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The Navy Ship Design Process

Executive Summary

& e —
| NAVAL SEA“SYSTEMS COMMAND

This document is a resource for everyone involved in U.S. Navy ship design; it shows the activities that need to be completed to design a
Navy surface combatant and the activity interdependencies. Every person can identify in this process:

1. The roles they perform,

2. From whom they get information from,

3. To whom they provide information to, and

4. The importance of their role in ship design.

Navy ship design is a complex process for a complex product used for National defense. A single ship design is passed hundreds of
times through hundreds of people from the first notion of a concept through to construction and sea trials. This document provides a
simple introduction to this intricate process. It starts broadly at a high level and then narrows down to specific tasks, referred to as
activities.

The process shown is descriptive; and is not a prescription to design a ship. The ship design process will change from individual to
individual, over time, and from program to program. What is captured represents the cumulative knowledge gathered from hundreds of
ship design experts in industry, academia, and government during five Navy Ship Design Process Workshops held from 2008 to 2010
focused on the Naval Architecture (Hull, Mechanical, and Electrical design) design process for a conventional surface combatant. The
resulting process has:

« 250 activities, with

. 812 dependencies, broken down into

« 42 activity groups.

Additional effort is being expended to capture the Mission Systems' Design Process for a surface combatant and integrate it into the
Naval Architecture centric process described.

The documented process focuses on the Preliminary Design stage. The Exploratory and Concept Design stages include differing types
of studies (such as Analysis of Alternatives and Technology Assessment Studies) which are generally subsets of the activities included in
Preliminary Design. The set of Preliminary Design activities represents the foundation for expanded activities in Contract Design, and
Detail Design and Construction.

This document is separated into the following sections of progressively more detail:
1. Section A - High Level Overview
2. Section B - Design Activity Groups
3. Section C - Activity Descriptions

An Appendix includes details on how activities are defined and populated in this process description.
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Benefits

e

NAVAL SEA SYSTEMS COMMAND

Navy Ship Design Process Model STATIC VIEW
» The Navy Ship Design Process Model captured on this Web site is a TEMPLATE showing the steps needed to design a ship.
» The Benefits of this view are in the Executive Summary.

DYNAMIC, INTERACTIVE Navy Ship Design Process Model

» Was used to generated the static view shown on this Web page.
* Is from the interactive design process software being used by NAVSEA and the Navy Warfare Centers.

THE INTERACTIVE DESIGN PROCESS MODEL.:
« Is be used to easily CUSTOMIZE THE TEMPLATE for different ship types.
» Shows the process in MULTIPLE FORMS:

o] Process flow diagrams,

o] Gantt charts,

o] Resource Tables, or

o] Design Structure Matrices.

Has Import/Export with Excel and Microsoft Project.
Is saved as a generic SQL database.
Can be viewed by organization & geographic location to ENABLE COLLABORATION across the Navy.
Can be used TO IMPROVE DESIGN execution by:
o] Enabling a program team to understand what needs to be done by whom, when and at what cost to plan projects.
o] Re-ordering process activities to compare the time, relative risk, and cost of different process options.
o] Identifying design process strengths, weaknesses, and interdependencies providing the process knowledge
needed for improvement.
» Can be used to analyze the capabilities of both the staff and design tools to KNOW WHAT INVESTMENTS
ARE NEEDED.
» Can be used to TRAIN all personnel involved in, or associated with Navy ship design and acquisition.

This knowledge will reduce the time and cost needed for ship designs, and enable more accurate estimates in
Preliminary Design and other planning efforts.
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The Navy Ship Design Process
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Design Stages
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Specific Design Stages

ROM Design,
Technology
Assessment

Analysis of Alternatives
(AoA)s & Feasibility
Studies

General Design Stages

Exploratory/Concept Design

Detail Design &
Construction
(DD & C)

(e

The specific and general design stages are shown relative to each other. As each design

stage progresses design fidelity and complexity increase.
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DON Requirements

Acquisition

| PAass 1

[

|
- PASS 2 =
OSD/JOINT === |
LEVEL
CD
H Annual
H CSB
; Y
,_\ — — i —
navvusme (1) (2 3) | a) (s) ssac (s sSDD
LEVEL N—' p— | N AN =
- CDDand |
ICD _| Auternative o ' v SDS RFP Sufficiency
e Approval {*| selection oo l.= Approval Approval Review |~
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Senavmame  ( ron ) (asrs sos ) (wer ) (Cem )
LEVEL - __/ — - -
'_\\ . * poN clo pre-certification, Investment Review Board certification, and Defense Business System (DBES)
(#/' Gate Review Management Committee approval prior to obligation of funding for a DBS program when cost > $ 1 million

ROM Design,

Technology
Assessment

Analysis of
Alternatives (AoA)s
& Feasibility Studies

<

Exploratory/Concept Design

Detail Design &
Construction
(DD & C)

(o>

The stages of the Ship Design Process are shown relative to the Department of Defense/ Department of Navy

Acquisition Stages.
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= Ship Design Process

Exploratory/Concept Design Engineering Design Production Design

The General Design stages easily expands into the more complex Ship Design Process. Shown is a
Box&Arrow flowchart view of the process. The view of Navy Ship Design Process portrayed consists of 250
activities, 812 arrows and 42 Activity Groups.
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Ship Design Process - Preliminary Design

Ship Design Process
Exploratory/Concept Design _

1k

Engineering Design

Production Design

ROM/Technology Assessment Feasibility Design

@
Construction

El Contract Design

»| Detail | — 3
Design

The process shown in this document depicts the Preliminary Design stage of a surface combatant. The
Exploratory and Concept Design stages are generally subsets of the activities included in Preliminary Design.

The set of Preliminary Design activities represents the foundation for expanded activities in Contract Design, and
Detail Design and Construction.
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* Above picture of the Preliminary Design Process

Activity E2_ 1

The Ship Design Process Model is shown in a Box & Arrow format using the Plexus program. The process is modeled
at a high level and progressively further down in the Design Areas and Activity Groups that represent particular
functionality. Activity Groups are made up of Activities which represent tasks. The process model is broken down into
levels needed to provide an understandable description of what needs to be done. The arrows connecting activities

represent the transfer of information in the process. Section B describes the different Activity Groups. The definitions of
different activities are found in Section C.
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Hull Systems

Survivability Mission Systems

Preliminary Ship Design

: Propulsion/Power/Machinery

| No. Activities: 55

No. Activities: 7

No. Activities: 46

. +) Desig egratio anageme No. Activities: 53
b

e No. Actlvities: 9
No. Activities: 28

Propulsion/ Power/ Machinery Human Systems Activities Design Integration/ Management

Shown is the expanded view of Preliminary Design. Preliminary Design is made up of six general Design

Areas:

1. Hull Systems

2. Mission Systems

3. Propulsion/ Power /Machinery

4. Human Systems

5. Survivability

6. Design Integration & Management

to
to
to
to
to
to

“Float”
“Fight”
“Move”
“Enable”
“Survive”
“Integrate”

Interactions are needed between the Design Areas, with iterations and trade-offs required to converge to a

baseline.
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Preliminary Design - Design Iteration

e e | [cos | Design is an iterative process, which is difficult to capture in a
uirements . . . gy
| Payload | == ¥ | model. The design spiral to the left is a traditional way of
[ {cargo, mission systems) | Construction | « . ” . . .
S e— — Operations & Support capturing” the ship design process. As the design

LB-as-:lEne 1 ]

_ _ - progresses, it converges to a single point. Each baseline is a
| Auilary Machinery | new iteration of the design.

and Electric Plant

—
Hull form ?nd hull size |
‘ ﬁpnncipal dm‘uenslonsj |

The design spiral does not show the interaction between the
engineering areas as iterations progress. These interactions
are shown below. The design has an overall spiral, shown in
the orange arrows. Within the spiral, there are internal spirals
(yellow arrows) which represent the different engineering

= groups iterating their own work in that iteration's baseline.

Structuire :

| Prl::'pulsior‘l

Space and
| plant

Arrangements

I Weights
{andCenters I

Arrows in the process viewed in this document show major

] Speed-Power | information flow. While the arrows capture some of the design
[ stability | - interaction, all of the iteration that needs to that needs to take
place cannot be detailed in a process model.

1[ Freeboard and Trim

Taken From: Ship Design and Construction. Thomas Lamb (2003)

External Design Spiral
E;_ T

-,
: Propulsion/Power/Machinery a— i === \\( \
N e

B | No. Activities: 55
>

-+ 0

+ a o A i~ + e o b (+| Desig egratio anageme \ No. Activities: 53
3| No. Activities: 7 No. Activities: 46 et S No. Activities: 9
No. Activities: 28

1 — - e— _| Contract
— 4._|I/ Design

‘ Internal Design Spirals §

B
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Preliminary Design — Expanded View

Propulsion/Power/Machinery
Shown on Page A-19

Design Integration & Management
Shown on Page A-28

Mission Systems
Shown on Page A-16

Hull Systems

i Shown on Page A-13

Survivability
H | Shown on Page A-25

Human System Activities ' I

| Shown on Page A-22 %

The Preliminary Design Process expanded to 2-levels of detail.

A-13



v. 10/25/2011
Hull Systems Design Area

Shown is the Hull Systems Design Area from the greater Preliminary Design Process. The Activity Groups are discussed
on the next page.

[

- | ‘

LTI

-f-l""

Ne. Acnilies: B Mo, Actvites: 12

LI

Mo, Actvifies: 12
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Hull Systems Activity Groups

Hull Systems

=S

This picture shows the activity groups involved
with the Hull Systems Design Area. The next
page shows the input and out put activities that
/ link Hull Systems Activity Groups. This group
I

focuses on the activities needed to ensure the
T — ship “floats”.

Mo Actvisies: 10

H The primary Activity Groups include:
C i - 1. Structures

—
E—
—
il

I _— 2. Weights

_~ 3. Hydrodynamics

—

; 4. Stability

. 5. General Arrangements

General Arrangements -—:‘;"
Mo, Ackales: 12

S\

IO
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Hull Systems Activity Groups

Inputs Activity Groups Outputs

a
Define Hab &

Crew Senice @
& & 3 Diagramatic
s Assess > & Review/Set > A & LoD
Assess Define Mast at 3D space Report . design for S:‘ﬂ;‘::;“m r’ Electric System Hi:::: o
Undex ™ resenvation LOD - DDS Sleenng producibility > Architectures for Load Systems
® 170-0 Mast designs (with System —> o Trade Studies —» Integration
replacement pages 1, 2, Equipment s ® 2 efne
3, and 4 dated 1 March List a r Assess Stores & Degaussing
a 1982) Assess Define Steering Aviation/Unmanned Y System @
> Vehicle Ammunition Asseess Diagramatic LOD
Assess Weapon @ F System @ 3D ]
i @ Space Reservation ﬂ Handling Systems & » Annual Fuel &
Systems Topside @ LoD Flow Calcs
Physical B el © @
Integration Define Anchoring, Report Master I": Aoanss < & e Boat,
2 Mooring, & Towing Equipment — 3 Nuclear Define Machinery Assess Assess Off unmanned Vehicle
Syslems @ 3D List I —"_'_ Effects cztrsc-l hsystims —3 Vulnerability > Per?esign &S'I'yo:::sagy
chematic lormance "
Space Res LOD 1 f ® LoD o Diagramatic LOD
4 @ | o @ e
@
Report Electrical @ a
| a ~
System X il Define Auxillary &
Eei THEHI and - F AUS:;:: Deﬁane Topside Machinery Assess Aircraft n
auip Report Define Topside } |' i Combat System | Y AMangements @3D |y, Flight Define Damage
Performance Machinery Arrangement 1 ipping [ @ Diagramatic Space Resenvation Environment by C‘;”g?' F“‘“Iﬁ“ L
| i 1 ® s LOD iagramatic
@ Control Configuration Model . T ® \ a e o
Equipment List at 3D Space Res | : o a r
N bt - Assess a Review/Set
& Q LOD UNDEX Define Allemative | —3» Asf,ess ;r::i“:
Define IR ; holing Auxiliary Systems lor Accoustic > systems Defne Aviaton
Suppression @ 1/ | Trade Off Studies @ Signature Requirements Systems @
: @ Schematic LOD eql >
System @ B Define Topside - ® Diagramatic
Diagramatic LOD C;"[?g SYS“;"“ @ 1 a . e
ace Res ——
@ EOD Report HVAC Assess Define Selected RevliwiSet Assess B
Equipment / —»  UNDEX Electrical Systems sunivability Topside Stack
® List / Fragmentation @ D‘al_gc;au’"a"c concept > Gas&Air \‘ Deine Ship
o Intakes Impact
Define Topside s @ o @ || e
@ Diagramatic
UNREP Systems @ too
@ 3D SDa{'.e Res - Report = & & & [
LOD Propulsion A Assess costs 39“'}? Ar::thﬂ"g, —> Assess D&ﬁ Shat
Machine List_ (RDT&E, ooring, & Towing Magnetic efine Shafting u
o Ty Report Cargo and h ition and Life Dia:!:rln:;;z E}D > Space F\es:r\m@;;[] &
@ Ammunition s Cycle) o ) P lon Cefine Combat
. System
i Handling Systems \ L r @ Compartments @ -
i H b Diagramatic LOD
Define Topside Define Topside Equipment Lists - 2:::3‘*:"9:;9;“3”"; Ll Ra;s\n; / Set : .
Aviation Systems Boat, UMV & Towed @ Assess Systems and Roqupoments Assess Trall |
@ 3D 5pace Res I” BUdy SYSlems @ o Blast Hf;l-il::r‘:\:?ls @ > F'eriorr:anca
&
LOD Space Res LOD @ @ ® Define C4ISR
. . . S
@ a Set Direction for Next Design s © pssess omparments @
. - . . & i e
Cycle including Senice Life L RevewSet Define Topside reliability, availability, Aosess “'ag'a'":"‘ Lon
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Combat System @ Systems | Maintenance Philosophy ’ e e m L L Define HVAC
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3D Space Res Eguu[]ment and Etc. - Define Electrical a Dw::r;:!"aﬁ o
LOD erlormance r Define Propulsion System Assess LoD
@ — p y 9 @ 30 Endi ®
(3] @ Assess Arrangements @ 3D Space Resenvation n :I::Ince
UNDEX Space Reservation R’ LOD I I —
Shock LoD Calculations
) Define (Develop) Circulate @ @ o & Daine CBA
Define Topside CSEL, Define ) Features @
Weapons System Machinery - & L) REvIEW Define Giagramalio
Combat System @ E LoD
@ 3D Space Res - Y Arrangements et Define Topside DESIGN Propulsion
LSD Component List LOD D i - Ha:!l\alm.:‘get Wgaans S L’ (Formal Design > Sysl:m @30 — 2
{GSEL) raw"‘lgs f \agramatlc Revi s, R LOD
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Mission Systems Design Area

Shown is the Mission Systems Design Area from the greater Preliminary Design Process. The Activity Groups are
discussed on the next page.

|
=
==

—
e — s SR

I
/ I ——
+ Othe
[+ egrated Topside Desig £
- MNo. Activities: 8 "
No. Activities: 25 / I
\
+ Aviatio e &
Rolachiieals No. Activities: 12 AN
+|
No. Activities: 2

NS A-17
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Mission System Activity Groups*

* From a Naval Architect Perspective

This picture shows the activity groups involved
HEEEERE with the Mission Systems Design Area. The
' next page shows the input and out put
activities that link Mission Systems Activity
Groups. This group focuses on the activities
needed to ensure the ship “fights”.

F——

——

The Mission Systems is one of the critical

—

Naval Design Areas; without it, there is little to

— |

distinguish the design with a commercial ship.

—

The Activity Groups shown in this model are

|
|

|
I
11
i,
f

[ egrated Topside Desig B Othe 0 =

No. Activities: 25 No. Activities: 8 a I
/

/

\ \ / from a Hull, Mechanical & Electrical (ie. Naval
— M Architect and Marine Engineer) perspective.
o Acttes 12 The primary Activity Groups are:
k : R K
—fﬁ\ R\ - 1. Other Mission Systems
\ =
1 \ 2. Weapon Systems
\ | ——

3. Combat Systems

4. Aviation Systems

5. Integrated Topside Design
A-18
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Mission System Activity Groups

Inputs Activity Groups Outputs

ry

& Assess —y| Assess total
Assess Access & Sigs:;’re ship mission
Flow (pers, stores, o performance

ammo, maint, o]
equipment removal, 5
etc A
- ! R \» 2
@ Signature REVIEW
5 \ DESIGN
5 (Formal Design
& Revi
Define Intakes & & \_) eview)
Uptakes Design @ / I Sli’e;:gzsligﬂ @
3D Space J | System @
Reservation LOD | / Diagramatic LOD y &
® ], ° Review/Set
[ 1] HVAC
T r Y s \_) Loads
Review / Set
Re,pon, \ / /_> System
Survivability / f r) Requirements
Assessment / | ®
+| egrated Topside Desig El Oihe = /_> Review/Set
@ / No. Activities: 25 No-Actives: 8 / ’l — Structural
& / I ' Assess Loads
Assess Flow 1 { > Weight @
Field of \ \ > neut
Topside \ [ @
@ B Aviatio +] omba \ Assess
No. Activities: & No. Activities: 12 T f> Ré\vi sw/Set Human
! Electric System Systems
Set Direction for Next Design T p— P Load |ﬂt5‘9ra“0n
Cycle including Service Life No. Activities: 2 lagl
Allowance Margin, Margins /
for Current Iteration, ‘ ® Assess
Maintenance Philosophy, | \“ A reliability.availability, Assess Crew
Etc. \ 1 and maintainability Requirement
@ 4 @ (Manpower and
Personel) Based on
P & Installed Systems
Circulate y As(s;stT(;oEsts °
. GA ’ Acguisition and Life
Drawmq A Cyc\e) 5
o] A Review/Set Machinery
Control System
Requirements.
~—> A hij i
Report ssessseff ip's Architecture, and
Susceptibility emissions Margins
Assessment > ® o
@
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Propulsion /Power /Machinery Design Area

Shown is the Propulsion/Power/Machinery Design Area from the greater Preliminary Design Process. The Activity Groups
are discussed on the next page.

i
2
I

; |
= [
|
i
A ¥ I
i) \
o, Rm.rd\ x
A\
N
% 0. Activilie
T —
N
- . Activi lo. Activities:
W
i
| S 1/ :
rd
. 0. Activiti
jo. Activiti
%A— /
7~ L1
7 E\
jo. Activities: 7 T
/ ALY
X \\—\
\ S — |
‘
A
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Propulsion /Power / Machinery Activity Groups

This picture shows the activity groups involved with the
Propulsion /Power /Machinery (PPM) Design Area. The
next page shows the input and out put activities that link
PPM Activity Groups. This group focuses on the activities
needed to ensure the ship “moves”.

The key Activity Groups are:

U

p

\ - \! \ﬁ 1. Auxiliary Systems

No. Activtias:

N s ~===2. Machinery Control

— N ; /3 HVAC (Heating, Ventilation, Air Conditioning)

/f — )il " 4.Electrical Systems

5. Propulsion

== 6. Machinery Arrangements

\ 1 — ||

=== 7. Hull & Deck Machinery Systems
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Propulsion /Power / Machinery Activity Groups

Activity Groups

Outputs
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Input

@

R

Assess
reliability,availability,
and maintainability

@

=4

Gy

(24
REVIEW

7

No. Acttes: 3

Mo, Aciiies: &

lll’lllll

Na. Activties: 8

DESIGN
(Formal Design
Review)

@

Assess costs
(RDTSE,
Acquisition and Life
Cycle)

@

&
Assess
IR
Signature

@

&

Assess
Accoustic
Signature

&)

L

&

Assess
Human
Systems
Integration

@

fpe

Assess Crew
Requirement
(Manpower and
rsonel) Based on

Installed Systems

L
L

@

&
Assess
Topside

Intakes &
Uptakes

&
Assess
Magnetic

Signature
&

&
Assess Access &
Flow (pers, stores,

ammo, maint,

equipment removal,

etc)
@

Define

propulsor @ 3D

space —_

reservation LOD

Define General
Arrangements
@ 2.5D Arrgt

@

il

LOD
@

A-22

FTTT]



Human Systems Design Area
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Shown is the HumanSystems Design Area from the greater Preliminary Design Process. The Activities are discussed on

the next page.

[

L

(= 1

Report Human

Systems
Assessment

@

=]
L ¥ a
“-_ /_> Assess
/_. Human
L /_. Systems
/_._. Integration _\
Set functional Assess Crew
allocations to crew, Requirement
hardware software, (Manpower and
or offboard Personel) Based on
® Installed Systems
@
Assess
Habitability &
Crew Services
@ /
— —% Define Hab &
Crew Service @
Diagramatic
: LOD
Define Hab & Crew _—4
Service @ e
@ Component List
LOD
@
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Human Systems Activities

Human Systems Activiities
ﬁ A The picture to the left shows the activities
Human . - .
S systems involved with the Human Systems Design
ﬁ'"‘e@at‘j’; Area. The next page shows the input and out
_ put activities that link to Human Systems
Setunsona gssesscreui —— Activities. This group focuses on the human
allocations to crew, equiremen
hardware software, (Mar?power and Asss!éssfr:];m faCtor-
or offboard Personel) Based on
InstalledSyslems . L. . .
While there are no Activity Groups or iterations
p— shown Human Systems Activities. When taken
Habitabilly & as part of the whole, iterations can be seen
CrewSerwces . . .
with the other Design Areas (see picture
B Defme Hab &
Crew Service @ beIOW) .
Diagramatic
Define Hab & Crew _—4 LoR
Service @ @
@ Component List
LOD
@
-] Preliminary Ship Design
—
:ﬂ Propulsion/Power/Machinery ;_., Ve

b.| No. Activities: 55

No. Activities: 7

B Human Systems Activiities

J

Hull Systems —

L No. Activities: 46
r. <

[ Mission System

Jpems

[y
Contract

Design

R X

Yellow

Legend:

— Output of Human Systems

Orange - Input of Human Systems
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Survivability Design Area

Shown is the Survivability Design Area from the greater Preliminary Design Process. The Activity Groups are discussed on
the next page.
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Survivability Activity Groups

This picture shows the activity groups involved with the
Survivability Design Area. The next page shows the
= =Ll input and out put activities that links Survivability
/ | Activity Groups. This group focuses on the activities

/ needed to ensure the ship “survives”.

et The key Activity Groups are:

[ 1. Vulnerability
2. Recoverability
3. Susceptibility

sssssssss

' The Vulnerability Activity group accesses the design’s

| expected capability degradation due to damage. The

' Recoverability Activity Group accesses the design’s

ability to prevent damage spread and to restore
degraded capabilities. The Susceptibility Activity Group
accesses the design’s likelihood of being damaged by
weapons or environmental threats.
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Activity Groups
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Design Integration & Management Design Area .

Shown is the Design Integration & Management Design Area from the greater Preliminary Design Process. The Activities

are discussed on the next page.
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Design Integration/ Management Activities

Design Integration / Management

ssssss

semesmy. — - This picture shows the activity groups involved with

the Design Integration & Management Design Area.
The next page shows the input and out put activities
that links Design Integration & Management Activity
Groups. This group focuses on the activities needed
to “integrate” the ship.

@

3 ng
of PD

The critical Activity in the Design Integration &
Management Design Area is the “Formal Design
Review”, shown in the orange box. All the
information developed through the other Design

- |y Areas come together and the design is analyzed as
ﬂ e e Ny s a product.
(lenan?gse:gn ® \ MawntenancEetzhi\osophy‘ ) .
Rovew o Depending on the outcome of the Formal Design
Review another iteration may begin with the “Begin
\ Preliminary Design (PD)” Activity or continue to
another Design Stage with the “End PD” activity;

shown in the green and red boxes respectively.

ssess
/ T— ship mission

performance
/—P &
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Design Integration/ Management Activities
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