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A study of Automated “Station-less Assembly System” Learned from Human

Performance
A R 1 JE N 3 P 3 R
Yasuhiro IIDA Hideo FUJIMOTO Lian-Yi CHEN

In today’s manufacturing industry cost competition is becoming more severe with the trend in production toward
globalization. For high labor wage countries like Japan, low-cost and multifunctional automation technologies are
required. This study focuses on the analysis of human dexterity in developing new automation methods, as workers
often find simpler work methods by task learning, and the methods can be a clue to low-cost automation. In this study,
the new “NAGARA System” in other words, “Station-less Assembly System” in which component parts are
assembled directly to the base parts moving on the belt conveyor without positioning, is proposed. In this paper,
firstly, the remarkable human characteristics of the manual system are extracted quantitatively. Next, based on the
analysis, the new automation system, which introduces a force-changeable gripper and human assembly algorithms, is
proposed. Finally, the effectiveness of this system is proven by comparing the productivity and the cost with those of
the conventional one.
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Fig. 1 Typical automated assembly line

* (th) K% TE2OTHEMRT, TR T¥2a6E] Vol70, No.l,

2004 & 1 $riK



k&

“No-positioning” or “Low-accurate palette”

Belt conveyor

Fig. 2 Typical manual assembly line
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Table 1 Condition of experiment

6-axis robot
Maximum speed : 7.6m/s
(Made by DENSO)

Servo gripper
Servo motor : COOL MUSCE

Robot

Force-changeable

gripper (CMI-c-17L.30)
. . Binary image
Vision device processing
Length : 2000mm
Belt conveyor Width _: 400mm

Floating mechanism| QRA (Made by Nitta)

Start

'

Recog. of base part in area 1

!

| Part gripping |

Judgement whether
in ready-made misregistration
map zone

Yes

Re-recog. of base part in area 2

!

Forwarding of result
to robot controller

Approach to part and
diagonal insertion decreasing
in gripping force

End

Fig. 10 Motion flow by testing machine



S

FFWR I NTE N — DL 9 % | Fig. 9
DR — >~ (Areal) Tkl , My oXR vy b
IZZDT — 2 GRS 5. ADEREN 7 L850 AR
2O, ML TRy M3 S— Y DL A R — ZERED
L0 ICADEABSFL, MLy —vicT e —
F45. ZO%, PIHERETIE, N—ZERMOLHE
Area2 CHREFR L, 2 #BE ORI 22 7 i A Al
ELANSMNE2FTT 5. £, HHA 2 LOMH
PSR 5 ) Areal A JUEIZ L 72 & D Area2d & ki

TOMEThREEZIEL, Zhisd L IcidEsE~y
TEAEKT S, TOJREIIFIZ, IVRTHEGORE

RMEFEIIMA T, 9k y MEISRE B EREDE
BAEUS. Mxt#E~y Fiduky bavtue—-5 4
ThERFERT X h, WAANZIZ 2D~y TEEHT S Z
ik, PR L &< CHMNLITREIC A B,
RITS=D %ML =0V R, T 2 X— 2
FEICR L, Fig. 1MMEIRTRIOFAZ T LT
Tru—-F¥5. FoifiAL, AOBEOHT, B
MHRICIRE TR S D TH Y, Mo ) 7
IV AEPKRTDNRLED 5720 KL 27 L TeHE
A L7z, RITS—=Y X — 2SS 5 A,
A&k, N KT &8, 2S—Y 2/ s
U TR VIRREIZ 5. U, F v v 2RI
BUI574 -0t EY—FRa e —-L§3
ZEICKDBT 5. Rk, HEEAK T L 2R
THIV 2T X T &, Fig. 1MMAIZRT &I 12,
N— ZIBEHOFBENZ & > TS—YLBMS . 2L T
ZHIE-T, Fy oo LHAVWEIRET, /8=
ERFEL A2 S | MAEISET TS, ZORE, N—
AEBER OB E AWIN L A2 68 EMToh 3 &

D, TU—=T A VT AL EER X5,

Stroke changeable hand
\,ﬁ " I . .
[T Tt Floating mechanism
’J’ III’/

Finger
Part

S~

)

Fig. 11 Hand motion in assembling stage

Base part

YLk, ADY Y T TR & h i BRI 3
EWETXLIOV AT LG, BEANELY Y, #

BB NARE LM T LT ZLIZE S5 THRD DS
DTH5D. ZDY AT LTI, AT >727 2 b
#i R & Table 2129, #IHIERETId, BE~ o 72
R TE TR WZY, N— 25 % 28§ 5 &
Wk, A 224 LI03, TAsh o728,
VT ) 7 EIMOFEY v TR R TIE, BR
ARl & 2D, AR, 6.0s F TREME S 7z,
DFEFRIZK D, BUROFAEZETR L IZIFFEE O
EHERLOD, kL 27 40D1/203 2 + EEBT
BHMANTH I ENTE,

-
—

Table 2 Result of experiment

Initial Final
Average of cycle 71 6.0
time (s)
Success rate (%) 100 100
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