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Parallel structure design and performance analysis of thin-walled assembly unit
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Abstract: Due to the complex structure, poor rigidity and high accuracy requirements of thin-walled parts, the assembly of thin-walled
parts is mainly completed manually. There are problems such as low degree of automation, low product yield, poor efficiency and heavy
reliance on the technical level of workers. In order to improve product quality and production efficiency, automatic assembly equipment
is urgently needed. The assembly unit of thin-walled parts needs to be classified and matched according to the online measurement data.
The traditional industrial robot takes up a large working space. The parallel robot has a flexible structure and takes up a small space. In
this paper, a design scheme of thin-walled parts automatic sorting assembly unit is designed to replace the traditional manual sorting and
assembly production mode. Firstly, according to the functional requirements of thin-walled parts classified assembly, the parallel
structure is designed, and the dynamic model and kinematic model of the parallel structure are established. The change law of velocity
and acceleration of parallel structure during rapid movement is analyzed. The angle data curve of three active arms and intermediate
branch chain changes smoothly without sudden change. The angular velocity and angular acceleration are relatively stable, which ensures
the working accuracy of the measuring camera. The stability of parallel mechanism meets the design requirements. The displacement
curve of the moving platform coincides with the predetermined trajectory, and the results show that the designed mechanism can meet the

functional requirements. The structure has small working space, can realize the automation of thin-walled parts assembly, and ensure the
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quality of products.

Keywords : parallel robot; measurement; high speed stability; dynamics
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Fig. 1 Assembly unit system
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Fig.2 Schematic diagram of scheme A
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Fig. 4 General assembly drawing of assembly unit
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Table 1 Parameters of assembly unit
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Fig.5 Assembly unit motion mechanism coordinate system
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Fig.7 Solution process of moving platform trajectory

- abRic s L BCE R KSR — B K Sl A
L5 ] (932 Bl R AU T PR

X [a]°E#% .« disp(time) = 150 - sin(time) ;
Y [1°5F#  disp (time) = 150 + cos(time) ;

Z W% . disp(time) == 10 + time;

2% X Tieh : A

LY ek F

L% 7 ekt Al

TESN- 6 U] HhC (0 T B S B 2, 25 4 JOINT
FAY e 2 73 BEE 5 SF [ 14 PRI

STEP(time,4,0d,7.5,90d) + STEP(time,11.5,0d,
15,90d)

i3 12 B 5 B AT AR BIRERC T 31 6 R e
Weiz ol , i 8 iR,

K8 shFHizshifiki

Fig. 8 Moving track of moving platform

XL B ICHEAT 15 s 1 000 245 &, FI FH Adams/
PostProcessor Y fHZRALFE T EL0T LIAS 3 4 S OK B 5677
WITERS F B AR A B A R A th e &1, sl 9~ 11

7 .
100 - MODEL 1
—JOINT 1_ANGLE e b s -
- -JOINT 2”ANGLE a N
JOINT 3”ANGLE ; N oA
o~ 50 [ — JOINT_4_ANGLE S e e \/
@ ,, ‘/\\// N ‘\\_‘f&\./
& O : - =
SN’
-50 L
0 3 10 15
alysis: ﬂ‘“ﬁ]/s

K9 3 48l Korbin] Sk f AR e 26
Fig. 9 Angle change curve of three driving arms and

intermediate branch chain

— JOINT_I_VELOCITY
15 : - - JOINT 2_VELOCITY
: - . R JOINT 3_VELOCITY

~ 1.0
<05 /
®” 0 /
ﬁfo,s L -
-1.0 V
-1.5 L
0 5 10 15
5 [a)/s
(a) 3% LB A s LA AL i 2%
(a) Three angular velocity change curves of active arms
40+ MODEL _1
30b 7JOINTJ;VELOCIT\J(’,"/\\ !
2 20 / \
<10 / \
w0 L J L—\ y
10t \ /
8201 \ /
=30t
40 L S
e 3 10 15
I /s
(b) H IR 37 5 £l B AR A il 28
(b) Angular velocity change curve of intermediate branch chain
10 3 A5 Kb ] SEHE A AR A I £&

Fig. 10 Angular velocity variation curve of three active

arms and middle branch chain



55 4 3] HERERE HC SR OT I RS A BT B PR RE T - 161 -

LT RN AR B B 12 05 BT RE S R B 5wy 2 il
:\i 1.0 \v/ T«\:. ~ . ‘,/ \‘\ /,/\\\\ y /'/"\\ ///\\\ E‘Jfﬁfzﬂyﬁ’ﬂjﬂﬂé}% , é}:}a‘ﬁ}ﬁﬁ*ﬁﬁgﬁgﬁ%%u ngj]?édrj‘ 1 \2 i
oy n‘ ;f v \\ ‘:}' \/ N N . .
= °~Z LN A A A A A 3.4 TROIVERS Ff BE AR AR ) R ) SR AL B
N .
g 0s v \\ PR / / \,\ Jon N mE 13~18 Frs,
0. /' C N L N
—1.0= e \_/'/ i > i 100 —platform_place_x MODEL?] / TR
0 i /s 10 15 O ~hiatiompince= —
(a) 3% 30 F N L AL 128 E o0
(a) Change curve of angular acceleration of three active arms @ :300
s0r MODEL _| ¥ o ;
40| —OINT_4_ACCELERATION y sool
~ 30} \ /
& 200 / I S S R S A
<10t \ / 3
£l \ / / ERERE- RS PR The Z3A T
—4518 H . A vV . Fig. 13 Displacement curves of x-axis, y-axis and
o 5 15 . :
o Lt rom B i /s z-axis of moving platform
(b) #1832 A I BE AR A i 4%
(b) Change curve of angular acceleration of intermediate branch chain ODEL 1
M 2
B TL 3 i B ) S ok 2 11 i 2 10 [
Y \
Fig. 11 Angular acceleration variation curve of three 50 H . }8{5%%:&8&5 \
o K — JOINT 4_ANGLE %
active arms and middle branch chain JQ . . Py \»\
£ L7 T B N e
L 0 3 A g e 0 P
JERCH 2 AR AP AR B R AR AL L[] I HG £ 32 s o s B 1l/s
IR I 4 KA 7 Ak it 2 AR X P AR A A U 1 Pl 14 DRSS ITER f R At 2k
Hix, Fig. 14 Rotation angle change curve of driving joint
3.2 HEERBTHNZHESHR
Adams BPF 1931 912 05 U ST, RE A 1 250 ooy
— 2 B -=JOINT_2_VELOCITY 'x\
Py LA R i rT A 4 J7 2R s H R Ta] i T DUAR 4 44 g LA
B0 2R IR B M ., B S o 5 o3 [\ A
Il ol Bosl |/ \ / \ [
S ok 8 91 2 007 LA HT R, T L2 B EHE T 5 st Y
BT A 0 I 8T 5 0 B AT R R A
328, AR Z3TES T & bR I AT 4 B 11z 3 200 MODEL 1
Xof BT EL T Y 3B B A 7 A S W) e EL AR v IO
= s e . 2 100 /)
— M 1 TR A T RO 5 \
FECADIBE L AT i I IR~ — A | B " ’ ‘ V-
BAITAREAE T FIBE 2 8, BAARBE R 12 (&) 100 \/
— 1 (R IhER: ) =2 (IR ) —1—-3—4 (HUE ) —3 (Kl L T S
W) 1 BRI, 4 e s
i3 AN RS R, TR 12 R K15 BRSO e ff i e A ith 2k
1 3 Fig. 15 Variation curve of rotation angular
velocity of driving joint
: ! AL 13 PTG oy 2 B AR LT DLk
Pl 12 3 PR G BT oA i Bl B WF-ETE y W7 1) EAEFER AR E AL« BlT )
Fig. 12 Movement track of end of assembly B NE AR _E TR 80 mm, 4k — B A] J5 R

unit for measurement TR RE G, A2 2 f S T TR Hh 2k, » 4l



- 162 - LSRR R e o

937

MODEL _1
101 ~—JOINT | _ACCELERATION
--JOINT 2_ACCELERATION ~ / \
o 5»/\ JOINijA(CCELERAT[ON /\ \ /"\
< of /'/ LA AN A WAV
L \ Y \
B s \ V \ ] \
= \/
&-10F v
15 \ . | .
0 1 2 3 4 5 6 7 8
i) /s
MODEL_1
1000 B
~—JOINT_4_ACCELERATION /\
2 500( /)
= A
M O = ,\ \
it [ ‘
57500 - \ / \
® \ /
\
1000 . . . . . . )
0 1 2 3 4 5 6 7 8
ysis. Last_Run B’“E'/S
K16 RSl TR s B2 AL Al 2%
Fig. 16  Variation curve of rotation angular
acceleration of driving joint
MODEL_1
—JOINT 1 output force ... ... ... ... .
--JOINT_2_output_[orce
10 --=JOINT _3_output_lorce
. —-JOINT_4_output_lorce
z -
RS / N,
20 \\_{/,'/ \¢/ \ oremmnnn
25 . . . . . . )
1 2 3 4 5 6 7 8
i ) /s

K17 9ksh 5Tk A2tk th 2

Fig. 17 Variation curve of output force of driving joint

MODEL 1
100 -
— JOINT _1_output_torque
== }8%?%,0\“17“‘,‘0“1“0 o
L - 3_output_torque Y
e 50 —»JOINT:4:0::|E::|:mrg::c -7
e .
S0 e - et —
=
.H_
50+
~100 L L L L L L s
0 1 2 3 4 5 6 7 8
;0 B i1l /s

P18 Bkl S i i R A it 2k

Fig. 18 Variation curve of output torque of driving joint

J7 18] =420 mm AbF-3 () BE ] -500 mm &b, FF-
BB FFEI-420 mm b, #& A4~z ghad B 3 YA TR )
B AR LR 2,y ,2 3 AN AR bRt 1) b (38 Bl th £k
B EMIHE—E, 4 RSN SAT B TE S A R AR fb i 2k
HESE  AE IS BIPIRAS AR A S T 5 3 A BV Y AR
AR 2 5 E 5% R B, o 8] S BE 1 el AR T th 4k 2
UEAUBRIE , A A0 A2 5 R i ok B2 AR 1k i 28 S 40 5 B | 12 30
Tt R v A R B A B8 2 A A R 2
W A8 Ak 3 BR B 5C5 4r H T Fndn E JE B AR fE S, o

BRAEL

A TR AE A 28 n] DL R sz 7l A
4 AN ST TR A TRE | L R R i JEE 4 AR AR
F, AR BUEATRAZNG L, 3h°F 5 B A0 8% i 248 -5 PUE Pl
SATE A, AT %S S5 H B US55 12 3 % 4k
MU S S

4 & 8

1BV BE 7 ) 00 B 7 2 P 2 AR N T,
B FEAAIAE A Sh L TR 22 G M AR 022 XL
OHAGE SR 55127 B X R A I 5 3 R T — e
BEQFIN G 3 2R ME B TT I BRAILAL | I X5 LA 912 3l =5 1]
BT T 05 MRS EVESEAT T AT, BUS R BRI
1) Bt 1 — Rl RE (I 5 3 R E ST A IR LR
Z540 E S I ATFIR IS SIHLA B i 1 HLA Iz Bl Y R
FEME, WLy T TAEAS (],
2) HEN T IFBRHLA Y2 B 5 3 A AL AR
PRIz 37 2O B T R HLA HEAT T L, BE AR T i3
ST RRASRAFAERE M 2 SR B A 7 125 ST T AR T B
TURY Sy AR I 3 i o e EE R 0 I A 5 1 6 8 g o
BRI AT T i fL, RS T 3l Iy A R e AR
3) X 3 i B T IR B ML A HEAT T 05 Ho A, A
Adams BRI BCERTTHEAT T RSE ME T (B 8h 2 sh
) oA R R TRz shid R b B B R 45
TSRS R R, AL BT 20K
(1] W, Ry 98 b B i 2025 bR o 2 i i i [
B[J]. B SR (3 ZhodlaE o)), 2015 (3):
72-84.
MIAO W. Vigorously implement made in China 2025 and
accelerate the construction of a manufacturing power [ J].
Current Affairs Report ( Study by the Central Group of the
Party Committee) , 2015 (3) :72-84.

(2] kB <P G 20257 35 50 il Ik 4% 5 7 2% i A2
BEFR[ ). PPEEARLTE,2021(4) :9-10.
ZHANG L. Path
transformation and upgrading under the background of
“Made in China 2025” [J]. China’ s Collective
Economy, 2021 (4): 9-10.

[3] frEZ, Wk T Tk 4.0" i KABA AL R
PRI )] ik F 31,2021, 43(1) :25-29.
HE Y AN, XIA M H. Research on large-scale personalized
production mode based on “ Industry 4.0”7 [ J].
Manufacturing Automation, 2021, 43 (1) 25-29.

[ 4] Z5W,RRmAe, 4 b ks, BN TR oK 5 3 E i il
H ARG 58— T [ il 23 A7l Al

selection  of  manufacturing



44 HERERE HC SR OT I RS A BT B PR RE T - 163 -

(5]

[6]

(7]

[8]

(9]

[10]

[11]

BARR M )] . LU IREHRE 2021 (1) ;147-154,180.
LI X Y, LANG L H, CHU T T. Research on the
correlation between domestic market demand and China’ s
manufacturing export — Based on the panel data of 23
industries of China’ s manufacturing industry [ J].
Exploration of Economic Issues, 2021 (1). 147-
154, 180.

JAEL. AT AR R B BECF 3 A SR Pk TREOR )] A
ZSHilEHAR ,2012(3) :34-39.

ZHOU K. Flexible tooling technology for manufacturing
[J1.
Manufacturing Technology, 2012 (3) ; 34-39.
XUTE, A GE. T [0] KRR BER AC A 75 H b BEF 5 5
R B w SRS ()] BB HLAR R 5 A
2018,31(10) :46-49.

LIU Y, LI CH X. Research on trajectory planning and

large thin-walled parts of aircraft Aviation

singularity of six degrees of freedom platform for large
[T].
Technology and Management, 2018,31 (10) . 46-49.
o, T B TEAS 45, N A i B IFIRF 5 2 iz 3)
P RGBT T]. UK S ,2020,48(5) - 1-5.

MA G, ZHOU W Y, WANG J, et al. Design of multi

axis motion control system for six degrees of freedom

segment  assembly Construction ~ Machinery

parallel platform [ J]. Machine Tool and Hydraulics,
2020,48 (5): 1-5.

WIC, EANET 8, 5. BT SVR A2 i EE 1 Je B
A SRR TR [ T ], T+ 5 AL 4 il 1 R 48, 2017,
23(6) :1302-1309.

YANG Y, WANG ZH Q, YANG B, et al. Optimization
prediction model of fixture layout of aviation thin-walled
parts SVR [J].
Manufacturing System, 2017,23 (6) : 1302-1309.
XUKGrAe  PMVE R, RN, 45 7 W R LR R I R ST BDIR
HR W Rk i (], PLA T/ 2= 4, 2018,
54(11) :2-28.

LIU J H, SUN Q CH, CHENG H, et al.

status, technical connotation and development trend of

based on Computer Integrated

Research

product assembly technology [ J]. Journal of Mechanical
Engineering, 2018,54 (11) . 2-28.
PINSEER AT B, 2. P4 R sh HLANAL A F 3l fk
WEHALT] AEHURS AL TH A, 2009(3)
59-62.

SUN L Q, CONG M, ZHAO Q, et al. Automatic assembly
technology of automobile engine and gearbox [J]. Modular
Machine Tools and Automatic Machining Technology,
2009 (3): 59-62.

LYVERS E P, MITCHELL O R, AKEY M L, et al.

Subpixel measurements using a moment-based edge

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

operator[ J]. TEEE Transactions on Pattern Analysis and
Machine Intelligence, 1989, 11(12): 1293-1309.
XUT 0 2% FUbR. 56338 g TR P4 0 e s A 24
SO S BCL ). B T s 5 R ORE, 2013, 2746
2570-2575.

LIU G SH, LI B L. Extraction of optimal contour
based on ICT
Applied Mechanics and Materials,

dominant points images In reverse
engineering [ J ].
2013, 2746, 2570-2575.

BAE RS H, A FE TR A6 FE A Zernike
FERMAR G T7 [ 1] AR, 2010,
31(4) :838-844.

WEI B ZH, ZHAO ZH M, HUA ]. Subpixel edge
detection method based on improved morphological
gradient and Zernike moment [ J] Chinese Journal of
Scientific Instrument, 2010,31 (4) . 838-844.
MANNO-KOVACS A.

detection for salient objects [ J].

Direction ~ selective  contour
IEEE Transactions on
Circuits and Systems for Video Technology, 2018,
29(2): 375-389.

FABIJANSKA A. Gaussian-based approach to subpixel
detection of blurred and unsharp edges [ C ]. 2014
Federated Conference on Computer Science and
Information Systems. IEEE, 2014, 641-650.

JIN D, ZHU S, SUN X, et al. Fusing Canny operator
with vibe algorithm for target detection| C]. 2016 Chinese
Control and Decision Conference (CCDC). IEEE, 2016
119-123.

AL K, CAO Z, LIU X, et al.
approach for mobile robot [ C ]. Intelligent Robotics and
Applications ; 7th International Conference, ICIRA 2014,
China, December 17 - 20, 2014,
Proceedings, Part 1I 7. International
Publishing, 2014 265-272.

VPN, £ B SO JE TG AG I 1 R 48 iR
ARG 4 [1]. LA T A, 2019,36(2) :201-205.

XU X J, WANG X F, LU W Q. Development of part

A contour detection

Guangzhou s

Springer

contour recognition system based on edge detection [ J].
Electromechanical 2019, 36 (2):
201-205.

Qo A SO RS TR R A SIS AR [ ].
THEH A ,2000(2) 1 14-17.

LIANG X J, HONG M SH, JIA W H. Automatic
detection technology of threaded fasteners [ J]. Metrology
Technology, 2000 (2) . 14-17.

RAZE Ak, 2 DR A B 1 R Ak PR AR
BB ARG A LT RSF [T]. Jb e W% TR,
2004(6) :619-625.

Engineering,



- 164 - G R - C I T 8375
ZHANG SH J, GOU ZH K, LI Q L. Using digital image Instrument, 2016, 37 (4) . 812-818.
processing technology to measure the geometric dimension [25] STEWART D. A platform with 6 degrees of freedom[ J].
of spur gear [ J]. Optical Precision Engineering, Proceedings of the Institution of Mechanical Engineers,
2004 (6): 619-625. 1965,180( 1) :371-386.
[21] LIJ, YAOJIE S. The detection and sorting system design [26] FRULAR, T wge. XCH Esh e WP 53t [1]. 3
of three-dimensional size [ C ]. 2016 First IEEE AL R R4 ,2010,16(4) :710-716.
International Conference on Computer Communication and ZHENG K J, WANG L F. Design of binocular active
the Internet (ICCCI). IEEE, 2016. 539-542. vision monitoring platform [ J]. Computer Integrated
[22] EERX, FLAE, WK, H. LTRFEEEWREA Manufacturing System, 2010,16 (4) . 710-716.
LORAIEA[ T ], 7P 5 A 22 41, 2021,35(2) [27]  Emm, ELLE. HEERME ZOL IS LT 1% B s
17-24. AR ()] AL I 5 S 2 4, 2021, 35 (3)
FENG HT, WANG H J, CHANG CH, et al. State perception 137-143.
of flexible production line based on digital twin[ J ]. Journal of MAO X X, WANG H J. Contour feature recognition of
Electronic Measurement and Instrumentation, 2021, thin-walled parts under complex illumination[ J]. Journal
35 (2): 17-24. of Electronic Measurement and Instrumentation, 2021,
[23] JHEMS, FLZE. 5T WDCNN-SVM F B T 5% 2% 3 (1) 35 (3): 137-143.
AR TS W k)] Pl 5 BB
#2,2021,35(11) :115-123. FAECHEAFEH),2005 4TI mt
TANG J P, WANG H J. Gas turbine rotor fault diagnosis TR 2R, B 5 E AR K
method based on WDCNN-SVM deep transfer learning[ J]. YR S FEBIIE T ) A A
Journal of Electronic Measurement and Instrumentation, BRI 53 SRS 5 Yk,
2021,35 (11): 115-123. E-mail ; wanghj86@ 163. com
[24] FLL7 5. 5T 2 5 AR AS B AE 09 12 o 26 45 42 Wang Hongjun ( Corresponding author )

FrAl SE PRI (0], AR A R 27 4, 2016, 37 (4)
812-818.

WANG H J, WANG L. Operational reliability evaluation
of high-end equipment based on multi domain spatial state

characteristics [ J ]. Chinese Journal of Scientific

received her Ph. D. degree from Beijing Institute of Technology in
2005. Now she is a professor at Beijing Information Science and
Technology University. Her main research interests include high
end equipment intelligent perception and control, fault diagnosis

and maintenance.



