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Determining the number of operators who set up the machines in a human-machine system is crucial for maximizing the

benefits of automated production machines. A man-machine chart is an effective tool for identifying bottlenecks, improving process

efficiency, and determining the optimal number of machines per operator. However, traditional man-machine charts are lacking

in accounting for idle times, such as interruptions caused by other material handling equipment. We present an adjusted man-machine

chart that determines the number of machines per operator, incorporating idleness as a penalty term. The adjusted man-machine

chart efficiently deploys and schedules operators for the hole machining process to enhance productivity, where operators have

various idle times, such as break times and waiting times by forklifts or trailers. Further, we conduct a simulation validation

of traditional and proposed charts under various operational environments of operators’ fixed and flexible break times. The simulation

results indicate that the adjusted man-machine chart is better suited for real-world work environments and significantly improves

productivity.

Keywords : Human-Machine System, Manufacturing, Man-Machine Chart, Simulation, Scheduling

1.M B ago] ARATHE FolA AE5 AuEF G o
gho] 2 3}TH10]. Vineyard et al[15]0] w2 A 245
Az A2g Fo r oA Ak uhAl 7] EQF ol ol AFE 3 Alaw 9 Al MAlshs AA 14 2 B F 40%7}
s} 7o) e 13 AHAE iAste] AlRb H8S Au)7) obd 917F ZdAtel| 7]915H Shin et a1[12]h o
Anshela A %wé HsaEE Sk ST 2 Ba) A7ko)A 7F FEAE AsES A g ) ol
o103 AEE Asde] 8ol AU 4TS $A 7o) AY AW A E BRI Aelahe Aol A%
3 wiAlskE A 71EA, AAA olf® Brbsate3], 3 AlzwlA HAse A 99s Wik AAR
A A HUEe} Aol wheh AF FAG A2 AE ANE 2E AT TAd EAee A Fg
(Loading/unloading), &7 2LA|(Set up), 714 4] & 52
So) g e Aule] ggAe] Aol WAt Aol
Received 20 January 2024; Finally Revised 21 February 2024; - 3 Ao S a . = o)
Accepted 21 February 2024 ]'111 A H17]' i _0 L f\]%joﬂ Z_' HX]'7]' HH]'EH] 'T“l:l%
T Corresponding Author : ksung505@gmail.com o Ao =8 d FRAS ol S Y



Analysis of Workforce Scheduling Using Adjusted Man—machine Chart and Simulation 21

A Sk ojAd EaHQl AEstE fs) Adnjet %
AAte] 43 HAARl o] A4A ]‘:}.

AGaret Z1A7F Al e E e dgs BAskr] 9
3 2] AHEHE 7Y T dtde A v g2 |
(Man machme chart, M-M Chart)o]th. 2=} s 13

7o 71AE 98T o H&o] HAvt H=
1A HEE et ol
A7 gdsts 7AW 7kt A A
oﬂ Z1Ael FrfrAl o] sk, o
71Ae] 7hEES STk H}Dq “Fd 2ol
L] E o] &ITHS, 12]. A%

|

}_
L6 ALl S B2 ol

©

Hi wyow

= 1o rf
iy gy
it > B> rEuzozm

ot St

1

N

43 o do o

(ot

i 71A
to] by
&

ru Og‘ :‘O i rl

I 2
D)

o,

o

N

)

>4

ol

r

_0,

[¢]
-
)
o 2

jins mlﬂ; i Ho

N
of\

ol
ol
rlr
2
o
oM
2,
o
o
ofo
)
off
et
f
e
ful
O{N :{o

mlm:érkﬂorouﬁ%é—h_aoﬂ_%oml:M
)

re ro

- o 4

T 2 K

>

X
ot
o

£ asfeba, 3ol o o
Azdlel £9 845 BA $FL AP 4ol A =
BT 8% BAEE AN sPAAE B 0
FE ENE A3 2 AYA 28 2AF ATE 0F A
Beold RaYs AY 47 heS A&t 6FlA
AY ARE AP P FOR TR B AT7E 5
# Aee wEeT

N
0
r2k
K-
1

M
1%
°x
Og‘:“,

1‘
M o2

flo 2%
B Mo
X o2
)

é} ] rL].E 5’—7@9] Ag/\]./ﬂv%

Turgut[14]5 74 2 A
Az FAA HHE M
94 tﬂ;#ﬂ} AFEH HE FA

o>
>,
=

|

N o <1 g
Q
4
T
1o

li|
> b oo
o

_,_
obo-1

TSIV N

ol
tlo
=3
:Oé
424,

[o F 10

+x
)
o
Hj
v}
il
i
>,
ok
i)
>
w2
(¢}
Fs’
=
.Q,,
a
rlo
rb rio

BN o
H
fo, %

E‘r‘ﬂ(Mlxed model assembly lmes)oﬂ -»]
g dste AES BT e FAA
2AFY HES A A Alvarez et al.[1]2
W ERATAY RdE o] g3t Fa9
7HA = A=l ) 4 ek A9
Overstaffing) 3t At 758 /% (Understaffing) S 3
slat= ~AEY WHES A3 Pandey et al[11]
wef 2ol s HA 2AEE e T 3

s

01
X

o oo
rot o
i

e

ox |»
to o
O

o

~~

}

it

l
i

2 B P doolo fdo a@ rlr X v R

2 b
Of

i
m
:

o2 Aule] g 7S Sl AlEdlold e
7§k Moon et al[9]o1 4= 2 A}
E# ko] A1) MA =R

Fl

ogt ﬂ!lﬂ
o o
KB

o

>
)

| A1%ct. Choi et al.[5] V % ?ﬂﬂ ;ﬂ]l}\}# oA

2
)
12

ol
i

gu) 27} =qof mre
ERER D

. Kang et el.[6]

o

of
ol
2
o,
22 c

fitl
oX > i wlo
il
o=y
o,
L
N
i
o
iie]
Oto
ol
o
ol
o
02,
oldt
mlo
Hj
&‘
e M
o
2 o

M o
1%

2,

gl

~
=
[
o%
&
2
g

Qo

e m

s
e
xo, o
o
T
o
2
>
o
T

=
=
rx
o
o
=
X

o, Mg
[ 01:0
of

o

2

o

LU
juits}
o
[

ol
>
o ox
to
ol

1

?l_:

o

fr

N N

= o, M
2

i
i)
o
2
>
o ofN | i rlr

B s o
i B
ot Hu

iY

N

>~I —!_L/
B
jincd
_>|4_,
&

il

o, Y, :

o,

ol

o
L)
+
o

2 N o = 2> o oX HE o = ol ox oft
o ol
k)
[-‘O
Lo,
-
o
ot =

ul
o
Ho
&)
oft yy et

s
>
e
=
-,
o

0
=
2
>

o rx ok
>

)
(N o
o
r
-
il
N
hu
o

I~

o ]

Ml z2

U
[
M
[

=)
" o
o
e

N
>

ot n;% ot
-

o

[Sagety
e 2
o ™
2 B
> e
ol
4y

2
ofN o
o

o)
)
)

iy 2
2
o2
L
ol
X,
=

i o [

o

g o
o ) 10k

>

A

EL

.

e

2 o
ofy ﬂm
i<
offt

Mo kU
2 2
>

ot

O

i
T to 1L 22 © 1 -

o2 o X

2 ol
5
N
)
2
£

1> ool BN o
X
>
o
tlo
N
N
A,

Al

SIE=)
_ﬂ‘i_m
P‘LEQ
[‘Lr_?i
%
= rd

2 b
)
Ho

ot
b
offt
o
>
[
o
©

re
et
X
>
LN o

il

= e of
o]

o
X, fo o L
o
[-AO
-

N
=L
4
I
ok
ox .
olgt
=2
2
A
=
2,
B
s

£ o zo Y
H]

o sto] Al sl 7ol @t AollA 9

N 2 N oR I
>

zg_ﬁri

=

- =M el
3.1 Y7 LY AIAR Z2AA

AEA} H3E Xﬂi 7199] GAk= 1A Age] As
< Alofe= 4= MCV(Main Control Valve)E
th A 342 W 7FE(Milling), £ 71 (Drilling), ©]
A A A(Deburring), A7 7 AKEndoscopic Inspection),
Jd 7}&(Honing), 319 A Z(Cleaning), 2= H(Assembly), 7

o= off
()

foir M b 2

Ab B % (Testing and Painting) &A1= 1 PE T} 2 A
= A4 34 g8 28 AREF 7P 2 ves AAEe
T b s4S ddew gtk



22 Hyowon Choi - Heejae Byeon - Suhan Yoon - Bosung Kim - Soondo Hong

Target Process

Block surface

andhole | Debuming [ J‘:MDSC‘_’IJ‘“
i inspection
machining
High-pressure .
Honing »| cleaning and  [—»| Te“?"élf“"d
painting

assembly

Main Contral Valve (MCV)

<Figure 1> MCV Production Process
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<Figure 2> Layout of Hole Machining Area and Material Flow
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<Table 1> Operation Information in Hole Machining Area

Operation Value Unit
Operating mode 9 To 6
Break system Fixed
Transportation of raw material 35 min

Hole machining N(240,15) min

Set up N(15,3) min
Transportation of machining finished product 30 min
Start time 12:00
Lunch break
Duration 60 min
Start time 10:40
Morning break
Duration 20 min
Start time 15:20
Afternoon break
Duration 40 min
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<Figure 3> Occurrence of Machine Down Time: The Imbalance
between Machine and Operators
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<Table 2> Decision Variables and Their Values (Range)

Decision variable Value

Operating mode 9 To 6, 24

Fixed break system,

Operator work system Flexible break system

Workforce size [2, +1]
Breaks Lunch break start time [11:30, 12:30]
time Morning break start time [10:10, 10:50]
schedule | Afternoon break start time [15:00, 15:40]
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<Table 3> Comparison of Traditional and Adjusted M-M Chart
with Utilization Rate by Simulation (v and «

si m)

<Table 4> Utilization Rates by Optimal Breaks Schedule
with the Fixed Break System in the 9 to 6
Operating Mode

Afternoon Machine
Workforce LLSJ?::: ﬁ:ne:k break start | utilization rate
time (%)
2 12:30:00 15:40:00 52.29
3 12:30:00 15:40:00 69.84
4 12:00:00 15:40:00 80.21
5 11:30:00 15:40:00 84.38
6 11:30:00 15:40:00 85.06
7 11:30:00 15:20:00 87.61
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<Table 5> Utilization Rates by Workforce Strategies in
the 9 to 6 Operating Mode (%)

Break Workforce
M-M Chart n workforce u (%) ug;, (%) system 2 3 4 5 6 7
Traditional 10.2 2 472 39.7 Fixed 52.29 69.84 80.21 84.38 85.06 87.61
Adjusted 6.1 4 554 54.8 Flexible 52.60 70.41 80.75 85.18 86.11 88.30
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<Table 6> Utilization Rates by Workforce Strategies in
the 24 Operating Mode (%)

Break Workforce

system 2 3 4 5 6 7
Fixed 6235 | 78.78 | 8543 | 8858 | 89.09 | 90.88
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