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XUE Xiang=zhen, LI Yu-xi, WANG San-min

(Scheol of Mechanical Engineerings
Northwestern Polytechnical-University, Xi'an-710072, China)

Abstract: ~The reliability of the main reducer drive system was acquired by dealing with
the original load date of a typical \mission profile of the helicopter, the load spectrum was
changed into the stress spectrum of all gears using three-dimensional finite element analysis;
the fatigue life of all/ gears at each load stage was calculated with Goodman formula and mate-
rials P-S-N curves, the life date was analyzed using Minitab. It’s concluded that the contact
fatigue life of gears is subject to Weibull distribution with two parameters, thus working out
the reliability of each transmission part according to the reliability function of Weibull distri-
bution and based on series-to-parallel reliability model of the system. Then, this thesis can

provide a method for determining life and reliability of complex drive systems.
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Fig. 1 Movement diagram of ‘the main reducer

transmission system

YR8l iz B TP 0 A 0 R S LA 8 A gAY
R J S T o 0 - b TR 2 R TR TR T 2R BA
AT TR T e BBl | PR B A8 S Rl T
FLS A 84 IF 8] Dy e B AT BEMILPE , HL 4 K I )
KB A MR, B L e s H 6 Oh B 0 e
) LK JC A5 A ) B 45 Ak B AR T m o gt
BOLE AT B, PRI %1% 5 R G432 9
Z it VBT 45 D1 R 250 L A5 B D803 A 15 3 R 4
S B i A\ T R R ) AT L AR 1 IR

®1 EREREHRFHEAIE

Table 1 Load spectrum of the main reducer transmission system

IV HE G 4L B R BRATRRR H_HPITRRER
A e Ll WAFEHE KPR ITRRHE WA KMRHEE TR
n/(r/min) T/(N e mm) T/(Ne*mm) n/(r/min) n/(r/min) T/(Ne+mm) n/(r/min) n/(r/min)
1 8386.8 59951.7 119903. 3 4193.4 3669. 2 504097. 6 977.5 855. 3
2 13375.5 37591. 3 75182.6 6687.8 5851.8 316082. 8 1558.9 1364.1
3 12609. 1 39876. 1 79752.2 6304.6 5516.5 335294. 2 1469. 6 1285.9
4 12450. 1 45528.2 91056.4 6225 5446.9 382819.2 1451.1 1269.7
S 11090. 8 51107.9 102215. 8 5545.4 4852.2 429735. 8 1292.6 1131.1
6 10049. 7 67776.3 135552.3 5024.9 4396.7 569889. 1 1171.3 1024.9
7 11568 58880. 6 117761. 1 5784 5061 495091. 2 1348.3 1179.7
8 8314.5 60473 120946 4157.3 3637.6 508481 969. 1 847.9
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Fig. 2 Finite element model of spiral bevel gears
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Fig. 3 Finite element model of the two-stage

planetary gear trains
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Fig.4 Refinement model of contacts region

of spiral bevel gears 1 and 3
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Fig. 5 Refinement model of contacts region of

the two-stage planetary gear trains
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Fig. 6 Maximal contact stress between gears of

main reducer transmission system
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Table 2  Stress spectrum of spiral bevel gears

R AT e 147 6 2 I e 42 i 17 g A I A7 147 6 2 I e 42 i 17 g
HIL i i 3 BSEAE) PRERER ] i ) ol 6187 F) PR ES
NI/ N/
S;/MPa S-1.1/MPa S:/MPa S-1.1/MPa
1 605. 6859 449, 3584 146723. 8 5 604.5707 448.531 149754.5
2 580. 666 2 430.7962 234288.5 6 651.0022 482.9785 65898. 16
3 580. 4408 430. 629 235299. 8 7 606. 7226 450. 1275 143966. 4
4 599. 64 444, 8729 163996. 7 8 637.188 472. 7297 83601. 03
x3 E-RITERRNAE
Table 3  Stress spectrum of the first stage planetary gear trains
e KI5 RS Z MM K fg R, 1TTRRS N B £ il P 15 P 55
W1 Si/MPa XBRILJ) S 1.0 /MPa AN N/ RiJy S /MPa XFRR SIS 10 /MPa  Ni/IK
1 598.5 422.9 288007.3 358.9 253.6 83692000
2 629. 6 444.9 164082.2 396.6 280. 2 27671008
3 622..3 439. 7 186738. 4 389.8 275.5 33447816
4 633:5 447. 6 153257.5 394.1 278.5 29637360
5 624.1 441 180863. 8 383.6 271.1 39989138
6 647 4507, 1 121304.8 389.2 275 34094268
7 598.7 423 286609. 4 358.5 253.3 84676148
8 651 460 113205.1 398 281.2 26620470
R4 EETERRNAE
Table 4 Stress spectrum of the second stage planetary gear trains
s s KB SR 2 WO T K e fiT Aoy AT R SN 2 AR e A
i) Si/MPa XIFRREJ) S 10/MPa AR Ni/W RiJy S/MPa XFRRiS S 10 /MPa Ni/
1 684.9675 483. 988 64 389. 27 367.972 260. 004 63467743
2 579. 348 409. 3588 412741, 4 321.3 227.0259 285782120
3 590. 0265 416.904 1 337039.5 325.5 229.9935 247436477
4 622. 65 439.9554 185519. 2 341.638 241.3968 144648827
5 648.543 458. 251 118055. 1 352.8 249. 2833 101257097
6 731. 115 516.5951 31237.92 393. 456 278.0102 30194974
7 687. 876 486. 0431 61432.56 369. 369 260.9907 60856021
8 691.95 488.9217 57537.1 375.375 265.2345 50885142
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Fig. 7 Fatigue life distribution’s\probabhility of spiral

bevel gears 1 (spiral bevel gears\2)
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Fig. 9 Fatigue life distribution’s probability

of internal gear ring 1
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Fig. 8 Fatigue life distribution’s probability of

sun gear 1 (planetary gear 1)
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Fig. 10 Fatigue life distribution’s probability of

sun gear 2 (planetary gear 4)
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Fig. 11 Fatigue life distribution’s probability of

internal gear ring 2
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Fig. 12 Reliability diagram of main reducer

transmission system
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