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Effect of Shaft Misalignment on Bending Strength of Helical
Gear for Metro Vehicles
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ABSTRACT

Gear designers need to select the proper tolerances for deviations in both the center distance and parallelism of
axes because these deviations cause high stresses and lead to fatigue breakage of the teeth. In this study, a
three-dimensional finite element analysis model was developed for a helical gear used in metro vehicles, and a
bending stress analysis method for gear pairs was established according to the contact position change. Using this
model, the effect of shaft misalignment due to the center distance and shaft parallelism deviations on the bending
stress of the gear was analyzed. As a result, the magnitude of the bending stress changed nearly linearly with the
change in the center distance deviation. The tooth contact of the helical gear is biased toward the end of the tooth
width when the parallelism deviations of the shaft occur, and the tooth root bending stress increases.

Keywords : Helical Gear(22|Z 7[0{), Center Distance Tolerances(S2&!7H2| X}, Shaft Parallelism Tolerances
(52 W= 2%}, Bending Stress(= 8l S21), Finite Element Analysis(F8H2 45l 41)
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Table 1 Gear input parameters

Parameter Pinion Gear

Normal module, mm 4.5

No. of teeth 22 139
Pressure angle 20

Helix angle 11.7

Hand of helix Left Right

8perat1ng Center 370
1stance, mm

Face width, mm 90 90

(a) Pinion

(b) Gear
Fig. 1 Three Dimensional Geometry of pinion and gear
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Fig. 2 FE model of helical gear

Table 2 Loads and boundary condition in different

steps
Step no. Pinion Gear
Loads No load No load
Step 1 .
BC 0 contact Fixed
Loads Tinput No load
Step 2 .
C Free rotation Fixed
Loads Tinput No load
Step 3
BC Free rotation Qmmtmn

A A 7ol = Eo] 201 o|BE HAF
309 o7} BAlol Bo] AT A2 AT >
hofok Tt mErA 7]of Sl wet SR S 7ol
Y 5 IES UL 57, 7)ol 6719 ol
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o w4l AT 8 He HBANA 025~5
mm oA 845 B3It 5 4A8d a4
o] x| 2 DY WHAFALLS Fig 29 2
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Z0] AB7|7} e Z BrEa= 7o) Fo] FH

5

HE B 7hs o‘l".% A i‘ #(contact palr)i A A8}
At AYUAY] A HEFY S master JHELAE
staL, 7101€] é WS slave FH24Z 33T HE
o] npEA = 002 3H3laL, B AIS= 207 GPa,

Xol H](Pmssons ratio)= 0.3 & £3}At.

AAZA AAE Atk DA B 7]o] ] T4l
713 (reference point)E A3t YA L 7] B

28 Yy W17t A5 E =S Kinematic coupling
Z200E A3 ot 2 AA RS Table 29}
Zo] A WA = HEFMA e FHE st atF
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g ETE E/AZ F A AR dAlA sy o
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CHER]

= &% 41315 (nominal tangential load) -2

7% T

to the reference cylinder),

Aol A 3} (transverse load tangential

be A E(facewidth),

m, < A7 2E(normal module),
Y& XA S (form factor),
Yo 884787 S (stress correction factor),
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Y, = HIE "2 AlS(helix angle factor),
Yp& ¥ F7 A4 (rim thickness factor),
Y A A S (deep tooth factor) ©]T.
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Fig. 6 Shaft in-plane and out-of-plane deviations
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Fig. 7 The root stress for the shaft in-plane deviations
at position 3
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Fig. 8 The root stress for the shaft in-plane deviations
at the position 1
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Fig. 9 The root stress for the shaft in-plane
deviations at the position 5
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Fig. 13 The root stress variations according to the
shaft in-plane deviations
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Fig. 14 The root stress variations according to the
shaft out-of-plane deviations
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