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Construction and analysis of mechanic model of deformation for
Al alloy thin-walled component
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Abstract; There are direct relations between machining deformation and stress field of aerospace Al-based alloy
thin-walled component. With stresses profile characteristics of the component after milling processing, building a
mechanical model of stress-deformation analyses that effect mechanism of stress on deformation and then get the
corresponding relationship between the both of deformation and stress. The process is as follows; the different degree
stress-deformation distributions of the thin-walled component after milling is obtained by shot-peening treatment,
and then the experimental values of the deformation and the calculated values of analytic functions under different
technological conditions are compared and analyzed using layer removed method, XRD stress and three-coordinate
shape measurement technology. The experimental results show that the deformation deflection is 3~12 pwm between
the experimental value and the calculation, and the deviation is within the deformation uncertainty. By this work
mentioned above, the deformation function can achieve the predictive calculation and analysis of the deformation
degree under the premise of the geometrical shape, the surface stress and the initial stress of the component. The
research satisfies the demand for engineering application.

Keywords: Al alloy; processing deformation; mechanical model; deformation function; uncertainty

TG SR S < PR AR ] ) R (AT BE S AL 1 T
A TR N B e A AR ROV TR AL
R A 7 1 2 v B A 2 W BE 1 1) B IR AR A AR )
BN T, LRI TG LA 2R 06 R > AR R
RV 4 S A e N a g DL 1 - N S W
CHLE A 2 T A DA R

TEP BN 2 A e RER I T A i 25

B4 2017-09-13

BEE&TH: HFARBIIE 4 (51475483) ; M4 = R 41387 141
BASZ R THRII0 H (2014207) ; P MOl BHE R 2575 4F Rl 2
WY S 4 555 H (QJ2012011A)

EEEN: B 9L(1977—) , 5 B2 Wi S IF

BEEE: B Yl,liackail02@ csuft.edu.cn

M PR 28 L 1T, 26 38 7 B ERATRE N UG 107 ) DL R
RS AN TR F7 R B2 i AE— R
IRFREE T2 #2852 25 i Ak b I 4 B ER A1
SRR GRS A 1 I T AR L R i o
PO i HUANG ' 38 i A5 BR OGRS 0L BC RS2 56
WIS T 50 B S HEZRREEAR N 1 5347 WA R AR T 1 52
M, % BRER R U5 5% A3 7 ) 5 S 1 AR T o5 3 14 e A
TEHY 90% 3 k7 & A1 70X HE KL 7085 FR 4 4
TSI T AR s, AR R B & 4
RN RSB EMIN T EAENEERE.
TEH T — i 2 R a5 Rl &g v, i TR &
PR R R R A TR s s A A LN T
FURE I T BRI S84, vT LA SR SR A3 N 1 K



555 H B, 45 HE RPN AR B9y S BB R S e - 167 -

i

INBRGEAE T S R B AR N AR S A
SR AR RIAIIN T L 2A 5C. FE A8 5 U5 T
Y AMEA T I R AR B ST, TS, Nervi' 7 25 R AE A
B URARZS A AT AR A TR0 d AR b B0 57 175 2
T, B i e AL TE 5 B I A A1) B T 1
507 AL, I S 36 AN AT FROTRE AL J5 1 it S
T A BEREEAE A 50 TSI O BRI AR H i
PP AT T 22 2 56 T AR L AT IROT 0 B0 5T, 15
FURRE 5 SEIR AP e — 5 2280, RO SR 7 1A%
FERMPRESE T3 2RI TS, i Sr 1 T 3 A S AT £
SFORF R RN AR PR, I T T A
E VA SR IAL BT 2 il A B L

RSO W RER F TN TR T3 7347 R AR T AL 2k
1335703 A 5 R At 3 G BE A 1 1 g - 7R
TR I 58 O AR IR AN E PR R 2 5

1 RA AR

1.1 EFHEGNHSH

D)5 B JEL AU v e HE QR S ST X 42, 43 BT HAAE
KBE T ) A ai s gh AT . 25 1 45 5 Ay 1 ¥
DL I3 8 I A | A vl B R 0 U B2 )
(YT LRIRT) owy B o, S8 AAE R 72000
Bl 1(a). WEREFGORRYHIRE SR 2 B — 2R
JEE A AR T 4 R A R T i g g, HL 5 TR AR B g
TIFLIE BT I HE SRR AR B T 1) L A I T 43 AT
6 Jmy, WA 1(b) . B B, 210 W 1 50046 1
JI0 530 25 FRAR T, 101N 758 B KAB 4340 % T4
UGN 15 EAR /N | T A5 I 1 43 A

(LGINwIR!

(b)) R ) 3 A
E1 HMAhHHmEs

Fig.1 Stress distribution model
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Fig.2 Mechanical schematic diagram of samples
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Fig.4 Experiment and measurement
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Fig.5 Deformation of samples
32 HBRI
BEXS R S 551 3z A B ek E0HE AT Bk

(1) (2) AT, YR R AR RO —sE i, BLv
BE b MR ARIEE d o [ A2 & A PRE Y 5 1) B rprk
T 5 B R AR A A 6 7. &3 ke R
75 1) B 25 b PR R A I T EE B e 910.5 mm, A
PR 1, 24 200 232 mm*.

HPE T e/mm
=

60

40

20 N
TEE JELJE bl

Eo6 HHEmMMEer=4Hid
Fig.6 3D plot of Neutral surface’s position e

Kz nm, 0

8PS 1/x10°mm*

rs 0 eI Jif blmm
B7 REE 1L =Yg
Fig.7 3D plot of inertia moment [,

W Y I3 1) AR R T 0 A BRI EE (Z 5 1)) A2 4k
AL, NP 8 (a) . HEZRPEAESEEI N T ANWE R0 )5 i
S5 18] R 2 50 A (18 R/ N ] 8 (b)

P 8 (a) AR A B 1z g 3 A SR B AR RN
P70 o3 A LHE, LG AL 6 mm XU J5 o -4 ~

—2 MPa, T4 15 JE B 23 4k K32 X 3000 46 N 7 5 s 4 ik

2 mm X3N] 1 R4~ -3 MPa , ¥4 {438 BE ] 24k 7K %
DX IRRI a6 B 7. B 8 (b) v, R HI N TR b Ak 34
Je IREZR AR 2R 1 25t I — 2R R R (A R R K1)
JEIRE ST VERIREZ) J9 120 pm. 25418 8 Hh; Sy 4y
ATIREE R, AT A5 2R AR AR 2 N TS | v R g
W JE MU H D 5 4 ARET BRLT op KN
v, FESEg A rh ERE (AR BRI I T Wbt R
(VAN ST 0 S ARZEAL AN 9. BEEDIN T AR
b PRI 23 3 KA A 3 A I ) /N B G 43 A R R
S PEIRA G54 T N V- IR RS AR
K2 I A AR TE | RIS 7 T 43 A [ -4 245

Ferz.

105" ! 0 20 30 40 50 60
JEBE Zmm
(a) FIhG N R J) 5370
-3007
-250
-200f

_50 ke
Ot
50 ; » ; - . - ;
0 20 40 60 80 100 120 140
FR)AEE wm
(b) FRME RN J) 5310

ES HAENNHH
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Fig.9 Evolution of equilibrium state in the component

180 . x
150 -%L,Ag_ il (R AD
i Mg
120 e\
B A\
g TSI T
60 i |
07T BEMINTR e
0 10 20 30 40 50 60

Z/mm
B 10 FEESTEHESTESTH
Fig.10  Evolution of bending moment under non - equilibrium

state in profile

30071 spas
S - SIRH
>0l MEE MR 5 ~ AN
El 2001 /
| SN TR ,
£ 5% BINTR /ot
8
& 100F 44
50r¢
0 1 2 3 4
g
B 11 REXESITEEXLT
Fig.11  Deflection contrast between experiment and calculation

3.3 AHEEESHT
A RECT A HER T A2 B AR 2 R R AV 2, 75
FEXFA O R B R AT A TE AN 2 BT B A4y

IIMTINT IR 2 7 AR B B S (M, ) T
28 MU TR 22 7 A B R (1) (ELf 22
A SR I i 22 O 2 B 22 R bl , 6 e A 1
BEMDIN TRF R 22 0 J7 3R 22 LA KR IR
2 AE N TASHE BN 5 BE T H AR AR

SR A FERHE FERPTE TR A ™, I
PGSR SERORERE s () Fm  JF ARSI N R
n Y AP EAE A AT HE, A ERE w(x) N

s(x)
u(x) a (7)

Xt T2 NS, AlR o35 7 1 , B B
PR Z R M) B AN A B A T — E IR B d 5
PR G AR EATE BE u, () , 76 E AN R E BT
L&V

(@)= [T 28 puw)uw). (®

s u(w,) HEIETERBTE AR 22 AT E
py; WIRZEN R RE  m MIRZEN RN hT
S S A 5 e PR3 X R 22 B AR T ASCR B ST
PE, R, = 0. SE5GH 5 RS AN & FEAY 22 A
FA NSRRI TR 22 FE R 1R 2%
I S50 45 UM TEANAE B w, (@) N
u (@)= Juy (@) +u, (0)° +u, (@) (9)
A wy(w) KR ST RS AN E
JE s, (o) S A6 (7 48 T 1Y M 5 1R 1 AN 1 o JE
w, (@) HTIERT [ B A E B
XA ATT SR 0 2 HE A B I (B R 25 25 5|
TG AR 2 | R IR 22 A E 8 (b))
JZ B I 0 415 22 D) 3 3 o A 0 SR A oA 25 3R
fa. = (3) (5) F(T), w IR 2E G A T
FERE AR B AEE uy(w) N
, (dw oM\?
uy (w) ~ = (azwaaj cu.
P RS2 22 2 BUN A T AN E B 32 th A
WERED RS, ph TR R ISR AR VHERE AR BRI 0 T 3
LTINS S BRI TR 250, i ad X B R
b HEAT 10 Y £, i RE RS iR R (B b, = 2.23 mm,

(10)

B/AME b, = 2 mm SRS SRBEIEbRIEZE W
s(b)=?7b=0.075 mm. (11)
*ﬁﬁﬁ Ab = bmax - bmin = 0'23 m,ﬁj—‘ﬁ%ﬂ‘j 10

i, A T RS ¢, = 3.08. lid=(1) (2) (5) Al
(7) FAFA NI T RSFRZESFEBIAEE v, (0), WY

dw 1)
U, (w)* = (6[ abj - up (12)



W

555 H B, 45 HE RPN AR B9y S BB R S e - 171 -

A 0 15 2 0 o AP 25 12 SR WU o 22,
[Al— RS TR R AT B REEHEAT 10 &L 4R
I I KRR R 2 1H Aw = 7 wm, W AR
W HRZEWNEZ s, (0) = 0.7 pm, I (7) /15
FEHR B P BO TR E EE u, (0) N

u, (w)?=ul. (13)

e A B CEAE BN T A0 BE mE D AR
T MERD 3 SRS AT AN 2 B sk 1 .

x1 ETEAHEE (pm)

Tab.1 Deformation uncertainty (unit, pm)

S B mTJE WEERSHP IS SRS S
uy(®) 20.5 13.5 15
up (@) 3 1 1
u, (o) 0.22 0.22 0.22
u,(w) 20.72 13.54 15.04

1R WY s S B AN B R B T ORI T
B3 IMRER 22 3 A AN [RPARAS T 2560 {4 Ak 45 7
TR EL A AN 2 BE TG FE A8 12 Frs R WSIE o
BUw AT R e AT B ORI

300 A - SR
MUBEBERDIG <, = TR

250} P
5 2007
i BEHIIN TR / IR
w150 U/
2
I 100f it

50 \ p
0 1 2 3 4

YR
E12 TEHAHEES
Fig.12  Uncertainty distribution of deformation calculation
R EG AR bR RO T N 3 R e
TR AL B A ERE AL R ST T ISR, E R T SR
T I 3 B o3 A R, AH DG SCHR DL SCRR[ 26 ], 52 56 Al
AR 2 P,
x2 WAETHEIBRMTEE

Tab.2 Deformation of experiment and calculation of samples

I S 5 1 2 3
WG J7/MPa -4~11 —4~11 —4~11
FTH Y. 71/ MPa -250+10 -240+10 -245+10

P TR E/ pm 120 120 120
BB/ wm 222 218 230
HEAG/ wm 225 210 218

{22/ wm 3 8 12

3 AR R I E S TS EY) & BB, 4k
TE BRSNS E B Bl A, U6 AR HE pR B 7 T3

7 B AR A T
4 %2 @

1) Jy o AR 2 L S e 9 BE A L A A 1) 1
T8y , AR N TR 7, b & BRI IR N ST, #8
SRS T B R A Sh Ty . AR 1S il AR Y
P RE R AR IE.

2) LABRL Sy 2 D i, 3 5t 0 RE A 1 1z g -
AR R K 7 %, A SR R A BV R UE. FR 22
TEANG 2 BETH AR BN, X 1 T 3 7 A 1 24
{6 B TN pR A O T R] I SR 5 T R
I .

3)AENN TR T3 il 4 12 1 17 A7 73 A1 E R0
SRR AT AR HTHURUIN TS A A8 TE | X %) i
RN AR f DA 3 TR 45 AR H, i W] s 2L
AT —E I IIRE.

% Xk

[1] MASOUDI S, AMINI S, SAEIDI E, et al. Effect of machining-in-
duced residual stress on the distortion of thin—walled parts[ J]. In-
ternational Journal of Advanced Manufacturing Technology, 2015,
76 (1-4):597-608. DOI; 10.1007/s00170-014-6281-x.

[2] LIU Changging, LI Yingguang, Hao Xiaozhong. An adaptive machi-
ning approach based on in-process inspection of interim machining
states for large-scaled and thin-walled complex parts[ J]. Interna-
tional Journal of Advanced Manufacturing Technology, 2017, 90(9-
12) . 3119-3128. DOI; 10.1007/s00170-016-9647-4.

[3] WHaHe, FhF, HIIR. REER G SoBR 2 42 HIBR A N ) 1 1

KA )], W REE DML R 224k, 2015, 47(07) ; 41-46. DOIL:
10.11918 /j.issn.0367-6234.2015.07.006.
CHANG Yanyan, SUN Tao, LI Zenggiang. Simulation and experi-
ments of residual on ultra-precision turning of hard aluminum alloy
[J]. Journal of Harbin Institute of Technology, 2015, 47(7) . 41~
46. DOI; 10.11918 /j.issn. 0367-6234.2015.07.006.

[4] SRR, SRMEAR. FRAN T SRR FR T SRR E AR BT (5%

WAL)]. BRI Tl R2E2E4R, 2007,39(12) : 1864-1868.

ZHANG Zhuangnan, ZHANG Yaochun. Effects of welding residual

stresses on the stability capacity of the monosymmetric I-beam[ J].

Journal of Harbin Institute of Technology, 2007,39 (12) . 1864—

1868.

SR, AL R AR B B R R R AR 17 7 RN T AR 4 i

ABEFELD]. WL AU IR R, 2016.

ZHANG Zheng. Research on residual stress and machining distortion

s

—

of aeronautic weak rigidity in aluminum structure [ D ]. Nanjing:
Nanjing University of Aeronautics and Astronautics, 2016.
[6] GAO Yuanyuan, MA Jianwei, JIA Zhenyuan,et al. Tool path plan-
ning and machining deformation compensation in high—speed milling
for difficult-to-machine material thin-walled parts with curved surface
[J]. International Journal of Advanced Manufacturing Technology,
2016, 84 (9-12) .1757-1767. DOI. 10.1007/s00170 - 015 -
7825-4.
ZHANG FP, YAN Y , BUTT SI. Integrated model based thin-walled

—
~
[

part machining precision control for the workpiece-fixture system[ ] ].



- 172 -

oK OE T

5 50 %

International Journal of Advanced Manufacturing Technology, 2016,
85(5-8): 1745-1758. DOI; 10.1007/s00170-015-8036-8.

[8] SINGH A, AGRAWAL A. Investigation of surface residual stress
distribution in deformation machining process for aluminum alloy
[J]. Journal of Materials Processing Technology, 2015, 225 :195—
202. DOI; 10. 1016/j.jmatprotec.2015.05.025.

[9] JIANG Xiaohui, WANG Yifei, DING Zishan, et al. An approach to
predict the distortion of thin-walled parts affected by residual stress
during the milling process [ J]. International Journal of Advanced
Manufacturing Technology, 2017(1) ;1-14. DOI. 10.1007/500170
-017-0811-2.

[ 10]JHUANG Xiaoming, SUN Jie, Li Jianfeng. Finite ele—ment simula-
tion and experimental investigation on the residual stress — related
monolithic component deformation[ J]. The International Journal of
Advanced Manu—facturing Technology, 2015, 77(5) ;1035-1041.
DOI: 10.1007/500170-014-6533-9.

(110K, gk, 2858, 45 7085 414 43R A IV ) BOm LA TR 11y
BALOTE SR %R )], WA %R, 2014,35(02) : 574-581. DOI;
10.7527/51000-6893.2013.0469.

YANG Yinfei, ZHANG Zheng, LI Liang, et al. Numerical simula-
tion and test of bulk residual stress and machining distortion in alu-
minum alloy 7085[ J]. Acta Aeronautica ET Astronautica Sinica,
2014, 35(02) ; 574-581. DOIL. 10.7527/S1000-6893.2013.0469.

[12]YANG Y, Li M, Li K R. Comparison and analysis of main effect el-
ements of machining distortion for aluminum alloy and titanium alloy
aircraft monolithic component[ J]. International Journal of Advanced
Manufacturing Technology, 2014, 70 (9-12) :1803-1811. DOI:
10.1007/ s00170-013-5431-x.

[ 13]DENKENA B, BOEHNKE D, LEON L D. Machining induced re-
sidual stress in structural aluminum parts[ J]. Production Engineer-
ing, 2008, 2 (3) .247-253. DOIL. 10. 1007/s11740 - 008 —
0097-1.

(14]E R, XIF55, AMEE, 2. IAGTARNL ) FIUTHI AN ) %

BECEIN TASIE A2 [ J]. dbat Dol K2=2% 4, 2017, 43(07) .
55-61. DOI; 10.11936/bjutxb2016040066.
WANG Min, LIU Yu’ nan, SUN Guozhi, et al. Influence of initial
residual stress and cutting stress on machining deformation of thin-
walled parts[ J]. Journal of Beijing university of technology, 2017,
43(07) :55-61. DOI; 10. 11936/bjutxh2016040066.

[15]SALEEM W, 1JAZ H, ZAIN-UL-ABDEIN M, et al. Studying con-
trol strategies for dimensional precision in aerospace parts machining
[J]. International Journal of Precision Engineering and Manufactur-
ing, 2017, 18(1): 39-47. DOI. 10.1007/s12541-017-0005-8.

[16] LI Beizhi, JIANG Xiaohua, YANG Jianguo, et al. Effects of depth
of cut on the redistribution of residual stress and distortion during the
milling of thin-walled part[ J]. Journal of Materials Processing Tech-
nology, 2015, 216:223-233. DOI:10.1016/j.jmatprotec.2014.09.

016.

[17]NERVI S. A mathematical model for the estimation of effects of re-
sidual stresses in aluminum parts[ D]. Washington; Washington U-
niversity, 2005.

[ 18] k. Wizs fRa ST 1 R U TAS LA 58 [ D] 05 rs -
A KAE, 2008.

TANG Zhitao. Residual stresses and deformations of aerospace alu-
minum alloy in machining[ D]. Jinan; Shandong University, 2008.

(193RI, PIAS, ZRGWGe. ST I BE 5 N 38 A2 AL Al fr o 2 4

ZEAEIN TASTE U e A [ )], LB TR A4, 2017, 53
(9) :201-208. DOI: 10.3901/JME.2017.09.201.
HUANG Xiaoming, SUN Jie, LI Jianfeng. Mathematical modeling of
aeronautical monolithic component machining distortion based on
stiffness and residual stress evolvement[ J|. Journal of Mechanical
Engineering, 2017, 53(09) :201-208. DOI. 10.3901/JME.2017.
09.201.

[20]LIU Simeng, SHAO Xiaodong, GE Xiaobo, et al. Simulation of the
deformation caused by the machining cutting force on thin-walled
deep cavity parts[ J]. International Journal of Advanced Manufactur-
ing Technology, 2017, 92(9-12) : 3503-3517. DOI; 10.1007/s
00170-017-0383~1.

[211HB/Z 26-2011, 2 F 4w ALsmIL T2 [S]. HB/Z 26-2011,
Shot blasting strengthening technology for aviation parts[ S]. Bei-
jing: SATIND, 2001.

[22]LV You, LEI Liqun, SUN Lina. Effect of shot peening on the fa-
tigue resistance of laser surface melted 20CrMnTi steel gear[ J]. Ma-
terials Science & Engineering A, 2015, 629.8-15. DOI: 10.1016/
j.msea.2015.01.074.

[23] B9 §8G 4 JREAR A A — s o P 107 7 98 JO ML B8 R G 3 12
5E[D]. K. K, 2010.

LIAO Kai.

quenching-prestretching stress in aluminum alloy thick plate [ D J.

Research mechanism and measurement method of
Changsha; Central South University, 2010.

[24]MARCISZKO M, BACZMAN. SKI A, BRAHAM C, et al. Stress
measurements by multi-reflection grazing-incidence X-ray diffraction
method ( MGIXD) using different radiation wavelengths and different
incident angles[ J]. Acta Materialia, 2017, 123, 157-166. DOI.
10.1016/j.actamat.2016.10.029.

[25] W5 7. SERRE A m] il A E B E[ D] AL AIET.
Wk, 2012.

TIAN Fangning. Measurement uncertainty evaluation in calibration
laboratory accreditation D]. Hefei; Hefei university of technology,
2012.

[26]ZHANG Xiaodi, LIAO Kai, JI V, et al. Effect of the shot peening
on the deformation of Al alloy component [ J]. Surface Engineering,
DOI; 10.1080/02670844.2017. 1380359.

(HE wHZ)



