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Screwing Automation System Using a Collaborative Robot for Steel
Plate Assembly
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In this paper, we introduce a recently built screwing robotic system for the bolt assembly of elastic steel plates. The
screwing robotic system consists of two vision cameras (having narrow and wide fields of view), a collaborative robot with
a 10 kg payload, and a motorized screw drill with a pneumatic bolt supplier. Due to the elasticity of the steel plates, they
tend to statically deform and dynamically vibrate during tasks under the conventional setting of automatic screwing, often
resulting in screw failures. Thus, we designed a compliant connector device to be attached between the robot end-effector
and screw drill that can absorb vibration and shock during the bolt assembly to improve the screwing quality and success
rate of the bolt assembly. Upon adopting this screwing robotic system with the compliant connector, the success rate of the
bolt assembly was improved from 56% to 100%.
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Fig. 1 Bolt assembly failures (From left to right: empty screw,
misplacement, jamming, and cross threading)
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Fig. 2 Bellmouth duct assembly line
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-". Elastic steel plate

E

Fig. 3 Robot motion for screwing
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Fig. 6 Bolt supply unit and passing tube
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Fig. 9 Developed compliant connector (Up : compliant connector
parts, Down : mounted compliant device)

Table 1 Shear pad specifications
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Fig. 10 Screw system models (left: Without compliant connector,
right: With compliant connector)
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Table 2 Parameters of the screwing system models

Spring coefficient Mass coeftficient
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Fig. 12 Impulse responses of screwing system models
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Fig. 13 Cases of the assembled bolt (From left: Success, cross
threading, and non-tightening)
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Fig. 14 Comparison of vertical movements with and without
compliant connector

AE S HAstol Wl(x,)E 25t

A ) vl AES g8 WA FEetoldls A glol
259 wete] BEAZ/|S HAAZW AolH 5 Bl

EEAE AAE 3Rt 2 AP AR EEE M4 (0.7
Pitch), o] 10 mm, Truss S|=%, HEPO|E LS 7=
EEot}. o] A, ARt A9-ollA 2E A2 A] Timeout &5
7} BHsTt. o] Timeout ©H-= AFsl ZEo] o) A 2
oF BE AE77F 2AEA 23 2E Ald o] WA Ha
EE Ado] Ad=EA 4 Alto] ¥ o &R7E T A
ofct. F3toll EEZ} 7oA A A &2 Cross Threading
o e e[77 A o ol IREA ¢k AEe] BA F=
S ofE AT AT Fig 132 flolA Aadt 2
AdollA BT o7 FRolh. & 3o FawA(72E)el
A EE AEo] et Sl 4092 oF 56%2] 4EES 7HA
© AR e, fgEetelds AYET) gls EEAE A
oF BE2 Hd WAl Wt 2ol EvFsde eelskdith
Fig. 4= A2 oM A2719 st 255 oA AME
SOl SR Aol 25 29 VIS e 57

3 Aol
ol BEetolels AYEL nRAT A9, heF 6 of

Procedure after

Process bolt tighten bolt tighten

10+
Shear pad #2

Shear pad #4

Assembler
downturn Shear pad #1

-5

0 2 4 6 8
Time (s)

Fig. 15 Comparison of vertical movements of screw spindle with
shear pads #1, #2, and #4

RE 52 ] Fo] A& o WAsie] AN A
1 .% o

o 4 Qltk 7= desef A W

ti=f 723500 Aol 4 FRE

FHA vlado e FEeIdS AYE 9| Shear Pads
ReflA 271, 472 2Rt 2 547 2EAE Ade
sl HAh(Fig. 15 =), 24249 49l i Fig. 159} 22
7dE ] 912 o AAE AU B BE AFeolA 3



68 / January 2024

o
_2
it
)
_°L'
o ox

A BA 1280 BE A Aol ¢ SoF3ich(Fig. 16
Z+%). Shear PadS 47 Ax|8}A = o)A S0 H]oH g
o] tha ARE A o o Al 3T

=5 dAE Y= AoR wgEn) ghH Shear Pad®] 7i=7t

Z715to) whek A A Alto] Zradhs oFARS H It ]L o0
e 7HAE BAlOIA e el BE AES she Ao
2 oA AZAATE gaet e F 9le Hol

A 7}

=tk old AnE B9 & o, &
w2 WHalo] wlstH & A
EEAZY] A HEES IA A&
t}. that Shear Pade] 74> Z7}of wp2 7t o
232 0| Trade Off2 T&]3to] A4 Shear Pad 7|52 2A}S=
F7td7 2ask Zloz Alggch

o
Holx] eS¢ 4 9)

A2 A7 %

g

559 ol B 29
E A 3L ABIRRE A% 5 sttolo] A THe
48T 5 Uk 2 99 WY ABY Yt HFEL NS
Bz AUt ATR 22 71 45 BEAD ALY
2E T A48 29 Al B AP, B BE

']15“?:]7]/)\ﬂ-rr A, wEholds AdERE FAEo Qi

RIS ARESIlenr EE AE AY Al Abdol QollAl &
e RRAL EX olzk-zR FEzieo] 7ssith o}
NEA AA AR FEeteld 7‘]”“51'* 71& 250 9%
Aelte 2§ WA 27 Al 53 Ags SolFiL =&
A4 dsEs =Y & A8t FE2old dEE 283t

A3} 712 BEAE HEE| S6%lA 100%2 r|Hoz =
SFAL). G AZEGo] Qlejdo] et AuE T2 SHES
o] U4 £ T A2 D= Alol 48T Aglolct.

1l

H

ACKNOWLEDGEMENT

2 =2 AT AR Sdstal = ARR7IE g 7R
YollA S1er Al 23 ARfelA]7]E i AR (No. 20009005),
203YE BEEO] AYOE FIFATAT] (DS Wol 5
FE A -zt F=H7)e A A AR (No. 2021RIS-004),
FENFR/FEREN] SN T U] A9 (No. RS-2020-
KA157018), 7128]31 ZHEWER A|uF AufEshed 7|47He

AFd o] ¢171H] 2] 2(20SHTD-B157018-01)0f] ©J3) 4=a§ |2l ct.

>

REFERENCES

1. Torres, Y., Nadeau, S., Landau, K., (2021), Classification and

10.

quantification of human error in manufacturing: A case study in
complex manual assembly, Applied Sciences, 11(2), 749.

Barto§, M., Bulej, V., Bohusik, M., Stanéek, J., Ivanov, V.,
Macek, P, (2021), An overview of robot applications in
automotive industry, Transportation Research Procedia, 55, 837-
844.

GIKEN, Tightening Machine. https://gikenkogyo.com/en/prod-
use.aspx

Matsuno, T., Huang, J., Fukuda, T., (2012), Nonlinear SVM
based
Proceedings of the 2012 International Symposium on Micro-
NanoMechatronics and Human Science (MHS), 364-367.

anomaly detection for manipulator assembly task,

Koch, T., Fechter, M., Oberer-Treitz, S., Soltani, B., (2018),
Development of a balanced decoupling unit for a safe automated
screwing process during human-robot-cooperation, Procedia
CIRP, 72, 75-80.

Cheng, X., Jia, Z., Mason, M. T., (2019), Data-efficient process
monitoring and failure detection for robust robotic screwdriving,
Proceedings of the 2019 IEEE 15th International Conference on
Automation Science and Engineering (CASE), 1705-1711.

Saga, M., Bulej, V., Cubotiova, N., Kuric, 1., Virgala, 1., Eberth,
M., (2020), Case study: Performance analysis and development
of robotized screwing application with integrated vision sensing
system for automotive industry, International Journal of
Advanced Robotic Systems, 17(3), 1729881420923997.

Wang, Y., Liu, Y., Wang, J., Zhang, J., Zhu, X., Xu, Z., (2022),
Research on process planning method of aerospace engine bolt
tightening based on digital twin, Machines, 10(11), 1048.

Nozu, K., Shimonomura, K., (2018), Robotic bolt insertion and
tightening based on in-hand object localization and force sensing,
Proceedings of the 2018 IEEE/ASME International Conference
on Advanced Intelligent Mechatronics (AIM), 310-315.

Lawrence, N. V., (2021), A note on lumped parameter modeling,
Mechanics Research Communications, 116, 103750. https://

doi.org/10.1016/j.mechrescom.2021.103750



January 2024 /69

Taehoon Kim

Received the B.S. degree in Electro-
Mechanical Systems Engineering from
Korea University, Sejong, South Korea, in
2021, where he is currently pursuing the
Ph.D. degree. His research interests include
collaborative robot, autonomous robot, and
mechanical systems control.

E-mail: kim_tachoon@korea.ac.kr

Joono Cheong

Received the B.S., M.S., and Ph.D. degrees
from the Pohang University of Science and
Technology (POSTECH), Pohang, South
Korea, in 1995, 1997, and 2003, respectively.
In 2003, he was a Researcher with the Insti-
tute of Precision Machine and Design, Seoul
National University, Seoul, South Korea.
From 2003 to 2005, he was a Postdoctoral
Researcher with the Research Laboratory of
Electronics, Massachusetts Institute of Tech-
nology, Cambridge, MA, USA. Since 2005,
he has been with the Department of Control
and Instrumentation Engineering, Korea
University, Sejong, South Korea, where he is
currently a professor. His research interests
include robotic manipulation, motion plan-
ning, and mechanical systems control.
E-mail: jncheong@korea.ac.kr

Hwi-su Kim

Was born in South Korea. He received the
B.S. and Ph.D. degrees in mechanical engi-
neering from Korea University, in 2007 and
2014, respectively. He was with the School
of Mechanical Engineering, Korea Univer-
sity. He is currently a Senior Researcher at
the Korea Institute of Machinery and Mate-
rials (KIMM). His research interests include
manipulator design, counterbalance mecha-
nism, and safe robot arms.

E-mail: hskim82@kimm.re.kr

Taeyong Choi

Taeyong Choi received the B.S. degree in
Electronic and Electrical Engineering from
Pohang University of Science and Technol-
ogy (POSTECH), Pohang, South Korea, in
2003, and the Ph.D. degree in Electrical
Engineering from the Korea Advanced Insti-
tute of Science and Technology (KAIST),
Daejeon, South Korea, in 2010. He was a
Senior Engineer with Samsun Electronics,
South Korea, in 2010. He has been working
with the Korea Institute of Machinery and
Materials (KIMM), South Korea, since
2011. His current research interests include
robot safety, robotic applications, machine
learning, and collaborative robot.

E-mail: tacyongc@kimm.re.kr

Jinho Kyung

Received the B.S. degree from Hankook
Aviation University, Seoul, Korea, in 1985,
and the M.S. and Ph.D. degrees from Korea
Advanced Institute of Science and Technol-
ogy (KAIST), Daejeon, Korea, in 1988, and
2003, respectively. He is currently a Princi-
pal Researcher at the Intelligent Machine
Research Center, Korea Institute of Machin-
ery and Materials, Daejeon, Korea. His
research interests include active magnetic
bearing system design, micromachine tool
system analysis, and parallel kinematic
machine analysis.

E-mail: jhkyung@kimm.re.kr

Dae-Kug Lee

Received his B.S. in Computer Science in
2004 from UCL, University of London,
U.K. He received an M.S. in Computer
Information Systems in 2018 from Korea
University, Korea, where he is working
toward a Ph.D. in the ICT Convergence Lab.
His research interests include self-driving
cars, EMS (Energy Management Systems),
smart cities, smart housing, blockchain,
deep learning, and ICT convergence.
E-mail: daekuglee@korea.ac.kr



	Screwing Automation System Using a Collaborative Robot for Steel Plate Assembly
	1. 서론
	2. 연구 동기 및 해결 과제의 정의
	3. 유연판재 조립용 볼트체결 로봇자동화 시스템
	4. 실험결과
	5. 결론
	REFERENCES


