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A Study on Estimate Method for Transport
and Reach Moton time at Short Distance

Masatoshi IDO*

ABSTRACT

This paper deals with the time estimate for Transport and Reach motion at short distance(2—
10cm). From the result of the previous experiment based on the triangle model the time estimate for
Transport motion at long distance(10—25cm) is suggested. In this model, it is found that the accel-
eration period is influenced by distance moved, and the diceleration period is influenced by the ter-
minal control level(TCL) and the distance moved for Transport motion, and that the diceleration
period is influenced by the distance moved only for Reach motion.

The purpose of present paper is to discuss the experiment equation based on this model for time
estimate of Transport and Reach motion at short distance. It is considered at short distance that time
required for Transport motion is influenced by the distance moved and TCL which is the clearance
between objects and that time required for Reach motion is influenced by the distance moved.

Two experiments are excuted by eight right—handed male students served as subject at a nor-
mal pace. In Exp.1, twenty combination of five distance and four terminal control levels are pro-
vided. In Exp.2, five conbination of distance are considered. Each model task is to reach or to
transport from a start point and to a terminal point.

The experimental equations for the time estimate of Transport and Reach motion are obteinded
through the result of two experiments at short distance. Transport motion time can be estimated by
using two equatinos in which the variables are the distance moved and / or the clearance between
objects, and Reach motion lime can be estimated from the distance moved of one variable equation.

Lastly, the characteristics of estimated time values clarified by comparison of the estimated
time values with Methods Time Measurment(MTM) and Detailed Work-Facter Analysis(WF).
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§ 2. 4GIERETransportEMEDHEE

2.1 SgiEEETransportEhfERsRl Dk A

BIEEEHA10~25ecmDBE . =ATEE £ FARHE-IT, TransportBFERERNIR (1)t X
hEEEh A1,

T=5.300d  (1+3.758R ) (1)
il dBIHEEHEE, 10=d=25cm
R:TCL(z2 bd V) v 6 £R=18mm

A(D)XBHEECE L F OB O R REE R A ¥ COMBREERDOBS & TCL(= + V)
DR E U TOIMBURRFR & FEIREER) & D DB & DB Ty TransportBhfER & HEE T 5
MEELIL>T 5o Bk L &k 5 RERMOBFREDERLMER. WEHEY TRT50HE
BBHLOT, HEEORDH L LTKDHIREE <,

(DEATEEEFARIWTUL, R(1)SHR=17.6mm®d & ¥ INGUIRERR & 3k
BELSILD, Licd-T, EEMACEZ 3R=18mmDBEDORRELRD T, £D1/2

- DfE% IEERRE & RET 5.

(2 YEEERdR K10 % 6 SR=18mmD M2 #il- T RRMERD, ZDME» 6 EEQ)TRD
IRREEDZE XKD, Th PRI ERET 5,

(3)(1)\ (2)DFHMEIT L - THRD b 1 fo I & BMAURIEM O R L R, #iBRo=
ARHE T F O L ARAEARED Sh BT, FORMkR & HEE#DTrans
portBfERFHIDHERE T B BE T 5,

(O =ATEEETNMEC Lichbis\W 581k, BIERE: = b ) S OBIGREES BRI L, $Hit
IR LR HET 5,

Ll EDRiHRD & BEEME D Transport BIfFREHIORD HiZ, RO L 5 EETEZ LN TE S,

ZANEEETFAREREIBAIRN(2)E2B X B, £5 THRWBARR(3)BEET S,
T=f£(d) {1+£f(R)} (2)
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ciZ L, d=8EhpakE, 2 <d<10cm
R=TCL(=+Y) , 6 <R<18mm

2.2 536 TransportEERRIORIE

PEDE L HeHESE, HIEEEDO Transport B FRRZNET 1D, KO L 5 LER* 1T -
o
2.2.1 EFIMERLERRER

AFREEY (2 ¢ X60mm) %2HbH, HREOHEEEE LOEA (SP) RUHMH (TP)
DZRRZESIEREEETNVE Lic, RRERE LT, FEH(A)IX2,4,6,8,10cm (EHIERE)
DS5KELL, EVELHNMOMBRLDOZE (2t Y) #TCL(B)& L. h¥h6,10,13,18
mm® 4 KELRE Ui,

2.2.2 EHERsMIORAIRES L URRE X

TransportBHfEDBAMR A LR TRA T TORML, ThPhEASLUCHENBEAR =T 7
R v FRREL. ThRIAF ZM < — (FHIHFRBRE) 288 LNELT - oo NEMALT
1I0msThH 5, BEMARIE, =4 J0Rq o FRAEGHTATCLEROA & X0EOMTBE
AL,

BREREFEBTFRESBREMA Lic, BRI DEELEREL LT v X ARIARF
TiToloo ERER—ARERHITIIMTMAR — R & Lo, BEORRREE[1 ] AR ES
B, R(1) L BBE#HI0cmZ 1513 3 £ TCLAA T ORMEMES XD, - OBEIKEHE-
R—2¢ L, BRECTTFSHE2ThE,

SN T — 2, 1FRBRE. RELIOVS JABLLDI0Y S ZJ A% 3Hnge L
Too TR CRABENE L TF — 208233 DC, §iEC10Y 1 7 A DOEfli% 1 BOERF —
FEL., BERERZBRVELT—2& Ll

WNFyq4q O

Fig.2 JEFE# TransportBh{FR ORI BT DEASH
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2.3 SGiERETransportEh{ERsRDAERER &L ER

£ B OHIER 3513 5 TCL & TransportBHfERFEIONE DR RIL, Fig.3D L Skl ste 2~
6 cmDFEHEETIE. BMEIRIE—F T, TCLE X AERALN Y, 6ecm®P 2 5 &, FR#E
BTCLHBMELS (2 P UMKEL) B Lich->THER L, {BEMBRHERTHE <D, TCL
DHREBBDHOI S,

THI, MBOFERERC L - T, £BHHEEI ST 5 R=18.0mm0D#4 ? Transport Th{Er /]
D1/2% InURREEI & Uy nikIiResi % 2 Lo\ o RpM % BRAURIER & LTRD .. BEEEES &
o DTSR ) & HUR IR & DR B RD T HIRIEFig 4WRT L H it -t BEIFERE2
~6cmTOLERIZEF 1 REVETS -7 BEEMNMET S22, TORRIIKELL LD,
R 5 MeflidR Lo FEEEOcmiZ B\ T, HIEL 1 JDREREEML TV i,

o\
[~] 2L (cm)
°\ \o a8 (cm) 1.64 100
° \ TTTT—— %10 8 o
O — 6 8 " °
o\o —_—_——— — 0 3 M °
®—o o © a 2 4 8
O -0 o o 2 1.0 - Os===0 [ S — )
T
o 8.0 g 13.0 18.0 o g0 8.0 13.0 ‘18.0
TCL (aa) TCL (=)
Fig.3 BHEEM T & OTCL L Transport Fig.4 BIFEEZLOTCLE HREORER
Bh{E R D BASR

LLEDOTUERERD S, BEHIERED 6 cm AT O, MUK FH & BRI Zh 7 <,
WEER R, TCLE XAMERALhEWI shbhole 6 ~8cm~LIERENHET S
E2oh T, TCLREAHERHBEETIZ 00, COMCTCLYROMENEET S - L2 RE
LTWB3DEBL b3, 6cmblT T2, BMBATORSETI LD FX AN~
BETA22vY oA VAR RABETHD LR SN, Z OEMIK K3 5 Transport B fF
REGECBHEROBERICYELZ YT, 6ecmPBL3LFD IV bu—-LOBERF4ACE
<igh, LBOMKE UTHEL L, DIERHEIZBIEER L TCLOERCEEBY 53380, %
xbh3,

LichioTy ThODBFEREFED S, KHEXHET 2H4CE., BHEM 6cm¥ X5
RELTHRNTAZ EMLEEKD,

9, 2~6cmOBLIEHD Transport BHERFHIOEBER I DWW THt T 5, Tablel (3B
BHEEME(A) & TCL(B) &L 2R T A5 MOV DR TH 5, BEHEROAREE L -1 B
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B3 5 BERH OB % Fig .51k 3 & EHOBEA YR Lico BRI LT - ¥R, Tabl
e2RRTIOLHRKREZINALIAT, ZOKMIZE T 5 TransportByfERERIIE. BEIFEM
RPERETH-RATHETECKRETH D 2 EHHBI Lz, ERALZERDS ER(4)HEEXDHH

hf\:o
T,-s=18.43+1.02d (4)
=12 Ld: B G 2=d=6 (cm)
T EURRBOBREHTEEL
S. (b,)=0.2118
S, (b,)=0.0490
BURREOFELESRET HHER
te=|87.002 | >1.971=t(94,005)
t,=|20.793 | >1.971=t(94,005)
EhDERERLI
1
@ 25— @
; / ‘
- kY (amd
C,: g L= 6.0
= / X, 0.0
§ *:13.0
20
5 4:18.0
o 3 2 s
BBt (cm)
Fig.5 BEEN 2 — 6 cn® TransportBh fERFE
L3 & | ® 5T HaE 5 fic] & i) A | ¥ 7 fjaeg o | & & &
BB B A [266.0580 | 2| 133.0290 | 206.3370** ERZE) | 266.1000 | 1] 266.1000 | 432.3340
_TCL B 2.16021 3 0.7201 1.1169 ] 2| 57.8567|94| 0.6155
AXB 1.5117| 6] 0.2520 0.3808 b= & 0.0080| 1 0.0080 0.0145
s S #= ] 54.1562 | 84 0.6447 & ¥ ] 266.1000 | 2| 133.0550 231.9080
H) 323.8870 | 95 & P3| 57.8477|93| 0.6220
Table. 1 B EFEHE2 — 6 coKRD £ % Bb|323.9570 | 95
TransportB{ERsEID 5 B o # sk Table. 2 BEHEEM 2 ~ 6 mXD

TransportBy fEBRI D 2 B ik
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—7iv 6~ 8cmDBEHIERET 517 5 TransportWERE D 5o ORERIZ Table3 D L 5T,
BERECA). TCL(B) R XUMEB DL AFAAXBIBRERE L oTee ELRBRBRIVTLHE
IEREADRIEH 5o FEHE6 cmiXTCLOPGRENR AL D LIV DOT, KSR LTH E,
8 ~10cmi > WTHERFH 21T 5 &\ JEH L TCLR2ERE THLHERNTHRETEDZ &4
Mol

EAEAERDS EA(5) &7, ERBROBEHTEL IUCERBROEREYRET Bt
fEILTOX 5> hERER LI,

Ts-10=16.27+2.14d—0.49TCL (5)
TRl d:BEEEE,. 8=d<10 (cm)
TCL:2+Y, 6=TCL=18(mm)
Se(b,) =1.866
Se(b,)=0.199
Se(b,)=0.043
to=]10.766 | >2.000=1t(61,0.05)

t,= | —11.555 | >2.000=t(61,0.05)

B BRB(THApgs #&| 5 %4 B R FHFMEN s K| 5 8HE
BE Mt A |929.2660 | 2| 464.6330 | 298.6630°* B 4| 632.922| 2]316.4610| 124.71**
TCL B [263.4920 | 3| 87.8307 | 56.4570** B | 154.797 | 61| 2.53766

AXB |120.8280 | 6| 20.1380| 12.9446** 3 | 787.7190 | 63
M #%)130.6800 84| 1.5557 Table. 4 BHHEM 8 —10cmERI D

3 [1444.2700 | 95 Transport B {ERRID 2 B ik
Table. 3 EHHFER 6 —10cmX D

Transport B fERERI D 5 ik 3Pk

§ 3. SEFEBtReachB){EEFRIDIHT

3.1 4EIEBtReachBhfERERIDR DA

BIIERE10~25cmD ReachB) fEIRF R % HERE - B B E DRERIC S\ TL2 ). ReachBifFsEl o
BERE LT, FOBMEMSE TCLE ¥ EE L. ZOWFRi3 3 TCLIZFEOBEO H I
BN ICBBWEOKRE S (WERDER) &20WEkOE S (KF L BREEES) ThHbHo R
BRI ER O A EE~DOEBERTH B & &MY LT\ 20T, HIEHReachBhfF
THOEBEMOL Y ERE L CHFHOMERATETH L EEL bR,

Lichio Ty S CRFOBUEMLIFMPERERS LT, YR A 285 ReachB) fF
I DHERE 2 a3 5,
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3.2 SEiEPfReachBfEREMIDAIE S %

BhfERefOREL . ERENTIEES LOXKL AR <SI J0R 1 » F2HEB L. Th
RenF247— (HHFBEHN. NEBA10ms) 2EHLTIT - 2FH, BOARIES
FEHELDEILIBBIMIF A T T AMANC <, oA [ o F28RAL, TOLEMEYEEL.
BOBBFCHEI A vy FABR LD LI

REHEIL 6 ¢ X20mmOREH L v & L, ZhEKPHE L1, ©Y OBl RRIE R
fIh¥itze EFMERRIERDSFER2MILAMLATKEBIhD EVEIBEL, UKRSP
TEVZHECAR, ZEARRIBELIFETHS. BDHEMERE(A)T., 2,4,6,8,10cmdD 5 &
MERE L. TOMONEFES XX, siBOEEE Transport PFERFRIDONE & FARTH 50

3.3 4EIERETransportEERsHIDRIERREER
WEDOK R Fig. TR T L 5 B HFEM Y LESMERLE A bR, OO RLE

MLNEE LD, BRGMOBREIFAEDOFELZRBD O T, — KA THEE R4 HT
BB EHHW Lo HEBRIIR(6)DE OB,

T ;-10=27.59—1.07d (6)

e Ld:BivEE,. 2s<d=<10cm

S .(b)=0.3018

S .(b,)=0.0046

t,= | 58.282 | >2.025=1(38,0.15)

t,= | 23.446 | >2.025=1(38,0.05)
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B E|PHmEs K| o8 E B|FrFopks & 2%k
BE pt A| 366.20( 4 91.55 138.05** EIREEEH | 364.2300 | 1|364.2330 | 549.7320
®m x| 232135 0.66 | &% 25.1774 | 38| 0.6626
# 389.41 | 39 M x| 1.9684| 3| 0.6561 0.9895
Table. 5 FBEIEENE 2 — 10X R D & ]| 366.2010| 4| 91.5503| 138.0610
ReachByfFBS R0 5 2 4% & P 23.2090)35]| 0.6631
£ 7 @5 | 389.4100 | 39

Table. 6 B EIFEME 2 — 6 XD
ReachBifERFRD 7 itk 5 #7 %

§ 4. EERBHEEEROHEER

$EFERE Transport MHfERSRADHEE I 6 ~ 8 cn DB BHEEMEL B Transport BRI 13- 3
TCLARDMEDOHFENRREh DL Ehb, 6mERFAE L, 2~6cmE TRBHERD
AEERETH-ROHEERT, 8 ~10cmTIIBIIERHE L TCLA B & THHERTAEE ie -
oo ol 6 ~8cmOERMICH LTIR(S)RMAFLTRDBZ L HEXL RS,

AEEEReachBYERFRYIS . BEEMOAYEN L LT—KRATHENEL Lo ThEFLD
HERAZTLDTRTELUTOL SILis, HEFHEOMMMALIZIOMSTH S,

saFEE Transport By ERF R DHEE R
BHEEE 2 <d< 6 cmDBHA
T,=18.43+1.02d
BN 8 <d<10cmDi4
T,=16.27+2.14d—0.49TCL
il TCL:=2bY, 6=TCL=<18mm
FaUEREReachBh RS D HEE X
T,=17.59—1.07d
il dBEEEE.  2=<d<10cm

§ 5. MIEMBHEIFHERMOBE

AP ROEEMB B FHEERHEOM B R Iobic, HEEDPTSE: & T 3, HEsdSi.,
MTM(Methods Time Measurment) & DWF(Detailed Work-Factor Analysis)T$ %[3,4],

HB e  HEEMERZ BIHERED 2 AMOBERERTRD SR TV B DT, MTMORRE2
WL, FLWFEOHE T WFEHRME 2 125% 1214 L1=.
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MTME LUWFTCR Iy —AHB\WIT7 -0 7 7 7 3 —TCEOBHOIY b —LDORBEYKX
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6,12,18mm® & & DHEEA % st & Uiz,

Fig. TR WFR B 2B (A) DB, I1WF, 2WFIH & . MTMZ 13 % Reach@hfF & Movelh
EDr —2A,B,ClRffH] & HEBH % R Ltz RICRT X 5 TransportBifEDHEENE L, BEHEERE 6
em ¥ TRWFOIWFBM/ER RIS LTV 5 58, 8 ~10cm TR &MIC TCLIC L 5344 Uy TC
LBV 5 ik 1 WRBHERSRIIC . 3\ 75 Cid 2 W ERERIEARL LT\ 5, ReachBh{FDHfeE
filid 1 WFBHERRICELI L T %, FEEAIR—BD CWROBIMAER & B — s Bia 4 L
T3,

it LTMTMIRIE SR OER 2/ LTV A DT, BB 2 ~ 4 e ¥ C. #iflE
EEE M D KERHIOEREDZ, 6 cmbl LD TIL. TCLOEWHEEHEM~C, R
—CiEE LTV 5,
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18 B EH10~40cmD B BB fERFM OHEEE 2 M L, BRI hi-MEL L T2 ~10mD i
BB OB B ERHIDHEEE X RN Lz & & TREBBTHE Y BERROBBERDR H 5.
Transport§hfF & ReachBhfF & X L THER A% Kb fco Transport@h{FCiZBBHEE 6 cm ¥
TRBDEEZERE L. ThUSRIIBEEM S TCL(2 b V)2 ERE T2HERE$. Reach
B CRBHEMOALER &L THHEANRG ORI,

IR LOBUIMFIBBTRO LN A L ERAEE LD, REOS Bl e OHEE
CREYTHEEELON D,

AEOCABENELVW—HT, ThEIx 5 HMGE LIFEXMNLTE D, 405 ET
DEERDOA ENRBELRBEE L > TL2EF2bN 5, 63K, FEMOTERIZAMRH, >T
M Thbh TR, BAHBNOXANS, RIMERAELZEL D L (FEREVEHOTE
BMTELIHAEEMELTEL &M BER IS,

AP FREBADMERECH - T, BCOFEENZFMTE B> X7 2D
PRAENE LTS, COHACRNFMOME L FBSE LT, #HtEOD 5 i 5 fofFRsRaHE
EROBMBNLEL I, ERLMBT 2B EHOHEREIL. ThZThOBE» bRD B & &4t
HEBR EOBHTHD LEL TS,
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