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Deformation Characteristics of Gear System with a Profile Shift

Coefficient Preserving Center Distance
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Abstract

In this paper, elastic deformations of several gear teeth are analyzed.

and pinion is modeled as a contact problem.

The contact between a gear

The deformation overlap, which is defined as the

interference due to deformation of gear teeth, is defined to represent the deformation characteristics of

profile shifted spur gear system.
deformed state of a gear system.
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The calculated deformation overlap shows teeth interference in the
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Fig. 2 The Flow Chart of Contact Program

Fig. 3 Finite Element Model for Standard Spur
Gear System

driving gear (body 1)
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Fig. 4 Finite Element Model for Profile Shifted
Spur Gear System
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Table 1 Data of gear system
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Table 2 Data of FE model for standard spur gear

system
Gear Driving gear Driven gear
Node 4666 4697
Element 4360 4400
Displacement boundary condition
Boundary on the rim( nem )
condition Radial 0.0 Radial 0.0
Circumferential 10.01584] Circumferential | 0.0

Driving Driven
gear gear
Number of teeth 42 49
Pressure angle 17.5 °
Module 2.25
Torque( N- mm) 14048
Young's modulus( N/ mm?®) 206010
Poisson’s ratio 0.3
Profile shift coefficient + 0.5
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Table 3 Data of FE model for profile shifted gear

system
Gear Driving gear Driven gear
Node 4875 4155
Element 4590 3860
Displacement boundary condition
Boundary on the rim( mm )
condition Radial 0.0 Radial 0.0
Circumferential [0.017023 Circumferential | 0.0

Table 4 Tooth load sharing of standard gear

Radial
distance( #m ) 4753 | 4743 | 4734 | 4725
Contact
force ( N) 3.97 160.85 | 28.27 | 119.17
Total torque
(N mm) 14057.20

Table 5 Tooth load sharing of profile shifted gear

Radial
distance( mm ) 48.53 | 4841 4829 | 48.18
Contact
force ( N) 21.77 | 152,72 | 11490 | 21.97
Total torque
(N- mm) 14048.46
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Table 6 Tooth overlap and overlapped nodes
depending on profile shift coefficients
P::rgg}lgcis(‘_}}gft Deformation Overlap( um)
0.0 16.885
0125 16.472
0.156 16.567
0.1875 16.558
0.250 16.601
0.375 17.500
05 17.555

33 7Zi0f x| WY sy

A Ae stF BuFS 3
2 39 7o X9 ¥y HHE FYsta, o
g 4 AHE ol &8ty vlo] X9 WP ¢
A FES At vlo] A|2dle W 4
Z sk o

710129 Wy o g Qe HE:ge oAzl
A& Al7] olde] oln] 7]o} X7} HEFEA H
2 7oA}t HEE ANEEe 7 F AF %
9 MFE7 1AM 28R HE S w9
o3k A7dH FAH dge=z dAdd A3t
A &4 2FdM By NS a8 F, A
Z Al 4dAA 7ol XEY MY BES WY
% 7ol Adgoez AHogith o] Fo
Hgol] o3 A= XHAFE X WY
4l (deformation overlap)°]2} H£ 272 Fir}

Az

g

34 B3 9 oH

AL 7o) Aol et 3] MY ARG
Table 6o JEMASITE. A A7t 47 0.0,
0.125, 0.15625, 0.1875, 0.25, 0.375, 0.5¢1 77}A]
Aol dalM 2o Wy tdSg 7 dHg
Neg el

A9 ALt 0.00ARE FAR FIF dHEA
TE 7101y olFAE Ftstn 3% 7oy o
FAE ZAasA @ wad ol FA N F71%
710 e o 2L Wyg doy|A HY o|FH
7 AAaF o] A W & ¥WEE stA "ok
B g Jo] A"y WP olfAY FIHE
710 R} A% 710 7L AX WP 743
E Axe $4dd we F7 £ #FAEA H
o, 2 A#A=2 X9 Wy Add HEE 4L
A €t

F #A Ao & £ ARl A A

% A

0.1257HA19) F7h M= F713 o] FA)7F WEd
o & d%E v geon wap Al @
o] Zhstnz WY L gAadd A
A 0.18757+R1 9 A= WE 7HAdo] A A
A4S Holu lon, wepr F7tst ol A%

AUz e Fez wod £ 9d. M9l

A5 01875 ol M ZAaF o FAs Ax
Wy o & 719& 39 v Al=E dAAe
Wwyo] Frlstmz Wy hdel A% F/istAl
#oh. 53 AY AFrt 03758 dojrshd ol F

At ag JlelNs WHe] FAs Fhshed
AAHY WFol Frkstn WY A w3 27
F7hah,

A9 710 Al2He]
o g Wy
ol HFZ AR Aty HFse 7]o A4
AN A &F o7
o3k 7jo] =
AR FE W } L
g A9 o] Alagle Wy EA4& sf4Aso
& e 2E8 94U

(1) 8 A28 7o) A=gelN & Arrth
Aate AERE AF 44 B 48 7 E
il JE AR TS

(2 719429 Hx HE FglA wE 2AHE
Aosta ¥y 54& ddsted ol &3kt

(3) FAAY BRY A9 AFE A&F 7o
ARl A o] T o] Wigte] e} MPo] F7tat
a2 #Aadte MAse FHE xAst 29
OE Wy 54e gt

@) ¥ A7 Ada A z2ads o8
o] AQAGS Hst] A FFS 44 @A
oM AEZ 5 Aot

5 ¥

-

% 7|

Bodye IMAAGAFAERANGR 2 A4F
S CAEE T4, M1-0203-00-0017-0210000-00910)
9] Aoz ofjFolH 5.



TH Ad B 19 AFE HEd 7o Aadde Wy 54 84 199

il

b

Ho
ret

(1) Yau, E., Busby, H. R. and Houser, D. R.,

1994, "A Rayleigh-Ritz Approach to Modeling
Bending and Shear Deformation of Gear Teeth,"
Computer & Structures, Vol. 50, No. S, pp. 705~
713.

(2) Park, C. I.. and Lee, J. M., 1996, "A Study on
the Vibration Characteristics of Helical Gears
with Tooth Errors," Transactions of the KSME, A,
Vol. 20, No. 5, pp. 1534~1542.

(3) Umezawa, K, 1972, "Deflections and Moments
Due to a Concentrated Load on a Rack-Shaped
Cantilever Plate with Finite Width for Gears,"
Bulletin of the JSME, Vol. 15, No. 79, pp. 116~
130.

(4) Umezawa, K. and Ishikawa, J, 1973,
"Deflection Due to Contact between Gear Teeth
with Finite Width," Bulletin of the JSME, Vol. 16,
No. 97, pp. 1085~1093.

(5) Wallace, D. B. and Seireg, A, 1973,
"Computer  Simulation of Dynamic  Stress,
Deformation, and Fracture of Gear Teeth,"
Transactions of the ASME, Journal of Engineering
Jor Industry, Vol. 95, No. 4, pp. 1108~1114.

(6) Chabert, G, Dang Tran, T, Mathis, R, 1974,
"An Evaluation of Stresses and Deflection of Spur
Gear Teeth under Strain,” Transactions of the
ASME, Journal of Engineering, Vol. 96, No. 1,
pp- 85~93.

(7) Cardou, A. and Tordion, G. V, 1985,
"Calculation of Spur Gear Tooth Flexibility by the
Complex Potential Method," Transactions of the
ASME, Journal of Mechanics, Transmissions, and
Automation in Design, Vol. 107, pp. 38~42.

(8) Fukunaga, K, 1987, "A Strength Analysis of
Spur Gears including Ratio of Contact," Japan
Society of Mechanical Engineers, Transactions
Series C, Vol. 53, No. 489, pp. 1071 ~1076.

(9) Stegemiller, M. E, 1993, "A Three-dimensional
Analysis of the Base Flexibility of Gear Teeth,"
Transactions of the ASME, Journal of Mechanical
Design, Vol. 115, pp. 186~192.

(10) Gagnon, P, Gosselin, C. and Cloutier, L, 1997,
"Analysis of Spur and Straight Bevel Gear Teeth
Deflection by the Finite Strip Method,"
Transactions of the ASME, Journal of Mechanical
Design, Vol. 119, pp. 421 ~426.

(11) Huh, G. J, 1991, "Constrained Variational
Approach for Dynamic Analysis of Elastic Contact
Problems," Finite Element in Analysis and Design,
Vol. 10, pp. 125~136.

(12) Van de Panne, Whinstone, A, 1964, "The
Simplex and the Dual Method for Quadratic
Programming," Operational Research Quarterly,
Vol. 15, No. 4, pp. 355~388.

(13) Huh, G. J. and Park, S. J, 1999, "A Study
on the Profile Modification of Spur Gears for the
Prevention of Gear Tooth  Overlap by
Deformation," Journal of the Korean Society of
Precision Engineering, Vol. 16, No. 3, pp. 208~
214.

(14) Colbourne, J. R, 1987, The Geometry of
Involute Gears, Springer-Verlag, New-York, pp.
212~218.

(15) Bathe, K. J, 1996, Finite Element Procedures,
Prentice-Hall International Editions, pp. 342~363,
622 ~628.



