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Strength Analysis of Shifted Gear by Finite Element Method

Abstract

HE & M aE R

In this paper, it was attempted to verify how the strength around fillet area of shifted gear

would be affected by variables such as number of teeth, shifted value, and diametral pitch.

Thereafter, the Lewis’ tooth factor of the shifted gear was computed in terms of previou-

sly mentioned variables in order to observe the characteristics of stress change related from

tooth factor and tooth number with the parameter of shifted values and diametral pitches.From

the results of quasi-theoretical values by Finite Element Method (F. E.M.) and experimental val-

ues through the photo-elastic tests, the followings were identified.

The more the number of gear teeth increased, the more the profile of the tooth became

close to that of rack, and accordingly the stresses in the fillet area decreased significantly in

certain range. Furthermore, as the shifted value and pressure anglc increase the stresses tend

decrease (Fig.1).

Moreover, the stresses analyzed by F.E.M. in the filled area became around 1.22 times

larger than the stresses computed by Lewis’ form factor (Tab.3), and this is supposed as an

influence of the stress concentration in fillet area.
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Fig. 1. Relations of tooth number and form fa-
ctor as parameter of shifted value.
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3. 1 Source program

Source program©.2 Chandrakant 5. Desai 2}
John F. Abel?] “Introduction to the Finite Ele-
ment Method”™2] Y-E¢| =23 plane stress/
strain 4 of] A48 4+ ¢] = example codeE- FlIFE
#1275 IBM 360/3704 {E#RsI7] FHEEE
programv] 8-& vht H7dskgic}t

(D Max. element 2} Max. nodeZ 200 7f«lo &
F7r A FH =

@ A7 (5% A« 5 example codeE® 714
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DO 10 M=1, NEL

26 WRITE (1) ((QK(,J),J=1,10),i= 9,
10),Q(9), Q(10), (B, J),J=1.10),i=1,
3), ((¢G,3),7=1,3),i=1,3),XQ(5), Y
(5).

10 CONTINUE

5 vbgak o] b glet,

26 DO 1001 i=1,2
QMMM (i, M) = Q (i+8)
DO 1001 J=1,10

1001 QKMMM (i, J, M} = QK (i+8, J)
DO 1002 i=1,3
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DO 1003 J=1,10
1003 BMMM(, J, M) =B, J)
DO 1004 J=1,3
1004 CMMM (i, J, M) =c(i, J)
1002 CONTINUE
XQMMM (M) =XQ(5)
YQMMM (M) =YQ (5)
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Fig. 2. Discretization of gear tooth
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Fig. 3. Refinement of spur gear fillet
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Table 1. Boundary displaccment of Fig. 3

[Node No. |  x-disp (em) y~disp (em)

1 @9 —0.127x10"® —0.388x107*
4 (29 -0.153x10"? 0.308x10*
-6 (26 —-0.178x107* 0,101x107?
9@ | —0.219%10- 0.185x10-*
1963 -0.612x10* 0.118x10*
37062 -0.276 x10°* 0.102x 10~
55 (54) —-0.141Xx107* 0.362 x10~*
7301 —0.111x10"* 0.365x107*
9192 —-0.203<107* 0.394:x10°*
933 -0.282x10* 0.463>107*
9564 —0.344x10"* 0.500x107*
97 95) —-0.388x10"* 0.522x107*
99 (96) —0.308:x10"* 0.497x10~*
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Zo] o] F ZN (degree) o)™ X program2]
output el 4= o]A e]2ld| X element centroid]
X, yEE, 0x,0y, o 7F A4S o ATk of 7]
AL AT} Input data card2H4] g 32
71 A Aekgiel (AaEd (4)3A =), program
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Table 2 Qutput of F. E.M(Stresses at element

Centroids)
clgment| o, (kg/em?) | o (ke/em?) ()
38 |0.1083x10° | 0.3118x10* | —66.03
39 | 0.1607x10° | 0.3224x10* | —63.94
40 |0.2641x10° | 0.3013x10* | —66.78
46 | 0.8613x10° | 0.3594x10* | —62.36
47 |0.1162x10° | 0.3332x10* | —59.73
48 | 0.1597x10° | 0.6343x10' | —61.52
54 |0.1013x10° | 0.3503x10* | —69.58
55 | 0.1538x10° | 0.4145x10* | —63.06
56 | 0.2818x10° | 0.4196x10® | —60.45
62 | 0.7700x10* | 0.3407x10* | —69.03
63 |0.1046x10° | 0.3510%10* | —59.99
64 |0.151610* | 0.1187x10* | —55.07
70 | 0.1053%x10° | 0.3523x10* | —71,62
71 | 0.1501x10° | 0.4501x10* | —61.78
72 | 0.2668x10° | 0.4712x10* | -52.88
78 | 0.6795x10* | 0.2800x10* | —72.79
79 | 0.8903x10* | 0.3212x10* | —58.37
80 |0.1306x10* | 0.1490<10* | —46.23
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Fig. 4. Model of photoelastic experiment
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Fig. 6. Isochromatic fringe order of tensile stre-
ssed fillet area
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Table 2944 A F2HL element 56 4] 4
Ae= % 600kg, o]vivl 30mmdw FHel 5
.2 281. 8kg/em? o] 22 s}Fe] 100kgUw] o1 =
0.470kg/mm? o]}, i
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Table 3. Maximum tensile stress in the fillet

area,
Calculation - Photoelastic
method Lewis” factor| F.E.M experiment
maximum
tensile stress 0.384 0.470 0.398

Table 3|4 Lewis factorel 231 i4&
fillet -3-o) FEhHHF] giFe] sl W3k
omz e wmA A gt HRIRE
= Yok KEES] A=) 2ol boundary con-
dition2] @aFo 2 Azt F Fw4 A3
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(1) gear?] ol$~% @A ¥F 1 Rk
rackell 7F7hsbA A fillet ¥-2| &g ZopAH,
Ay g|wkal opelAtE AA| &5 filletFo] 2H
< #o}z i (Fig 1.

(2) AA ez FH3 A AR /3T 8
Aol K3 o) W FIRMET ] FHEH #F
#iol 27k Aol 1220024 ol fillet#] &
Sitarpel] 23 dgo= 2 4 2lrH(Table 3).

(3) sEANS szl Fal 4 o] F-THEe BD
£ fEHTE 7% boundary condition®] 33 =i
£ Zo cantilevers o|AFElE A EHHEHe]
AHolx] AAMuch He g-HAe] Aislch
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