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Abstract

The fundamental object of work measurement 1s to precisely establish the time
standards, which are the indices of labor productivity. This study discussed the
development of robot work measurement method that could establish the time standard
effectively. In manufacturing industries the various robot tasks are generally classified and
standardized by the unit motions. The RObot Modularization of the Unit Motion (ROMUM)
was realized by the module of two steps GET and PUT unit motions. This method
reduced time and effort of analysis, and could be done with ease. Therefore, ROMUM will
increase the convenience of use for the unskilled worker and decrease the time required,
cost and errors. And, it will contribute to reduce the unnecessary motion by robot motion

analysis.
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2. Robot Modularization of the Unit Motion (ROMUM)$% %

dutoz 2R AP FHE olFD Ue HEHYI FAPo2E Fo &717] (Pick and
Place), EAt°]% (Material Transfer), ¥ 29 (Assembly), 3= (Welding) §°] o1,
ol ZAgd S didez dEAHA AYY FAXFFHE UEE E 13 2ok
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o] APFAAeR T3, YA g YA FFE& HZ (Reach; R), &% (Move;
M), &7] (Grasp; G), d¥] (Pre-Grasp/Release; PG/PRL), ¥7] (Release; RL)Z 7|2 % %&
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No. 3 9 NeEe 2%

GET PUT
1| g7l 92 &8 A7 R
2 | olEan otz &4, =% 24 R (PG/PRL) M
31 &A% dA AF 3 R (PG/PRL) RL2
41 =% €3, 29%& F&% R (PG/PRL) GO RLO
5 &7ere 2ogdzm YAY Tl 9, m32g| R (PG/PRL) Go| M RLO
6| #EE Folg #E ©A R (PG/PRL) G1| M _ RLO
7| #ESE A2 R F7], (N)FEHElA A< R (PG/PRL) G1| M (PG/PRL) RL1
8 | gy R (PG/PRL) G1] M (PG/PRL) RL2
9 | 23 ded Q= £EE o2 X ¥ R (PG/PRL) G2| M (PG/PRL) RL1
10| B33 Ao gle BES o2 R 44 R (PG/PRL) G2} M (PG/PRL) RL2
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R (PG/PRL) M

RL
R (PG/PRL) G M (PG/PRL) RL
GET ©$1% 2 PUT @954
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3. ROMUM®| 7] & 5=

3.1 Transport (R/M) )

End effector (£71, 84509 A& v7] 98 A= ©o]%& Reach (R)Ex &
th olFo] EAY fXE WAEY] AMA Ee olF Fo LT AP e RE Ry
E2xdo=2 A HAE AL o]AE Move M) std, ROMUMOIA ] Azt AL AT &
Z% SCORBOT-ER V& Wj4oz %437 FHe HEEL ZAAse 2ul9 A4 eolv s
ArEste] ZF 7|25 REE A 2UE Fol ARARE A, o] ATAEREE B FAEE
g4t dAste Y-S AHg g

ol Fatel thd FEFAIZEL 10949 T A3l ZF FHelAe AGE F 20 vebwnh
o714, ol AR AL (HE FAsGew, FI dswozr dF st
ROMUMS®] Azteh 92 A&%E 1TUM (Time of Unit Motion)2 10 ~% seco]t}.

ol s A g (cm) |-2(A)|-5(B)|-10(C){-20(D}|-30(E)|-40(F) |-50(G) | ~60(H) | ~70(I) | -80(])
o] FAZHTUM)| 25 | 30 51 119 | 19 | 233 | 270 | 389 | 447 | 502

1) £ 259 2Ad WESHD olRe 2R FAs] Tt SH02M Az

2379} Wejoleh,

(2) Simple Grasp (Gl)
gd EFEZM &1EE 3 H e FFHeE FE F
o] Fro} wet Alzto] AAHY EHES FA7 3cmY
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ofdd W ¥ HVIel AXAE 4Y HolHe Hd Al 3BTUMe.2 dAstn vwedl 4
¥ 15TUM= F7h3o

(3) Complex Grasp (G2)

&3 7S 3 ¥ FAHe AN EZH YT F gy 5FHLE o REAol) e B
S 13 ZNF F o]FAA ARG nH TA 23 FE BFolth B Ayl A=
&9 0157‘1!“49} FAe e AREHE2 | o] FAE 7t bem ofstoll A L AF G
3} A Fdlolele] HT AIZH] 237TUMLS 2 H A FHo}
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3.3 Pre-Grasp/Release (PG/PRL)

Grasp 52 | End effectore] $1x1& W7 3tAY, Release 3 o] £79 W uy
o} Grasp, Release® 2ol HE3EE 3= Ao TAT o]F5 F 2 (Reach/Move) 2l ©] 57
2]7} 30cm ©]4Y Wi oul 52t AL o] 55 2 (Reach/Move)2] Alztel EgEof wHayst

A geth B 3e ougae A0e ded

i 3. dnF Az

ol F A gl (cm) -2 -5 -10 -20
PG/PRL A ZHTUM) 48 46 33 2
3.4 Release
Ho gao ¥& o TAsE FHO2A F719 AR v

Aol s Y AL =
 ZFod WELS = Puolnh

oft

(1) Contact Release (RLO)
HEY Fre HFF: 719 dHEA EAS WdAAY Zode Tz Ate ¥E
719} 2}

2) Simple Release (RL1)
4rd Frle 9 #AUig vt
TALR AL OE FVS Ao

(3) Insert Release (RL2)
o' e EAE AYE u FAIE AR F2Z AY, ¥7] BHLE ofFojXy A
ol el e rlazedel g B otk AT

(a) Simple Insert Release (RLZ2A)

49, 7 SFoZ o]FojAn wuy d&d T o AYAPFA
A7k bem =Y o g AYE w7 R ABAE 4 A
Ao AdAZdE 13TUMS 7130k

(b) Complex Insert Release (RL2B)
F2 B Zo] - 9% HAM EE Remote Center Compliance (RCC) 59 =& o2 do
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41 GET ©$1% %2 Type

GET={R, PG/PRL, G}°l2 2 ¢ Zd wz} 471x] 8 FHEEY Types A, | 4
9} Zo] FFRAZE A& duFEELE o5 A 30cm "Rl olF FR o Avt LAy
F denz dulFate] LA E o]FFIY AU ()2 HASA A& GETSP
GET49l A G133 G2= ti4dE9 =717 3cm oY e AlE A&E3 3, 3cm 7wty 73
AZHE F7e7l2 ok AAE 471% B RES US¥ 2o

# 4. GET &3z

P1EA -2 -5 . 10 | -20 | -30 | -40 | -50| -60| -70 | -80
GET! (ALPGPR-OD | (B1-(PG/PRLI-OB) | (34 | (2 | 195 | 283 | 270 | 389 | 447 | 502
GET2 | (aL.(pe/PHLT-0ua) | [B1(PG/PRL16oi30) | (52 | (0 | 208 | 241 | 278 | 497 | 455 | 510
GET3 | (a1.pa/PH]20c08)| [B1PG/PRL - aoeo1)| (110) | 156y | 230 | 268 | 305 | 424 | 482 | 537
GETY. |(z).(pG/PHL T Sov-(aoo0| [B1+ [PG/PRL 1 aop(a13)| o) | o | 432 | 470 | 507 | 626 | 634 | 730

(1) GET1 =
7] -rlz]i End effector® #Wi E&o]AU o}a £Folu T z2A4L s A7
W FAY A9 ST

(2) GET2 = R + GO
End effector® ot de S&oly =¥ &34 A4 o TG,

(3) GET3 =R + Gl
shibel 2HEe FE Fol WAL,

(4) GET4 = R + G2
2Hg0 2P ¥ o} @ Bl F7) oede Aol BAV

42 PUT 29529 Type

PUT=(M, PG/PRL, RL}e|22 2q] 27| met 87149 $24u g9 TYPES 44stn, %
5} o] FAAZE A&k AUFH] BATE IFEHY AL ()02 EAHe] 4
%3t} PUT3, PUT4, PUT7, PUT8IA A% RL2E AAYdAZ7 S5em mIebd #ef AlzbE
A3, bem oAU WE TS F7HEI1E ok 43 8rhAe BARES TGEH 2o
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# 5 PUT &A%

g -2 -5 -10 | =20 | -30 { ~40| -50 | -60 | =70 | -80
PUTI (A]=25 (B]=30 51| 119 | 195 | 233 | 270 | 389 | 447 | 502
PUT2 [RLOJ-8
PUT3 [RL2AJ-14
PUT4 [RL2B]=60
PUTS | (0. (po/PRL6-(81) [IB1PG/PRLIe- 80 | (92) | (120) | 203 | 241 | 278 | 397 | 455 | 510
PUTS | . (p/PRL 30 (108) [B1+PG/PREI-B-(011) | 119) | 158) | 220 | 268 | 305 | 424 | 482 | 537
PUTT |( o). [P/ PRL I 40-(122) [(B1+{PG/PRL I d0-(125) | (1) | i | 244 | 282 | 319 | 438 | 496 | 551
PUTS | a1 /Pt J-0n-(168) [B1+(PG/PRL 1-aBe171) | (176) | coro) | 290 | 328 | 365 | 484 | 542 | 597

(1) PUT1 = M
End effector’} o] F3tH ot2 &3, =% A4S dstes 2o 2T

(2) PUT2 = RLO

2FE MY Zol ¥R HEF F de AdY o LA
(3) PUT3 = RL2A

E2E 53 A5 YA FFVIY 2L FEAA ELoR Hud ud A9 AYPs @

) 4 S,

(4) PUT4 = RLZB
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(7) PUT7 = M + RL2A

2428 02 Foo Adets F92A, MDY Ged 4YRY Fo BB

—

8) PUT8 = M + RLZB
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5. ROMUMoe 93k Ad&A

ol el A BN EA REF} FFANLE o83 ROMUMSY AEE A3 & 63
Zol F4 €tk ROMUMe & ZGAIZe £ tf DAZ FAdh

9A 1 Bdes s 2% 408 GET, PUTY w9502 2F@o

97 2 EHY BAEAlN BASE oA Case® AT

9Al 3. %e) BT S4o] R E4EES) Typed Hdwch

WAl 4 DS Ez ARl e BARE 23 FHEAE Y3 BE
NZHe AR E

® 6. ROMUMS| AZEE

ROMUM A &= A E
%5 Case] A B C D E F G H 1 ] 7442k
53| 0 |gn ' D T W
el2d 2 5 -10 -20 -3 40 -50 -60 70 -80| L) g oIk
1R B 5 8 A9 233 20 38 447 502
G
2R GO (gff) (gﬁ) (gg) (}%) 203 241 278 397 455 510
E
3 R G |29 By (% (%) 20 268 305 424 482 537 15
T
4|R G2 |23 X7 XD XX 43 410 507 626 684 739 15
1M 95 30 51 119 195 233 270 389 447 502
2 RLO 8
3 RL2A | 14 , 13
P
4 RLZB | 60 9
U
5 |M RLO | 3 (gﬁ) (gg) d%) 203 241 278 397 455 510 10
T
6 | M, RLI (1%)8) (16151) (f*fg) (}553‘) 230 268 305 424 482 537 10
7 | M, RL2A (17242) () ({gg) d?,g) 244 282 319 438 49 551 13 10
8 | M, RL2B (}gg) (}%) RS (gié) 200 328 365 484 542 597 | 9 10
_ AZHEES) D 1TUM =10 2 sec
H] a ()1 duF 3ol 3P A7EA
ID: AYdAY, T: BHEY 57, W: T%F
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6. ROMUM®| & &4

AT-4 ZE SCORBOT-ER VE o] &3led 2@ 29 & A9 Wizl ROMUME
HaAzl Mg i Hx9 2443 pegZl peg holderdl 9129, bases tabled %%
Agel] Folx vl 2 AYL dE5HE 3949 HAE o|FojAY, WA start positione
25E 5cm 8ol baseE FHAAM(QD), tabled] o2 FAE HAYHAEZE 30cm THE olF
e EEtH@). 2 95, AGAAAA 20cm ZoJA pegE H(D) basedl AU3F (@),
Hxze NHPoz Eoler dH A&5AYH®).

0% | P (o
R
9D 1_@ @ base

’

Ht
f ¢
Ny start
Soemess ® posmoT

table

robot base

a9 2 AdAYY wAE

Adagde did ROMUMS 2423+ ¥ 73 2o o 29, Ague 18y A,
GET 99E39 Type® Caset 5cme o] &3 (Case B) 3lvte] B ES &+ 2R, Gl
— Type GET3)°]22 GET3BE A3ttt 28z PUT @953 Typed#t} Caser 30cme
o]F3tdq(Case E) EHES ©2 il ¥+ F2M, RLL — Type PUT6)ol =2 PUT6ER
EATT o] AdelAe ZF dYF R AP 4sel we TAEE AdAY, BHEY FA
R FH BN 2L FUEAE LAHA FUu o] BAE FAFUE 2, 3o disiAxe w
B3l HAsa ROMUMY A|ZHE2 R E AR E 2ol ZF AIHS g4kt 812 29 ¥&
AZHE 28 F Utk '

& 7. ROMUM®| & & EA4 7

GET ¢91%5% | PUT ¥9%5%& .
A gl g = aalmx Az
Type, Case gij Type, Case %Q N
1 |baseE AALARAZE olF GET3B PUT6E 295
2 AU EE based Y GET3D PUT7D 322
3 [NAHez= olF GETI1E 195
5 Al 812 TUM
8.12 sec
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o

wel 2% dAg % AxH A7S =4 nw 878 22 ROMUMe| o & wgo|
AAHo 7 BAADE ARAVE AE & 4 Utk ol ArE oM FAWEAN o =2
Vel =), ol= based pegE AW E AAsrl 98 /\1835#2?‘401 2333 29 wHaw
A AlZre] Bol 2857 WL 7l o]E sasel o= YEel UYL Waw &

[

[of

A € Aolm, ol BAEAS Be 28FME §A nesio ¢ Relth S8, A o
Rojal AT 2@ 4l ERHAT AAZ Solt 84 T B HAP A
AE ol d Aole HE o 2 vehg oln, A4 @AM AL ZHE BAZ A

wel gl 42e BA 24T 2A= gl €k
£9, /&9 e 22 4953 BA PTSH 04 73 2 840l Hold RTME o=
4% 23E & 8 AASHI

# 8 RTMell 9@ #A 434

24 AAHoZ 2L 438 Ul AT £, RTMELS 162740 2
Wi glov, ROMUMO A 392 RTMES 150 al2shs 2ue £4ERE o2
o]t ROMUMAIAE 712 2dzggol e 718 Sato] 2AE 9

Safol @ HeHA BHPES ANFT U7l Wl

A RTM A g &5 | 8 AAZE T35
QA (cm) | (cmv/sec) | (sec)
1 R1 5 60 0.30 base°l] H
2 GR1 0.50 771
3 Mi 5 60 . 030 9=z 87
4 M1 20 60 1.19 olF
5 M1 5 60 0.25 A2 UYy
6 RE 0.50 7]
7 R1 5 60 0.30 =2 H
8 R1 10 60 0.50 AUEZ HE
9 R1 5 60 0.30 Z=AAZE WY
10 GR1 0.50 &7
11 Ml 5 60 0.30 <77
12 Ml 10 60 0.50 ol F
13 M1 2.5 30 1.07 A
14 RE 0.50 7]
15 R1 25 60 0.26 gz HZ
16 R1 20 60 0.19 A ZA HE
g A 8.01
Ao A¥AFANAN S PTSH AE9 RTMHo oldt EAuWHe 80128 Ag8A7MS
87829 2% ARl vls} 0.77x #H}t1, ole 2F Aol o A YHozHE 88%2
ZAE Holm UMY HEHol ROMUMYOIAE RTMWHA vlusy 48 AP vl£y
(801=8.12%), £F AA 93 ZHUHo I RE AgiHoz AL 75%9 Z4E vegye
A BEMGAE
=3
E_

7. 4

P oATE A7 AYERL ARHoR MASTA ATHUD oX el A
PTSHol 2Aste] 2ol 2gZel thsl tFAch Aol U FAFHH TS F4A717]
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Al B2 a&Ae FTsle A Zo] 2R BT AL AAAT Y8 FAE
& anHoz AAG Ay APuiged wWE 7B did dHy FHAALS AHE F
2tk & Robot Ergonomics2 F7317] $3% 3ol weto 2 2ZHo| g8 FAsd
B 71 5&4L EFEsE 9y TR ZEIHIILH, B3 A wEedd FAR
FAAE AYstd ZEATES AEE T UER 9T ol 71EY 7| FF9 AEs
B2 o] s Aguigel B 53} w9 EES MHEEozN EHT F

Fsle A AbH dwd F Qe oJFE Z1 vk B o AFS A v5H
A ALY B e FAANA BAANDT vE 2 F 58 BAAEH F e Aotk

AgE ROMUM2 ¢oze o ]l AdEARA oz o 2R 2AAF AL M2 &
HadyozA Al XHE o|FUTL F g oy o)#d AFAHAI AF B EE
A ARty X—’r?i"‘%g‘ BgATe £ F en, £3 o8 ZArt dAE AgdF A
BEEANLS AES A3 A F3HA %?—-13}“4' =@ SE e Aot adY YA
ohd /}_:IE;TJQOHHE AolEA FAYJAIE AEE FI A HAeH, Heol dAERY BE
38 FFoEH APdUEdd e 3?3*]7}—4 A& AR A¥E F Ue WAE AT
& & dted 2 9ort s Aotk

wetAd, Foz gaRgds £ o Edidte Be HEAHE tFo] B Aol F& AolH,
ole] A¥A A7t AR AJ@EAML AHEAHH o= A AE YegWEAdd o
AME HEE sine Zol vhg Aotk gy olgg A7 & LAHAA BEALE A
b o)A EAAZE ALge Held 2 wuel i3 & HAE37] AT AER FAY HF
B XY 22 AgEHuy Y MEx Azsior & Aol

émlorkﬂ:ik‘i;&ﬁ
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e
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