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Abstract: Researching the deformation prediction of domestic 7050 aluminum alloy aviation thin-walled parts dur-
ing turning processing and establishing an accurate finite element model for predicting turning deformation are of
great significance for ensuring the machining precision and dimensional stability of aviation thin-walled parts, as
well as improving the structural strength and reliability of aircraft. This thesis employs simulation and experimental
demonstration methods to study the influence of the coupling effect between the initial residual stress of domestic
7050 aluminum alloy and the turning residual stress on the deformation of thin-walled bearing frames during pro-
cessing. Firstly, based on the machining process of aviation thin-walled bearing frames, a turning deformation sim-
ulation model of the bearing frame is established using the birth and death element method. Next, the initial residual
stress field of the bearing frame blank and the turning surface residual stress are obtained through the blind hole
method and turning experiments, respectively. Finally, based on the turning deformation simulation model, the de-
formation of the bearing frame under the coupling effect of the initial residual stress field and turning residual stress
is predicted and experimentally verified. The results show that the error of the bearing frame deformation simulation
prediction model is less than 15%.
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Fig.1 Component assembly diagram
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Fig.2 Aecrospace thin-wall bearing frame
machining process schematic diagram
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Table 1 7050 aluminum alloy material
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performance parameters"
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Fig.3 Schematic diagram of discretization and
layering of blank initial stress field
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Fig. 6 Stress fields in initial residual stress
simulations for mapping purposes
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Fig. 7 Stress field after mapping of grid cell information
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Table 3 Tool related geometric parameters
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Fig. 13 Residual stress test of domestic 7050
aluminum alloy thin-walled bearing frame
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Fig. 15 Deformation of parts in the rough turning process
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¥ T A5 1) 7R 77 HE A2 ) in T 3% T4 ) 8% A R
T3 B T A BT B R G B A N T R R 1 A PR
JCA BB S 45 2 i A A sk AR N T 1R 1 AR B
(AE T2 4 i 2 800 100) W& 18 fir 7 , ol L& H 2 5
A BEHFR A B 5 R bR AR AR L 1 5 A B R
L 77 W RR G AR R, A 04 o8 50 8% 4% I ) A5 3 g
— R, TR AR R AR AR s B AR AR Y
TR AT W, 2 R A iR AR )
ARG 4R 1,89 mm ; F A AE W) Ih 5R A I 1 5 ZE 1 5k
KRNI EAE T R4 TE AT & 59 Ih ik
AN 15 A AR T BT, R AT, ) B AR AR
14 R 53 55 43 AT R R T HE 1) B Ak I ) AR AR o
H ik 3] 89 % o

AR i /mm
+1.36e—03 ®
—1.56e—01
—3.14e—01
—4.71e—01

F—6.28¢—01
—7.86e—01
—9.43e—01
—1.10e+00
—1.26e+00
—1.42¢+00
—1.57e+00
—1.73e+00
—1.89¢+00

K18 REE Bk AT N 51 B A% AL T
Fig. 18 Radial deformation induced by
coupled residual stress

3.2 ANEMISEWIEIE

R T ARE 7 7050 B A 4 R T HE 4T L4 SR 1)
WE B, T O 2 SR AT SR I R R 0 HE 4 I S
B, X6 v 7 A ) AR R T R AT O 4T S
o R 2 g RE 7 A I TR R AR PR A
T 2 S R B E (i FLBRY B WERA R . RS AN T
52 5 B AR 7 HE A 1R 19 BT, AdE = Ak bR 0
A Z A 14 A8 T8 3E AT A I, 7 g HE AR 2 2 B
FE 9 Sty , i 11 1) N AR AR, S5 IR T B R K
T T3 T A Ax R 5 A B o A — B, e K AR
A% Sk 1. 64 mm. 7 ) HE JERE R A4 in T )5 45 B
R WU 5 Ak N 1 55 U0 I B A N RS A VR &
A, T E 7 7050 57 G 4 B N AE TR 1Y 0 TR ik
AR H1 K R FL AT A AN 1 5 3000 Uk 8% A% g g AR Y
di EEEPER U E B A R T 851 23 i e

—A2I .

19 IR %

Fig. 19 Finished parts
A BR T 05 F AR T 5 45 R e KA ) A2 B
1,89 mm, 5 LR G RAN I, i R IR %
2950 15% , 3R BB A B 1 72 T8 A BR 7T #5000 A5 A 2
A B ERR A, AT TR D AE B9 4 EIin T AR B
T, [ 7050 45 4 4 F i AR w4 it



%1

L 5 545 < [ ™ 7050 41 A 4 WERE R D HE 45 1] AR Y S0 AT 5 115

T HIE R T, A N A% S RE O A ) T AR
HEBE 7% R K B, A b R ) 42 1 =
B nt) 1k O 22 P8 By i T AR I 22 7 A S Al LA E
i BT B AT BR TR Y 5 5 B BRI A 42 1) =
B, T 3t — A5 P2 2 R 9 A2 8 X s i TR
HAMRE R L.

4 & it

1) ™ 7050 475 A& 4 H1F 6 B0 A1 38 2R 3 ok 5%
AN Ty, PR B R BR AR L T W AR ] R R —
Pr— e Ry IR 38 5 AR TR A5 AR, T AR
Vit 2% B Ay ) A0 5K TF 9 AR TG 56 bt TR

2) VIR ER AR N 1 45 A K AR T £k A
FETF T o, 2 ) N R AR TR A e R AR 1) AR B
#H 1. 68 mm,

3) i BLA Y T 45 S 2 B, oK ) HE AR T R B
Sy T ity Sty 1 ) N UL AR AR B R AR 81 A8 B O 1. 89
mm , ¥] 1A 5% A% L 1 B ik 5 5 43 A 6 7R D HE 1 8%
RN ST TEAE L 7 Lk #1189 % .

4) A3 BR oG5 BLA T 22 03 T R T SE 56
UE AR LR 22 290 155, UE B T 4 BR OGS 7 B A 55
e P T A 1

S % 3k

(1] #hak%, i, RPN, 55 . M2 7050 414 L4 i

Al e WA 37 AR A S LT]. S TR SR 4R, 2023, 30(9)
217-225.
ZHONG Dazhi, JIAO Haitao, XU Yingshan, et al. Study
on hole expansion strengthening and response characteristics
of aerospace 7050 aluminum alloy [J]. Journal of Plasticity
Engineering, 2023, 30(9): 217-225. (in Chinese)

(2] =0, BAEM, BF%, % Has H 7050 74 G Hub B T

O GERERT]. AT T R 2 CR AR B2 )
2022, 42(4): 223-227.
YUAN Hui, ZHAO Zuofu, ZHAO Yuqing, et al. Re-
search progress of heat treatment process of 7050 aluminum
alloy for aviation[ J]. Journal of Liaoning University of Tech-
nology (Natural Science Edition) , 2022, 42(4) : 223-227.
(in Chinese)

[3] 2=, ZAPIE, BERUME, 45 . 7050 w5k 55 4 4 W7 240 1k 2
Hom R WEFELT]. A & Jm Aok S TR, 2013, 42(9)
1921-1925.

LI Jiang, LI Fuguo, XUE Fengmei, et al. Fracture tough-
ness and influencing factor for 7050 high strength aluminum
alloy [J].
(9): 1921-1925. (in Chinese)

Rare Metal Materials and Engineering, 2013, 42

[4]

[10]

[11]

[12]

[13]

[14]

Pe4q . R B R HLRE SR I = 7050 g A A R AR LT L
M L 2018, 56(5): 55.

Anon. Domestic large aircraft will use domestic 7050 alumi-
num alloy thick plates[J]. Machinery, 2018, 56(5): 55. (in
Chinese)

JAZS, XUAE K, B AR, A RIS S AL 1 ARG % A5
BB B AR BT Tk e [T]. M 2 il 5 B2 R, 2023, 66(5)
14-25.

ZHOU lJie, LIU Zuofa, QU Zhiyuan, et al. Research prog-
ress of integral precision die forging technology for large avia-
tion key components[J].
nology, 2023, 66(5): 14-25. (in Chinese)

Fe P L R AR A R GR 1 RE UAORS 8 OE T Z B AR BIE ST  l i
[D]. MR HRK, 2019.

GAO Lin. Research and trial-manufacture of integral preci-

Aeronautical Manufacturing Tech-

sion forming technology for large aviation die forgings[D].
Chongging: Chongqing University, 2019. (in Chinese)
MR, R, ZIEAE, S5 CHLRE R SS R P TR IR R iR
BRAN I — G LT DR 25 R A 52w 5 ekl (). % T2,
2021, 42(12): 2731-2742.

LIN Feng, YAO Wan, QIN Guohua, et al. Coupling effect
of initial residual stress—initial geometric error on machining
deformations of aeronautical monolithic components and its
control[ J]. Acta Armamentarii, 2021, 42(12): 2731-2742.
(in Chinese)

ELSHEIKH A R, SHANMUGAN S, MUTHURAMAL-
INGAM T, et al. A comprehensive review on residual
stresses in turning[ J|. Advances in Manufacturing, 2022, 10
(2): 287-31.

XNT7 . i s i RE LI R A0 n AR T 5 R 5 B AT
[D]. BRI . MR ok K2, 2018.

LIU Fang. Research on deformation and compensation in
turning of thin-walled aviation case parts[ D ]. Zhuzhou: Hu-
nan University of Technology, 2018. (in Chinese)

ALY . R B BE [l B A TASFE TS (D], SRR . vk B AR
ZMR K, 2016.

WANG Jiangtao. Study on machining deformation of large
thin-walled rotary body [D]. Shenyang: Shenyang Aero-
space University, 2016. (in Chinese)

LIY, GAN W, ZHOU W, et al. Review on residual stress
and its effects on manufacturing of aluminium alloy structural
panels with typical multi-processes[J]. Chinese Journal of
Aeronautics, 2022, 36(5): 96-124.

SEBASTIAN N. A mathematical model for the estimation
of the effects of residual stresses in aluminum plates [D].
Washington: Washington University in St. Louis. , 2005.
SCHULZE V, ARRAZOLA P, ZANGER F, et al. Simu-
lation of distortion due to machining of thin—walled compo-
nents[J]. Procedia CIRP, 2013, 8: 45-50.

EL-AXIR M H. A method of modeling residual stress distri-

bution in turning for different materials [J]. International



116 fot s TRk 516 %
Journal of Machine Tools and Manufacture, 2002, 42(9) : H5UIHSBARALT]. HLMERRE S8R, 2019, 38(2): 205-
1055-1063. 210.

[15] BIY B, CHENG Q L, DONG H Y, et al. Machining dis- CONG Jingmei, MO Rong, WU Baohai, et al. Prediction
tortion prediction of aerospace monolithic components [J]. of deformation induced by residual stress in milling of thin-
Journal of Zhejiang University: Science A, 2009, 10(5) : walled part and optimization of cutting parameters[J]. Me-
661-668. chanical Science and Technology for Aerospace Engineer-

[16] Wiz, &UF, #AE, & 2124 854 4 il 320w B 25 44 in ing, 2019, 38(2): 205-210. (in Chinese)

LA B AT L], i LSRR, 2016, 7(2): 191- [20] Z=4e . Lk D Ak A 2 59 4R AR I 0 I R R B T
197. [D]. Al FHEIT R, 2012

SHEN Yunfeng, ZHAO Yan, YANG Shengguo, et al. LI Hua. Research on release coefficient of non-uniform re-
Simulation analysis of machining deformation of 2124 alumi- sidual stress measured by blind hole method[D]. Hefei: He-
num curved thin-walled structures [J]. Advances in Aero- fei University of Technology, 2012. (in Chinese)

nautical Science and Engineering, 2016, 7(2): 191-197. (in [21] APms . 2124 88 & 4 M RE 25 09 14 in 1228 JE ¥ 31 B R B 52
Chinese) [D]. Mat: M ati s it kK%, 2015.

(171 Wiy . Seib a4 G B 7 KB CHL R HBF5ET ], #n T FU Jiabao. Research on deformation control technology of
T2, 2014, 43(11): 13-15. 2124 aluminum alloy thin-walled structure [D]. Nanjing:
JI Hao. Application research on advanced aluminum alloy Nanjing University of Aeronautics and Astronautics, 2015.
forging for large airplane [J]. Hot Working Technology, (in Chinese)

2014, 43(11): 13-15. (in Chinese) [22]  ShWwRE . R P AR JE i B B M BT s LD ). v

(18] AR . 1A i BE 44 11 BE I 2B B0 5 T2 2 B ik IR s W R Tl K4, 2009
[D]. #m: Ih4A K2, 2020. HAN Lili. Prediction and simulation of machining deforma-
TIAN Haidong. Milling deformation prediction and process tion of thin-walled parts [D]. Harbin: Harbin Institute of
parameter optimization of aluminum alloy thin-walled struc- Technology, 2009. (in Chinese)
tural parts[D]. Jinan: Shandong University, 2020. (in Chi-
nese) (%9838

(191 MMy, 5%, RFME, 55 . WRERER AR ) 22 0W (i EL Fi

(#5107 10)

[20] BUTTRILL C S, ARBUCKLE P D, HOFFLER K D. ZHOU Xin, PENG Rongkun, YUAN Suozhong, et al.
Simulation model of a twin-tail, high performance airplane: Longitudinal deck motion prediction and compensation for
NASA-TM-107601[R]. US: NASA, 1992. carrier landing[ J]. Journal of Nanjing University of Aeronau-

[21] DUMGHE ., &3, M0F4% . AR 52 T 0 A4 BL G A4 il tics and Astronautics, 2013, 45(5): 599-604. (in Chinese)
SO5EWRFET]. itz TR, 2013, 4(3): 339-345. [25] VFZRAL, XIS, BB . WiEks 3% il CHLE I % 4
GONG Pengxiao, ZHAN Hao, LIU Zidong. Control and PRI [T]. A6t s i R K224 4k, 2011, 37(3): 289-
simulation study for carrier-based aircraft landing approaches 294.
considering aft-flow disturbance[J]. Advances in Aeronauti- XU Dongsong, LIU Xingyu, WANG Lixin. Influence of
cal Science and Engineering, 2013, 4(3): 339-345. (in Chi- carrier motion on landing safety for carrier-based airplanes
nese) [J]. Journal of Beijing University of Aeronautics and Astro-

[22] United States Department of Defense. Flying qualities of pi- nautics, 2011, 37(3): 289-294. (in Chinese)
loted airplanes: MIL-F-8785C[S]. US: United States De- [26] =3, VEAY, mmn, 5. LG IS AR iR R[]
partment of Defense, 1980. ®AT %, 2017, 35(5): 1-7.

[23] United States Department of Defense. Flying qualities of pi- WU Wenhai, WANG Jie, GAO Li, et al. Index system
loted aircraft: MIL-HBDK-1997 [S]. US: United States construction for carrier landing[J]. Flight Dynamics, 2017,
Department of Defense, 1997. 35(5): 1-7. (in Chinese)

[24] JA#E, AR, RBUD, & WARPLE M T Bz 3 f gl

RAMEF AR [T, B w2 AL R K254, 2013, 45(5) :
599-604.

(HRiE:MH1H)



