Chapter 10

Standard Operations Can Attain Balanced

Seoul National University.
Rrefesser ILKYEONG VOON




Goals and elements of standard
operations

Determining the components of
standard operations

Proper training and follow-up:
the key to iImplementing a
successful system
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<+ Toyota tries to eliminate production inefficiencies
to reduce costs.

< Standard operations are aimed at using a
minimum number of workers for production.

* There are three goals of standard operations.




STAN IARI-@E’)E RATE@NS

“*The first goal 1s to achieve high productivity
through working efficiently without any wasteful
motions.

«+ Standard operations routine Is important.

a standardized order of the various operations to be performed
by each worker
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“*The second goal iIs to achieve line balancing
among all processes in terms of production timing.

with the concept of cycle time

“» The third goal iIs that only the minimum gquantity

of work-in-process will qualify as standard
quantity of work-in-process.

or the minimum number of units necessary for the standard
operations to be performed by workers
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STAN lARI-@PIE RIATLONS

“» Standard operations consists of the standard
operations routine, cycle time, and standard
guantity of work-in-process.

«»Safety precautions and product quality are
subgoals of Toyota’s standard operations.
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FIGURE 10.1
Elements of standard operations.

Standard quantity
of work-in-process

SIANDAR D OPERATIONG

Balanced production among all processes
with minimum labor
and minimum work-in-process
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“*The cycle time or takt time Is the time span In
which one unit of a product must be produced.

Effective Daily Operating Time
Required Daily Quantity of Output

cycle time=

The effective daily operating time should not be reduced for
any allowances due to machine breakdowns, idle time, etc.

The required daily quantity should not be increased to allow
for defective output.

(B8} ScM Lab.

s J




_10:2 DETERIMINIING THE COMPONENITS
B ORSITANDARDIC RERAEIQ SIS

“*The number of workers In any department at
Toyota’s factory can be decreased If the cycle time

Is relatively longer.

“*Sometimes, the cycle time Is determined
erroneously by using the current machine capacity

and labor capacity.

It does not give the necessary time span needed for
repositioning the workers.




L 110:2 DETERMINING TIHE COMPONENTS

OHSITANDARDIORERMFIONS

“* The completion time per unit of output has to be
determined at each process and for each part.

“*This time unit iIs always written on the part
production capacity sheet.

filled out for each part

10 J
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10:2 INING THE COMPONENTS
QSN DARDIORERRETONS

Item no. Item name Necessary quantity per day Worker’s name
Part production capacity sheet
Basic time Tool'’s exchange Production
Order of [Description of| Machine | Manual | Machine | Completion Exchange | Exchange capacity References )
processes | operations no. operation |[processing time anit g timeg (960 min) manu'al operation
time time per unit machme processlng ................................
: .| sec. |min.| sec. [ min. | sec. - Units
1 Center dirll | CD-300 | min. 07 1| 20 1 27 80 1'00 655 b
2 Chamfer KA-350 09 1 ]35 1 44 20 30" 549 it
50 30"
3 Ream KB-400 09 1125 1 34 20 30" 606
40 30" .
4 Ream KC-450 10 1|18 1 28 20 30" 643
———e L ————] e W0 5= e ————e - —_— —— w—
2-1 Mill MS-100 @) | 2|10 @ |20 | 100 700" 820 +—1°—j:—ﬁ-| 210" |
2-2 Mill MS-101 15| 2|10 | @ | 15 | 1000 7'00" 1—5-4'_—‘05'—4 210" l
. manual operation] _ 20" + 15" _ # "
(two stands of machines) 18 [ time per unit ]— S 175" = 18
3 Bore I BA-235 (08) (50) (58) 500 5'00" 1,947
(two units processing 04 29 manual operation] -8 g
at a time) L time per unit 2
4 Gauge (1/5) | (18)
(one unit inspection 09 manual operation] =18 _ g
in every five units) time per unit 2
Total

FIGURE 10.2
Part production capacity sheet.

SCM Lab. 1 1 )
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“*The manual operation time and the machine
automatic processing time are measured with a

stopwatch.

“* The manual operation time should not include the
walking time at the process.

Basic time Tool's exchange Prodictide
Order of Dw.'ripl.ion of| Machine | Manual Machipc Com'pleuon Exchange | Exchange capacity x&m ton
processes | operations |  no. | operation jprocessingl  time unit time | (960 min) Mhim""‘w“mmg

time time per unit gty oy« |
| . |min.| sec. . Sl Unit
|| Centerdinl | €300 | min %5 |™"( % "‘:“ = ® 1'00 . T
Chamfer | KA-350 09| 113] 1 “ 20 0 549
50 W

(E5) scu Lav. 12 )
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“* The completion time per unit in the basic column
IS the time required for a single unit to be

processed.

Basic time Tool's exchange Drodictica
Order of [Description of| Machine Manual | Machine | Completion Exchange | Exchange | copacity 'l:;f;ruzlncts -
processes | operations no. | operation |processingl  time unit time (960 min) M opery S
time time per unit machine processing
. | . . . ‘ . U .‘
| {Ctnlcrdxrll CD-300 | min. % rn;n g m:u ? 80 1'00 6?5‘ B
Chamfer | KA-350 o9 | 135 1 [« ] 2 30" 549 X
)

(E5) scu Lav. 13 )
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£10:2 DEERMENING T o
B OESIFAN DARDIORERAEIOINS

“»If two units are processed simultaneously, or one
unit in every few units is inspected for quality
control, the completion time per unit will be

written in the reference column.

Basic time Tool's exchange

Production eI
Order of [Description of| Machine | Manual | Machine Com.plcuon Exchange | Exchange | capacity el GocANG
processes | operations no. operation |processing time unit thiss (960 min) v AR LOOSTHNG:1
time time per unit machine processing 00
| i : | sec, o Unit
1 | Centerdiell | €D-300 | min.| %6 [Tn{ %06 (™| 56 ] g0 | 100 ey
21 | Ml | MS-100 (00| 2 |10)| (2 | 200 | 1000 700°
2-2 mill MS-101 (15| 2[10)] (2 | 15) 1,000 700"
(two stands of machines) 18
3 Bore I BA-235 ﬂ (08) (50) (58) 500 500"
(two units processing manual opmuon] L
at a time) o i time per unit 2
T | Gauge (175 | (18)
(one unit inspection 0 manual opcnbon] S
in every five units) - time per unit 2

7 SCM Lab. 14 )




S0 2 DEERMINING SHELCONMPONENITIShe
O STANRARYD CHERAHIONS

“» The exchange units specify the number of units to

be produced before changing the bite or tool.

“* The exchange time refers to the setup time.

Basic time l Tool's exchange Droductica "
Order of [Description of| Machine | Manual | Machine | Completion Exchange | Exchange capacity tl:;lmtl "
processes | operations no. | operation [processing|  time unit tiang (960 min) mhi opennor‘\
, time time per unit machine processing
| . |min.| sec. : e Unit
|| Centerdicll | €D-300 [min.| = "M% "‘:" % % 1'00 s 3
Chamfer | KA-350 oI s]1] + 20 30° 549
50 30
SCM Lab. 15 )
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OHSITNDARD QPERAE@NS

“»The production capacity 1s computed by the
following formula.

N = ! or T~mN click.
C+m C \/

N = production capacity in terms of units of output
C = completion time per unit

m = setup time per unit

T = total operation time

mN = summation of total setup time

(i1 SCM Lab. 16 )
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“* With the cycle time and the manual operation time
per unit for each operation, the standard
operations routine of each worker must be
determined.

“*The number of different operations that each
worker should be assigned must be calculated.

17)
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“»The standard operations routine Is the order of
actions that each worker must perform within a
given cycle time.

“* With the cycle time and the manual operation time
per unit for each operation, the standard operations
routine of each worker must be determined.

(i1 SCM Lab. 18 )
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“*The standard operations routine serves two
purposes.

It provides the worker with the order or routine to pick up
work, put it on the machine, and detach it after processing.

It gives the sequence of operations that the multi-functioned
worker must perform at various machines within a cycle time.

(i1 SCM Lab. 19 )
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OESIANDARDIORERAHIGING

“+1. The cycle time Is drawn with a red line

Necessary 240
Item no. 3561-4630 Standard Operations Date Oct. 15, '81 c:)t;a;r:jt;t)?' units Manual operation
Routine Sheet Worker’s Machine processing —————.
Process name | Machining: part 2 No.1 position & Cycle time 2 min. Walking
name
Time Operations Time (“: sec.: ‘min.)
Ordex.' of Names of ; - (960 units) p(480 units) (320 units) (240 units)
operations operations Manual | Machine| ¢ 120 18 26" (0) 3¢ 42" ag" s (1) 106" 112" 118" 124" @1'36' 142" 148" 154" (2) 206" 212" 218" 224"
) Pick up the material o1* :
from the pallet R
| |
2 CD-300: center drill 07" 1 1'20" e Gt bt el ot el oo i Izt niadi ionion o] patend i R
: | & =
3 KA-350: chamfer 09" 1 1'35" Sl i s e R s s i e e e
- : 3 L)
4 KB-400: ream 09" 1 125" 3 —-—----————-----—————--—--——————-—-~—§ ]'._
I 2
|
5 KC-450: ream 10" | 118" 2 o o o e . s s s o e A ....____.f
I 2
6 NE-200 08" | 50" I N T B (S T . g
L 5
w |
7 GR-101 05 : - i ;
8 SA-130 o7 ! 1100 F-Ll-d_-J_ % __.-_-..___P_.-..-___}_ [
l 3
9 J1-500 100 ' oy bobododo bl d_dg ______..__..__}_ o
| v
" " :
10 HU-400 12 : 55" et (no overlap is allowed) — == ek s ke 1
}
11 Wash, al:'tach the nipple, 20" | _
put in the pallet !
6 127 18" 24 (0) 36 42 48" sa' (1) 106" 112" 118" 124" (1300 136" 142" 146" 154" 206" 212" 218" 224"
(960 units) (480 units) (320 units) (240 units)

FIGURE 10.3
Standard operations routine sheet. | 0 )
\ |
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2.The approximate range of processes assigned to one
worker should be decided.

Necessary 240
Item no. 3561-4630 Standard Operations Date Oct. 15,81 (:)u;rg;t; units Manual operation
Routine Sheet Worker'’s Machine processing ——— ——.
Process name | Machining: part 2 No. 1 position & Cycle time 2 min. Walking
name
Time . Operations Time (“: sec.: ‘min.) .
Ordex: of Name:s of — - (960 units) (480 units) (320 units) (240 units)
operations operations Manual | Machine & 127 18" 24" (0) 36" a2 ag" 54 (1) 106" 112" 118" 124" @5‘.@ 136" 142" 148" 1'5¢" (7) 206" 212" 2'18" 224"
) Pick up the material ot :
from the pallet [ 3 4

|

2 CD-300: center drill 07" 1 1'20" iR G Nt P RS i P ) et et [iicain (e e ;L T T
! L 3

3 KA-350: chamfer 09" 1 1'35" 3 B e L FEy ERpI R -—f e -_-.______.-_____._.__} k

A ! LY 3

4 KB-400: ream 09" 1 125" § _---.___.___.-_..._..___.___.._..__.____-._g 1‘__
| ;
| <

5 KC-450: ream 10% ) - 1'ig” ) ERORRE =) (S IS e ey [Semy) (TR (e S e ol
. 5} 3

6 NE-200 08" | 5o 2 r-1-1-4--F-t-1----F- g
L

7 GR-101 [ LE {
1

8 SA-130 07 ' 100 b-Ll-J-J_ | __.-________.._____}F_.__.._q_.q,
. 3

9 J1-500 O e NV [ NN N N N N o """'""“"'j’"“”“"‘“*
| b7 2

" " 4

10 HU-400 12 : 55" pmr—at—-o- (no overlap is allowed) - = ——v§— it ik R R £
}

11 Wash, at.tach the nipple, 20" : _

6 127 18" 24" (30) 36" 42" 48" 54" (1) 106" 112" 118" 124" (1'30") 136" 1'42" 148" 154" (2') 206" 2'12" 218" 224"
(960 units) (480 units) (320 units) (240 units)

FIGURE 10.3
Standard operations routine sheet. )

N~




3.The manul operatlon and machlne processmg times

for t

ne first machine are first drawn.

FIGURE 10.3
Standard operat

) |

ions routine sheet.

Necessary 240
Item no. 3561-4630 Standard Operations Date Oct. 15,81 ‘:::lg:; units Manual operation
Routine Sheet Worker's Machine processing —————.
Process name | Machining: part 2 No.1 position & Cycle time 2 min. Walking
name
Ti Operations Time (“:sec.: ‘min.)
Ordel" of Name_s of ’ 1:11e . (960 units) p(4go units) (320 its) (240 units)
operations operations Manual | Machine| & 120 18 24" (0) 36" 42" 48" se (D) ro6” 112" 118" 124" (130D 136" 142" 148" 154" (2) 206" 212" 218" 224"
1 Pick up the material 01" I
from the pallet . I,L 4 L
1
2 CD-300: center drill 07" 1 120" s B e e e R e Bl e e e ] o ; Lcodscscl
. | —’i —%
3 KA-350: chamfer 09" 1 1'35" ., [y Ny S RN USRI Wi SRpH SN S S S -_-______}
A : K 3
4 KB-400: ream 09" 1 125" z PR A NS ISy S RS RN - __.._-._..______-._3 \_
| ]
I
5 KC-450: ream 10* ) - pis® TN SRR SRR Sy Wy fp— _—_..-________i.-
I 2
6 NE-200 08" | 50 2 e £ | | el S T s g
1
7 GR-101 05" | — LE ;
1
8 SA-130 07" ! 1100 b-b-od_- % | -_.-____...___-._____E_;_._<____
! — W
v o I
9 J1-500 I e e e e i e A z___-__..____‘_j..__.-_.._q__ﬂ
" " ’ 4
10 HU-400 12 : 55 FRp [T T (no overlap is allowed) q —--—-——-%——-—--"—- v
}
Wash, attach the nipple, w |
11 X 20 —_
put in the pallet !
6 127 18 24" (30) 36" 42 48" 54 (1) 106" 112" 118" 124" (130) 136" 142" 148" 154" (2) 206" 212" 218" 224"
(960 units) (480 units) (320 units) (240 units)

22)
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OESIANDARDIORERAHIGING

4. Decide the next operation of this worker.

Necessary 240
Item no. 3561-4630 Standard Operations Date Oct. 15,81 ?:‘n;;;y units Manual operation
Routine Sheet Worker’s Machine processing —————.
Process name | Machining: part 2 No.1 position & Cycle time 2 min. Walking ~AAAAA~A~A~AAn
name
Ti Operations Time (“: sec.: ‘min.)
Orde:: of Namef of 7 l:ne - (960 units) p(480 units) (320 units) (240 units)
operations operations Manual | Machine 6 12" 18" 24" @ 36" 42" 48" 54" (T) 106" 112" 118" 124" @ 136" 142" 148" 154" (2) 206" 2'12" 218" 224"
) Pick up the material 01" :
from the pallet R . 'L
| [ | X
2 CD-300: center drill 07" 1 120" S i [P EEpu [P R U PVUR PN SR R Py S R R R I b N N N L
. center dri : 120 —I ; —-g
3 KA-350: chamfer 09 1 135" p N U S (DU 1 - -_-___..__.-______.._} 3
E I kY L)
<B-400: re - ] I [ - -} DN [N A k
4 KB-400: ream 09" 1 125 ] . T (. e — o a
I L
I
5 KC-450: ream 10> | - 1is" i 7 TSI S SN SN MO W P - -_-___....._i-
1
o
6 NE-200 08" | 50 2 N A L R 1 (A 1 }
1
7 GR-101 06" § Li )f
1
8 SA-130 07 ' 1o -Ll-d_- L] .__.-______,_-h_____} I
! 3
LI
9 J1-500 R e e e z____-_<._____§_-_1__. il
" " , 4
10 HU-400 12 : 55" e—p—t——- (no overlap is allowed) g - ---——-g--—-— bt =
Wash, attach the nipple, 5 i 2
11 5 20 —
put in the pallet !
6 12 18 24" (0) 36" 42" 48" 54 (1) 106" 112" 118" 124" (130) 136" 142" 148" 154" (2) 206" 212" 218" 224
(960 units) (480 units) (320 units) (240 units)

FIGURE 10.3
Standard operations routine sheet. 3 )

A
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5. Repeat Steps 3 and 4 until the whole operations
routine can be determined.

Necessary 240
Item no. 3561-4630 Standard Operations Date Oct. 15, '81 cg:;ndt;;y units Manual operation
Routine Sheet Worker's Machine processing —— — — —.
Process name | Machining: part 2 No.1 position & Cycle time 2 min. Walking A~
name
Ti Operations Time (“:sec.: ‘'min.)
Ordex.f of Name:v. of 7 ':"e - (960 units) p(480 units) (320 units) (240 units)
operations operations Manual ; Machine & 122 18 24" (30) 36" a2 48" 54 () 106" 112" 118" 124" @gb 136" 142" 148" 154" (2) 206" 212" 218" 224"
y Pick up the material 01" :
from the pallet 1 - 2, . L
i 2 [N
2 CD-300: center drill 07" 1 120" fsdedeckabedbadadeb Lo do ey | | 1 ] Sl bl ] .4 A
s =
3 KA-350: chamfer 09" 1 1'35" 3 e P FEY SATF NI G- T . -_-____.....-_____.___} 3
A ] e I 4 13
CB-400: re - R [ B O (S (] SR i R i I 1:
4 KB-400: ream 09 1 1'25 71— S IR [P - o - - ]
1
5 KC-450: ream 10" : is” E $
- 3 ] po v e ] — v ———— o — e — s ———— o
. 11 3
6 NE-200 08" | 50 2 r-1-1-1--F-1-1-4--F- 3
1
2 GR-101 % 1 Li )f
1
8 SA-130 o7 ! 1'10° =t g_ __.-____...___-;._____} o o s ol e 0
: = i
9 J1-500 10" ' og30r b d oL Ay N ______4._____;___1__-.____4
! 17 \
" " 4
10 HU-400 12 : 55 i P st o \(no overlap is allowed) / q sl iy ——-g— iy s gy Ao
'
1 { Wash, attach the nipple, 20" ! j\ /’ 9
put in the pallet I

6 12 18" 24" (0) 36" 42" 48" 54" (1) 106" 112" 118" 124" (130) 136" 142 148" 154" (2) 206" 212" 218" 224"
(960 units) (480 units) (320 units) (240 units)

FIGURE 10.3
Standard operations routine sheet. )

N~
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6. The route must be completed at the initial operation
of the next cycle.

Necessary 240
Item no. 3561-4630 Standard Operations Date Oct. 15,81 <:::ndt:;’y units Manual operation
Routine Sheet Worker’s Machine processing — — — — —.
Process name Machining: part 2 No. 1 position & Cycle time 2 min. Walking A~
name
Ti Operations Time (“: sec.: ‘min.)
Ordex: of Name:s of ] —|me : (960 units) P(480 otis) (320 units) (240 units)
operations operations Manual | Machine 6 127 18" 24" (30) 36" a2 48" 54" (1) 106" 112" 118" 124" @ 136" 142" 148" 154" (2) 206" 2'12" 218" 224"
. Pick up the material _— :
from the pallet : - 2, ) i3
2 CD-300: center drill 07" t 120" L e e e el e S T B S S e e SRS S8R
i : L"*; Ll
3 KA-350: chamfer 09" 1 1'35" ! et [ A Ay W PN W S S — ____.-_____.___} 3
he————— : 4 LY
4 KB-400: ream 09" | 125" R —_—tr - -_.____...__-_-.________-._{ 1‘_
I % 3
I <
5 KC-450: ream 10 ; 118" p S ERSeTe coRe [EE (A S e [, ATNSW (e Sa—m" W o 8
. 1 3
6 NE-200 08" | 50" 2 r-1-1-4--F-1t-1----}- 3
L
7 GR-101 s - LE ;
1
8 SA-130 07" ¥ A b 5 "_"_"_'"—”_"_'___2_"""—“'—""“'
H 3
9 J1-500 10 V! giggr Ll X b LAl ______--_____’{___.__-._ S
! i 7. ]
" - 4
10 HU-400 12 : 55 -t —T—==- (no overlap is allowed) q - - ——-§— -1 =1 ==
'
11 Wash, attach the nipple, 20" | o 2
put in the pallet !

6 127 18" 24" (30) 36" 42" 48" 54" (1) 106" 112" 118" 124" (130) 136" 142" 148" 154" @ 206" 212" 218" 224"
(960 units) (480 units) (320 units) (240 units)

FIGURE 10.3
Standard operations routine sheet.
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7. If the final wind-up point meets the red line of cycle
time, the routine as an appropriate mix.

If the final operation ends before the line, try to add
some more operations.

8. The foreman should actually try to perform this
operations routine.

26 J




OESIANDARDIORERAHIGING

“» The layout of processes must be such that each worker
nas the same cycle time for production line balancing.

Standard operatians roctine sheet

Na |

R net

Order of
operations

Operations time

2 min (cycle time)

®

3,

;i

@

—

/

L@ |

I

Standard operations routine sheet | Worker
No 2 Y. Monden
Order of . :
spuniionh Operations time 2 min (cydle time)

L

‘—‘x
s

; M
=] B
Estrance —--l‘J ‘ l‘_‘ et ﬁ

Q—0 OG0B
\ Q ,"' : Q
& D—(®

Exnt ___! : ——r.—.l
FIGURE 104

Allocation of operations and layout of processes




- R = = -

£l DETERVINING IHELCOMEONENTIShE
o OSANDARDIORERATICNS I

“» If the waliting time is too long, a double cycle time can
be set to have simultaneous operations by two or three
workers subject to the same operations routine.

og;;i:tric?; Cycle time Cycle time Cycle time

© 3 - 3 /
@ | TommEt, f . - |
® | | S

® o s | e S
CH L L =
® oy b —

) 4 / 13 i

FIGURE 10.5

7
Worker No. 1

Worker No. 2

Double cycle time for use by two workers.
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“* In the “Yo-1-don” system, Yo-i-don means ready, set, go.

“*It 1s a method for balancing the production timing
(synchronization) among various processes where there
IS N0 conveyor belt.

1t can also be used to measure the production capacity
of each process.

20 J
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SO

TS

“» Consider an example in a body welding plant.

6 underbody processes
6 side-body processes
4 main-body processes | Ui

Ug | Us

S S; | Side-Body Process

Us U

My, M, M; M,

Under-Body Process

FIGURE 10.6
Process in a body welding plant.

Main-Body Process

30)
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OHSITANDARDIORERMFIONS

“* The cycle time for one product is 3 minutes 35 seconds.

“*Divide the cycle time into 3 -equal portions
accumulatively as 1/3, 2/3, and 3/3.

1/3 2/3 3/3
U, U, Us U, Us Us
51 S S3 Sq Ss Se
M, M, M; M,
FIGURE 10.7
Andon of the body plant.

31 J




L 102 DEFERMINING THE .COMPONENTS
~ CESTANRARD CPERATIONS ¢

“» The worker In each process pushes his button when his
job is finished.

«» After 3 minutes 35 seconds, the red lamp on andon only
go on automatically at the processes where the job Is not
completed.

“* The whole line stops operation while a red lamp is on
until the delayed processes are finished.

32 J
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“» Machine sequencing Is important in complex operation
routines.

“*The setup problem should be taken into consideration
when different machines are laid out In succession.

«» Toyota uses a setup approach called one-shot setup.

33)




L 102 DEFERMINING THE .COMPONENTS
~ CESTANRARD CPERATIONS ¢

“* Suppose there are 4 kinds of machines in succession
such as a bending machine (W), a punch press (X), a
welding machine (Y), and a boring machine (2).

+2» One multi-functioned worker handles these machines.

“*He Is now processing part A and he must next process
part B in these machines.

34 J




L 102 DEFERMINING THE .COMPONENTS
~ CESTANRARD CPERATIONS ¢

“*When switching from producing A to producing B, the
machines should be set up.

“» If the worker set up the four machines after processing
all of part A at these machines, the lead time Is quite
long.

“» Under the one-shot setup, he begins the setup for part B
while part A is still in process.

35)
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OFSITANDARDIORERANEIONS

A, is sent
to machine W

“Air” is sent
to machine W

B, is sent
to machine W

FIGURE 10.8

One-shot setup.

Order of Process N
Bending Pressing Welding | | Boring
machine W machine X machine Y machine Z

Cycle time

Cycle time

Cycle time

Cycle time

— '~

,

36)




L 10:2, DEJERMINING

OHSITNDARD QPERAE@NS

“*The standard quantity of work-in-process 1Is the
minimum necessary quantity of work-in-process within
the production line.

the work laid out and held between machines

the work attached to each machine

It does not include the inventory of completed products.

37 J




110:2 DETERMINING TIHELCOMPONENTS
~_ CESTANBARD CPERNFIONS €

» The standard quantity varies according to the following
different operations routines.

 If the operations routine Is in accordance with the order
of process flow, there will be no work held between

machines.

i)

N —

8
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“»If the operations routine Is In an opposite direction to
the order of process flow, there will be at least one piece
of work held between machines.
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0.2 DENERMINING i COMPONENTS

“*The following points should be considered when
determining the standard quantity.

the quantity necessary for checking the product quality at
necessary positions of the process

the quantity necessary to be held until the temperature of a unit
from the preceding machine goes down to a certain level

40)
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Store of 1/50 KA-350 KB-400 KC-450 NE-200

=+ o) |2 [+0D)| |+ |+ D

v | (OO [ @ | [+02] [+@|| + | |[+@
completed /
output Attach Wash 1/10 JI-500
(pallets) nipple HU-400 SA-130 GR-101
Net Standard 5 : Worker’s Total
fi);ﬁlee operating quantity of ?:K:lélt(y Att::;:t); o no. workers
time work-in-process of the process
2 min 2 min @ O + 2/3

FIGURE 10.9
Standard operations sheet.
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“» The standard operations sheet is the final item needed
for standardizing the operations at Toyota.

cycle time

operations routine

standard quantity of work-in-process

net operating time

positions to check product quality
positions to pay attention to worker safety

42)




@F gmnwg\;n QPERAE@NS

“» The standard operations sheet Is displayed so that each
worker of the process can see It.

It is a guideline for each worker to keep the standardized
operations routines.

It helps the foreman check to be sure that each worker is
following standard operations.

\_ (E&) scv Lab, 43 )




“»*The foreman must be able to perform the standard
operations perfectly and then instruct his workers to do
SO.

“»The supervisor (foreman) should explain the reasons
why the standards must be kept.
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“»Two sheets help workers thoroughly understand the
standards.

Operations key points note describes the important points of
each operation.

Operations guidance note explain the details of each operation
and methods for checking product quality.




» Capacity calculation for the resource with set-up changes:

) L . Batch Size
Capacity given Batch Size =

Set-up time + Batch-size*Time per unit

» Capacity increases with batch size:

0.5
Capacity 0.45 | 1/p
0.4 A
0.35 1
0.3 7
0.25 1
0.2
0.15
0.1 1
0.05 A

| &
0 LA LALLM A Batch Size 1 ’ ::.!
o o o L T
a3 B & _ _ L

130
170
210
250
290
330
370
410
450
490
530
570
610
650

Example: Cutting Machine for shirts
20 minute cutting time (irrespective of the number of shirts)
4 minute/unit preparation time

¥ SCM Lab.
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Production with large batches

Production with small batches

Cycle Cycle
Inventory A Invento
Y . Produce Sedan
D Produce Station wagon
\\ // > \\ 4/,
Beginning of End of Beginning of
Month Month Month

« Large batch sizes lead to more inventory in the process

* This needs to be balanced with the need for capacity

« Implication: look at where in the process the set-up occurs
If set-up occurs at non-bottleneck => decrease the batch size
If set-up occurs at the bottleneck => increase the batch size

‘ SCM Lab. 47 )
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Cutting Section 1 Section 2 Finishing
Set-up time: 20 minutes - - -
Activity time: 4 min/unit 40 min/unit 30 min/unit 3 min/unit
Resources: 1 Cutting machine 8 workers 5 workers 1 worker

What is the capacity of the cutting machine with a batch size of 15? ? unit/min
What is the capacity of the overall process?

How would you set the batch size?

SCM Lab. 4 8 )




 Equate the capacity of the step with setup with the capacity of the step from the
remaining process that has the smallest capacity!

Batch Size (B)
Set-up time (S) + Batch-size (B)*Time per unit (p)

Capacity given Batch Size (C)=

Flow Rate (F)
F= B/(S+Bp) => B=FS/(1-Fp)

Flow Rate (F) * Setup Time (S)

Recommended Batch Size (B)=
1- Flow Rate (F) *Time per unit (p)

(E5) scu Lav. 49 )




Setup time  Activity time
Milling 120 2
Assembly 0 3

Milling Machine Assembly process

Capacity (B=12) Milling: 0.0833unit/min (bottleneck)
Assembly: 0.33unit/min

Capacity (B=300) Milling: 0.4166unit/min
Assembly: 0.33unit/min (bottleneck)

Recommended Batch Size?
(0.333*120)/(1-0.333*2)=120units!
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« Batching is common in low volume / high variety operations
« Capacity calculation changes:
Batch Size
Set-up time + Batch-size*Time per unit
* This reflects economies of scale (similar to fixed cost and variable cost)
* You improve the process by:

Capacity given Batch Size=

Setting the batch size:

(a) If set-up occurs at the bottleneck => Increase the batch size
(b) If set-up occurs at a non-bottleneck => Reduce the batch size
(c) Find the right batch size by solving equation

Reducing set-up times:

(a) SMED method separates between internal and external set-ups
(b) Do external set-ups off-line, i.e., while the process is still running
=> enables mixed model production (Heijunka: ¥ #1k)

=21
Set-up time reduction is also powerful in other settings, such as OR’s or airplanes

"' SCM Lab. 5 1 )




