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Meshing Characteristics Analysis of Spiral Bevel Gear Pairs
with Different Crack Types
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Abstract: Under the working conditions of heavy load and alternating load, spiral bevel gears
are prone to tooth root cracks, which lead to tooth fractures. It is necessary to clarify the
influence mechanism of cracks on meshing characteristics and provide theoretical basis for fault
diagnosis. The finite element model of bevel gear pairs is constructed, and the static contact
simulation analysis is carried out by ANSYS software. The fault models of various crack types
are set up by the method of unit node replacement, and the influence of cracks on the meshing
characteristics of spiral bevel gear pairs is discussed. The results show that when the contact
ellipse of gear teeth moves to the crack area of gear teeth, the meshing stiffness gradually
decreases with the increase of the severity of the crack, and the maximum reduction of stiffness
under the condition of plane crack, space crack and broken teeth is 27.58%, 14.12% and
32. 82% respectively. The contact ellipse position, crack position and depth of gear meshing will
make the contact stress of tooth surface and the bending stress of tooth root have different
increasing and decreasing trends.

Key words: spiral bevel gear (SBG) ; tooth crack type; fault parameter; meshing stiffness;
contact characteristics; tooth contact analysis(TCA )
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MIE 18 FIE 19 Hra] LLF %S
5 i 7 B AR AR AR

1) %G1 42 ot R oK b 5 2 B0 o L N
Pl 18 Hh ik T 2 A 1 7 2 QDAY WG S0 B BT,
46 D7 () AR S8R o AN 3 A, T DL R SUIR BE Y
7 A X617 T 2 Al 7 7 LA R 1R AR S R T ) R
Ew /.

2) YA A [ kS B ez b anEl
18 Hh ik 1T 2 il N ) 2 I I WG G 07 B T/, e

=[] SRS fd A

AT R 2 Al R 53 %) 3508 4 3 ) A6 T 4 S0 8 i )
() V7 R BB . B 2 4 SO BE 3G in , 4 802 A0
(1A AT 5 L AR I B8 1 20 8 B, JUT LA SIS A 4
VAU T H2 Al N7 T3 TS B T SR 0 28 PN 3 ) 145 1R 7K 32
AT SR T A RIS A AR 118 1A TR Yy ) % v
K, Hedr T 53T 15.26%. 5 25 fHh 7 7 /)8 i i
HAR, FHoA T S 3 2.3%.

3) Y fl i [ A a0, InfE 16
Hh i T i T 2 BRI DI I 5 0 8 T 7, e 1A 7R



% 8

RWAEF SRR E

700G R A 46 8 vk A4 AT

1105

A3 fh AR 53] 1) 5 206 T SR BRI AR B U PR AR A,
W 2SR RS

ARG RE 1M T e, SRS B AT TR 426 fih 17 ) 2

<—/J\ %
N

T

E17 FEELTRA-S5ZMEERESHMAN
Fig. 17 Bending stress at tooth root of every position under plane crack working conditions 1~5

40 L AN B AR A BT 0 2N b T 598/ 47.11%.
2 F1/MPa
200 M BEQ=i EQ == BQ
© (@)
g 600 - 7 Z 2
a8 500 R, % 2 4 2
£ g g
1% 400 - I 4 g
R ; % s
g 300 | KM ;
g 200} % g
100} Z g 2
, 7 =007 =07 =l 7 5
0 1 2 3 5

(a)—frE ORI =5 (b)—(E QNI =5 ()—( E@N S = (d)—R I EK .

M F1/MPa

B 17=561.47 MPa

T2
BN 17=575.49 MPa
T3
BN #1=578.46 MPa

TH4
B S1=579.91 MPa

R
W EAR = EO

e
N

ANBER N 1=A44.49 MPa

TH1

S AIBERRT 71 =440.76 MPa.
T2

AR 71=440.83 MPa
TH3

SR 71=443 82 MPa
Th4

yr %W%24 MPa

TIL5

N F1/MPa

PN, Hord T 5 U0 8.91%. 14 AR 351 1 & £7 b 25

W S1/MPa

' Tl

B AN =1 10941 MPa

TH2

TH3

BRRH

=1 081.05 MPa

" BRI F1=1 075.52 MPa

IMS

“ﬂ‘ﬁﬁﬁﬂlﬁﬂ zE@

— N
=) o

A I x 10™/(N-m™)
S

.
=)

N e

W T B 57 7 5 K {E/MPa

1100
1000
900
800
700
600
500
400
300
200
100

600 _

OO

OO

-

BOIXX

—_
NF

E18 ZEBL TR 1~55mEEmMN

Fig. 18 Contact stress of tooth surface under spatial crack working conditions 1~5

xXxXxX3

PN

AR RRRRAY

TaTaTaT YT T

A ESSNRNNNNNNSSNNN{]

RXRXRXRRRXRRRXA

G ANSSNNSSSSINSSSSSY]

H
=




1106 FAKFFHR(A A FR) % 45 %

¥ J1/MPa

350 R B O BQ ESMiIEG)
=@ ! .
& 5o B Bm B Bo
ax 5] B OB B B
w Bl B B B B
w200 60 B0 Bl B B
SsolB] B0 B B B
gereg B OBl B B
=0l B BYH B BV
gkl B Bd B B
=Tl B B OB B
= 0rEge BO- BHL BO. BY
3 F1/MPa SZSHR: 7= 2= 2 =7 =
40 0 1 2 3 4 5
20
10

B19 ZEHLTRA~S5EZMNEERTHMEN
Fig. 19 Bending stress at the tooth root of every position under spatial crack working conditions 1~5

(a)— (ORI s (b)—hEQN ST = s ()—( @M A =K (d)—R F K.

friction [ J]. International Journal of Mechanical Sciences,

o4 YA 2017,128/129:475-485.
A e [2] Hou X Y, Fang Z D, Zhang X J. Static contact analysis of
spiral bevel gear based on modified VFIFE (vector form
1) M b fok 6 5 s 20 3 s s B0 0 I B, I intrinsic finite element) method [J]. Applied Mathematical
= = ANy

. o X . Modelling,2018,60:192-207.
%NUE%%%&E@FE*IEinWﬁ@?_F% ,/ﬂ\: [3] MuYM,Li WL, Fang Z D. Tooth surface modification

EP¥E§%§E§;%§TF% 27.58%, zs I‘ETJ %ﬁ%g?l}% method of face.milling spiral bevel gears with high contact

14.12%, Wit fe 2 T % 32.82%.

R g J7 o] LA S RSO LA B AT B0 T, F 25 2

ratio based on cutter blade profile correction [J]. The

International  Journal — of Advanced  Manufacturing

2) AF [R] ;2% pE 2 22 it b (3] TLAn] 21k 2 fih Technology,2020,106(7) :3229-3237.

[4] Pei X, Pu W, Wang Z Z. Contact stiffness and dynamic
behavior caused by surface defects of spiral bevel gear in

éﬁ(?’f ﬁ& B—j'i'—l&JL/JJ: "ﬁ% [Z [j‘] X‘—J' uﬁ% [XJIJ E E]/‘J %ﬁ uﬁ [Z I‘Eﬂ {/( mixed lubrication [J]. Engineering Failure Analysis, 2021,
AR AT 55 ] 80 HL T ) R N
g N e . X [5] Wang Z Z, Pu W, Pei X, et al. Nonlinear dynamical
léJIJ 55 %Jlfl E/‘J*ﬂgﬂ:} ﬁhﬁ%j‘jpg 5 l&ﬁ%i&%ﬁﬂ behaviors of spiral bevel gears in transient mixed
%gcxyj’ [}ﬂ[&‘% M[Jrg B@%ﬁ u@ Hﬁ% I‘ETJ ﬂ%g‘(ﬁﬁﬁu lﬁnlj\ . " i}llbr;c:;;iog‘[ﬂ .Ii‘riiologg gternaln;nal, %0211:1160: 1'070'22.
: ™ o N ™ - y u ,Ding H, Peng ,et al.Numerical determination to
3 ) Xj‘:": 2l ET# ﬁEij 293 A *E = H;E mjj EU loaded tooth contact performances in consideration of
MR 2, F R R sh v B, LR B misalignment for the spiral bevel gears [J]. International
“n N Je 1 of Mechanical Sci ,2019,151:343-355.
2 il R TER0 AL X6 SR 0 2 P TLART S . > 2 ik A (B3] % ournal of Mechanical Sciences
[7] Spievak L E, Wawrzynek P A, Ingraffea A R, et al.
BB |, 4 202 W A7 T B8 42 f o T B Simulating fatigue crack growth in spiral bevel gears [J].
g\%ﬁ{ﬁég E,(J i j][] ﬁzﬁfzﬁzz: Ig] E,(J i{}ﬁﬁ%% , _ﬁ*ﬁ?‘%‘{ Engineering Fracture Mechanics,2000,68(1) : 5.3—76..
. 4ot oy B [ 8] Ural A, Heber G, Wawrzynek P A, et al. Three dimensional,
HEH @jj ig j( 5 él }%@EWE *&Zﬁjﬂ T zzi»% s Z\zéi parallel, finite element simulation of fatigue crack growth in
T 116 15 T 2 flh 157 7 B 224 80 % B8 1ty 86 100 T 5 T U a spiral bevel pinion gear [J]. Engineering Fracture

Mechanics,2005,72(8) :1148-1170.
PR 1] L 2 ) NISRNTEN AR Ry
/J\’ [E el Eﬂ@ﬁgﬁgﬂéﬁ%ﬂ L&*E%[tl]ﬁljj(}& [9] Lewicki D G, Handschuh R F, Spievak L E, et al.

JIN o ST TR 2 i B A S U I AR 2L e b v AR Consideration of moving tooth load in gear crack
N propagation predictions [J |.Journal of Mechanical Design,

PRI 2001,123(1):118-124,

P %iﬁj}( [10] Park M.Failure analysis of an accessory bevel gear installed

Z :

on a J69 turbojet engine [ J]. Engineering Failure Analysis,

[ 1] ZhouC1J,Li Z D,Hu B,et al.Analytical solution to bending 2003,10(3):371-382.

and contact strength of spiral bevel gears in consideration of ( T# EF: 1114 | )



