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Kenbon w/ Kenbon w/
M wodorial flow L P 2k
Parchensivn -a-e> Iu(_)5 “r Q) cvvrevsein> la g Howroom
= I dz =5 - ®
1.\,/ T ;+Mrl;\ on v on = Lb% (borght)
/,\\\ " machine ! wochine

NV S
PR S O Sl

information  flow

id pall express Kabon 't sent 4o o previons  storion
to prioritize o part; on
2\0 ot no prodnction shortrge Kanb;:n sewl-‘L'tFo Z\ olert Yo the chain.
. ] ? maching cont fin
(matsrinls) (a\ccepfmble) (evaess Krben) the powts needed.
hive b Hon' indimdmed sals
o locnbe. move spoc r0 fvee| Konkow mochive  blocked  solution buffer (indivadmw ] sdls )
dovond fo store exhven iment (no drive /ochion) > crerte denffic
line widl evewdnodly Thranghput
stop Rate
Meachine Blocked 1
system |
epeity
Dowd
WIP* (work level) WIP Trvertory Rote




Lectwe 3/28/2014 : Schedulivg,

Ghant Chart:

plot ovt time V.S. all vesonrces

eﬁrly vs. |nfe
lnteness <0, 20

tardiness 2 0 (an time or lofe)

.

A

Sl'n9|e Mochine
ﬁ' nQ Se+\I\P ‘HW\Q
= con be partof Py
1 | | 2
Processing time: Py I

Dne date: di 6

3
3
3
Avrival. time: | af o

- O

time

Shortest Processivig Time (sPT)

12> 13

NN

Comple‘ﬁeu/\ +ime

=6

+ime

g 1 3 6

max Tordiness = mex {¢) ¢) (6-2)} =3

mean flaw time = ("” 3+ Q)/g |0/3

(fime  tn sys+ew|)
Eorliest Dve Date (EDD) ¢ earliest due date first

COmple‘Hwn tine

max tordivess = max {¢, S‘J 75} =0
MET = (6+3+5)/3 = 14/3

shartest processing first

Mean Flow Time * how mwch Je|o.y in He
system; MFT = level of WIP & delay
— 1 N\FT, T wat time & |owger quera

Trade oF between MFT & Tardiness
(na perfect  solation).

Single Machine: oll jobs arvive o fime d,
no setup time

SPT —> Minimize MFT (e.qr. express lanes)
EDD —> Minimize Moax Tardiness

(eg. ossigrments)

Machines

Parallel

H
> |-
N

oo°0 d; 6
ai| ¢

Jncksan’s Rule:

S )

Bronder category of EDD —> wminimize max tordiness :

6>3>4->21>|>5

malel 21 5 — Task 4 conld be assigned to mMoadnive 1 or 3,
1 3 6
—> Task 5 conld be assigned fo any
PO i
13 7 Mox tordiness some regardless of ghewntt chart confiquration.
m L3 1 Hime
@ 3

max tordiness = max {}é, T , 9 = &



Seried. Machi nes

flow shop: moterial  always

90 in seme direction

Minimize Makespan (Comp'&‘HCm time of all jobs Hivongh Ml pracesses )J

m1

M2

1st

NN

Johnsons  Aloarithm
m —> Shotest first process ©> early

\\\\\

| | et

A
SNWREY

i —> Shortest secand process ©> |ate

minimize! «<—i
1 . A
fime remaining

W\nkeSPan

Critical Ratio =
work rew-w'w'h?/

Flow Shop 2 Machine Problem: 7 Priovitize dnsk w/ lov CR.
/ / |—| slack time
i| e s i) oy Dne Dote
Piaf 2 3] 4] 4+ 6 #all jobs owrive af fime B
Pl s [ 2] & T ko shup time | ,
oy Due Date
Min {P;} =1 = Py
second process —> late: . 2 he P’L'L / Py removed
second pracess —> late: __ __ __ 32 L Pp / Ps  vemoved
/Vh'n{P(j} =1 o 3
first process — eawry: L 3 2 &k
Min {P5} = ¢ = Py s
second process —>emr|y-' 14453 2 6% VSW\N'V\MX & filled |
=>4 —>5->3-—=>2
Makespan
m—ft Lol s |5l B SPT, ED
1 6 2 T T, EDD, FIF0, LIFO
L+ | 5[]
M 2 i5 TREYRTS
$




Lecture  Apnil Hh

CORE LAP - Compwterized  Reletianship Layaat  Planning.

inputs { Relotianship  Chert

} Constrnctive oncedee
Size of Dopt (Blacks)

Dept | 2 2 4 5 Avrea| TCR () Translation Phase
! F UM® T vle| 1+ | U+E+I+U = 2+4+5+2
3 W - 0 0 UG 2 | 243+2+2=10 Tetal Uoseness Rating (TCR) = 21 Rele
3 | [E o - (Ao | 2 | M
¢ | L o@ - U|® | s ®) _Selection Phase
5 v v 0V - 3 9
Degt.®  First Dept - Highest TCR
A=6 E=5 I=4 0=3 V=2 x=-100 Tie Bremkl'vv?, Rules (1) Iv\woes\- orea,
(2) lowest ID #
@ Fonrth Dep‘|-_ = @ Fifth Dept. DEP'}.@ Second Dep'} - “A Rel. w/ Fist DEP+
CAY - st If Hecll ® hl'q)kes-,' TCR
AT - Wnd @  largest oven
“A” - 3nd (3 lowest ID ¥
E” - If none, “E” Rel. w/ First. Dept
34> )=>1-=>5 If ted, { O
(2) Plcement Phase  Placement Rm‘Hn} (PR) @ e
= 2 Rel (w/ compmon well) N y
- O Third Dept = “A Rel. wl. Fist Dept.”,
4 = Rl 34 = A =6 tie- bremkl"vmgf rinles
313

I none “Aoﬁel. w/. Second Dept.
tie - breaking wules

4| IT 4+ T
313 3 3| 313 If nove, "E” w/. Frst Dept.
: If none, “E” w/. Secord Dept.

PR = R(,4)+ R(l, 3 PR = R(I,4) PR = R(,3
= I+E =9 / = I=¢1— = E =68 s |5 5
w«“"ﬁ“ 2141 sl2|4]1
213 3 5213 3
2 L PR=1(51)+(54) [ 5]
4|1 2411 11| 2 3|3 +(52) A ntwn+n R = (52)
3|2 1|33 322 2|2 = e — =2
PR = (24)+(2,1) PR= (2.4) + (2,3) PR = (2,1) + (2,3) PR = (2,3) 2141
2032
= 0+ V = 0+0 = U+ 0 =0
/ c|s5 |5
= B = 6 ) = 5 =3

PR=(5,1)+(53) = w+0=5



4) Lcoring  Phase

5(s|s 2 Rel. x Dyst, 12 12 4 15 23 ¢ 25
2[4 xV + g + g + @ + ¢ + ¢ + ¢
2033 closest winlls 34 35 45
recHliverr 6+ p0 ¢ 0D w+0 = 2+3 =5
the lower the better,

(minisnm \omblevv\)

112 dist (1, 4)

} I keep dept. size

rotios < 1/3

qu

2

veoeil\'V\S’*'
5 Y] (e ey
TcR idesl 'Y

accep+vue q,,es-How:-H(_ problz/woch A TRV




Lectwre 4h: Sequercing L SChedMIfn?

Givens: o collection of jobs remr\(v\{m?, o be Processec] on o callection of machines
Problem®  how 4o seqrence the ogiven jobs 4o optimize some specitied criferion
Comman objective:  maximize the Honshpat rate of  the job shop

Flow timve of job 1 = amowt of Hme that job 1 spends  in  the production  system
> meon flow fime: the orithmetic mean of flow Himes for ol 4 jebs.
J

Tordiness is  the positive difference  btwn completian time L due dote of « job.
= jobs dardiness is zero i completed befve dne dote
= a fordy Jjab is completed after ts  due date

= carmon scheduling,  objectives:  max. tardiness, mean tardiness, 4 o, of dmrdy jabs,

Lateness is e diff. blwn the Job completion 4ime & s dve dote
> con be either ) or () job completed before due dovte

A/\a\kespw\ is the +me camplete A Jcbs

First Come First Served (FCFS): Jjobs are processed jn the sequence -H«ey entered the qreve

Shortest Processing Time (SPT)*  jobs ave sequenced in increasing order of Hheir processing times
= job w/ shertest PT. first, the next shotest P.T. o5 second, and so on.

Earliest Dne Date (EDD): jobs ave sequenced in Increasing, order of teeir duve dotess
= Job wl shortest DD. first the next shotest DD o second, and so on.

remoining. me wntil dune date (dve date - cnrrent time)

Criticad  Retio (CR): processing. tine of the job (at n machine ) ’

schedwle job wl smollest

CR.

ﬁgfngle Maochine  Problem ¥
— PT & DD. of each job ave given constants —> SPT minimizes menn flow time

—> Al jobs arrive simvlfoweonsly —> EDD minimizes maximam  +ardiness
—> Setup time is fixed

b | 1] 2 | 3 | 4 | 5 | 6|
3 2 3 1

t=0), Job1 ~6ino tie —bfe'\kl'h?, ries © job 3 or 6 first

Processing time 1 2 CRy = 6-0 _ ¢ CRz = 20 | CRg = 20 160
Due time 6 5 3 4 8 1 ! ™ 3 3
el 0 0 0 0 0 0 R, = L,L" <15 (Rq = 4'10 =2 R = ‘ ,0 = |
Gont
£23) Tob 1~2, 4~
e £ 2 [1] 5
t=0 3 4 6 31 2 Ry =2 ss Ryt s g X
Cﬁz = ﬂ E I CES = %‘_3 < I.érl
- R _5-6 el o 86 t 3
£=6) Job 1,25 Ry = =7 (R ==~ (Rg = —5 -
s t=4) Job 1~2, 4~5: R = —— =2
t=8). Job 145 Ry = ——, (R =5 4, 4 g
CE; lﬁ\’?‘l'_ CE?_ = S'—24- = 0.5 S’E\ﬁ.’ = 2+ =0 CES = ;_



Flow Shop :

L ench job is processed exmctly once on eoch wechine (nssembly line ).

Job Shop :

require  pultiple operotions 0N n single machine. Furthermore,

each of the m jobs wwst be processed throvgh the m  machines in the same order,

not Al jobs ove ossumed to require exactly m operations, & some jabs may
ench job may have a diff.

requived seguencirg. of operations. (an be extremely complex L s s mﬂ.—Pmrpose soltian

mlgori-I-Wm. N
2
I g e 6
%
—® Machine 1 | ~ p-| Machine 2 g Machine3 || Machine 4
7
L 4 5 *9
) 12 ; ; :
Machine 5 Machine 6 Machine 7 [«@— Machine &
10
I
# Job Shep Scheduwling. Problem  with - Dynawmic Arvivad i & —> Apdy EDD & CR

\
o
T

3 Machiné 1 — Machin
10 (1 hour)

2 - Macl’:i}A/S Arrival time @ Due time =
(2 hours) (3 hours)
Arrival time =@ Due time = 15

‘tie (4 hours) (3 hours)
Machine 1 \/ Arrival time =@ Due time = 8

(2 hours) t+jg

Machine 1/Machine 3 —/Machine 2
(2 hours)

Machine 3
(4 hour)

)
&
o
w

Job 4: Machine 2 -/ Machine 3

(3 hour) (1 hours)

Arrival time =8 Due time = 18

EDD
./

t=4) IT3->m1

n—-m 5
J1-> M3

t=%) T4-> M2 t=0n) T4->m
J2—> M3 T2—> M2

Layont Design : () Types of Layouts

7 72 iy
Ml _I' T G $ 12
7 ! T4 T2
S EEN I e
73 Tl ) T4
s Lo I
; :
t=0 | :

Fixed Position Loyowt : far prodncts fhat are oo bulky & lnea\V\/ to mave (eg, planes, ships,
L vockets) The praduct vemains fixed & 4he

size & slnape.

Produnct Layawt (Or Prodnct Flow Lo«yqvﬁ)-‘
ﬁ

|D\\/0V\+ is defermingd loter based on pmdwff

—
7 on assembly line (or +ransfer live)
—

Machines are orgmn,'zed to conform the sequence of opereriov\s reqvu"red o prodv\ce He plroclud'
+YPI~CWQ |(7\YQ/\+ for lm'@«!n—\/olvwne stmdavdized Prodfv\o‘-ion

desirnble for flaw-type mass production L provide dne  forstest cycle tives in snch envivon.



Lathes. Grinders

Frocess Layant  (Or Job Shap Layanh).
> Grovps of wnachine havivg:  similow- fimctions
—>  Common for  smadl /medivvn  wolume  manufacharers
—> Most effective when there is n wide
voriotion in the prodnct mix.

—7 Eodh pmdmd’ hes o difF rov\'|'|'n?_

Sep"\/\ev‘\ (<7} asse CI‘ 0\"’3& W|‘H/\ |+ Receiving J
d

an

—> Flow patterns are highly varable . bk

(‘Jromp Teclrwxology Lmyom+ (or Cellnlow Lo\\/om+)
—> Parts st be dentified & gravped i povt fomilies based on  similavities in marwdrctarivg
fnnction or design.
—> Eoch fomily vequives  similar processing
—7 Eoch cell of mochines corvespords to a particuloy  povt family
—> Suitable for large firms produncing  a wide variety of pomLs in moderaite to  high volwmes
process - |z7\\/m/\+ proeIV\c-l-— |o\yom+

l_myovx'l' Design - (2) Charts

Letter codes for
closeness ratings:

- A: Absolutely necessary
- E: Especially important
- It Important

- O: Ordinary importance
- U: Unimportant

- X: Undesirable

Cooking burgers

Cooking fries

Packing and storing

Drink dispensers

Counter service ) )
This eniry means that it

is especially important
for the packing and

storing operation to be
near the counter service.

Drive-up service

FIGURE 11-3 FIGURE 11-4
From-to chart showing From-to chart showing
distances between six number of materials
department centers handling trips per day
(measured in feet)

eJo | saws | Miling ';”r:i‘ D | Iahes Cnters eTo | saws | Milling ';“r';‘:? Drlls | Lolhes | Sanders
Saws 18 40 30 65 24 Saws 43 26 14 40

Miling | 18 38 75 16 30 Milling 75 60 23
';”r'e“i‘ 40 38 22 38 12 F;”r';j'; 45 16
Drills | 30 75 22 50 46 Drills 22 28

lothes | 65 16 38 50 60 Lothes 45 30 60
Sanders 24 30 12 46 60 Sanders 12




La\yovd' Design : (3) Compnterized Lmyom+ Technigues

Compnrterized  Relotive Allocotion of Facilities Technigue (CRAFT)

~7 Tmprovement ruvtine (requires the wser 4o specify an initial layont )
Objective : minimize total +ransportation cost of o loyout

Transportadion  cost = proémd- of
(the cost o move o wnit load from o department o ancther)

&
(Hhe [V€c+i||'heo«r:| distance btwn. the 2 departments’ centvoid )

7 Based on an infisk layont, CRAFT considers  exchanging fhe pasitions of  adjacent depowtments
% comprtes the woterixks  handling. cost of the resulting. exchange i the pairwise interchavge
that vesvlts in the orentest cost veduction is chasen by Hhe program.

Let R be any region in the plane and A(R) is its area. Also, suppose that R can be
subdivided into k rectangles. 80
A B
he centroid of R is given b o M08 & y = L 60
- T ? YT AR T AR
where M, = i X' :'\7”:(‘1';, - 1) Centroid 40
- = coordinotes of
B the center of 20 =
M, = EA . = et (x2; — x17) qrvwl"}“/ P = B
=1 ~
0, 0) 20 40 60 80 100
<Depav+vv\ev\+ A> / Example
40%- 10’ 50" 40* 2_
My = (1—) (80-30) + (_;0) (30-40) + w (20-50) =~ 91,500
80" - 30" (30%-30°) (30’ - 10?)
My = B g0y ¢ 2 (S0-40) 4 1 (0-50) ¥ 145500
— 1,500 —L 145, 500
X = —22 = 3% = 250 g S
2550 y 2chs 8.2 centraid = (3¢.6, 58.2)
Example 2: Flow Chart: use CRAFT +o delermine the  score
E A B c D E :
A B 3 A B Cc D SCOTC
A % A 5 9x45 + MNx¢ + [§x
I B n B8 B8 & 9 + 5x3 + 20|05 + 2x6
o |te € 5 ¢ 3 +lox6 = MY
Dl 2 12 10 D s 6 4
3 E 5 -
= I‘F hew |0\)lov\+ 'oeﬁ\‘('s (>)
H__/\_V_J

6 Y 129, then new is betfer !



Computerized Relationship Lak:;om{- p]mvxn[v\?, (CORELAP) (Placement Phase)

—> ereemy places clepnr-}mewl-s in Hhe determined ovder while ma\x(w\izirxg the p|mcevv\en+ rm‘l'ing,
/con54vmc+ive proceduve

— Reloﬂ'ionshfp dqar‘f') size of Jepo\r{—mewl' (Blocks) 1) Trans|ation Phase :
—> fird the Total Claseness Rm‘h'w;s (TCR)
| 2 3 4+ 5 Area TCR 2). $eleltioh Phase:
b w E I w0 | WHE+T+0n = (3 —> Ist. Dept is one w/ highest TCR
Dept.3 + Tie Brenking Rules (TB.R.)
¢ w - 0 0 e L3 10 (), |aﬂaes+ aven
3l E 0 - A 0 | 2 4 (2) lowest avea
Dect. 4
I 0 A - wil 15 — 2d Dept. is one w/ “A” relotion w/
sl w w g w - 3 q 1st Dept.
© If tied: () highest TCR
A=6, E =5 I=4 0=3 wn=2, X=-I00 (2). lorgest oven
(2). lowest avea
Dept. 1 * If no"A” TET W/ veletion w/
—> 3rd Dept. is one w/ “A” rvelation w/ 1st Dept. 1st Dept-
- TBR. +If tied + TCR + Tie Breaking R.
© T none A Hen A7 W/ 1nd Depart,
TBR. — 4 Dept. is Dept. 2 1 Gt Dept. is
¥ none, "E”w/ 1st Dept, Dept. 5, since  TCR(2) > TCR(5).
TB.R.
If none,  E” w/ 2d Dept,
* TBR.

\I'/ \\0// \\V\”
! i — Comman walll lev\z«'“/\ doesnt offect no. of

V‘elwl'l'ohshfps /\
3). Placement Phase :

2 @ =2 41

Placement Rating (PR) / choose he highest il 2|4 (1] 33
2|2
= ZRel (w/ common wall) e I ENE 322
= Rl (34) = A =6 pPR= (24)+(2,1) PR=(4)+(x3) PR=(2D+Q3) PR=(%3)
= 0+ 0V =0 +\7 = U+ 0 =0
= 5 =6 & =5
— €
@ 411 IT 4 4 W
3 | 3 3[s| [3]s
|
PR = R(,4)+ R(l, 3 PR = R(l,4) PR = R(,3) 4|1 s|s5|s sl2]|4]) 2141/
=I+E=‘1/ =I=+¢% =E=5 3]3 ®2+l s{2(3]|3 233
\r\'\’r»“l’s* 2|2 2|33 5 |55
PR = (2,3) PR={50+(54) PR =(52) PR=(51)+ (53
+(52) A n+wnin = =2 o
= =6
g g

=3



4‘) Scorl'ntg, Phase

—> J/Rel x dist (closest walls NOT cenbrod [CRAFT]) — |owest |0\yow|' score js beHer!

—>  minisnm  problem —> neighboring, (w/ common wall), then dish/score =0
-2 -3 -4 I-5 1-3 -4 1-5 3-¢ 3-5 4-5
51515 Ixa + g + ¢ + P+ g + g + @ £ F + |x0 + p
2141
2|33 = w+0Q = § (Lﬂ\yom+ score)

& commonn prmcﬁce:

keep dep-l'. size vatios < L? L-slnmpe (Accep+o\b|e) U~ shope (Questionoble)

} |

highest TCR # best

Q ﬁ haw +O EXH‘ ?
\ helicapter ¢

sh |'pp|'n?, [ex por +

cewter



How to calculate the RPW of a work element?:

— = = high RPW : higher position
RPW of work element X := the sum of the operating time required for the element X and the times for all elements that
must succeed that element. qrester we it

/valne
Example

=3 =2 fe=4 =1 1=2 tr=1 15=5

RPW, = 18 RPW; =3 RPW, = 12 RPW; =7
O—E—©) O—E—0O O—CE—0C OwOmO.
© (® Q ©
O=¢e:-0 © O, 0 =60 ©) O
0, ® @ 0,
3+2+4+1+2+]1+F5 tg+tp =3 terteg+ttp+16 =12 te + tg = 1
:lg

Exercise: Line Balancing Des[re d cvcle Fime
ye

The precedence relationship and task times (in minutes) for assembling products are shown below. Set up an assembly line to assemble 60

units of product in an hour. Balance the line and calculate the delay. Cd L 1 howr
Work Element Precedence Time (min) RPW 60 wnits
1 AX - 02 $-04-03 = 23 1 it/
2 R3RN- 0.4 4-0.2-01-032 = 261 = 1 wnit [ hr.
3 %R S 0.7 4-02-0.1-04-0.3 =3.0

4 1,2 0.1 1o ° e
2 03 13

5

6 3 0.11 1.0 ‘

7 3 0.32 121 °
8 3,4 0.6 [.3n

9 6,7,8 0.27 0.39

10 58 038  038+042+05 =09 ° e G e
1 9,10 0.5 02+ 05 = 0.2
12 1 012 0.12 6 Q

totad = 4 mins

Precedence Diagram

b

Decreasing order of RPW Desired cycle time = 1min/unit (3-1) Assign work element 2 (0.4 min) to WS1
. . (1) Assign work element 1 (0.2 min) tows1 ~ — Exceeds desired cycle time ( X)
Work Element RPW Time (min) Precedence |ws1 (2) Assign work element 3 (0.7 min) to Ws1 (3-2) Assign work element 2 (0.4 min) to WS2 (0)

1 3.30 0.2 - 7
3 3.00 0.7 1 (3) Assign work element 2 (0.4 min) to WS2  (4-1) Assign work element 4 (0.1 min) to WS1
2 2.67 0.4 - WS2 | (a) Assign work element 4 (0.1 min) to WS2 — Precedence (1 and 2) not satisfied. ( X)

’ ' (6) Assign work element 5 (0.3 min) to WS2  (4-2) Assign work element 4 (0.1 min) to WS2
4 1.97 0.1 1,2 l — Precedence (1 and 2) satisfied.
8 1.87 0.6 34 WS3 | (5) Assign work element 8 (0.6 min) to WS3  (6-1) Assign work element 5 (0.3 min) to WS1 — (X))
5 1.30 0.3 2 (7) Assign work element 7 (0.32 min) to WS3 (6-2) Assign work element 5 (0.3 min) to WS2 — (0O)
7 121 0.32 3 , (5-1) Assign work element 8 (0.6 min) to WS2
6 1.00 0.11 3 ' — Exceeds desired cycle time ( X)
10 1.00 0.38 58 ' (5-2) Assign work element 8 (0.6 min) to WS3
9 0.89 027 6 ,’7 3 . — Precedence (3 and 4) satisfied. (O )

’ ’ >’ (7-1) Assign work element 7 (0.32 min) to WS1 — (X))
1 0.62 0.50 9,10 (7-2) Assign work element 7 (0.32 min) to WS2 — (X))
12 0.12 0.12 11 (7-3) Assign work element 7 (0.32 min) to WS3 — (O

Desired cycle time = 1min/unit

Ws1 » WS2 —>| WS3 —>| WS4 [—»| WS5
1,3 2,4,5,6 8,7 10,9 11,12
0.2+0.7 0.4+0.1 0.6+0.32 0.38+0.27 0.5+0.12
=09 +0.3+0.11 = 0.91 =0.92 =0.65 =0.62

>> True Cycle Time = max(0.9, 0.91, 0.92, 0.65, 0.62) = 0.92 min

>> Efficiency = 4/(5 * 0.92) = approx. 87%
>> Balanced delay = approx. 13%



How to calculate the RPW of a work element?:

RPW of work element X := the sum of the operating time required for the element X and the times for all elements that

must succeed that element.

Example

=3 =2 t=4

RPW, = 18

=1

342+ 4 +1+2+14+5
= (3

Exercise: Line Balancing

=2 tr=1 1t;=5

RPW; =3

ts

+tD=3 -tc

high RPW :  higher position
greater weight

[valne

RPW( = 12 RPW,; = 7

+‘tE+t|_-+‘t(,=|'l tE""t(,:r,

Desired cycle time

The precedence relationship and task times (in minutes) for assembling products are shown below. Set up an assembly line to assemble 60

units of product in an hour. Balance the line and calculate the delay. CJ L 1 howr
Work Element Precedence Time (min) RPW 60 wwits
1 As - 02 4-04-03 = © it
2 R36R- 0.4 4-0.2-01-0.32 = 267 = Lownit [ hr.
3 FRRS 1 0.7 4-02-0.1-04-0.3 =230
4 1,2 0.1 1an ° °
5 2 0.3 1.3
6 3 0.1 10 ‘
7 3 0.32 121 0 °
8 3,4 0.6 .31 °
9 6,7,8 0.27 0.39
10 5.8 038 038+ 002+05 = 0.9 ° ° a e
11 9,10 0.5 0.2+ 05 = Q.62
12 11 0.12 0.2 ° °
fotld = G mins
Precedence Diagram
Decreasing order of RPW Desired cycle time = 1min/unit (3-1) Assign work element 2 (0.4 min) to WS1
. . (1) Assign work element 1 (0.2 min) tows1  — Exceeds desired cycle time (X))
Work Element  RPW  Time (min) Precedence |WS1| . ) ion vork element 3 (0.7 min) to ws1 (3-2) Assign work element 2 (0.4 min) to WS2 (0)
1 3.30 0.2 - 7
3 3.00 0.7 1 (3) Assign work element 2 (0.4 min) to WS2  (4-1) Assign work element 4 (0.1 min) to WS1
9 2.67 04 _ WS2 | (a) Assign work element 4 (0.1 min) to WS2 — Precedence (1 and 2) not satisfied. ( X)
5 ’ (6) Assign work element 5 (0.3 min) to WS2 (4-2) Assign work element 4 (0.1 min) to WS2
4 1.97 0.1 1,2 l — Precedence (1 and 2) satisfied.
8 1.87 0.6 3.4 WS3 | (5) Assign work element 8 (0.6 min) to WS3  (6-1) Assign work element 5 (0.3 min) to WS1 — (X)
5 1.30 0.3 2 (7) Assign work element 7 (0.32 min) to WS3 (6-2) Assign work element 5 (0.3 min) to WS2 — (0)
7 1.21 0.32 3 . (5-1) Assign work element 8 (0.6 min) to WS2
6 1.00 0.11 3 - — Exceeds desired cycle time ( X )
10 1.00 0.38 5.8 H (5-2) Assign work element 8 (0.6 min) to WS3
i : - isfied.
9 0.89 027 678 ; ( )Precedence (3and 4) satl(s ied (0)) . 0
7-1) Assign work element 7 (0.32 min) to WS1 — (X
11 0.62 0.50 9,10 (7-2) Assign work element 7 (0.32 min) to WS2 — ( X)
12 0.12 0.12 11 (7-3) Assign work element 7 (0.32 min) to WS3 — (O)
Desired cycle time = 1min/unit

WSH > WS2 » WS3 > WS4 »| WS5

1,3 2,4,5,6 8,7 10,9 11,12

0.2+40.7 0.4+0.1 0.6+0.32 0.38+0.27 0.5+0.12

=09 +0.3+0.11=0.91  =0.92 =065 =0.62

>> True Cycle Time = max(0.9, 0.91, 0.92, 0.65, 0.62) = 0.92 min

>> Efficiency = 4/(5 * 0.92) = approx. 87%
>> Balanced delay = approx. 13%



