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Reliability Evaluation of Multi-Stage Gear Drive

Tae Hyong Chong*, Young Ju Kim', Seung Hyun Park™

i Abstract IL

Key Words :

Recently the design of multi-stage gear drive is being highly concerned. Until now, since the researches of gear
drive are focused on the design for satisfying safety factor, the reliability evaluation of multi-stage gear drive is not
included. In this paper, the life and reliability models of multi-stage gear drive are proposed using methods of
probability and statistics. The life and reliability of the multi-stage gear drive have been evaluated, which is based
on the life and reliability of each stage gear drive. The pinion and gear lives of each stage are calculated using the
Lundberg-Palmgren theory and the Weibull failure distribution. These lives are combined using methods of probability
and statistics to produce a life and reliability model of multi-stage gear drive.
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Table 1 The ¢y for revolutions of gear drives
Gear Ratio C10Pinion & C10Gear
1
1.5,C
] m vartsr = ()P ()7
! C10Gear1st NT Fa

2 my C10Gear<M|

N my Cl0Gear(N-1)X 11 %"+« XY N-1)

Table 2 Specifications of the elevator gear drive

1 2
Stage - —
Pinion | Gear | Pinion| Gear
Normal module(mm) 2.5 2.5
No. of teeth 24 119 21 92
Pitch diameter(mm) 60 297 73 322
Face width(mm) 40 60
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Table 3 The c;o for revolutions of elevator gear drive

Gear ratio| cioman & Ciocea{Hours)
127747.13/333828.47

61366.41/148893.78

Stage
1 | Pinion/Gear 2.5
2 | Pinion/Gear 3.5

*» 1St Stage Pinion
— {5t Stage Gear

-~ 2nd Stage Pinion
— 2nd Stage Gear
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50}
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Fig. 1 Reliability of gears and pinions of existing 2
stage gear drives
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Table 4 Specifications of the geared motor and gear drive

aol- — 2nd Stage Gear
ok Transmitted power(kW) 0.025
P I Input speed(rpm) 1550
Zw Total gear ratio 120
& i Number of stages 5
30} Gear material Steel
e Heat treatment Carburized &
L S R i A 1A case hardened
e O pr o Minimum hardness(HRC) 55
Timeltiour] Allowable contact stress(MPa) 1250
Fig. 2 Reliability of redesigned gears and pinions Allowable bending stress(MPa) 380
Table 5 Dimensional Specifications of the gear drive
Stage Normal module| Number of Gear Total Pitch diameter | Face width
8 (mm) teeth ratio gear ratio (mm) (mm)
Pinion 10 8.0 8.0
1 0.8 3
Gear 30 24.0 7.0
Pinion 12 9.6 8.0
2 0.8 3
Gear 36 28.8 7.0
Pinion 12 12.0 8.0
3 1.0 2.67 120
Gear 32 32.0 7.0
Pinion 10 15.0 9.0
4 1.5 24
Gear 24 36.0 8.0
Pinion 12 18.0 14.0
5 1.5 2.08
Gear 25 37.5 13.0

20



& Vol.15 No.2 2006. 4.

Table 6 The c;o of 5 stage gear drives

Stage _ Ci0Tooth Dynamic load C10Pinion & CioGear
(Millions of cycles) ™) (Millions of cycles)
) Pinion 23835.84 1108.15 9489.22
Gear 15968.15 969.63 4096.44
5 Pinion 2636.05 1329.77 975.62
Gear 1765.95 1163.55 421.17
Pinion 339.59 1611.85 125.69
3 Gear 227.50 1410.37 56.88
Pinion 88.60 2199.99 35.27
4 Gear 62.23 1955.55 17.45
s Pinion 63.18 3930.92 23.38
Gear 50.59 3650.14 13.96
1004

Table 7 The Cio for revolutions of each stage

Stage Reliability for time(Hours)
1 Pinion/Gear 102034/132143
2 Pinion/Gear 31471/40758
3 Pinion/Gear 12163/14695
4 Pinion/Gear 9114/10823
5 Pinion/Gear 14500/18004
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Fig. 3 Reliability of gears and pinions of existing 5
stage gear drives
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Table 8 Dimensional specificatio ns of the redesigned

gear drive
Stage Normal Number Face
& module(mm) | of teeth width(mm)
Pinion 10 4.2
1 0.6
Gear 33 42
Pinion 12 6.6
2 0.6
Gear 39 6.6
Pinion 11 10.0
3 1.0
Gear 28 10.0
Pinion 11 13.75
4 1.25
Gear 25 13.75
Pinion 12 15.0
5 1.5
Gear 24 15.0
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Table 9 Strength and durability rating results of multi-
stage gear drives in the existing design and

redesign
existing design
) stage S.F. S.F.
g g (contact) (bending)
T Pinion 1.45 2.15
1
A Gear 1.66 2.15
G Pinion 1.08 1.85
E |2
Gear 1.20 1.85
| Pinion 1.85 8.44
Gear 1.97 11.79
Pinion 1.52 421
512
S Gear 1.62 5.49
T Pinion 1.16 248
13
A Gear 1.22 3.19
G , |_Pinion 0.90 2.03
E Gear 0.94 274
5 Pinion 1.02 1.98
Gear 1.06 245
redesign
stage S.F. S.F.
é & (contact) (bending)
T Pinion 1.44 1.95
1
A Gear 1.32 1.47
G Pinion 127 1.88
E |2
Gear 1.45 1.62
. Pinion 1.18 341
Gear 1.26 4.84
5 Pinion 1.20 3.05
g Gear 126 4.01
T Pinion 1.15 240
3
A Gear 1.23 3.16
g Pinion 1.14 2.78
4
Gear 1.19 3.58
5 Pinion 1.12 2.43
Gear 1.16 2.98

note: S.F.=safety factor



BRSATIAHEE =

F% Vol.15 No.2 2006. 4.

Reliabifity

e 18! Stage Pinion
40 | === 15t Stage Gear
-~ 2nd Stage Pinion
3p| *** 2nd Stage Gear
~4- 3rd Stage Pinion
2n| == 3rd Stage Gear
w 4th Stage Pinion
=== 4th Stage Gear
-« Gth Stage Pinion
w « 5th Stage Gear
? 10 1o 10
Time]Hour]

10

Fig. 4 Reliability of gears and pinions of redesigned 5
stage gear drives
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