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Analysis of Work Operations for a Multi-Step Assembly Task
——1st Report: On-Job Digital Manual Presentation System Including Data Collection

Function and Prediction Method for Operation Time ——

Masahiro ARAKAWA,! Akinari TABUSHI 2 and Masahiko Fuyukr

Abstract

Many factories introduce assembly processes in which a single worker per-
forms multi-step operations to complete products for multi-item, small-lot pro-
duction. This type of assembly process results in reductions in production lead-
time and inventories in the process. However, since workers continuously control
operating processes composed of different operations to complete different types
of products, operation error caused by the worker is possible. To reduce operation
errors, a digital manual presentation system is introduced and is used to instruct
workers on continuous operation procedures for products in actual factories. The

resentation system naturally involves a function to collect operation time in
the assembly process. In this paper, we focus on a function to collect operation
time in the presentation system and develop a digital manual presentation system
for analyzing operation properties using data collected from multi-step assembly
tasks. First, we show the concept of a developed system and a data structure in
which relations to operations and worker motions are included. Then, three types
of operation difficulties are introduced and a method to estimate operation time is
proposed as a function of the manual presentation system. The proposed method
generates operation times using an evaluation of operation difficulties caused by
worker’s motions. The developed system is applied to an actual assembly process,
and relations between operation properties and operation difficulties are analyzed
from the operation times collected in the system. Analyzed results show that the
operation difficulties cause operation times to increase and the amount of time
increased depends on a worker’s skill level. Moreover, the results show that the
proposed method to estimate operation time generates an approximate operation
time for the manufacture of new products.
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#5 ProductB O &

FB B &R B
7 >Z)v (1m) 12 Ak (M12) 56
7 27 )V (2m) 0 > b 56
=ATL— b 16 Ty y— 56

#£ 6 ProductB ORIEITET 2 TEfER L 1ERMEE
IS1ADT UANOWMO T () MY 7 ILEY)
JT:ZATL— OB T
kR MESEERER x9 . KFF *3 R NEE

THEfEZ TEZERA *1 [ *2 | *3
op-bl JS (1m) : No.1 1 1 1
op-b2 JS (1m) : No.2 1 1 1
op-b3 JS (1m) : No.3 1 1 1
op-b4 JS (1m) : No.4 1 1 1
op-bb JT : No.1 1 2 1
op-b6 JT : No.2 1 2 1
op-b7 JS (1m) : No.5 2 3 3
op-b8 JT : No.3 1 2 1
op-b9 JT : No.4 1 2 1
op-b10 JS (1m) : No.6 2 |3 |3
op-bll JT :No.5 1 2 1
op-bl2 JT : No.6 1 2 1
op-b13 JS (1m) : No.7 2 3 |3
op-bl4 JT : No.7 1 2 1
op-bls JT :No.8 1 2 1
op-bl6 JS(1m) :No.8 2 3 3
op-bl7 JS(1m), JT: No.1 1 4 1
op-bl8 JT :No.9 1 4 1
op-b19 JS(1m), JT: No.2 1 4 2
op-b20 JT :No.10 1 4 1
op-b21 JS(1m), JT : No.3 1 4 2
op-b22 JT :No.11 1 4 1
op-b23 JS(1m), JT : No.4 4 |4 2
op-b24 JT : No.12 4 4 2

RECTENLSEELBUTHEROHUEGEICEST
Th s, £ 513 ProductB O—D2DREIZHELER
R & BB R RT. £ 6 13 ProductB OELEIC
BLT, EENBEEEROHEELZRT.

NN ZHWTHEXRMz AEs 79, fifitiEsn
7= ProductA OELEDBZETEEZEIZONWT, B 5
DOEPEDFIGE & MODAPTS 1T & 2 HEHE/E RS
Mo, ZUT3HHOEROHGELZHMT—5 &
LT, NN OFEZTS. NN O%FE#%, ProductB @
HETREECDODNT, #HEL MODAPTS ik 3
PEEVEERF R SE R 2 EH T 5. NN OFRIE
W1MEEL, 2=y bEE 9 ET S, NN OFEHEIC
FEENEBREEEREL, NECHEICHAET 55 ERE
B 0.001, #OERLUFHEOKRTSRMHAZ 100,000 Bl
BETS.
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ProductB O & EICE T HRMEEBHICIDONVT,
MODAPTS #EIC X S EEHEMERRMIT 22.22 3 TH D,
NN O SEH U -EERRIIERE A, B, C, DTt
LT, TNEN 34.1, 41.2, 35.9, 37.1 7 THo/=. 5
TINRZaTINERRIATLAZFAL T ProductB
DELEE 3EfT- 2 E A, 1E¥EE A B,C,D DRIEE
Fr O S EERZE TN TN, 33.2 (3.75), 42.5
(2.26), 35.1 (3.12), 38.4 (5.24) 3 THo/=. 728,

() NOEIZEERZTH 5. JIEHRIL, MODAPTS
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WIREIRIT & B EEREIIERIE & MODAPTS i1
K OREREEERM &I BT . —F, EEBEN
REL, FEOEGENKENEE (FIZIE, op-b22
ZFR<, op-bl7 5 op-b24 DIEZE) Tid, EUEMEHE
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L, ZATL— NOED T EE TOEREMEERR
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IHEUHERFE SN TN S,
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5 E GO TEERBORMECEH Z/HEE L,
EEFICE > T3 % ORETEERMEHEHTES
Z&ERLE.
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K HEMNEREOEANARIGETH D, REEIE
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AT LEMAEDOE DL TEREAREET 3.
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