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A Study on Time Estimation Model for Transport Motion

Masatoshi IDo*

Abstract

In making start-stop motions, W.F. DEEGAN revealed that the human hand or
arm go through a period of acceleration to maximum velocity, this velocity is main-
tained though a portion of the motion and finally the hand or arm decelerated to a
stop.

By this experiments, the hand goes through acceleration period to maximum vel-
ocity, then decelerated to a stop.

As a constant velocity period can not be observated, graphically the model of
velocity of hand moved can be approximated to the triangle.

The purpose of this paper is to examin the characteristics of this model and to
descuss the experimental equation for the time estimate of transport motion.

Two experiments were executed and five right-handed male students served as
the subject. In Exp. 1, 18 combinations of three distances moved and six terminal
control levels were provided. The subject’s task was the moving the pin from start-
point to terminalpoint in normal pace. In Exp. 2, seven moved distances were provided
under the fixed terminal control level.

It is found that the acceleration period is depended on distance moved and that
deceleration period is influenced to the terminal control levels and the distance moved.
Furthermore, deceleration period has logarithmic relationship between the ratio of
accelerated time to deccelarated time and the terminal cotrol level.

The experimental equation for the time estimate of transport motion is obtained
through the result of experimentts. The time of transport motion can be estimated by
product of the accerated time equaition in which the variable is the distance and the
ratio functin in which the variable is the terminal control level.
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MeTbh2BFr BT AWECH 5, BFOBNR L D H2BMFEET Wbt LK %
“fi3 (reach)” B& L, »HAM~WhE BT SHE (move)” BANDH S, ¥, PS5 VA
A — b BERANE, OB FORKTHLhBAEFLHET 558 L EEOBHT X2 EMic A

HERRTD, AN BEEE LA, BERYoFELER - &L, BIHEMU~OERE
TORESFTH S,

BFD PTS #Cit, ChHDBROFEPDOAHICL »T, £hZh 5 v RH— + BHERE
ARDBDOID LS5 ->TWw3, “f3” & B8 OZMED L5 v A #— FBFBIL T
HREH LV~ AF 4 (WF, BMT, MODAPTS %) &, FhFREFILTH-TV BV AT
A (MTM) $TH51, WEDO S YA E—  BfEILESHEOERBR IEROER Y BT,
BBHOEEL TR R LU ARMANDOER S OBENRMEEHYE L, TORY CRAEERR
—DORHFELETHIIDEELONS,

C T, MPRMIERYEL, BEHEEL B ~OEEEOEAV: (Terminal Control
Level &L, LITF TCL &\5) 2EBRELA 5 v AK— FBIERRIIZOWT, FOBE=
FreRHETII LYY, BREEEEYBOTHET S,
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F®i PTS T, EEO b7 v A#— + BifFofEv s, B3R, BERTlRIh3
HAEEEET V% E > TRELRTLATV 3, MTM Tk TFE¥% 04 ] £XYfEo 2 1 70K
Sffbh T h, WF B TIOEBER BRHBE] OV -2 7 5 7 2 — (oI
BhTW\3B49,

ZDET NI W.]. Deegan I & » THHAIh, PTS gk& L Tix L.P. Lazarus i¢ & »C HPT
(Predelerminded Human Work System) Z#IGE STV 5, HPT CiImdR, EaUR, ¥
BMORGHBERNY 0.4, 0.2, 0.4 &L, Zh¥EHOHFBRCRALBEBHFRMIEY RS T
59,

% T, Deegan OB RARIZOWVT, &, PLENY X2 Licd37,

Deegan {XE831.91 v FOHESI THIh MO LA S 1 ¥ — B E, HELXWEF B
SEHI LKLY Fig 1 T HE2E L, CoMBRED BC 0EZRY L ERRLL, AB %
IEK, CD %#ER, IO DAY HAOERE LT, ThEROEICHET 2 XEhE1b
ReffER RD T3, RBRKHIBYOHE, Eit, HIEo&kttE L, ThEhof&ls Lzl
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Direction of Movement of Poper

Fig.1 Deegan O BHEIED iFEF1

Table1 Deegan® FAR KT HEFROBRHE (%)
7R a way from operator toward opevator
M
B\ | e | | AR | A | R |
a 5 | 387 | 190 | 4.3 | 411 | 19.6 | 39.3
8 10 | 387 | 17.1 | 441 | 423 | 18.2 | 39,5
E| 15 39.5 | 16.1 | 44.3 | 44.2 | 17.3 | 38.5
2]
g 2 | 393 | 19.4 | 432 | 425 | 18.4 | 39.1
g 5" | 50.6 | 242 | 25.2 | 49.4 | 245 | 26.1
%5 10 | 453 | 21.8 | 329 | 47.9 | 220 | 30.1
£ 15 | 424 | 19.3 | 383 | 47.6 | 20.6 | 318
£ | 2z | 461 | 2ts | 321 | 483 | 224 | 20.3
(+6) 2 .
i/
h
1 N
(=G) 2-

Fig.2 BB O=AFR

FVTIL, Fig 2R TIEEETAXRHENATV 3, COMERECRERROFELRD
Twizyy, Thbd, MEEORIHE T E»SLHE DHE~NL, BMEELCEEL LTV 389,
ZZC, BHOLKFS v AH— FEFOMETF — 2 ¥ BUEKE TCL 0=204&H40d &
TL>THhBE, Fig.3 diRT& 5 I L MBS TEMEBIIHARLE L\ 2 E2h 5,
BREEETTMETS L, TORIEETIBRRTHY, LHEOL S v A+ -  BHIFEE RS
HEXRARETHMERE HER TR Ih b0 LRSS,
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Fig 4 =ZAfeFroisR
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DT, FOBEXEOLNTL, 5 vAR— FFREOHEEEOKN21TS,

§3. LEEMHCEIB T AR— FBHEETILOHKKE

SABEFARCEWT, BAEECET S COMERBEME, LOROBERT  COME
B L T TEL D E, BEOBERORMN TCL ¥R, ToRMEREMRSH
330LEZDIhD, T T, ZOREBHFTHIAENT, ROL > LERELXT-1,

3.1 RBEOAR

KRRINBLELIC LS v AR - FIFOABEELRET 5 - L X Y RRKEEEZRD, £h
X b BhEBALARS A &R AHEER L F OB OBIER T X CORMEZBEL &,

BhfFEEORIE, Fig 5 KRTHIFEENERA (BHED 2EALL, Co&RBEFY
BB RAER R 7 + b= A tvM 27 rav . -2 Y A7 ATHIREh, LED % —
¥y bBOXE VY —~, FAEL, ZRIEOMEHIT S, LEOHNT — #1210 ms
fLT7ry €—F 4 A7 REFSh, PRLZRTRCBDERLBHEEXHNEh S, ERLE
BEACE~ 2 A, #2%&feh, TOWUFEORBIRYREh, MLEHNT — 2B
LTHAENS,

A28 =0x~A

XYSazy% Rvavesy

Fyva LED CL'_LI
S.P tyyay i

Fig.5 ByfE#BENERE OB AR
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ETAMERILLED 2 &% L AMETCE Y (2¢ X60mm) ¥ EFREFD, FREONWHAE
CHHERXLARAR (RESTEOMAER LiBUHIRL3HMBRVELIERTHS,

HREHE LT, BRE LR (A) %10, 25, 0cmD=K#8, TCL(B) 112, 6, 8, 10, 15,
20 pmm®D 6 KL JWEL =, HREIEFIZBFRESHYBAL, MTM -2 3+4418
ShaECHERTbE, BRIISHE Y OfFfEk 7 v ¥ A RIEF CfTotco PIVAR— B
FORML, CYyRERYERTHLAEACEMTIETEL, =17 A1, 7OFHRE
DHHERTRIL, BHIFRMBIERYROMET — 2 BEh HRDI,

7 = 2 MERBBREBRREL 10 A A B6D 51 2 A 3OS E L, fFET
BARNEL CTABTHDT, 5412 vOFHEY 1 HORBRT -2 L L, HRELERIEL
F—2 il

3.2 RBOBRLER

BOBEEES —E 7 51X, Fig. 6 RTX 5 WinEK oMz TCL BB IhTF—EBoHM
BAhHhic, HBEATOBER Table2 B 5h, MBEFMIERA)DLNERL L T, ¥
7o, WBERENL Fig. 7R3 X 51, ThZhoEcis\C, TCL XMEL 3 (BEp»n
RELILBIHEVERL, TCL H¥RELBBEYRELTWBZ L2035, SHIHOBEL
Table3it4 % &, FERE (A), TCL(B), S X UL TCL OXEER (AXB) siEfE %k

o aa(w

£0.015ec)

TIME

[ ] L] L) L] ‘ q » LJ '
[} 4 L: ] 12 10 20

?CL ()
Fig. 6 m#gic ki 2BERME TCL DBIGRMK

Table 2 IR O RO 2> s
H RB|PHA AHE| 2 #% | 9% #% k

A 1542. 97 2 771.48 362,60 *=

B 12.50 5 2.50 1.18
AsxB 3.83 10 0.38 0.18

E 153.19 72 2.13

T 1712. 49 89
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Fig. 7 HER ST 5BH§ME TCL ORIR
Table 3 HMIRORMD 2 BiaiFS

- FhHM | BHE| & & | 5 #® K
A 12797. 80 2 | 6398.88 | 6398.88 *x
B 17574, 80 5 | 3514.95 367.59 **
AxB 917. 56 10 91.76 9.60 **
E 688, 47 72 9.56
T 31978. 63 89
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BLEO&KRMS, MERORMEIIIERCEEL, BEBORMIIEELE TCL THEEL, Lk
PREFANFEET DLV 58BRRETHDZ EHHALL,

DT ki3, MHREREEESBS L EBCRL I RN E o, RN EE &
TCL i X » CEMTZ BHTHDZ XYWL, LD S A X+ BiffodE=F 1
¥E2DE, BRREECBHESELN—E L LB, BfEoMAE—EoRMCHERAL, B
fEORTRIBEENSE TCL ORI VEMTHEWIRELETHEFLTHHLEES T &
Neakd,

§4. +FTRR— PEIERFEOKRDHH

DX SRR T S 5 v AR F PfERMOREEYE L 5B, E#E TCL Lox
EfpREETHARDELOFHREIUME LS,

T TMERORMECHN T 3 MBS ORMEDOKER (ER) 2R, toffke TCL & o
BIROBmt ERAR e, LOBREHECHL TS, TCL ARA—0OLKERIIIE, ORI
FA—DfEER LI, TCL DREIZTLERYMEI RS E, TCL BEL foH L eriv G
THIREMBOEAN A bR, WHHETC 7w, 15 & Fig. STRT X 5 BBER & -



240  PRL2(19%0) 2 EEGHEBhNC Y B b5 v AH— FEMEEEE FLCOWT

s.o 1
g *° \\
L N
~.
~
1.0 T g | -\-\?
2 a 610 20

TCcL

Fig. 8 Mm@ s 5 BB oMt & TCL DBk

Table 4 WM& TCL OB ST

BE RA| ®r5q HAE| TRk | &+ #% &
ERE D 2.7428 1 2.7428 | 514.9260 *=
" oz 0. 3011 88 0. 0034
- I 4 0. 0286 4 0. 0072 2. 2344
£ M 2.7714 5 0. 5543 173.2125 »«
& A 0.2725 84 0. 0032
= 3. 0439 89

1O TCERYRGHET %,

BRI Tabled WRT X 51, —RPERE LY, FRi: TCL ¥ TR E T4 BBRRCH
EFHETHDHZ ENPBLL, ERRNLRDBER(1) LD, BREROBEEHEMITR(2)
WiRT L 5whEL, BREROFUMEERET S ER(B)ELDERELL -1,

¥=0.696—0.543R  (R=TCL) (1)

Se(bo) =0, 0186

}
Se(b;)=0.0193
to=| 87.228 | >¢(88, 0.05)=1. 980 } 5
t,=| —28.0386|>¢ (88, 0.05)=1.980

PlEd 6, Inikisf)icd 32 B & offRi%, TCLIRX > TRDTH IV L¥iHx
hB, f~T, t35vAKR—BIERFRIOHEEL, BEEEL T L T 5 MR ORMENHE
TELE, BREEYRULHIEREL - TEABCHETHIENTEL 2, 2O S vAE- ' §
ERBOHEERRIR(A)D L 5 ERT EMNTEL,

T=f(d) {1+ (R} (4)

T f(d) RmdR o HHEE R

f(R) 13 TCL Mo fERERDIHEER
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§5. mEHEMORY

KR(DOHEFEVT, R ZRBOR(LINZhEHYT 0T, R(4AI)DLBFFVvAHR— M E
TERI R HEET 2o £(d), Tiebhd, MAROREFEELBE LI TREL VW &itis
5, CORXHALMICTHIHIE, UTOERBRYT -7,

5.1 RBOAR

MBRFEENL 3.2 OBRTHLMC LA L S e, BYHEROLXEBLYZI 50T, BUHERE
DHZEBERETHIERETLEEI,

EREZEOWMEALICH XA L BEROZAMYEFC LED ¥¥F L A v (24 X60
mm) FLEBHI LI EMERYTHEe, BEAIR20mm OB RYEEL CHERLK,
EHRE LcHEEC(A)IRIL, 15, 20, 25, 30, 35, 40cm D 7KL Lz, BBEZX MTM R—x%+
SEBLLWRREF—OEFEBFREERYRALL, BffrEONEERE, RMEDORDY
7 — 2 OABITEERR R & FRRCIT -7,

5.2 REBOERLER

ERERY Fig. 90T T, ZKRMBOERMM AL B0BDTULE VAR L, THNEEET =
vy FT5E, 25emE TIXHBEBEEAA, 25cm Bl B3 HBE ECRIABRSE L 5 hdibhic,
FTT, BemERSALE L TZHELThEhERIHF LT -7,

30 -

20 —

Time (x0.01Seec)

sume (Cm)

Fig.9 mndigicisit 5 BHRH

Table 5 10-25cm (B4 77

2 A| *FFRH | gaEE|] FEsEK 4 B K
EREEGD 0. 0866 1 0. 0866 514, 9260 ==
= =3 0. 0037 22 0. 0002

B % 0. 0005 2 0. 0002 1. 4960
% 53} 0. 0871 3 0. 0290 180. 3790 ==
% A 0. 0032 20 0. 0002

£ B 0. 0303 23
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10~25cm i1 5 3 i % Table5 icid &, — kN HRFE e d, Z ORKMERC KT
BfERRHRBEEEY TR L T BB CHRETE LR TH B = EAHB LA, BRI
R(3), BRFHOMEHRMEINEISAR(6)I L), ERFBHERIR(TELDBFELYRLE,
¥=0.742+0. 4044 d : BEhiERE (5)
7272l 10€d <25cm

Se(bo) =0. 0219

| 6)
Se(b,)=0.0178
to=|33.9301 [ >2(22, 0.05) =2, 074 ] N
=1 22,6920 | >z (22, 0.05) =2. 074

FIERIC 25~40cm %3 5 3T ORER % Table6 itiT, —kMiBEFTLLH, ORIk
FABFRRIBEBEEYERE T 5~ RATHETELAHFETH B 2 LAHH L, BRRI
R(8), ERREOREMEMIRN(I), FELLTLAERFEHIIRQDEERERBL,

?=15.62+0.174d  d : BHHEE (8)
7e22L  25<d <40cm

Se(bo) =0.641

} (9)
Se(by)=0.1944
to] 24,3656 | >¢ (22, 0.05)=2,074 ] a0
t:] 8.9508 | >¢ (22, 0.05) =2, 074

Table 6 25-40cm Bl43 47

B B ®rHf (adE| Bk | 4 # K
Bl ET 22. 7071 1 22,7071 80.1169 =*x
2 6. 2353 22 0. 2834

=T 4 0. 0185 2 0. 0093 0. 0293

& M 22. 7256 3 7.5752 24,3701 *x
& BN 6. 2168 20 0.3108

2% 28, 9424 23

§6. T RMK— FEMERMOHEER

DB RIS 3 % PHUR SR O i B O A R O IEUE R M o #E R HR(1), (5), (8)
ELTERERRDOIAICDOT, ThER(AIERATAZ LIz > TBEIERSE TCL 2T
ETHET VAR P BIERSRRHEET 5 Z EATHEE e o7, HEERRZRALD, (D0 L5ic
£%,

10< d <25cm D4

T,=5.52d%*(1+4.97 R™%%) (11)
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25< d <40em DBE
.= (15, 62+0.174 d) (1+4.97 R™°*) (12)
2L d:BniEE (cm)
R : TCL (mm)

SEDERICHT, HBELIMS v 2~ P BfFREA L BEANOBEHL L, BEOR
RESRBESOABROEMAL LI, #-T, TCLAE< k3, $ibb, AMROREN
NELRBE “BR” BERM-TL 20T, ZOoRNILEELS,

COBFEE PTSYETAS L, Fig 10 DX 5 THHN04N, ETOERNHHIOD= Y
DREETCE6mmU LD AEMCFLOETH AL I F v AR- MHFE LT3 %1, ER
BEOMBEE T, FE6mmbl D=tV OFBAIE, FFvAH— | BIERECHELYR
ESIRWELTWEY, ThABDZE2ERTHLE, T TH=2rVOKREIN6mmEBLS
BEDCFZOIELIBAY S v AE—IIFE T %, SEDOERTIE, TCLEE YR 2 mm
LOENR=2FYVOKEZLEH>TVWBDT, TCLASmmBEOBAY EFEOFS vAH—+
Bfee 43,

A, (12) TH 7 v A# - F QERHEZHEET 5B TCL X8 mmBAlE &\ 5 &
WRE s, TCL 8 mmRBOBAD + 5 v AH— + Bifksf]o# B, TCL ¥ 8 mm &
LTHETHZ Liind, TOBARIE, YR “G8” BFoRMEAMNTILENRD S,

MTM:Move "_,L—_’
et ——————
P

M=C

M-8
wF ’4—->L R
aagnt SD or D 7'
1 IRorcD
BMT :!Move '< P
M=CP M~C
PositlonRm I‘_’I
P
| 1 1 1 [
0 10 20 50 (mm)
2h0Ke ¥

Fig 10 &PTSOD=FYOKRESLUMBDORSA

§7. HESRMBEOKR LR

FHEDO b 5 v A - + HIFOHERMELEEFED PTS BEORKMMEL ¥ Dk 5 critd 54
HEZRONICT H DI HBERNT 5, S MTM, WF, BMT <53,

MTM L DK TR, FEROBHEENEREEY BV TV-30T, MESHhE (X, V)7
= 2 LBSEEY RDEELT » B,
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MTM © Move (2= b VDKE S 6~12mm% ¥y —AC, Th bk r—ABHBViLr—A
ALPFELTVWB0OT, hicdiGl THEM%ZRD Fig. 11 iL7RT, 2 MTM TiliEEED
Efhic gt 5 BEREOW L, IFEBOERIZH 55, HEMIX25cm ¥XHEEL, TOHS
BREEBN MTM Bk & i3y, #-T, ¥ —ACORMEIZ27cm EHFE T, y—AC
OHJ|ES 6~12mm D= b U TRD LI HHEEOBBEATHIE ABA B, LL, =Y
DhEXLORIETIE, r—ACREROEMHV1ZMmD= b I MhSEE6 mmD= Y DOKXE
XALET B, 2TemF B2 D5 E 6 mmO= ) DOHEEMHEI LK EENELTL 5,

y—ACOHFEEMOLRTH 5=t Y 12mm D BAM~FELBE X2 2WHIFOSHHACRT
&, EM0cm O%4E, MI0C=0.3178Tx L, HEEEII0.3058&7ch, 8. 9%BEDOETHS
2, 40cmDHE, M40C=0.689%), HEE(H=0.4930&/ch, T DEIX39.8% LWL T &,
HEEFIER O > BOMA A MTMOBA L Y KEL BV LR ETL X 5,

y—ABLi, 25ecmERE Tiz=t Y12~20mm oﬁﬁﬁo?ﬁiﬁ&ﬁrﬁwruao 25cm ¥ &8
2BEr—ABOEMGHN, ry—ACLRABROMEGHEATS S,

r—ARavite—nAVv_XACHIELTHEIA T3 ETHE, 0emERL Y r—2AR
y—ABRESEL, METAIRELRRBYRELTCWHZ LD 0T, HEMBEOHEIIZELY:
2, 20emELE Tix= b Y 20mm OHERMEIXr —AALERL TV B,

MTM & DHENZ R\ T, HEEMIX 25cm L EOERE - 2 REIEDO & 2 Hio X & o
AL ENTEL,

= b Y RNTHHEME)»D, MTMOr —-2D0FEYR5Lr -2 A=+ V20mmiTHYL,
y—ABid12~20mm, ¥ —ACiX6~12mm &R TE S, LA LEMEScmELE TOHAT,
ZThU EoBARERECET S =+ Y LBHRADLHEIRR OV,

Fig.12 13, MTM _—ARBE L WF 238 (A) O+ 5 v A H— b BHYERsHE & #HEEH
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L DOWGRETRT, WF TiX 2WF(S.D) ELTHMShDEIFIR, UPHETIZ=LY 6 mmoDY
BELTHERD, WEORMMALM LT % &, BEM 10cm Tix, WF X A4SD=0.360 B &
SPEh, HEEML0.364 LT~ T 5, LirL, WF REEREOIEMITHE 5 RO A
HBEEHBROLEREEL TV 50T, HEMEE OZIEROEMIEIEKXL, EE4O0cm T,
A16SD=0, 7058, HEME=0.5888&7%h, WF X 019.9%B/ NS kflix &t %,

1WF(D) DRI IEE T 2 OB EM OB IC & D 30em bl LOB AL, ETF0E
B30, MTM O ¥ — R BORKMECER LTV 5, HEME(Z= b Y10~18mm Ofifi O
RERHEC N T 5, T7cH B10ecm Tt A4D=0.2858, = I ¥ 16 mm OHEE=0. 2848, 40cm
DA, Al16SD=0.528%, = t ¥ 8 mm DHEEE=0.5478 LELIL T 583, FEREOREMCH
WIWF D= b Y OREIR 16mm b S 8 mmANENZIVHAERL TV L,

OWF (HEBE) w35 I 1F 13, FERTEIMNBL L > O CHELEIZ TRV,
HPT OBHRRE & 11 1~4% BEOETH B, ZOXBOBREELL T3, 2hboz
EERELALEDLE, ZROBRK= MV 20mmOEEREL I ) OERNDHD, TOVLD
avbe—-AREE LTI, HEAIKEARMETHD ERLS,

Bz, BMT & O8iE% Fig. 1812 %, BMT i2125%##5~<—A L LT3 DT, 100%
R—AR|RLTH B, HEHEDEECH > R OMIERZ, fBo">0D PTS LS
& BMT M dEflL T3,

BMT © M—C T h 2BBBIfEI= Y 1/24 vFUTOBEATHHN, £0=21+90D
HEEEIT N L43~5T%BEDERND 5,

M—ABER “Bvd O THFBRTT5” &ERSh, WF OERTEREIhTV3
“DEDHIoTEIETE Bl ABTHLHOTH IR B L, 36~68% BEDOERNHD, =
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(1) APPU KATTAN o= (13)
S=D++/D S : BABFEEME (cm)
(2) #F, KA, Mok (14) D : B#BEEE (cm)
§=1.06D+2.41
(3) BEBRAfELRTVWIR
S=D+2
(4) HBRER»DOHER
§=1.02D+1.55

Table 7 RERIZ X 2 BEEED i (em)
EMRERE N & | KATTAN [ BF-XEB | & B R B
10.0 12.0 13.2 13.0 12.0 11.8
15.0 17.2 18.9 18.3 17.0 16.9
20.0 21.6 24.5 23.6 22.0 22.0
25.0 26.5 30.0 28.9 27.0 27.1
30.0 32.3 35.5 34.2 32.0 32.2
35.0 37.1 40.9 39.5 37.0 37.3
40.0 42.8 46.3 44.8 42.0 42.4
2 # X B
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