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Determination of the Tooth Modification Amounts for Minimizing the
Vibration of Helical Gear

Tae Hyong Chong*, Jae Hyong Myong** and Ki Tae Kim***

ABSTRACT

The vibration and noise of gears is due to the vibration exciting force caused by the tooth stiffness which
changes periodically as the mesh of teeth proceeds and by the transmission error, that is, the rotation delay
between driving gear and driven gear caused by manufacturing error and alignment error in assembly and so
on. The purpose of this study is to develop how to calculate simultaneously the optimum amounts of tooth
profile modification, end relief and crowning by minimizing the vibration exciting force of helical gears. We
estimate the vibration exciting force by the mesh analysis of gears. The constraints of this problem consist of
contact ratio and strengths of gear teeth such as tooth fillet stress, surface durability and scoring.
ADS(Automated Design Synthesis) is used as an optimization tool. And, since the aspect ratio is an important
parameter of tooth modification, we investigate the relation between it and the optimum values of tooth
modification. The proposed method can calculate the optimum amount of tooth modification automatically and

is to be utilized to resolve the problem of vibration of helical gears.

Key Words : Helical Gear(&217Z 2]}, Tooth Modification(X| H=4), Tooth Profile Modification(X]&<=7), End
Relief(A= A L), Crowning(F2}-9-'d), Vibration Exciting Force(¥57)718)
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Fig. 3 Skew-symmetrical crowning



HEE - BAY

-A7E  FEgEFERYA A7 A1E

43 +(1.50)°
O skew = 8cc

e(bj)zpskew—v pgkew—b_% ’_%IQ gb}gzb (5)

Ay d= e Z(Fig. 4)0) 28 AAZ ke
TAEF e(b)e A (6)2E ALtgrt,
0 - b;" sb,s%ﬁ
b)) = b (6)
o) -5 b b
Cor T b= or b
A7IM . = = HYZY & b dE Fe
ol Aol p,m dE Iz Eol) HF
EENY A=z % AF W] A
e(b))= A (N2 ALIT
e(b) = B\ (7N
'bl_l_._'é’_
Cor biz L b<— bé”,bp% ’
b . be
A lﬂ) e(bi}| B
S P 2
A B I
|
i
tooth flank i
Fig. 4 End relief
3. AAHSHFo| X3 U
HAAz 2z Fd A= AL dgdei)
o] WEFEolH, o] RFEE AEE Fold %
& AN 7 UG, =g, Ade e 152
Hol HHAHAAE ol gstH, WAy dax
E #AaAdegA Aae Es FaAd 9
gV orlel e Aapge] AEL FaAE A
Hedgds 4487 93t ADS(Automated

Design Synthesis) S ©] &3 HAs wye ALg
i, 1 B g5E A5UY e ALgdn. X

Ao olMAFULE, WAAE, 23FY ZxE,
B8 74 2P0 ALREY, FEAS 3
Ao o APFAFE, NA5A Dolsh A
9o WA E 29, A= Dz o)
Ae d= oz 43 A= G Zdolg A7
MEE s HARE Sy

31 SHEs

Fig. 59 Zo] EQa Ty, § A=stz gl
a7 A £FL, 1ARES vEHAA
2 34 4 @)% #ol BEF 5 AV,

lo rr

Driven gear

|

Fig. 5 Vibrational modeling of a pair of helical gear
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Table 1 Specification of helical gears

Specification Pinion I Wheel
Normal module [mm] 2
Number of teeth 3 | 16
Normal pressure angle [deg] 20
Helix angle [deg] 25
Input torque [ N-m] 63.1
Driving speed [rpm] 1134
Material SCM415
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Table 2 Optimum for linear tip relief and linear
end relief
Aspect ratio 025 | 05 1.0 1.5 2.0
So fim} {150 ] 103 | 79 | 05 | 153
h, [m,]|0.586|0.476 | 0.246 { 0.010 | 0.508
Pinion
co fum] | 09 | 05 | 96 | 52 | 5.1
b, [5) |0.050 | 0.020 | 0.065 | 0.106 | 0.308
S, [m} [ 129|103 ] 83 { 05 | 150
h, [m,]]0.527}0.430|0.194 | 0.010 | 0.507
Gear
c. [im] | 09 | 05 | 96 | 52 | 5.1
b, [3] |0.050 | 0.020]0.065 | 0.106 | 0.308
E, no modification | 533 | 1.78 | 0.22 | 0.07 | 0.11
[N/mn]| modification | 0.22 | 0.06 | 0.06 | 0.03 | 0.02

m,=2.0

Fig. 6 Real contact area on the plane of action
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Table 3 Optimum for linear tip relief and

quadratic end relief

Aspect ratio 0251 05 1.0 1.5 2.0
So [m} 149 | 9.6 5.1 0.5 | 201
h, {m,] |0.546 | 0.466 | 0.503 | 0.010 | 0.300
Pinion
Ce [¢zm] 0.9 0.5 | 150 | 150 | 5.0
b, 5] 0.050 | 0.020 | 0.100 | 0.100 | 0.100
So [¢m] 13.0 | 9.6 4.9 0.5 | 20.0
h, [ m,] |0.54510.468 | 0.507|0.010 | 0.299
Gear

e fm] | 09 | 05 | 150 | 150 | 5.0

be [6] |0.050{0.020|0.100 | 0.100 | 0.100

E, no modification | 5.33 | 1.78 | 0.22 | 0.07 | 0.11
[N/m])

modification 038 | 0.11 | 0.04 | 0.03 | 0.01
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Table 4 Optimum for linear tip relief and

symmetrical crowning

Aspect ratio 025 | 05 1.0 1.5 2.0

So [¢m] 156 | 9.5 0.1 5.1 5.4

Pinion h, [ m,] [0.569|0.4390.122]0.296 | 0.310

Cc [em] 0.9 0.5 1.9 1.0 1.0

So [} | 144 | 97 | 11 | 51 | 54

Gear ko [m,] [0.605]0.444 {0.012 | 0.280 | 0.341

Ce [pm} 0.9 0.5 1.9 1.0 1.0

E, no modification { 5.33 | 1.78 | 0.22 | 0.07 | 0.11

modification 0.58 | 0.14 | 0.06 | 0.02 | 0.01
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Table 5 Optimum for linear tip relief and

skew-symmetrical crowning

Aspect ratio 025 | 0.5 1.0 1.5 2.0

So [em] | 149 | 99 | 52 | 44 | 150

Pinion h, [m,] |0.523]10.5200.533 | 0.474 | 0.298

c. ] | 05 32| 21| 19| 05

So Lm] | 128 | 84 | 48 | 42 | 150

Gear h, [ m,] 10.570 [ 0.416 | 0.471 | 0.410 | 0.302

Ce [¢m] 05 | 32 | 21 1.9 | 05

E, no modification | 533 | 1.78 { 0.22 | 0.07 | 0.11

[N/mm] modification 0.71 | 0.09 | 0.06 | 0.02 | 0.01
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Fig. 7 Vibrational exciting force due to change of

aspect ratio
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