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Numerical calculation and analysis of arc tooth tenon joint

SHEN Xiuli, ZHOU Ying-lu

(School of Jet Propulsion,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Two cylinders contact problem and plan contact problem were analyzed, and
feature of convergence was discussed. Some numerical calculations of an arc tooth tenon
joint with three teeth were done. Then, the contact stress with ANSYS was analyzed, and
the results of trapezoid tooth and arc tooth tenon joint were compared to find that the latter
decreased the contact stress, the third principle stress and von Mises stress. Based on this,
some optimizations about the arc tooth tenon joint were done, and the stress was decreased

again by optimization.
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Fig. 3 Contact model
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Fig. 1 Geometric model of trapezoid tooth
tenon joint

4

Fig. 4 Picture of grid
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Fig. 2 Geometric model of arc tooth tenon joint h h
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Table 1 Contact stress with different grid density I
j." 1 1 1 1 1 ]
1 2 3 4 5 6 7
h S,(A)/MPa S,(B)/MPa S,(C)/MPa Refine number
0.2Ch) —343.4 —341.4 —97.1 6
0. 1Chy) —490.0 —487.4 —97.4 Fig. 6 Boundary contact stress with grid subdivision
0.05Chs) —687.3 —687.4
0.025Chy) —787.8 —785.7 3
0.0125Ch;) —909. 2 —904.7
0. 006 25Chs) —947.2 —940. 8
b
| Chy—hs)/hs | 4.01% 3.84% ,
’ 1. 7 mm .
1000 ¢ r
900 —h
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200 - | | Table 2 Arc tooth tenon joint stress with
100 - I different grid density
0 fi 1 1 1 L 1 T
-05 0 05 1.0 15 20 25 3.0 35
r S, /MPa S;/MPa Sew/MPa
s/mm
50(r) —857.5 —1123 804.0
5
. . 100(r,) —1296 —1371 798.5
Fig.5 Stress curve of contact region
200(r;) —1230 —1270 780. 6
300(r,) — 1257 —1290 772.7
’
A B [Cri—=r)/r| 2.15% 1.55% 1.01%
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Fig.7 S, curve of contact stress Fig. 10 S, picture of local stress (unit: MPa)
, S, S;
lsm : b SSqV
1300 | ,
1100 - . 10.
900 . ’ s
k) -
% 700 |- ’
| B ’ )
500
" b b
300
- b b
100 : (6]
_100 1 1 1 1 ] 3
-0.5 0 0.5 1.0 1.5 20
s/mm s s s
8 S,
b
Fig. 8 S, curve of contact stress
b
900 ~
—o—h, 4
800 , 22 i
700 - L i 3
600 F 2 | Table 3 Tapezoid tooth tenon joint stress with
1 different grid densit;
g s00 - } 8 y
wnt 400 1 ' - S,/MPa  S,/MPa  S../MPa
S i n=50 —1303 —1612 1291
200 - §
r, =100 —1785 —2216 1780
100
r; =200 —1929 — 2256 1652
0() 5 (I) 0I5 IIO 1'5 ZIO
e : : ) ’ 7 =300 —2348 —2546 1806
s/mm
r; =400 —2766 — 3360 2607
9 Seqv

| Grs—r) /75 | 15.11% 24.23% 30.72%

Fig.9 S.. curve of equivalent stress
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Table 4 Stress comparison of trapezoid tooth

and arc tooth

S,/MPa S, /MPa Seq /MPa

—2348 —2546 1806

— 1257 —1290 772.7

—46.47% —49.33%  57.21%

Fig. 11 Load method
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Fig. 12 Equidifferent line in the contact region of trapezoid and arc tooth
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Table S Comparison of experiment results

/MPa —531.2 —439.8 —17.2%
9 s
200 MPa ,
213. 3 MPa,
6 s

6
Table 6 Comparison of design variable of before

and after optimization

/mm 0.96 0.914

/mm 5.11 5.28
/mm 13.51 13. 36

/() 33.20 32.39
/mm 2. 20 2.32

/mm 2.50 2.66

/mm 2.71 2. 69

/
, .
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Fig. 13 Shape of arc tooth tenon joint

sa 3 Ttou H M!ou

, ANSYS APDL
ANSYS )



616

27

[10-13]

[14]

S,:S;
6. 7
7

Table 7 Comparison of stress result of before and

after optimization

S /MPa S, /MPa S, /MPa
772.7 —1257 —1290
706.0 —1133.3 —1195.0
8.63% 9.84% 7.36%
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