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Motivation

= Motivation

= Extreme variability in
demand for pipes

= Reduced capacity due to
Hurricane Katrina

= Test case for developing

Capacity ???

Pipe Details

larger-scale DSS Time
= Needs
= Smooth production while
meeting demand « Ff <
= Define and manage §_ concl
capacity effectively 3’ —
= Long-term planning -
= Short-term scheduling T
ime

NORTHROP GRUMMAN
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Background

= Terminology
=  Bill (Pipe Shop) = final product
= Set of Pipe Details (PDs)
= Attributes: hull, unit, scheduled start, due date, priority, ...
= Pipe Detail (PD) = sub-assembly of final product

= Set of pipes and purchase parts to be assembled (fit, weld/
braise)

= Attributes: number of pipes, number of purchased parts,
weld type, quality indicator, ...

= Pipe = Piece part (not directly considered in High-Level
Model)

= Attributes: diameter, material, number of bends, ...

NORTHROP GRUMMAN
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Background

- Plpe Shop Operations N o
u < .
Cut — responsible for i Materils
cutting raw pipe to length
= Bend - responsible for Bend
adding required bends to
pl pe > Kittin Purchase
= Fit — responsible for ° Parts
assembling and tack !
welding of the pipe detall |
= Braise or Weld — &
responsible for final weld i
operation
= Other Braiss
= Kitting i
= Inspection
Inspection

NORTHROP GRUMMAN
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Challenges

= Demand for pipes from
multiple programs and Pascagoula
shipyards e

= Pipes can be supplied

from multiple shops - | "
= Production location Outsource | @
depends on pipe detall |

characteristics

= Processing times are not Avondle g Avoncale
based on product "
characteristics

= Dataresides in multiple

disparate Squrces What should be produced,
= To be effective, must where, and when?

become an integral part of
the way the planner works

= Large scale problem NORTHROP GRUMMAN

Pascagoula
{Ship Construction)

¥
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Key Strategies

= Focus on the bottleneck (fit & weld operations)

= Generate a Fit & Weld Production Plan based on resource
availability, estimated work content, due date

= Use project management approach: each PD is a resource-
constrained project

= Test the Fit & Weld Plan

= Consider other pipe shop operations (cut, bend, material
handling, etc.) and their interactions

= Consider variability and dynamics: simulate the operational
environment

= Estimate pipe shop capacity
= Use “representative” pipe demand
= Load simulation models of shop

NORTHROP GRUMMAN
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General Approach

= Database driven

= Pipe characteristics

= Shop characteristics
= Model driven

= Processing times

= Shop processing behavior

= High-level fit & weld model (bottleneck)
= Decision support system

= [ntegrate data, models, and users

= Effective user interface

X

NORTHROP GRUMMAN

01/30/07 2007 ShipTech NGSS Decision Support System for Shop Capacity Planning Across Multiple Shipyards Copyright 2006 Northrop Grumman Corporation



General Approach

= Design and develop pipe = Develop shop
characteristics database characteristics database

Database
Generator

Developed

Database

Shop & Operational
Bill/Pipe Characteristics
Characteristics

NORTHROP GRUMMAN
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General Approach

= Develop means = Model shop = Model fit & weld work as
to estimate processing resource-constrained
processing times behavior project

g

Estima?e Time
Pr?_?:qzsslng Studies
(Regression
models)
@
Modeling
Discrete-Event Simulation '
Software (Flexsim) o E’
Activity
Model
G .
. 1 enerator Project Management
Software (MSProject)
Processing Time
Dynamic Models of
Pipe Shop Behavior
4’ |

Models
Activity Models of
Pipe Detail Assembly

NORTHROP GRUMMAN
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General Approach (DSS)

= |[ntegrate data, models, and users

Project Management
Software (MSProject)

S -

Shop & Operational
Characteristics

Pipe Detail Assembly

. g

Activity Models of < Mé msj‘T

Bill/Pipe
Characteristics
Outputs
_
—P
Dynamic Models of
Pipe Shop Behavior
Processing Time
Models
g
Discrete-Event Simulation
Software (Flexsim) NORTHROP GRUMMAN
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General Approach (DSS)

= Develop effective user interface

Current model representation

85/ Pipe Shop Decision Support System v1.0 [Prototype] E;J@
File Data Models Took Help

Pascagoula | Avondale | Tallulah ‘Secmr—wide Outsource

Basic system

\—-— output; more detail
can be accessed via

Model Selection Simulation Modai Carpuis
C High Level Model

® Low Level Model

the
Output Viewer.
U Average PDs/Hr:
2.04
= ' 4408-014~ Average PDs/Wk:
82.20
S S t e m 2 g;ggg;: Average PDs/Mon:
Il = 357.19
y , ,—] 6300 Average PDs/Yr:
. ® .__1 C130 4,286.30
| n p Ut ® ] Cc140
w (1 B340 [ManHours
= ‘4 D220 Average MHrs/Hr:
# [ 3501-132-2 . e v 27.76
= (1 2402-232-2 S T
oy Average MHrs,/Mon: !
# (1 3504-058-2 ATeEen
& j 2304-138-2 XML Chart Component Average MHrs/Yr:
# (1 2306-107-2 58,270.94
= c3z0 100
w (1 AZ20 O | B | — tilization
+ 1 B240 @ - s ut Area Utilization:
w-E £ = MR o 0.
> o~ nd Area Utilization:
0ps5
0 R4 Fif\& Weld Area Utilizatio
c1 c2 [wc} [=C} 76
HTitle
verage WIP:
41.95
e — ——

Model chart or graph output
—— BaSiC Information Flow —> NORTHROP GRUMMAN

*Dummy Data shown
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Architecture

47
Output
Inputs B
(C )
SPSDSS
Shop & Operational v
Characteristics Main Model Data
User
Interface
A
Model Inputs /
Outputs Project > "
Bill/Pipe R RES E
Characteristics Project Management
Software (MSProject)
Model Inputs /
Outputs Flexsim "
>
Wrapper E
Discrete-Event Simulation

Y D Software (Flexsim)

NORTHROP GRUMMAN
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Pipe Shop DSS (prototype)

= Planning (high-level) Model = Operations (low-level) Model

= for bottleneck capacity * assess plan at shop level,
planning and analysis including all operations

n high_|eve| Operationa| trade- = establish CapaCity for high—level
offs and production decisions model

L= Pipe Shop Decision Support System v1.0 [Prototype] E] oy Pipe Shop Decision Support System v1.0 [Prototype] E]@
Fle Data Models Tools Help Fle Data Models Tools Help
: Pascagoula | Avondale | Tallulah | Sector-Wide | Outsource Pascagoula | Avondale | Tallulah | Sector-wide | Dutsource
Model selecton Model Selection Simulation odel
© high Level Model i i iDutputs coming soon! o (™| |Dutputs coming soon!
C Low Level Model v v 0 &
6122 :
>
= Pascagoula ‘ ‘ 0% = Pascagoula
= 4911 "'.‘e}z = 4911
= 1108-320-A & =] A = 1108-320-A
PD01235 ’_Q 5122 1 PD01235
PDOO343 PDDO0D345
= 1108-125-Q ‘ i | = 1108-125-0
PDO0045 ! PDODD45
= 7208 J'é'e.mi 1= 7208
= 3605-012-F v > o s = 3605-012-F
PDOO678 ’—Q 522 PDOD67E
= 3605-234-D ‘ i 1 =-3605-234-D
PDODD12 ‘ i PDO0OD12
PDO0013 B4 d PDO00D13
PDOOO14 & 66 s PDOOD14
% [ m [
Resource Loading View
P
2 be
Al 4 e u li2] hl X Parnther Lion Cheetah  Cougar Tiger  Leopard i
Ready Ready
3500 | © g Modular 480

Outsource 4,615
—

A Totai - 13,227

e
AV

a0 N

LI Y
| BTN

NORTHROP GRUMMAN
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Planning (High-Level) Model

= Built In:

Microsoft Project 2003

= Purpose:

01/30/07

Convert PD characteristics and Bill information into resource-
loaded plan based on work content

Display plan for producing PDs (in Gantt chart view)
Display resource utilization over time

Assess impact of changes in Bill production location, resource
level (bottleneck), priorities, due date, ...

“Level” resources considering resource availability and due
dates

NORTHROP GRUMMAN
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Planning (High-Level) Model

i

17

= Key Aspects:

01/30/07

Only models bottleneck operations in pipe shop — fit
& weld

Includes shift schedules
Executes at individual shop or sector levels
Executes at PD or Bill level

Estimates system performance, e.g. shop utilization,
resource utilization, system throughput, manhour
measurements, PD time in system, breakdown of
time spent in process, ...

NORTHROP GRUMMAN
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Generating the Planning (High-level)
Model

Shop & Operational
Characteristics

Planning PN
(High-Level) Project
> Model et | e———— E’

Generator Project Management
Software (MSProject)

Bill/Pipe

Characteristics Activity Model of

Pipe Detail Assembly

Processing Time

Models v

ID Task Name |June 2006
May 21 May 28 Jun 4
a sIM[TW[TIF[s[sIMTIw[T[F[s[s[mM[TIW][T[F]s
3 Bill 1 [ e ———— ] ]
4 PD1 1
6 Complete - Bill

NORTHROP GRUMMAN
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Representing the Bottleneck
Operations as a Project

Bill is represented
Pascagoula | Avondae | Talluah [ Sector-Wide | utsource | as a Summary Task

Model Selection Gantt Chart View |
@ High Level Model

O Low Level Model ]_r.;a r.2|1 .TDGW I ID Task Name | Jlllne 2006

May 21 May 28 |  |Jun4
P a sIMITW[T|F[s|sIMTWT|F[s|s|M|TW[T|F[s Bill due

4 Bill 1 ﬂ ./ date

5 1108-320-A
--PD01235
| POI 1 [0 b
PD2 2 80 hrs

(%]

. PDD0345
1108-125-Q L 4

Y ar d . PDD0045 |—0 5122

= 7208

H u | | =-3605-012-F

~ -PDO0678
B | I | =8 3605-234-D
- PDDO012
- PDD0013
P D - PDDO014
= Avondale
=-7208
=-1107-231-P
- PDO0001
' PDO000D2
= Tallulah
= 5213
= 3605-456-F
- PDO0321

ol O b~ W

Complete - Bill

Estimated duration from
regression models

Bill is complete
when all PDs are
complete

4 L3

Ready

Resources required
Available resources

May invoke “leveling” to smooth resource use or force resource
constraint (due date slip is likely) NORTHROP GRUMMAN
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Operations (Low Level) Models

= Bullt In:
=  Flexsim Simulation Software

= Purpose:

= Executes PDs allocated to the shop

= Assess impact of changes in Bill production location, resource
level, priorities, due date, ...

= Key Aspects:
= 3 Models: Pascagoula, Avondale, and Tallulah
= |ncludes logic for custom processes and routings
= |ncorporates downtimes and equipment repair

= |ncludes shift schedules

= Qutputs system statistics such as area utilizations, resource
utilizations, system throughput, manhour measurements and
pipe detail information such as time in system, time in each
area, and time spent in process.

>

NORTHROP GRUMMAN
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Operations (Low Level) Models

/

NORTHROP GRUMMAN
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Sector-wide Pipe Shop Decision
Support System — Walkthrough

NORTHROP GRUMMAN
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Walkthrough

Current model representation will be display here

;E Pipe Shop Decision Support System v1.0 [Prototype]

and update as requirec},

Joks

File Data Models Tools Help

| Pascagoula | Avondale | Tallulah |Sector-Wide | Outsource |

Model Selection
) High Level Model

—
System

iInputs are

on the left =

Simulation Model

= /23 D220

1 ® 1 2402-232-2
S I d e . %1 5903-091-2
=1 3504-058-2
-1 2304-138-2
=[] 2306-107-2
1 c320

A
Qutputs

N

Throughput

Average PDs/Hr:

Average PDs/wk:

Average PDs/Mon:

Average PDs/Yr:

ManHours
Average MHrs/Hr:

Average MHrs/Wk:

Average MHrs/Mon:

Average MHrs/Vr:

represent r “Sel

= [ AzZz0

=1 B240
=[] 5220

Utilization

Cut Area

58,270.94

Utilization:

end Area Utilization:

2.04
82.20
357.19

4,286.30

27.76
1,117.52

4,855.91

Ready

Model chart or graph output will be displayed here

when generated.

*Dummy Data shown

23
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Basic
system
outputs such
as PDs or
Bills
completed
per week are
displayed
right side.
More
detailed
outputs can
be accessed
via the
Output
viewer.

Basic Information Flow ==l NorTHROP GRUMMAN
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Walkthrough

Each tab of the
“' Pipe Shop Decision Sup'port' System v1.0 [Prototype] g@-‘ i nte rface CO rrespo n dS

File Data Models Tools Help

| Pascagoula | Avondale | Tallulah ‘SBCtDr-WIdE! Outsource | to a S h O p o
Hodel Sl et o P |
antt Chart View _ utputs as C ag O u a ,

@ High Level Model

_O R R R Avondale, and
TE?‘?:;IT{::_E,QD-A |r; 52 | l' - 1 Tallulah.
e ' e ) _—
e o vo The Sect.or-Wlde
T . tab combines the
e T data represented on
o ‘ each of the individual
B shop tabs.
The “Outsourcing” tab
~ povasn keeps a list of bills
that have been
| ’ marked for potential

outsourcing.

NORTHROP GRUMMAN
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Walkthrough

53 Pipe Shop Decision Support System v1.0 [Prototype] g@ a4 Pipe Shop Decision Support System v1.0 [Prototype] E@
Ele Data Models Tools Help File Data Models Tools Help
Pascagoula | Avondale | Tallulah | Sector-wide | Dutsource | Pascagoula | Avondale | Tallulah | Sector-Wide | Dutsource |
gotflel Selection Gantt Chart View Outputs Model Selection Simulation Model Cutputs
High Level Model W (iitoits coriing saon! Hic o Mo ) Dutputs coming soon!
O Low Level Model > p 0 a 1 e
22
2
Lo & Pascagoula
*"6,2 & 4911
= 1108-320-A 7 » © 1108-320-A
PDO1235 ¢ 52 PDO1235
-PDOO345 ‘ PDOD345
= 1108-125-Q % I TR “
PDO0045 gt PDOD04S
i = 7208
e pi il 3605-012-F
= 3605-012-F = _ p ] -012-
PDO0678 [ 52 PDODG78
= 3605-234-D = 3605-234-D
~PDo0DI2 ‘ ‘ PDODO12
PDO0D13 ‘ -PDOD013
PDO0D14 PDODO14
« ’ Panther  Lion  Cheetah  Cougar  Tiger  Leopard [
Ready Readly

On each shop tab, users will be able to transition from using the high
level model to the low level simulation models and utilize the same
data set in both models.

NORTHROP GRUMMAN
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Walkthrough

= TR -~ PR B Lo —

?‘ Fipe Shop Decision Support System v1.0 [Frototype]

File Eﬁ\l‘ﬂudels Tools  Help
Datw. Ctr+D
Pas

Labor Setkings. ..
M Resource Settings...
(% Lane Selection...

: | | m—y

I.D Pipe Shop Decision Support System v1.0 [Prototype] =

File Data 5 Tools Help
| l

Pascagoula |Avundale | Tallulah | Sector-wide | Dutsource |

EI
4

q ] Model Selection Gantt Chart View
Filker o Lavel Moddl | [Dutputs coming soon!
= Pascagoula _ :
= 4911 ; :
T h e D ate . £1108-320-A ™N e 62 )
~ PDD1235 - 1
P PDO0O345 )
Range menu . =1108-125-Q I—. "
. ~PDOO045 ‘ L B -
item allows S mbaRans ] A
. = el Please select a date range for which to load
users to specify - 305234
PDOOO12
th e d at a t 0 A | 6/ 5/2006 lv] | &/ S/2008 ] 1
PDO0014 <) | %] June, 2006 2] 1>
b rl n g I nto th e Resource L oj=ieli RS . N—-
5 4 6 7 8 9

11 12 13 14 15 16
1B 19 20 21 22 23
25 26 27 28 29 20

system.

/5

b

Ready

NORTHROP GRUMMAN
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Walkthrough

Double-
clicking on
an input
brings up
related
information
about the
selected
object.

01/30/07

r

.E Pipe Shop Decision Support

S ys fem

v1.0 [['|.'.r.'.T__[-.,]

Pascagoula |Auundale | Tallulah | Sector-Wide = Dutsource

LoE

Model Selection
(= High Level Model

Gantt Chart View

o 8o ‘ Work | Duration fop 7 og [May 14,06 [May™| [Outputs coming soon!
O Low Level Model a SMITWI[TIF[S|S|M[TIW[T[F[S|S]
1 :
= Pascagoula 3 Bill 4 120hrs 10 days N
=-4911 B Start- Bil 1 Ohrs,  Odays -
= 1108-320-A 5 PD1 40 hrs 5 days E
PD01235 frmBiliData
PDO0345
= 1108-125-0 Bill Information v
SLLUL Program -i_
e E=
R05-012-F 7 A 7208
PDODG7E '
= 3605-234-D Unit 234
PDO0O012 . v
PDODD13 Bill 3605-234-D F:
PDO0D14 Urit Build Location L aC
Schedule Stan 6/ 5/2006 v
Schedule Complete; [N M
Work Location: "I"ﬂllulah j
Nurberotpos [EEE _
[ Update | [_Cancel |
1 (]
4 | AR [2]
Ready

2007 ShipTech NGSS Decision Support System for Shop Capacity Planning Across Multiple Shipyards

NORTHROP GRUMMAN
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Walkthrough

? = L AEiT PR Lo =

o

Fipe Shop Decision Support System v1.0 [Prototype]

File Data Models Tools Help

Datehn«;\ ChrHD
Pas N\

Labor Settirgs.
Resource Setkin

[ R T ]

i

Lane Selection, .. fimLabor =]

E— == : Outputs
Pascagoula | avondale | Tallulah |

! Outputs coming soon!

Model Selection
@ High Level Model

O Low Level Model

Labor Poal Labor Type
Inputs Fiter_1 o

Pascagoula Fitter_2

= Fitter_2

(1911 op_Cutter_Benderl
« 1108-320-A op_Cutter_Bender2
op_Cutter_Pender3
op_Forklift_Operatorl
op_Forklift_Cperator2
op_Forklift_Operator3

i}

Filker k

sCagoula Labor

y 4

* The Labor Settings
menu item allows
users to specify

information about s .

the available labor | o N | (e ]

pools to be utilized Po00013 s 5]
PDOOO14 Fascagoula |avandale | Tallulsh|

by the models.

sCagoula Resource

Corveyor-130 Load
Corveyor-153 Load

* The Resource Fie R |

Marvel 18" Vertical Band Saw

IMarvel 18" Yertical Band Saw

Settings menu item

Corveyor-153 Unload

reentage (1

Corveyor-115 Unload

allows users to e e I
specify information —

Corweyor-153 Offload 2 o v v Ird v I

) ; (opsate ] [ ol
about the available || || e o
. 4 v |2 I | [2]
resources in the e ' '
eady

models. NORTHROP GRUMMAN

28

01/30/07 2007 ShipTech NGSS Decision Support System for Shop Capacity Planning Across Multiple Shipyards Copyright 2006 Northrop Grumman Corporation



29

Walkthrough

PR - o

L

?‘ Fipe Shop Decision Support System v1.0 [Prototype]

File Data Maodels Tools Help

Chrl-+E % Pipe Shop D¢

The Options
menu item
allows users to
specify model
settings
including: start
date, number of
replications,
animation,
leveling criteria,
and which
database to
use.

01/30/07

Execube
Options ~_ =
Model  view outputs %

ecision Support S

ystem v1.0 [Protot

“P¢1

X

O Low Level Mode

Gantt Chart View

Cutputs

] [Dutputs coming soon!

v
& 522
=] P_ascaguula frmCptions
= 4911
= 1108-320-A General Options
PDD1235 R
PDO0345 Start Date: 9/11/2008  |v|
= 1108-125-0
PDDOD45 Simulation Settings
=- 7208 (Rt
o 3605-012-F Replications:
PDO0678 —
= 3605-234-D I Animation [OFF]
PDO0OD12
PDO0013 Leveling Criteria
PDO0O014 I
Al (& Resource Canstrained
| Database Location T
& Metwark
CiLacal I
I Continue ] [ Cancel l :
RS SRS = i T Iy Rl el |
——
e -]
| <] Bl
Ready

NORTHROP GRUMMAN
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Walkthrough

01/30/07

2007 ShipTech NGSS Decision Support System for Shop Capacity Planning Across Multiple Shipyards

= n = I - O M T = o n = m— n —_—

] Pipe Shop Decision Support &, — =
s frmOutputViewer =%
N Ein Grophs Poperts ok

File Data Models Tools Help =
Lowggyel Tallulah Pipe Shop
Execute Chrl+-E
oipti Bill Report
plions | o k| Bl WS (o) Schedle St Schmie Camplote Sumnted St Sunabted Comlets Daye L
NSC 4912(6310|5012-033-2| 890 122006 V22006 SN22006 152006 ]
; NSC 4912(6310|5011-010-2) 890 WB2006 12006 SN22006 SIZB2006 ]
Wiew Oukputs WSC |4912(6310(5501-108-2| 890 182006 1272006 SI12Z006 132006 0
NSC 4912|6310 | $601-019-2 B90 YE2006 122006 AN2E006 1122006 (]
NEC 4912(6110|5105-059-2| 880 1802006 10272006 SF1472006 41572008 [
49126110 5501-097-2| 890 H1B2006 1072772006 1472006 91572006 []
4912/61105011-013-2| 890 182006 WVZI2006 1472006 SF2072008 []
5601-049-2) 890 $18/2006 1072772006 S14/2008 S/25(2006 []
240214820 890 9182006 10VZI2006 142006 1192006 ]
HsC S01-136-2 | 890 HIBZ006 1VZ7/2006 SIZ1/Z00E 912612006 0
HSC  4912(6310 | INQ6-2| 890 2006 12006 2202006 SIZT2006 []
NEC 4m12[6210] 890 91872006 1272006 SIZRIZ00E SIZS006 []
NSC (4912|6300 | 5601-064-2 90 SIB2006 12006 22006 242006 0
SC|4912(0130(5901-018-2 H182006 V272006 262006 Y2ZTI2006 [
Th e O utp ut HEC  4912|C130/5011-032-2 1072772008 SRELO0E SETI00E []
NSC 4912(Cl402306-036-2 | 890 WOV e s — =
NSC 4%12|/C130[3506-022-2| 290 1077772/ frmOutputViewer oE
H H NSC |4912/C140/5001-014-2] 890 9182006 - (B
I ewe r IS u Se NSC 140 2401-034-2 | 890 12/2006 ExXport
NSC 4912|C140)5903-031-2| 890 91872006 2 High level Pascagoula Pipe Shop - Nurmber of PDs Per Wesk
- NSC 4912(C130/3505-019-2] 890 W1g/2006 1002772 ceitp
to d IS Ia al I NEC (4912 |B340|2402-077-2 890 HNE2006 122
NSC 4912|0130/ 2306-035-2 | 890 182006 12772
NSC  4912[BM0|5503-030-2|  Bs0 W1B2006 102772
ra h S an d WSC 4912|C130/2401.032.2| 850 1812006 V2712 250 4
St
reports and each
.
are prlntable and
u
&
exportable to -
& 200 7
- PO =
2
Excel.
100 +
S0
? T T
9/11/2006 9/18/2006 9/25/2006 10/2/2006
Time (Wks)
StatusBarl

NORTHROP GRUMMAN

Copyright 2006 Northrop Grumman Corporation



Forecasting Utility

= Allows planners to: S roreca Gy mE X
File Help

[ |
ad d n eW an d Warking Direchary IE:'xF'ru:ngram Filest CAVSASPSDSSY J
proposed hUII data. Current DataSet @+ Uge COE Dump ¢ Use Merged Data Set; Iﬁ
to th e Syste m Data Display  Forecast Utiliy | Merge and Fetrofit Utilities I
based O n eXi Sti n g —Choose Hulls o Forecast fram Current Data Set
Rename 2487 to 2438 and zet start date to 6/4/2007
hull data

" merge proposed
changes with

eXI Stl n g d ata Template Hull #:  Forecast Hull #: Start D ate: of Forecast Hull:
[ | |

Add | Remove |

— Update / Create Forecast File

Forecast Mame ISEIect existing forecast or type newj

If file already exists:
’V % Ovenwrite " Append Generate Forecast
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Expected Results / User Responses

= Better understanding of current Shop capacity

%

= Optimal use of capacity
= Less outsourcing
= Better planning
= Smoothed work-flow
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Future Development

= Generalize SPSDSS framework for use in other
shops and shipyards

= Expand SPSDSS framework for use as a shipyard
decision support system

= Incorporate Optimization technologies to improve
results

= Incorporate new models types such as math
models and other simulation packages
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