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Numerical simulation and measurement of heat treatment deformation

for large spiral bevel gear

Wang Huosheng, Wang Qianting, Li Wenfeng
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Abstract; The CFD software Flow3D was used to simulate the deformation of large spiral bevel gear

during quenching. The displacements of gearteeth were measured by reverse engineering, which

were compared with that of computer aided design (CAD) model. The displacement of numerical

simulation is consistent that of the measurement, which can well predict the heat treatment deforma-

tion of the gearteeth. The deformation is non-uniform with the heel displacement being higher than

that of the toe. The displacements are different between convex and concave tooth surfaces, which is

negative on the convex side and positive on the concave side.
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Fig.1 Diagrams of large spiral bevel gear
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Tab.1 Thermophysical parameters of quench oil
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Tab.2 Thermophysical parameters of 20CrMnTi steel

He PR/ B/ PRk R E YY)/ PPER Sk H
(Jeke - K™)  (Wem™ +K") (kg-m™) K- GPa GPa "
687 30 7.8 x10° 1.2x107° 7.9 x10" 2 x10" 0.26

I IE] E G (TN ET 2 (e) ), 7t T 1Y 228 T o AS e 1
K AB KA TG 1 B R K T/ N, 4128 203 s
I CAnE 2(d) ), R i) £ fw B8 F2 2424 0. 88 mm,
/N ) SRS FE 2R 0. 48 mm,

Ryt 20 B i 5 AR JE R, A R TR b
B3 A0 5 P1. P2 P3N 2(a) o $RHUX 3
FAEAN[R] B 8] 09 228 e 80, 45 R an s 3. nf LA
& th /g P1 R P2 K P3, A8 T AR
Ko BHI 19 s BF, PL P2 P3 28T & 43 il hy
-0.08,-0.11,-0.13 mm,Pl 1 P3 5078 &
FH2£0.05 mm; 21 102 s B}, P1 P2 P3 (A5 K&
ARk -0.30, —0.41, —0.57 mm; ¥ # 203 s
Bf,P1 P2 P3 B4R TE & 4351 - 0. 48, - 0. 64

Time Frame: 19
gl dispiacement S455
® oo
<0.020
§ 00m
0.060
<0.080

Time Frame: 102 |8
Rgygnal displacement

cm)
1 0.020
0.000
0.020

b 0040
0.060
0.080

©102s @203s

B2 OEEHERE

Fig.2 Deformation of convex geartooth surface
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Fig. 3 Deformation variation of convex gear-

tooth surface along the geartooth length
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Fig.4 Deformation of concave geartooth surface

D20 53 A 144 T B4 28 T R, DA T4 T
=AU L P4 PSP, A 4 (a) o X 3
SR R B ) A2 4G, 4SRN S R LAE
YRR 19 s ), P4 P5 P6 3 ALY ARTE 1 R T fH,
SR —0.05, -0.03, —0.02 mm, BRI A 71
A% , BV S TR HE 4G, /N P4k 2 PR /D i 6
% , M PS AR P6 1942 1 i i i B2 (L
AR IEAEL, A T IE WA , H. P6 Ak Y ARIE R R
T PS5 Abs e 0102 s Ji7, P4 PS PO (AT B3]
H—-0.08.0.06.0.22 mm; &% 203 s f5,P4 . P5,

P6 AR IE 5439k —0.05 0. 17 .0. 38 mm,

04 +P4
o3 213
5 02
@ 0.1
& 0
-0.1

0 20 40 60 80 100 120 140 160 180 200
/s

BS MERAEKAEOERENETN
Fig.5 Deformation of concave geartooth sur-

face along the geartooth length
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Fig.6 Reverse engineering of geartooth
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Fig.7 Comparison between measured geartooth
surface and that of CAD model
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Fig.8 3D comparison results of geartooth

surface displacement
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Fig.9 2D comparison results of geartooth sur-

face displacement
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