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Abstract: An accurate analysis theory of thermal deformation and a simulation method were proposed
to ensure the optimum performance of mechanical aparts affected by thermal errors. From the view of
microscopic molecular mechanics theory, an analysis theory of conversion of thermal into mechanics
for thermal deformation was put forward, by which the thermal deformation of a part was equivalent

to the force deformation by taking the effect of material properties, temperatures and the boundary
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constraints of shape on thermal deformation into account fully. Then, measurement experiments of
thermal deformation of hollow cylinder parts were carried out, and a simulation method of thermal de-
formation based on ANSYS Workbench was given. Finally, simulation and experiment results were
compared. The results show that thermal expansion coefficients of the outer circle are approximately
twice that of the inner circle in the radial direction when an aluminum alloy hollow cylinder part is de-
formated under a high temperature. Meanwhile, the simulation results based on the proposed theory
are consistent with the experimental results very well and the fit is more than 98% , which validates
the rationality of our theory. As the method makes up the drawback that traditional thermal analysis
of ANSYS Workbench completely ignores the physical boundary constraints affecting part thermal de-
formation, it provides an important reference for the structure design of thermal robustness subse-
quently.

Key words: hollow cylinder; thermal deformation; conversion of heat into force; boundary constraint

of shape;simulation analysis

1 3 7

T IR RS 25 LA S A8 1 RS B R AR
PR 25 70K % TR R AN K DU i R v BT o L A9
KRR 70 %0 LA b, MO BE R T HL R ARG B
(18 52 1) L0 LA Z 0, [ 9 AMIF 9 N B X HILAR B S
T G AT T RGN, Shinji 4548
B Ry 32 il AR T 0 vk g B b o
1S0230-3 1E R #E#E 1L . Miao % R F £ 0 4k
PE [T o A1 i 5 R A8 | S 4 1) [m] A5 AR )
BILIR ==l #4150 25 0E A7 A B A2, 42 T T S bl
PRI B0

FI AT HLAR 2 1 T 1A 5 b 2 300t A2 ik 2 3k
(18 52 M 7 %% T IO ) P A A2 B R T A 5 A X
T AR AR 1 5 R B N A 4 2 B 9T E S,
YAO %838 T R [FHE A 45 kg ) FL A% Fn il 42 7 A=
4 S ) IS B BT 5 Y4 A AT VR ER T T A
BB AR B BUZ A FE — 50 °C ~200 °C [ AR 1] 4
ASFEAT N NN ] BN A5 b R BB ik 2R A
K R WANE R Z A K 5 Jakstas 5 (H T4
RS TRUE S T 765 2% K 5 DU A 2R 4 v ek B )
5 1 5 ) OR TG A 3R BIOb L o AR X 2
B S CCD 9 77 2 ke s /I i B B 5 i 5 Li 4%
SR A BR 0 2 40 Bt 1 353 - A H LA 57 1 AR
IIE i 37 B0 $ L g 43 A, 45 S R R A
AR AR BT IR B 1 B8 7 SRR s ) S SR
P2 K A A BR G 12 X i 2R IR T A
WAL 3 52 305 1 3R B2 3 53 A I 388 T8 30 47 05

FL, 76 S5 0 U TH B gl 45 18 TE B RST A I R R A
Y. BT H AT E PG T R 45 0 T AR
fR 5% ) 43 A7 K 22 Jm PR30 56, B0 A A B o 0 B4
P ANSY'S 842 DL 2 W 55 4 AR T A E AH AL 1
FEAE A 05 FLAR BB AT 42 BOUE DL AR A5 I8 14 45 1 XF #4
AR TV 249 TR IR RS B A7 L, W R b B TR % AL ke
AR AT T G5 T Z 00 T A8 1) #4248 T T
G5 A5 A A DU AR TR R AE B 2D 7 S B AR A
N AT S0 T 38 & (932 474 B f sh S v g .

A SCAE WA T M ORHE P R DL RO R i
YR SO R 1 52 e B il b R T A
e Pe 00F B M BB 5 [R] 45 R Y
TR TG AT A5 8 A e LA AT A BR JT 45 B34
S B A g 0 BRI 249 5 T, SR T A R TR 1Y
A AH L R AR 07 o . B S0 T ANSYS
Workbench i - &, £ Xt — A N Z A [F L 4h 12
AN TR] A S5 ) 25 0 B AR AR R R AT T 3RO B e P
(1 AR TE A L, [F] B 5 52 B 52 36 45 SR AT T L X
M. TR AN T ANSYS Workbench #4443
T B 22 4 BRI T AR P 5 S B 5 0 AS £ 1) B

2 AR E T AE AR LA M 5 AT

G P R 22 R A NF
AL=a+ L+ AT, (D
Forr: o AR I R B LR A RS AT &
TR A B 2%
IR A GE B A TR 22 e M 3 T e th 1
Bl B BRI R AR AR AR E e B



506 e KE TR

5 23 &

22 ANREIE N B AC SRS I BRI 24
it ZAE A T & BREE L PLAR B R G 2 AR IR
AL 5ERSE L ARG 0 L 30 ik 3 5k
o IRE TR A ARSE QF L.
AL= f(L.a» T\ () » (2

Hor Bk H 21 S50 Q FOR AR TR R LR
SRR R R B SRR A G

AT JG T AR A TR 15 A TE R BRI . & 2
B R AL R AE AR 4 18 SCHE B R IR 10k L 7 iR
A ALY J5 o 2 A BT TR 2 EUR N R
250 AR AR A IE J5 AR RSE AR AN
BB A 22 AR K . I R B G BR N B AR $ R T
AE AR PR AL

3 MBI HBAE ST

P B RE AR B AL B AT 0 J8 - IR AH L AR
FRE 1T 2 A A X B 2 5 0 1] B il B T
T3 R B B4R, 73 WL b ) 2 B IR B B R Jik . 4K
Yaor 1 01 2 RIS Ll T g DR AR SR S
TR AN P A AR AR AR O R R
B B2 1B R SR A RE R AR 38
BT PR A L B DA ) 1 A R i o e A
PO A BORE R T 32 1 A A A AR . Gl R
o /MG R AT L S B s 56 R A B9 B R PR
Ik R BT R AR G BPIR S LR AR BOWL7 H AL
R X T R BOE S AUE BT . %07
¥ H T 8 B K GORE 2D B TS )
A e ST AR RO B 0 HOH 5 TR W
Py ia . T i 5 Br B 5 LU 25 WA AR rp A7 A R
A JCAS 357 0 A e 66 5 [ 80 Bl 23 1 # 0  0)
FARMERCY B4R m . Lo B 5 0
Py VR 1) A I 2o R A SO b AR R D32 0 Y
P e AT AR A A T R S A o AR
) R A S 52 3 78 T TR) AL 3l e A ST A A AL
DRIE A R ALTE 0T e et

I TR 5 BRI 5 AL B v 25 280 iR A A
SR/ e SR NEIE R PSRN 1Y 7
FHCH BT A AT, MR FR AR S fh i

dV=B+V+AT. (3)
WRAE AR & 2 A5 FAR I &
K—-dp_ (4)

dv/v:

R K SR E AL o Z E Y
KRFEAN
E=3K(1—2p). 5
2rA 3 ) G R AR 5 e s
TE ML Y S5 00 H 38R

_E+B+AT
dp 5(—2,0 - (6)

PRI Ik R AL B SR R BN o Z A AR K
0,

B=3a. D)

A HRAZ ) , T fb 15 B 300 0 1 =
KA h .

dp= E(ling

T T SCH T e e 4l B4 B b, B T
25 00 B AR AR 1) 428 1) IR T BT LA AT LA 22 W 3T A 33K
R 52, B4 =0, Fo5r % BIE R R4 Rk S
B QW SE X 23 0 IR A M 7 A S5 TR B 4R
TN 7 5 B LB A5 5 i 3k ] LUB IE h

dp=E+a* AT Q. (9

WA 3R 7 e HLBE L 7E ANSYS Workbench

i BB M L R i P=dp, B .

P=a+E+<AT- Q. (10)
o PR 5007 A Pas o AT RS K &R
AN C T E AR ML B4 Ol Pas AT
R ZE R C s Q N EAR R AR SEL.

G5B AR SCHIFFE T G2 L R A O TR AE IR A Y
PR E MK R B « ¥R Workbench
MEHE PR A 4 b BHBRIAE, 220 E=T7.1 X
10"Pa,a=2.3X 10 °°C', Q K/N5HMAKKIE
PRZE KA O . AT RS2 58 1 05 15 3R A5

(€]

4 EHTCHERESFRTHENF

% B

DL IR ELA%2 R 30 mm AP A% 4 50 mm fY
Bl s O BRI (5 R T A SCH B BT AT 25 0
(B A A A 1) Al ) 8 B X R 20 mm) Ry 3R 5 X
ZLCEMSY N E 1 TR . BT T 5 a0 &
2 FER PR TE S ] ESPEC /A ) 4 7= iy 1 5
Hh ZL-04AGT Byfe i A IR BE AT 45 I 7E — 40~
+150 Cs B BE A £ 0.5 Cs MR E R
+0.2 C;NFA R R 8 600 mm X 850 mm X



2

T RVER L R T IR B A L B 7 IR A AR R IR TR 3 S 2 R AR TR 507

800 mm ; S IE E 4 ok 5 & 48 i 18 [E Mahr Fed-
eral =5 4G BE 7 B AL SR A% 5 Mahr Millitron832 %
WK R, 7 FEFEH 0.1 pm, Wi BE R
1 pm, &PERZE/N T 0.025% FS,

TERAE N B ORI Y = Ak b (G 25 T 2k
BB R 1 pm, BEEEETG LA
(B 42 1) R AR T ], T A A% J 2 T 0 [0 7 A 34
SARBRISEE L TAET 6 AR UEAZ A K A7 T H AR
Jrii k. SRR TR 60 C (10 CHHE 70 T,
PRFRA SR AR TR 3 h ARIEZE A 58 B K

L s

I Sy R T R R L2 = O

Hollow cylinder part of aluminum

H2 FmirRBA

Fig.2 Experimental scheme photo

2 bR E S 1R 25 18 TE MBS A B, IR
MEZERIME 1 Pros.,

F1 [SZLEHFEEEARATEIWER
Tab.1 Radial thermal deformation of hollow cylinder (No. D
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Tab. 3 Simulation results of thermal deformation for hollow cylinder (No. II & Il1)
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