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Time of Simultaneous Hands and Waiking Motions

Masatoshi Ido

Abstract

This paper presents time of simultaneous hands and walking motions. The unportance of simulta-
neous motion is obvious from the principes of motion economy, So most eperations are conducted with
both hands in simultaneous and symmetrical form in simple assembly woerk.

Under the working system of a worker moving from one work-station to ancther, the simultaneous
motion of hands and walking motoion occurs when the worker arrives at and leaves a work-station. The
features of the combination were revealed through 3 experiments.

When the worker left the work-station, his walking motion was made after the finish of simultaneous
hands motions. The time lag between the simultaneous hands motions and walking motions was af-
fected by a separation distance and a working point of hands just before walking, When the worker
arrived at another work-station, motions of reach and grasp by both hands were made simultaneously
with walking motion.

The reach motion time was limited in the walking motion time, but in some cascs. the grasp motions
following the reach motions were not alway made simultaneous!y with waiking.motions, that is, not
limited in the walking motion time.

As a result of these experiments, the experimental squaitions ar: pronosed fo - 2<'imating the simul
taneous hands-walking motion time and the working area mzking simultaneous grasp and walking

motions possible.
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G4 MLENLT = AF =2 a Y DEES AT AIBWT EEENF T -7 AF— 2 a v TR
MOBATEEERT L. 7 X7 =2 a vHOMRETIHE. HHVIET—F AF =Y 3 v ~HFHT S
WE. FREELFITOREWENRET B,

WE. MRSOMATIEZEIIBITAEEY — 2 = AL, Reach, Grasp, Move, Position, Release {4
kb, ThOBECL DIThbhBAMIERS, BEEROKANI L), MFERIBHENrERShS, L
2o T, ZITE, FREIREIE - ST ORKEHEE R E LT, ZORMEEEIIOVTERLT
9o FRFREE - HITORMEEHE LT, FREBEFFITIVDEIRTIE5E680, MESERRICKRTS
LHEE VI, %5, Release BIfEIZHMN D 7z 2 Position BIfEIZ & & 726

§ 2 HITRBROFHRERIE - HTOREBERR

EEENTHFRRFBECHIEEERT L. RDT =2 AF— 2 3 Y ABEBIT 25 &, FREKEED
Position + Reach®ff &£ 3T &N 5. T D ReachWfEDIE, g oim & % 2 THITHHEE S 11, Reach
e - RBRORBRIENTDOIS (Fig 1). CORM%E RAL 51213, kBOE{ERM B X U Reach B
(EDRMERD B LENDSH, HELBABETH S, &I T, Position BIfEAFET L. HITHPALEh 3
FTOMRMEZ, BRONGF VA2 L B7-00Fk - MORKBERE R L1075 ORI
B IceE 25 2 2 BRI, Position BIEDERSR, TLbLEEEOMBL SEES T TORMB LU
‘f’F%.ﬁ'@@"ﬁ%Fﬁﬂﬂﬁﬁﬁ (separation distance : AT S D) ##iFoh s, #ZC. ThH2EE LR
e OB EEE R T 5. COMEEMRLEES I TOEE, FEEBFIL>TREPDOT, 2ZT
BEFEETEOBRAEEET TORMY BRI EREES T CORBORFL BHIEREHER L LTHV 5,
SO BRKEEREFORKIERM L T2 L HRLNOAMPKREVEEZ GNL0T, B{EEMTIT
BRIZE>TRDHIEERIFT 5,

2.1 RITHERO FREIRGE - SRITORREIERRN (£ 1)
1) £BROAF
E¥RDOMICEBREL U HFETCE V2 /L TR EFhO 7L — MLUCE Y 2 AT B IEE21ThE,

Release
Reach Grasp| Move |Positin Reach
FirEryBHE ' : »
5 = | L
— s
EEk oo fE)g i R [N 1

Fig. 1 FRRREE - BITORBIEOHE
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VEERTT A LRI, ARTEBEAICANTHRTTA2EET TV E Lz MEREES . EHBE LI
EACHT AR EEATE OMBA 2 emIh b EICRELAY ERERIT. EEANERLY
10em %35 L X8 EMHFMIZ, 5em. 15cm. 25cm (S DI 10ecm. 30cm. 50cm) o 3 ki, $iEfR
ML, YEiHRANEEZ0%EE L, HEEILORKFESF100% S, XS LRAFEESODEE
50% HE§ B 3KEE L, LAMoT, FESRBEKEDRANDI yAITLR B

WERSEOREIL. 8F ¥ VANFEAA v F L RAFLAEBEEA L FITORMBEMELIE. FSRt
V- BBEOHROME L UMEIINET2HOBMIES L. AN LEOB I INEDR VT
DEWEA L L. Position HEDOR THRAIX, €V EHATE 7L — MIBDRAANEILA 70, v F%
WMERAL vF VAT LNEHRL T, ENFOHERKTRALINE L. LA T, RREEREIL.
Position Bi{E DR T & ST H 02 E L TRD LN S (WEHAIL 10ms). HEREFIL, BFE#4E
3BEMTMA—XTHAINHLTHEB Lo $72, Position B{EA R T $ 5 L FMRIZHITRHET S &
IR
2) EBROHRLES

IR E ERF I Fig 2 1SR T L 912, SDE Y BERRBEARESHD ) MEXHFERSEN EORET
bh. BEISEZEEETOEEIKEL LD LEEARDONT VADBRD I VI EBFh 5,

SO OER. SDBIUHEEMLEREIFTEL Lo REEHICEENZD b d > 20T,
2EREZERE LTERBATZ TR EH2.

T, = 22950 + 00664 P + 0.0806 S p (n
P72, TS A% L BLHOKREM(1/100sec)
P :BhfEEEBEIL 0<p =< 100%
Sp:E¥MERH (SD) 10<Sp =50cm

2.2 DeE#oRDH

BHEREME A RO B0, ETEIHORAEESEI TOBRMERDDLENH L. T Tl F0HE
HErERICL>THETHIFELHHATABEDOBKEES I TONEL FROMBL ST 5 LH
MEREIIRER = 0949)Tdh . BEIFHITEATH L RQDPBLRILD,

f XM (SD)
Fig. 2 HITRENOFREIREF - 517 DEEE FRH
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M = 0863 H - 106.6 2
2L M EEDSORRERSE TORERE (cm)
H:HE 1608<H=1771 (cm)
L7eHoT, EarOERERATITORMELKpLT2L, BEEMEPRRAQGD LI ICHKYTZ L it
T& 5,
P = Kp /(0863 H - 1066.10) 3
2L, Kp: ZuhoEBERXS T TOERM(Cm)
2.3 FITHREROFRHFERIIE - 3547 0 FR:EH R O 2 X
RO EK (3) 2RATHILIZED, EEBTLOBTHERIILBELKBONT VA% L 57
HOFERFEERRMT 13, R(4)THET L LDTREL L 5,
T,= [22950 + 10.0664 K p /(0.863 H — 106.6)} + 0.0806 S p] * 1/100(sec) )
22U, Kp: AP EREXEL T COEHE (cm)
H: 5K 1608<H= 1771 (cm)
Sp: E¥MERE (SD) 10=<SP=50cm

§ 3 TITRTBOFERRBIME - HFTORKEE

(ERED, V=2 A7 — 2 a VIZHF LBE, HITHRT T 1S WFERBED Reach + Grasp B{k
2Tbh b, ShODFRBEIR, LD &S LWESRNE THITORBBEYEIZ % 5 2R 5. ReachBh
TEIX B BIBEREAS, Grasp BHfRIIMEDOBRIEH B, WHROKEZBIUSDAEELMELRTH L, 3
T. Reach BifE & Grasp Wik & 51 THREHT 5,

3.1 HIATRTHOFHRE Reach Biff - H1TORBIE (E82)
1) EBROANE

Reach W DML BERIFOBHEEDOATHLOT, FEFIIEEETI CHEESTL, fFESE
D2EFLSIFEMITHERLEEFVE LS

BRAEZEELRESE L, XBEFHHA25cm A (SD50cm) 25 2 em HBTHEAHEICS D & 5/-
BELEES, TOSDEHTHREAD SEFEEHMIC 2cm M T 10em B8 ¢ bic~i 70
T FERELL. BNFOTA 7 URAL v FOBERA % reach BIfFOR THR L L, BhEDHE
TLEMEDECE O IREH « , 2 FTORTHAE L. X8 (1) ERBICHELA. LT,
US t,ONEERTHIRRES 2D, Reach WEAISMBIEE 4 5, ERRICEEL T, KTz
MFEEEESICHRDZTRESER L IIGRES X7,

2) EBHFLER
BEXEICBOT, RAELTSD 5 0 cm TOMFEF M Reach Bk & TR THADEDKRES
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ToZiaRk, ERRENEDON. Thbb, FHBELL ¢, <t,OMFEIZH Y. %171k Reach BifE
WX T ARBEETH L I EHHB L, Lo T SOFEEIRANTHNIEER B reach BiE & 17
IEBEEENTTRETH S &V 2 5

3.2 FITRTHOFRER Grasp BiF - H1TORMBI% (£5 3)

1) EBROWE

TV, EBR (2) OfEEEFNVT, BEBHETE Y ES mmEHRE LT, BAELATSD % 50cm
75 30cm DHOFHEBROFE R, WFGrasp BFE L BITORKFHEIL, SDICHLTEEOHEANES
Nigdpofeo €T, SDEFRBIENHEEICTIEE 225 30ecm T E Lz, ERERIZ, € rotigs
ErBEEKFO2KE CUEE2, 4. 6. S mmD4 ki, SD% 10em, 30cm® 2 KkiEE L,

EBRAEZ, BREESEEEREL. SD10cmB LS D30em T, FAED S FERHOFIIZ 2 cm BIIE
T, FRBHESTRLEESZALLL,

2) EBRERLER

KB RIL, KPS OHETIE, €% 8 mm. SD 10cm THMFABBENTETH HH, ¥
EHINEL, SDBREL 25 L& FRMENTAREE 2 5 EEMAR SN,

EHHBROBETIL, LOEYETHEBRBIENTREL 2225 SDA. KEWEFEEFANICAKE
FETREZ R RSB T HEA R O Mz S ORI EAT % RS BB EICL VR L 20T,
BERSEICE TS, Fig. 30X ICBIZRCKEL o7,

THAHOERE, EVEBIUSDERIGEL LY . REERIEEI RO LN LN 02D TID
2REFEBL LT, ERBGITEAT o 700 FHIFN Grasp Bk & 8174, RIMEEH(ET 6 & 1 2 BYEIERE
Ep & R (5) THEMEEE o7,

p, =42158S - 03513 S p + 21.4833 (5

L, SIEVE 2=<S=8mm
Sp:EXMER (SD) 10 =S p=50cm

[ - (mm) ‘ ¥ v i (mm)

®
Fig. 3 FTRTHEOFHFR Grasp Biff & BFTOMBFTTAE L8 H (BE{ROBE)
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3.3 FBiGrasp B & KT ORMMBEBETRE R MEEB O ER

FEPAEOBE, FMEFEEATREE 2288 P vid, R (5) 12R (2) #FULTRK (6) ELTKRDS
NBo L7h o T, FIRFEIERTHE 2 (EREIRIL, FIRFEHIETT GEBERE & (ERIBEREIC X W RO N B B E L B

P v ={4.2158 S - 03513 S p + 21.4833)%(0.863 H -1066.10) 6)

727EL. S EVE 2£S<6mm
Sp:fEXMERH (SD) 10 =S p=50cm
H:H& 1608<H=<177Imm
B, KFEEBEDOHE. WF Grasp B & 1T L DRBHEEIRT TH 5,

§4 b U

Ty AT 8 Y HOWRBE, 5 VIRBIHRCBY 2 FREARSE - FFORAIEOVTE
BEefTolz WRREBRONT VA% L3O ORRMERBOMEEFELIRE L 2 EEBHEED
BEIE, S ORMERITEERBICHM TSI 8iCk 5. —h., HEBOBE. FHERReachBi{E:
FATIX, FIREI{ETRETH 5 2 L 2 SMIT L7z. GraspBifkid. K BHAOHE . RBEEIIRTET
HAEPEBHRETIIBERFICS ) RRSHETELEEBOFELHOPICL. ZOREREFREL 4

BETE D P T S #(Predetermined Time-Standards System)Tid*’ 3, FREBI{E - BITORBEE{EICH L.
SWHFTHTRELGHHEOBRBICER LN TV, FHEOKR. EROMEZICAL 5 £ WEkIC
Lo F72. fEREBFOGEFHEER LRIV, HLWEEFEEZRAT
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