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Application of ABAQUS Secondary Development Based on Python in Aircraft

Skin Hammer Riveting

CHEN Yanhai, QIN Yunhai, JIANG Chunying, KANG Yuxiang, YE Changlong
(College of Mechanical and Electrical Engineering, Shenyang Aerospace University, Shenyang 110136, China)

[ABSTRACT] In the aircraft skin hammer riveting, the deformation of the rivet needs several tens of impacts to realize,
and the problem of the initial speed loading cycle of the hammer rivet piston brings difficulties to the analysis process. This
paper proposes a software method of automatic analysis of continuous hammer and rivet process by secondary development
using the extremely extensibility of Python in ABAQUS. Through the adjustment of input parameters such as initial speed,
analysis time and impact times, the hammer and rivet simulation analysis is completed automatically to make the rivet meet
the deformation requirements. Compared with the manual single iteration method, the proposed software method and the
corresponding simulation program greatly improve the efficiency of hammer riveting simulation analysis under the condi-
tion of guaranteeing the heading forming, and bring about the further research on the process parameters optimization and
riveting quality evaluation guidance and convenience. Compared with the hammer riveting technology test, the simulation
results verify the correctness.
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Fig.1 Hammer riveting impact system
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Fig.5 Hammer riveting finite element model
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= " =
ODB: Job_Rivet 001.0db
©ODB =iysesy
=6 ESd ~
AL_7050-1 Rk
PLUNGER-1 DE
PROP_BAR-1 B
PUNCH-1 RE=2 ~
BRI
BBEE: | AlL2024
mRTE:=e
sz
M S AT SR,
St | Step-1 >
#5 |Increment  17728: Step Time = 1.0000E-04 |v,
w= i

E7 SAEEREIEE

Fig.7 Selection when importing parts



PN
RESEARCH Hltﬁbtei

R3 ENFHHDRIKTS
BiE X e Uil

Initial Rivet Rivet MRER 1 R (HiT— ) Job 4 A
Initial 2024 | Al 2024 M 1 W (RiT—I) Job Hi A
Initial 7050 Al 7050 MRER 1 U (HiT—15 ) Job i A
Initial Plunger Plunger A 1 IR (HT—K ) Job it A
Initial Punch Punch MRE 1 IR(FT—1 ) Job %t A
Initial_bar Prop_bar MEE 1R (HT—K ) Job B A

2.5 ENTRINER

TEES 2 npih g WS, N Python JIASTE &,
X IAEER , LASC B2 A 2 @i 5 oAl 7

NIEL 8 P hy il A 2 i B Hrim AR A

HafE e a5 BT

(1) - ARIBUE SO U6 RS A, AT —
U Job AL

(2) TR B R R

(3) B br b AR L fn 44, .

“Step_'+str(i)” o

(4) 4t Job LIZE k44, 4

“Job_Rivet 00'+str(i)” -

IEL 9 P e A sh il B MrEER R e o

X AT B AR SRR e HEA T B, S A5 5
JEFIPRAF %o AT AT

mdb.jobs['Job_Rivet 00'+str(i)].submit()

mdb.jobs['Job_Rivet 00'+str(i)].waitForComp-

551 Yt g

55 LIRS

55 1 e A

N

45

i+l

E8 SEMAMBESIREE
Fig.8 Hammer riveting automatic simulation

analysis flow chart

mdb.Job(name="Job_Rivet_001', model='"Model-1', description=", type=ANALYSIS, atTime=None,
waitMinutes=0, waitHours=0, queue:None,‘memor?/:‘)S, memot Umts:PERCENTAGE,
explicitPrecision=SINGLE, nodalOutputPrecision=SINGLE, echoPrint=OFF, modelPrint=OFF,
contactPrint=OFF, historyPrint=OFF, userSubroutine=", scratch=", resultsFormat=ODB,
parallelizationMethodExplicit=DOMAIN, numDomains=1, activateLoadBalancing=False,
multiprocessingMode=DEFAULT, numCpus=1)
g}j%h ohs['Job_Rivet_001'].submit() \

%bﬁo%ﬁgﬁ%ivetﬁﬂ]l'].waitForComplelinn() % 1 ﬁ\‘(’#ﬂﬂi%*ﬁ L‘,ﬁj\*ﬁ‘

# -

s, e 50§ YR 57

?é?fﬁ:/)r\ﬁge(num): /’fﬁﬁ*ﬂ:’_‘? /ﬂ% N /F% Iﬁ‘ /iﬁ

db.Model(name='Step _'+str(i), modelType=STANDARD_ EXPLICIT
Bl "%fpiig‘aﬁllé. P P - )
2L el

cl\e/P,'H"(i)l-m"mssembB'. X

'Viewport: 1'].setValues(displayedObject=a) .

'Viewport: 1'].assemblyDisplay.setVal ues(sle%:'lmtlal')

'Viewport: 1'].partDisplay.setValues(mesh=OFF) X
'Viewport: 1" .panDlsplay.meshOpuons.setValuesimeshTechmque:OFF)

'Viewport: 1'].partDisplay.geometryOptions.setValues(referenceRepresentation=ON)

el '])t:lll;( Job_Rivet_00+str(i-1 +'.ol§b') \Eﬁ 1 W\ﬁﬁ%?’ﬁ

E9 ENBSTESTRAEDEF
Fig.9 Hammer riveting automatic simulation analysis cycle part of
the program

letion()
mdb.save()

3 EURERMASIKE
MR YRR T2, , BT 05 AR P - 7005 0 b
T T REENR I, 0 O B 506 45 0, 10 uE A O ik
W IE A
A it e 25 1O SR AE 0.2~0.6MPa Bif, 15 ZEH) 3
FE v, 2 6~12m/s, 4~ 3CLL 0.5MPa B, 75 ZE 10m/s %)
T TR BT S T A
M ¢ HB—2Z 223.3—2003 #5 1, XF 07 B Fl ik 3
B BT PE AT Bk B Y A A I B e . AT Bk RS
h,,=0.4d, D=(1.5 = 0.1)d.,
3.1 SEHMFENA
FR P4 T 2 e A T AR AR e, A P wh o 0158
TR AR AR A vy Ty ARIBUR Y b s B R R AT 40
Br, Wi 10 R, 2T MATLAB 350 Hr A5 2] — Uk
o 58 BTN 1] B — Y i 06 A= 1] 24 24 (10.2722-0.2697 )
5=0.0025s ML E BT — ko 59 58 B, 1 E —
Wb 43 it TE] £=0.0035s .
MR 37 B AR A EL AT RE e, S A AT FR T 40
M A, Q] 11 s, B EE ST 1 4 A A AU B AL 3R 43
Wy ASEANER 4 iR,
1200 -
1000
800
600 -
400+
200
ok
200+

—
(0.2697,20)

i AN

(0.2722,20)

0.21 022 023 024 025 026 027 028 029
s [)/s
E10 —Xi et iE o4

Fig.10 An impact time analysis

20184E 55615 M 16M] - it hEH AR 99



,—‘? N »
E{%l’ﬁi RESEARCH

BATREY , AT H SR I, A Al B A
FizA7, SRR ot R, e p ik B #) 25
W, BET L R SF D=6.43mm, H=1.58mm, ik |25
TR HEAE L K 12 s HEET AR I
32 EYITEIRE

MPEERE 1.7, , Fe T W = AR bRAL g A & R T84
R, FERHER N b A TR AR i S an Al 13
FiR -

WG AR R 0.5MPa, JH RSN T 25856
T8 A PR i BN ] Gk B ENET AR TR BK , R AR FRGN AT

by J1o P14 D9 SR AR B R0 b i g, a8 0 g3 B .

0.5MPa A s AR T, SE I ] 4 1.08s, FE 1K %L
RE 25 T, B 1S A EETEIEK BUE AL

i, s Bk o 3 RSP D=6.39mm,
H=1.62mm, 5T TE 5 BN ER Sk Ak . b & B,
FARV SR, 7R3 R BIET AR TR 2R T, 0 B A I 15
B bl B ], IR T 405 BL AT ik B IE A

B SENHRTS TR

Figll Hammer rivets finite element analysis model

F4 HEEMASY

PailE = B il
Sy HritiE) ofs 0.0035 BEUR e A]
i (num ) 25 ST AR T T B bk B

IR vy (m-s) 10 TG FERG AR R I 13

E12 9ETERE

Fig.12 Rivet deformation diagram

100 iz hEE AR - 20184E 55618 55 1610]

B3 @ELRTA
Fig.13 Riveting experimental platform

2500
2000F
1500+
1000
500F
ot
—500r

e IN

~18.6-18.4-18.2-18.0-17.8-17.6-17.4-17.2 -17.0-16.8—16.6
I al/s
E14 ESIhEHNRE

Fig.14 Hammer impact force collection

E15  ETHSkR
Fig.15 Rivet piers forming

4 45ip

(1) 14 ] Python % ABAQUS Rij /b Hil#-4T — IR I %
A ST Al D 0 S BT, BT s AR ) Bk
T2 R R T FREE LS R TR (A5 a]
DIARFEAS R (0 0 A S 5500 TR 2L 87

(2) HeF = A bRALEF N A 7 T a9 T2
TG, R E ST 0 BT T T BT, A3 M
SE R SIS EE R B6AIE T 07 B ek IE R

(3) X R E) T 2405 BB, A5 B 7E — 8 16 ZE 4]
B (G AR ) B A BT 2 TR s i ol kB
RAWF G T 2380 i o

(4) AR 1 T 25T Python IASTE 35 %7 ABAQUS
TWRIFE B SRR ORI A R A
SR T AR (M) R L B A S S8



PN
RESEARCH HI:%ICEI

& % X

[1] BLANCHOT V, DAIDIE A. Riveted assembly modelling:
study and numerical characterisation of a riveting process[J]. Journal of
Materials Processing Technology, 2006, 180(1-3): 201-209.

[2] ZHANG K F, CHENG H, LI Y. Riveting process modeling and
simulating for deformation analysis of aircraft's thin—walled sheet-metal
parts[J]. Chinese Journal of Aeronautics, 2011, 24(3): 369-377.

B1 X, sKIFE , ARIa . 1A AT BRITAMT (0], s il
1ERAR 2008, 51(22): 94-97.

LIU Ping, ZHANG Kaifu, LI Yuan. Riveting deformation and finite
element analysis[J]. Aeronautical Manufacturing Technology, 2008,
51(22): 94-97.

(4] SRPE, T . FET CAD-CAE AL OIET 1 B9 55 75 /iy
[7]. MUBEETT, 2007, 24(4): 261-265.

GUO Qing, JIANG Wanqing. Calculation of fatigue life of rivet
connection based on CAD—-CAE[J]. Journal of Machine Design, 2007,
24(4): 261-265.

[5] MANES A, GIGLIO M, VIGANO F. Effect of riveting process
parameters on the local stress field of a T-joint[J]. International Journal of
Mechanical Science, 2011, 53(12): 1039-1049.

[6] ATRE A, JOHNSON W S. 3D FEA simulations to assess
residual stresses in riveting process[J]. Journal of ASTM International,
2005, 3(3): 1-10.

[7] KADAM R. Vibration characterization and numerical
modeling of a pneumatic impact hammer[D]. Virginia: Virginia
Polytechnic Institute and State University, 2006.

[8] BLOXSOM W. Modeling of the reciprocating, pneumatic
impact hammer[D]. Las Vegas: University of Nevada, 2003.

[9] L1Y W, X1 F F, BEHDINAN K. Dynamic modeling and
simulation of percussive impact riveting for robotic automation[J]. Journal
of Computational and Nonlinear Dynamics, 2010, 5(2): 1090-1097.

[10] sk, M 8%, FOMER , 5 . RIS R B2 i 5 ik

[J]. WL 224l ((T2%hi ), 2014, 48(8): 1411-1418.

QU Weiwei, SHI Xin, DONG Huiyue, et al. Simulation analysis
and test of dynamic hammer riveting process[J]. Journal of Zhejiang
University: Engineering Science, 2014, 48(8): 1411-1418.

BIEE : LAY, ML R, WHTE7 0 o LS B AR, B~

mail: jiangchunying@hotmail.com.

(Vi % £)

(B35 84 1)
& % x o

(1] 5F7, %t . EAMLEROCRAOREE (C)/ 2012 [H P
25 K5 BHARTITIRIE . %, 2010.

QI Yu, YI Hengyu. Technology progress of foreign airborne
laser weapon[C]//Forum of 2010 Frontiers in defense, aerospace and
information technology. Xi’an, 2010.

[2] VORONTSOV M. Adaptive photonics phase-locked elements
(APPLE): system architecture and wave front control concept[J].
Proceedings of SPIE, 2005, 5895(1): 1-9.

[3] TYSON R K. Principles of adaptive optics[M]. Boston:
Academic Press, 1997.

[4] U.S. Department of Defense. Model designation of military
aerospace vehicles: DoD 4120.15-L [S]. Washington: U.S.Department of
Defense, 2004.

[5] ZHBH, 300, FHLD, & QD RSP H S

AT (7). e F2E4) , 2001, 21(3): 283-291.

LI Xinyang, JIANG Wenhan, WANG Chunhong, et al. Analysis of
an adaptive control algorithm used in an adaptive optical system[J]. Acta
Optica Sinica, 2001, 21(3): 283-291.

[6] HEE, I, 2300 . BN R G LRI T
PRI FLAR (3], BRHOE SR, 2008, 20(1): 11-16.

YANG Huizhen, LI Xinyang, JIANG Wenhan. Comparison of several
stochastic parallel optimization control algorithms for adaptive optics
system[J]. High Power Laser and Particle Beams, 2008, 20(1): 11-16.

[71 KAZAURA K, OMAE K, SUZUKI T, et al. Enhancing
performance of next generation FSO communication systems using soft
computing based predictions[J]. Optical Express, 2006, 14(12): 4958-4968.

[8] ANDREWS L C, PHILLIPS R L. Laser beam propagation
through random media[M]. Bellingham: SPIE Optical Engineering Press, 2005.

[9] ANDREWS L C, PHILLIPS R L. A new theory of optical
scintilation for moderate to strong fluctuations[J]. Optical Pulse and
Beam Propagation, 1999, 3609: 90-100.

[10] TATARSKII V. Some new aspects in the problem of waves
and turbulence[J]. Radio Sciences, 1987, 22(6): 859—-865.

[11] PHILLIPS R L, ANDREWS L C. Universal statistical model
for irradiance fluctuations in a turbulent medium[J]. Journal of the Optical
Society of America, 1982, 72(7): 864-870.

[12]  SkHT, F Rl AR SULHROE R T2 5 R
FEHYE [I]. LIS TRE | 2007, 36(2): 167-170.

ZHANG Yixin, WANG Gaogang. Average intensity and short-term
beam spread of a laser beam propagating in a slant-path atmosphere[J].
Infrared and Laser Engineering, 2007, 36(2): 167-170.

[13] ANDREWS L C, Special functions of mathematics for
engineers|[M]. Washington: SPIE Optical Engineering Press, 1998.

[14] BE=, L5, MR, % . BOURUL = BRI (1].
RAGHEDLF241 , 2014, 9(3): 188-193.

DUAN Mengyun, Al Yong, XIONG Zhun, et al. Simulation of laser
atmospheric transmission in laboratory[J]. Journal of Atomspheric and
Environmental Optics, 2014, 9(3): 188—193.

[15]  JAR, X0PE4, VFBEAE , 45 . A ISR BURDCLT ORI Y

TR SRS [7]. *FEBOE , 2009, 36(6): 1442-1447.

ZHOU Pu, LIU Zejin, XU Xiaojun, et al. Propagation performance
of adaptive phase-locked fiber laser array in turbulent atmosphere[J].
Chinese Journal of Lasers, 2009, 36(6)' 1442-1447.

[16] FEFIME, SOCH, Ehike . 5 — W& P (L g

BRI T7 1% L S B 0], KA =274k (A Wiﬂ%ﬁb’z ),
2014, 37(3): 23-26.

CHENG Liqun, JING Wenbo, WANG Xiaoman. Comparison and
analysis of shack—hartmann wave-front sensor spot centroid detection
methods[J]. Journal of Changchun University of Science and Technology
(Natural Science), 2014, 37(3): 23-26.

[17] 53, T4l mAE | 55 LT SPGD Bk R L
Tt AU L ERRIAEIETT (7] RG24, 2009, 4(3): 183-189.

FAN Ling, QIAO Chunhong, FENG Xiaoxing, et al. Elementary
study on turbulence effects resulted from laser propagation in the
atmosphere based on the stochastic parallel gradient descent algorithm[J].
Journal of Atomspheric and Environmental Optics, 2009, 4(3): 183—189.

EIEE: TR, T2 TR, WF5E 7 ) ks 2 G2 A i
Fe RGN A G NG AT AL 15 4%, E-mail: wangqiushi2 10@mails.

ucas.ac.cno

(vidw # L)
20184E 5561 16 M0] - Wit Bl&EHA 101



