
the prerequisite of assuring the reliability and durability requirements, the method can be applied in
the light weight design of other key automotive components.
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Fig.1 Electric driving system
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Fig.2 Load spectrum of the reducer system
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amplitude of reducer system
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Fig.4 Contrast diagram of cumulative frequency

distribution before and after extrapolating
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Tab.1 Bending stress amplitude and cumulative frequency times of the reducer gear after extrapolating

Fe WARGEIEE/N-m) SN IEE/MPa R/ | FS O WARGERE/N - m) S iEE/MPa SR/
1 2.70 6.5 106 959 22 115.92 281.4 206
2 8.09 19.6 138 257 23 121.32 294.5 346
3 13.48 32.7 42 840 24 126.71 307.5 544
4 18.87 45.8 16 599 25 132.10 320.6 706
5 24.26 58.9 9 259 26 137.49 333.7 705
6 29.65 72.1 6 834 27 142.88 346.8 524
7 35.05 85.1 3924 28 148.27 359.9 287
8 40.44 98.2 1 893 29 153.67 373.0 132
9 45.83 111.2 1051 30 159.06 386.1 60
10 51.22 124.3 581 31 164.45 399.2 56
11 56.61 137.4 294 32 169. 84 412.2 44
12 62.01 150.5 163 33 175.23 425.3 49
13 67.40 163.6 138 34 180. 62 438.4 31
14 72.79 176.7 184 35 186.02 451.5 27
15 78.18 189.8 277 36 191.41 464.6 17
16 83.57 202.8 356 37 196.80 477.7 16
17 88.96 215.9 425 38 202.19 490.8 7
18 94.36 229.0 444 39 207.58 503.9 4
19 99.75 242.1 402 40 212.98 516.9 3
20 105.14 255.2 331 41 229.15 556.1 1
21 110.53 268.3 244
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Fig.5 Bending stresses and their cumulative cycle

times at the tooth root
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Tab.2 Torque load spectrum of the reducer gear

BATH A/ (N« m) AR R 7 /MPa

B/ S = N T 57 A5 o 4

S = N & T3 A i /IR

F AT AR

1 229.1 556.2 1 4.270 906 916 9 330 0.000 107 182
2 196.8 477.7 36 4.771 244 608 29 527 0.001 220 401
3 175.2 425.3 164 5.309 204 870 101 900 0.002 301 166
4 153.7 373.0 397 5.700 944 276 251 139 0.002 068 019
5 132.1 333.7 2436 6.032 710 953 539 114 0.005 462 577
6 110.5 307.5 985 6.276 333 927 944 722 0.001 189 999
7 89.0 255.2 917 6.832 885 096 3 402 946 0.000 269 743
8 67.4 202.8 615 7.517 660 167 16 467 595 3.18313x10°°
9 45.8 150.5 554 8.408 001 231 127 929 657 2.994 04%x10°6
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Fig.6 Relationship between the fatigue life and

low load running-in cycle times
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Tab.3 Running-in operating procedure for

the reducer system

Jrae BEEIE/ WAFOR/ EE AL

W

(N-m) (r-min™!) BflEl/min $%0/ 0 BEEUE/K
1 36 1 800 40 7.2x10°  2.5%10%
2 39 1 800 40 7.2x10*  2.5x10*
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Tab.4 Damage calculation for the reducer system
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Tab.5 Durability test procedure for the reducer system
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Fig.7 Durability test bench for the reducer system
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Fig.8 Test speeds and their time duration in
the durability test

w

Do

wx 10°/ (r-min ™)

(=

a0 386
300 —IKBHHHL T
10— yigheapL 6
= 0 >
r 61

1 e M
0 20 40 60 80 100 120 140 ~120 WWIWW
. 125
130

B9 BiERGEM ARG LE - BEE
Fig.9 Test torques and their time duration in
the durability test

PIHHHE 60 N« m f% 3 2 500 r/min JN# A5
135 minfad B o, 0 R G I AT H BUAT: o] 58Ik
s FLF ML Aot 28 v H R A8 78 IR FSE R
FEIR I 25 o5 A AT a0 R e ek B G, R
R BRRAL . G54 BRE T A AR 0L , s RS 15 5
T 2 T IR PN P K, T L L SR B R G S 1A
R 25 i 57 i B e e, AT R T T RE A A

4 i AL I

AR/ e sl R G AR S T I R 5T
i APEPEAN AR - AN &L 10 FT 7R . 3 o vff T8 475 2R
TOL s BRICH bR A FE B AT 12 FARMIR R A 1k
e TS A i HLYE M A Miner ZE1E5% 95 1110
PREE T T AR IR, I E i A R
BAE 1 UG AR GEM AN RIS R ) — SR BT

B REA TR A8 vl FETE T

HRAEHE 12 ol 28 e e AR I 55 ¥ (151 10) . 5¢
JRAZ 8 7 GE AT 43 M7 16 MY ) E A 5 4
P IR A R T

| [T PRV
MR | e il
! RN /F
TR || R AT | [FORIRE
R | | Upntitse tesont | [
HUAE BB PE || o 2 e
AT RN FARZAIAT || S Ak
i A RE R M " T
RiJ) I
it N2 A SRR [MEER
+ I
T A RE AT $%ﬂ%
i AT AT
| R RS AL |

10 #DEE RS AR ITFN

Fig.10 Durability test evaluation of the reducer system
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