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Problem Definition

° El Segundo Composites company receives orders on average 1 per hour, exponentially

o Raw materials go through three operations as cutting, laying up and bonding. Then they are
prepared for shipment by a shipment clerk.

° Bonding is done in batches of five parts and after this operation is completed, they are sent
to the shipment clerk one by one.

> Process times are given in Table 1:

Process Time (min)
Cutting Uniform (20, 5)
Laying up Uniform (30, 10)
Bonding Uniform (100, 10)

Preparing for shipment Normal (20, 5)

° The material handling time between each process takes 15 minutes.

> Make a simulation model and estimate WIP. Run the simulation model for 1000 hours.
Discuss what would happen if we sent parts to the shipment clerk in a batch, not one by one.



Implementation on ProModel

o Define the locations

O Locations
Teer Name Cap. Units DTs. .. I Stats I Rules. ..

Input_Queus INFINITE 1 Hone Time Series Oldest, FIFO

n Cutting 1 1 None Time Series Oldest

i Laying Up 1 1 Hone Time Series Oldest

* Bonding INFINITE 1 None Time Series Oldest

m Shipment Queue INFINITE 1 None Time Series 0ldest, FIFD

‘ Shipment Clerk 1 1 Hone Time Series Oldest




Implementation on ProModel

o Define the entities

. Entities

I_I con Hame Speed (fpm) Stats
. Raw_Material 150 Time Series

=

k;;i Batch 150 Time Series

o Set entity arrivals

Arrrvals
| Entity. .. || Location. . . || Oty Each._ .. || First Time. .. Qcourrences Freguency
Raw Material Input_ Queue 1 u] INF E (&0) MIN




Implementation on ProModel

o Define a variable in order to calculate WIP and put an icon on the layout

Variables (global)
| Icon | ID Type Initial walue

YTes WIiE Integer o




Implementation on ProModel

° Processing: Input Queue - Cutting

E]Ij

E Operation

1 Inc WIP

faa@mvesal Y e

/é\,

mmré?

Shipment Queue

faa@mvesal Y e

1 Mowve For 15 MIN

W Process [11] E\-@ } Reuting for Raw_Material @ Input_Cueue

| Entity... ” Location. .. || Operation. .. Blk | Qutput. . . ” Destination. . . || Rule. .. || Move Logic. ..

Raw Material Input_ Queue Inc WIF L] Raw_Material Cutting FIRST 1 Mowve For 15 MIN A

Raw Material Cutting Wait TU({20, 5) MIN

Raw Material Laying Up Wait T(30, 10) MIN

Raw Material Bonding Group 5 As Batch

Rarch Remdd e Wait 100 101 MTHTmearom w2 ~
EI-EI @ EMD‘.‘ELDgiC : -IEI :




Implementation on ProModel

° Processing: Cutting = Laying Up

EI-@

diaBAYCAl ;Y L0

1 Wait U(28, 5) MIN

/é\,

lmmm:%

Shipment Queue

diaBAYCAl ;Y L0

1 Mowve For 15 MIN

} Process [2] E\-@ } Routing for Raw_Material @ Cutting

| Entity. .. I Location. .. | Operation. .. Blk | output_ - I Destination. .. || Bule . | Move Logic. ..
Raw_Material Input_Queue Ine WID ~ Raw_Material Laying_ Up FIRST 1 Mowe For 15 MIN M
Raw_Material Cutting Wait U({20, 5) MIN

Raw Material Laying_Up Wait T({30, 10) MIN

Raw Material Bonding Group 5 As Batch

Ratrh Rondinm Wait TTL100 10 MTHITnoroan ~ N
B Operation [==]=] [ Move Logic [==]=]




Implementation on ProModel

° Processing: Laying Up = Bonding

} Process

”]C][j

» Routing for Raw_Matenial @ Laying_Up

E]Ij

faa@mvesal Y e

1 Wait U(38, 18) MIN

/é\,

méy

Shipment Quesue

faa@mvesal Y e

1 Mowve For 15 MIN

| Entity. .. I Location. .. || Operation. .. Blk | Output_ .. || Destination. .. || Rule... || Move Logic...

Raw Material Input_ Queue Tnc WID ~ Raw Material Bonding FIRST 1 Hove For 15 MIN -
Raw Material Cutting Wait TU({20, 5) MIN

Raw_Material Laying_Up Wait U({30, 10) MIN

Raw Material Bonding Group 5 As Batch

Rarch Remdd e Wait 100 101 MTHTmearom w2 ~
E Operation EI@ E Move Logic EI@




Implementation on ProModel

° Processing: Bonding = Shipment Queue (<GROUP> and <UNGROUP> functions)

jal @ Bonding [1] fom] m

W Process [4] o || B ER

| Entity. .. || Location. .. || Operation. .. | [[ Destination. .. [[ Rule. . I Move Logic. .
Raw_Material Input_Cueue Inc WIP -~ -~
Raw Material Cutting Wait U({20, 5) MIN ~
Raw Material Laying Up Wait T(30, 10) MIN

Raw Material Bonding Group 5 As Batch

Farrh Rrndineg Wait 100 101 MTHTmearom w2 w2

E Operation EI@ E Move Logic E\@

dBa@docesn 28 o0 da@dmocRl Y 06
1 Group 5 As Batch ~ e 1

Step 1:
v'Group 5 raw materials as a
batch




Implementation on ProModel

° Processing: Bonding = Shipment Queue (<GROUP> and <UNGROUP> functions)

Y RN

1 Wait U(lee, 18) MIN
2 Ungroup

Step 2:

for the batch
v'Ungroup the batch

v'Define the relevant operation

} Process [21] E\@ h EE ;ni IEE ﬁﬁ;h a Bording
| Entity.- .- ” Location. - . || Operation. . | Destination...
Raw Material Cutting Wait TU({20, 5) MIN ~
Raw Material Laying Up Wait T(30, 10) MIN
Raw Material Bonding Group 5 As Batch
Batch Bonding Wait U({100, 10) MINUngroup
Baw Material Rondinm ~
-
B Operation [==]=]

E Maove Logic EI@
daBmcAlF;Y L0

1




Implementation on ProModel

° Processing: Bonding = Shipment Queue (<GROUP> and <UNGROUP> functions)

} Process

61 [Sa)=)

| Entity. - - ” Location. . .

t EE ;'ni miﬁiw Miiﬁi'i @ Bonding

[1] [ =[]

-

1

Step 3:

to the shipment queue

v'Send ungrouped raw materials

T %
- -

Shipment Queue

—

faa@mvesal Y e

1 Mowve For 15 MIN

|| Operatiomn. .. | Blk | Output . - - ” Destination. . . || Bule._ . || Mowve Logic. .. |
Rawr Material Laying Up Wait U(30, 10) MIN ”~ Raw_Material Shipment {(ueue FIRST 1 Mowe For 15 MIN M
Raw Material Bonding Group 5 As Batch
Batch Bonding Wait U(l00, 1l0) HMINUngroup
Raw Material Bonding
Raw Matarial Shimmant fTuaua v R4

™ hl

[ operation [=&@]=] B Move Logic [=&@]=]
dBaBYCAl Y L e




Implementation on ProModel

o Processing: Shipment Queue = Shipment Clerk

} Process (7] E\-@ } Routing for Raw_Material @ Shipment_Cueue

E]Ij

| Entity. .. ” Location. . . || Operation. .. Blk | Qutput. . - ” Destination... || Bule. .. || Move Logic...

Daw Material Bonding Group 5 As Batch ~ Raw Material Shipment_ Clerk FIRST 1 Hove For 15 MIN -

Batch Bonding Wait U(l00, 1l0) HMINUngroup

Raw Material Bonding

Raw_Material Shipment_{ueue

Baw Material Shinment Clerk Wait Ni(2N 51 MTNDe~ WTP ~ N
—~

E Operation EI@ E Maove Logic EI@
dnmocalrY L e dnmocalrY L e
1

1 Mowve For 15 MIN

]
Cutting
Shipment Quesue
L
£ > < >




Implementation on ProModel

o Processing: Shipment Clerk = EXIT

} Process

= E-@

} Routing for Raw_Material @ Shipment_Clerk

| Entity. .. I Location. .. | Operation. .. Blk | output_ - I Destination. .. || Rule. .. | Move Logic. ..
Batch Bonding Wait U(100, 10} MINUngroup ~ Raw_Material EXIT FIRST 1 o
Raw Material Bonding
Raw Material Shipment Queue
Raw_Material Shipment_ Clerk Wait M({20, 5) MINDec WIP
W LY
B! Operation (= =]=] [ Move Logic (= =]=]
dhaBICAI Y SO daBIcAl Y 06
1 Wait N(2@8, 5) MIN ~ 1
2 Dec WIP
Shipment Queue
W




Implementation on ProModel

> Run the simulation for 1000 hours and get the results

Simulation Options

Output Path: | c:\usersk555u documents \promodeloutput | Browse...
Run Name: | Baseline |
Run Length Dizable
(®) Time Only () weekly Time () Calendar Date [ ] animation [ ]cost
D Warmup Period |:| Array Export |:| Time Series
_ At Start
Warmup Time™;
[ JPause [ |Display Model Motes
e,
LU o | 1000| | [ Itrace [ ]5how Views Panel
*Time units default to hours unless otherwise specified.
General
Clock Precision Adjust for Daylight Saving Time
O Second CI Haur |:| Generate Animation Script
0.001 A
(®) Minute (Day [ ] Common Random Mumbers
Output Reporting Skip Resource DTe if Offshift
[ ]Recompile Mappings

(®) standard (iBatchMean () Periodic
Qutput viewer(s) to launch

Interval Length: Output Viewer
Mumber of Replications: | 1 | [ Minitab

Run Cancel Help

Input Cueue

INRnIL

Shipment Clerk

Cutting

Shipment Cueus

Laying Up




Implementation on ProModel

Discuss what would happen if we sent parts to the shipment clerk in a batch, not one by one.
° Processing: Bonding = Shipment Queue (<COMBINE> function)

”
} Process [4] = =] 23 1 . 13| @ Bending [1] = .E.l-)a
| Entity- - - || Location. . . || Operation. .. | |E|'1k | Qutput. . . ” Destination. .. ” Rule. .. ” Move Logic...
Raw_Material Input_Queue Inc WIP ~ 1 Batch Shipment_Queue FIRST 1 Mowve For 15 MIN ~

Raw_Material Cutting Wait TU({20, 5) MIN
Raw Material Laying Up Wait T(30, 10) MIN
Raw Material Bonding Combine 5 Wait T(l00, 10) MIN

Ratrh Shinmant fnueues

E Operation EI@ E Move Logic E\@

B9 el (2] BB 2 ¥ L6
1 Combine 5 A ) 1 Move For 15 MIN ~
2 Wait U(168, 18) MIN Cutting

v"Combine 5 raw materials as a

batch S oo




Implementation on ProModel

o Processing: Shipment Queue = Shipment Clerk

-
} Process [=] = = 2 } Routing for Batch @ Shipment_CQueue
| Entity. .- ” Location. - - || Operation. .. | Blk | Qutput. . . ” Destination. .. || Rule... ||
Raw Material Cutting Wait U{20, 5) MIN ~ Batch Shipment Clerk FIRST 1 Mowve For 15 MIN "
Raw Material Laying_Up Wait T({30, 10) MIN J
Batch Shipment_Queue
=
Ratrh Shinment Clark Wait WiZ0l 51 MTNDer WTP & =
i hl
[ operation (= =]==] [E] Move Logic (= =]==]
damveal Y o0 damveal Y o0
1 1 Mowve For 15 MIN ~
Cutting
‘ Shipment Queus ‘
v
< > < >




Implementation on ProModel

o Processing: Shipment Clerk = EXIT

.
W Process [€] E\@ » Routing for Batch @ Shipment_Clerk [1] EI@
| Entity... [[ Location. . . || Operation. .. | Blk | Output. . . I Destination. .. I Rule... I Hove Logic...
Raw Material Laying Up Wait U(30, 10) MIN ~ Batch EEIT FIRST 1 o)
Raw Material Bonding Combine 5 Wait U({100, 10) MIN ]
Batch Shi%nt Cueue
Batch Shipment_ Clerk Wait M(20, 5) HINDec WIP I
v v
~ ~
E Operation EI@ E Move Logic EI@
Famocal,2Y 26 damoeal Y a0
1 Wait N(28, 5) MIN A 1
2 Dec WIP

T, %
- -

Shipment Quesue

N




Thanks!...

Questions?

fatihcavdur@uludag.edu.tr / aslisebatli@gmail.com




