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Problem Definition

° In the SoCal Casting machine shop, castings arrive in the batches of 4 per hour.

° From the receiving dock they are sent to the mill and the milling operation time is normally
distributed with a mean of 3 minutes and a standard deviation of 1 minute.

> The milled castings are sent to the grinder, where they are ground for uniformly (5, 1)
minutes, in other words minimum four and maximum six minutes.

o After grinder, they are sent to the inspection station and the inspection takes minimum 4,
mode of 5, and maximum of 6 minutes according to a triangular distribution.

o After inspection, 30 percent of the castings are sent back to the mill for rework, 10 percent
are sent back to the grinder for rework, and 5 percent are scrapped. The remaining, 55
percent, pass the inspection and go on to the finished parts store.

o Consider a material handling time of 1 minute between each process and the process times
for rework are the same as their standard process times.

o Make a simulation model and determine the number of parts reworked at mill and grinder.
Also, calculate the number of scrapped and produced parts, likewise the work-in-process
(WIP).

o Run the simulation model for 100 hours.




Implementation on ProModel

o Define the locations

Hame Cap. Units DTS Stats . males...
Receivmq_l}nck:l INF 1 Hone Time Series Oldest
w Mill 1 1 None Time Series Oldest
H Grinder 1 1 None Time Series Oldest
‘m Inspect INF 1 None Time Series Oldest
Mill Rework INF 1 Hone Time Series Oldest
Grind Rework INF 1 None Time Series Oldest
Finished Part Store 1 1 None Time Series Oldest
Scraped Parts 1 1 Hone Time Series Oldest




Implementation on ProModel

o Define the entities

. Entities

| Icon Hame Speed (fpm) Stats

ﬁ Casting 1540 Time Series

o Set entity arrivals

Arrivals

| Entity. .. || Location. . . || Qty Each._ .. || First Time. .. Qccurrences Freguency
Casting Receiving Dock 4 a INFE &0 MIN




Implementation on ProModel

o Define variables and put icons on the layout for the corresponding variables

Yes
Yes
Yes

Yes

D S Type Tnitial value
WIP Integer u]
Production Integer a
Scrap Integer a
M rework Integer a
]

= _rework

Integer




Implementation on ProModel

° Processing: Receiving Dock = Mill

5

B Process [1] [[= |[= ][ =] | W Routing for Casting @ Receiving_Dock 11 == =]
|

| Entity. .- ” Location. - - || Operation. .. | |E|'1k | Qutput. . . ” Destination. .. || Rule... || Move Logic. ..
Casting Receiving Dock WIF = WIF + 1 -~ 1 Casting Mill FIRST 1 Move For 1 MIN ~
Casting Mill Wait M3, 1) MIN
Casting Grinder Wait U({5, 1) MIN
Casting Inspect Wait T(4,5,8) MIN
Castinm Mill Rewuwnrk M reuwnrk = M reunrk + 1 ~ N
T o

B Operation [==]=] [ Move Logic [==]=]
damoeal ¥ oo damoeal ¥ oo

1 WIP = WIP + 1 ~ -' 1 Move For 1 MIN ~

- e ;
Mill Rework Grind Rewor

e
A




Implementation on ProModel

° Processing: Mill = Grinder

&l

W Process [2] E\@ [ Routing for Casting @ Mill [1] EI@
|

| Entity. .- ” Location. - - || Operation. .. | Blk | Qutput. . . ” Destination. .. || Rule... || Move Logic. ..
Casting Receiving Dock WIP = WIP + 1 ~ Casting Grinder FIRST 1 Mowve For 1 MIN "
Casting Mill Wait M3, 1) MIN
Casting Grinder Wait U5, 1) MIN
Casting Inspect Wait T(4,5,8) MIN
Casrine Mi11 Dewnri M reunrk = M rawark + 1 w2 ~
ra Ll
[E] Operation (=@ ]=] [ Move Logic (=@ ]=]
dhadoesnl L0 dhadoesnl L0
1 Wait N(3, 1) MIN ol ™1 1 Mowve For 1 MIN ~
5—%»1
Mill Rework Grind Rewor)
(e e
Scraped Parts
L L
£ > < >




Implementation on ProModel

° Processing: Grinder—> Inspection

]

W Process [31] E\@ } Routing for Casting @ Grinder [1] EI@
|

| Entity. .. || Location. .. || Operation. .. | Blk | Output . - - || Destination. . . || Bule._ . || Mowve Logic. ..
Casting Receiving Dock WIP = WIP + 1 ~ Casting Inspect FIRST 1 Mowve For 1 MIN M
Casting Mill Wait N(3, 1) MIN
Casting Grinder Wait U({5, 1) MIN
Casting Inspect Wait T(4,5,8) MIN
Casrine Mi11 Dewnri M reunrk = M rewnrk + 1 w2 ~
ra Ll

E Operation EI@ E Move Logic EI@
dBICAl 2T 06 dBICAl 2T 06

1 Wait U(5, 1) MIN ~ e

Mill Rework Grind Rewor)

1 Move For 1 MIN ~

+
A




Implementation on ProModel

° Processing: Inspection = Mill_Rework / Grind_Rework / Finished_Part_Store / Scraped_Parts

.
Process =] Routing for Casting @ Inspect
[4] W Routing g @ Insp [4] =
| Entity. .- ” Location. - - || Operation. .. | |E|'1k | Qutput. . . ” Destination. .. Rule... I| Move Logic. .. |
Casting Mill HWait M(3, 1) MIN ~ 1 Casting Mill Rework 0.30 1 MOVE FOR 1 MIN ~
Casting Grinder Wait T(5, 1) MIN Casting Grind Rework 0.10 HOVE FOR 1 MIN
Casting Inspect Wait Ti4,5,€) MIN Casting Finished Part Store 0.55 MOVE FOR 1 MIN
Casting Mill Rework M rework = M rework + 1 Casting Scraped Parts 0.05 MOVE FOR 1 MIN
Castinm =Frind Rewnrk = rewnrk = & rewnrk + 1 5 7
:
[ operation (= (& ][ Revting Rule Move Logic (= =]==]
éﬁa@'}(’ﬂﬁl}*g|&® [ start New Block Cuantity ’ﬁa@'}ﬁéﬁ|}%r§|&®
1 Wait T(4,5,6) MIN i B 1 MOVE FOR 1 MIN A
() First Available (") Most Available
H 11141 By T Rand
Define probabilities for each By T Ofandon
() If Join Request (O If Load Regquest
routing option from the Rule st OLongest Unoccupied
() Until Ful () If Empty
window, as in the example! @robabiity:  [0.05
() User Condition:
Continue
() as Alternate () As Backup (") Dependent
|Car1cel | | Help |




Implementation on ProModel

° Processing: Rework at Mill

W Proces: [=] E@ » Routing for Casting @ Mill_Rework [1] EI\EI

| Entity. .. || Location. . . || Operation. .. | Blk | Qutput .

- ” Destination. .. || Bule. .. || Mowve Logic..-.
Casting Mill Wait N(3, 1) MIN ~ Casting Hill FIRST 1 o)
Casting Grinder Wait U({5, 1) MIN
Casting Inspect Wait T(4,5,8) MIN
Casting Mill Rework M rework = M rework + 1
Casrine Erind Dewnrlk & reunrk = & rewnrk 4 1 w2 ~

-

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

1 M rework = M_rework + 1 ~ -
- i ;

1

\

Grind Rewor

X

Mill Bework
ﬂ




Implementation on ProModel

o Processing: Rework at Grinder

~

W Process [€] E\@ } Routing for Casting @ Grind_Rework [1] EI@

| Entity. .. ” Location. . . || Operation. .. | Elk | Cutput. - - ” Destination. . || Bule. .. || Move Logic. ..

Casting Grinder Wait U(5, 1) MIN ~ Casting Grinder FIRST 1 o

Casting Inspect Wait T(4,5,8) MIN

Casting Mill Rework H rework = M rework + 1

Casting Grind Rework G_rework = G_rework + 1

Casrine Finished Dart Srare  |WTD = WTD — 1Drmducrion = Droe ' ~
= =

E Operation EI@ E Move Logic EI@
daBoseAl Y o0 damoeal Y a0

1 G_rework = G_rework + 1 A -'i 1
- E

Grind Rewor

Mill Bework
Jomm

X




Implementation on ProModel

° Processing: Calculate produced parts

5

B Process [7] E\@ W Routing for Casting @ Finished_Part_Stare [1] EI@
|

| Entity. .. ” Location. . . || Operation. .. | Blk | Qutput. . - ” Destination... || Bule. .. || Move Logic...
Casting Inspect Wait T(4,5,&) MIN ~ Casting EXIT FIRST 1 o
Casting Mill Rework H rework = M rework + 1
Casting Grind Rework G_rework = G_rework + 1
Casting Finished Part_Store 1Production = Production + 1
Castinm Srraned Parts WTP = WTP — 18cran = Scran + 1% N
r N

E Operation EI@ E Maove Logic EI@
dhBICAI Y 00 danscalr Y L0

1 WIP = WIP - 1 ~ . )
2 Production = Production + 1

+
X




Implementation on ProModel

o Processing: Calculate scraps

W Process [8] E\@ } Routing for Casting @ Scraped_Parts [1] EI@
| Entity. .. ” Location. . . || Operation. .. | Blk | Qutput. . - ”

Destination. .. || Rule... || Move Logic...
Casting Mill Rework M rework = M rework + 1 = Casting EXIT FIRST 1 &
Casting Grind Rework G_rework = G_rework + 1
Casting Finished Part Store WIP = WIP - lProduction = Prox
Casting Scraped Parts IF = WIP - lScrap = Scrap + 1

-

E Operation EI@ E Move Logic
FRamo R Y 0e FRBIcAlFY 00
1 WIP = WIP - 1

~ = 1
-
2 Scrap = Scrap + 1 s_———"w

Mill Rework

Jmmm <

Grind Rewor

X




Implementation on ProModel

° Run the simulation for 800 hours and get the results

Simulation Opticns

Output Path: | c:\users k5550 documents\promodel\output | Browse...
Run Mame: | Baseline |

Run Length Disable

(®) Time Only () weekly Time () Calendar Date [ ] Animation [ Jcost

|:| Warmup Period |:| Array Export |:| Time Series

_ At Start
Warmup Time™*;
[ Jrause [ |Display Model Motes Mill Rework

w2,
Run Time*: | 100| | [Itrace [ ]Show Views Panel = = m

*Time units default to haurs unless otherwise specified.

General
Clock Predsion Adjust for Daylight Saving Time
O Second O Hour |:| Generate Animation Script : -:‘““"::"--
0.001 b .@ o
(®) Minute (C)Day ] Common Random Mumbers WID - W
| Skip R OTs if Off-shift
Oulput Repariing p Resource DTs i
Recompile Mappings
(®) Standard (T)BatchMean () Periodic H
Cutput viewer(s) to launch Scraped Parts
Ink | Length: Finished Part Store
e Output Viewer
Mumber of Replications: | 1 | [ Minitab

Run Cancel Help




Thanks!...

Questions?

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




