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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

e AR BES HANA fA] BES A2t
(). A2 2 F v 2Eo] Byjste] AA7]et BES Helgck
(5). T AR AN A5 40 BEAR oI A2
7 2uEo] A BAstHA BEd §4 8H 71 v
gAle] SARE 287} A%o] WAE 4 glom ol v
AARE B3 2R WEoR Agstel 2R WA 25
o st P Alol2E wHEe] W 4 glck. ofel A
ERE L)

E
alo] A= A EX| A2 EE20]|1L Cross

o
N

ol Bk R01E HaShA RUTHA fA B 2 A =
A5 BEAD B YoM Wopsel] ojg

oﬂ Aokl HE f<‘"7§-9—

TH - 22—

& A== s
AR ARl e AR 4 e elA chn

3. RUUTNY TR BEHY ZRAISE ALY

3.1 AI2E! THE

BE Ad A58 FAE 27 6% b 2y, BE <
A8 A2, BEAEYIS 7h BETe|ds AvE R 7
AT} Fig. 4] Boli Aah o] AMGE RE(FAF RuEA

Fig. 5 Vision system (left) and bolt hole sensing (right)

MI1013)2 24| A=7F 33 kg, 318315 10 kg 65 HHd d&
2Foltt. 7 7o HiHEE Faf 232 Aol % £E A Y
AolE & o= Utk ES 2 Alof7]olA 2 Fof B2 AIAE
3l S= U4 H 2o mE uPEA 7)ol ARt BE
AE Asst 34 7 Al 23 AY 33 W AR 3F E
o 9 QP arste] gerie s Akl

H]Z A AE(HIKROBOT MV-CA013-20GM)2 2D 7hH|gt=
A EE Z A4S A Fshgmlolrh v AJAEl2 FAoF
Zhjetel AJoF Zhret 2t o] FhrER o] FoA Qltt. Zh 2t
© 22 7hijEt o)At fl=o) 4L EElste] B2 7
gtef A ZhlehE FFskRlnt. g ok Zieke o B |
of BAZ o £E F59 9A A4S Al AREHAL, A
of 7Hilgks 54 EES & T4 A% A7]E AT A4S
IRt S=2 ARGEHT. o 2 WSl Hdgle wE &
9] A9} A7) 14 e] A Sl Aok 7hrl=h ek
A Fee ARSI Fig. S= 7ilEh A3 Ay S48 &
E Z AIH AE 2o £ ok & 7P Y] &2
uhghef whet AllE] 912 SA4o] tha Y WA FANE A=
EE A2 et gl el

EE FFA= Alol7] Aol g 2E AXdo] HEd
e7le] 2EE e FEO Ajiste] e S8 velE FE
S 53l ALeThFig. 6 F=). tFt SEo dis) AR 7Hssf
=5 2E P 7HIES THHIE HAT BRI 9 EE ARt



64 / January 2024

ZHUSSEX| M4 M1 E

o

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,
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Table 2 Parameters of the screwing system models
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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
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% angoz ofAich, tht YR W A Ad7)e A%
o g BEToIAL AYE S o] AXT HAFAY A
a7 W 215 A welel] ofat theage] AXHE AuEo)

EAE Aset 25 ALge &
= = R () F2Eolds
B 7ol e 2E A e vlashal, (i) HeoR
FEIOIAS AYE 9 A Wt wE 2E AdY =
A sl HdTh A gl ARgRt HF WA= Fig. 113} 2o 3
T e 44 39E 2" Ao, A4 1.25 T, A5 580
mm, 24719 EEZS F31 St 2 AN 2E Al27]¢
HHGye 588 98 #lolA E#F{(Leica  Hexagon
AT960LR)E ARE-SIGL. ol fIste] R sheof 2l&

)



January 2024 /67

Procedure after

Process bolt tighten [bolt tighten

-

Within
compliant
connector

8 0 | Without
, compliant
Assembler | connector 1 . Timeout
downturn : Process bolt tighten #M‘.:Procedure
-5

0 2 4 6 8 10 12
Time (s)

(a) x, with and without compliant connector

i Process bolt tighten 'Procedure after
: ,  bolt tighten|
1
~~ 1
(3]
VA
~
S
iy Within
compliant ==—pep| \\iihout
. connector : compliant
A i 1 1 connector |
ssembler 1 1| Ti
downturn ! Process bolt tighten | Delay bolt tighten -P";'"‘ef‘l'fe
U r 1
5 [

Time (s)

(b) ¥ with and without compliant connector

Fig. 14 Comparison of vertical movements with and without
compliant connector
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