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The Society of Allied Weight Engineers (SAWE Inc.) is pleased to
announce the publication of the first book in the world dedicated to the
subject of mass properties and weight engineering in the marine industry.
Marine Vehicle Weight Engineering is a comprehensive guide to this
fundamental and vital aspect of naval architecture and marine engineering
and is designed to give the novice or experienced weight engineer a
complete view of how weight engineering is accomplished for military
and commercial marine vehicles.
This book is also a valuable reference for program managers, ship design
professionals, and even cost engineers who need to understand the
processes, tools, constraints, and history of weight engineering and mass
properties of ships, submarines, and other marine vehicles.
This reference was designed, written, and edited entirely by volunteers
who are leading experts in the field and whose only agenda was to ensure
that this valuable information was recorded and made available to the
marine industry, weight engineers, and students interested in this
important subject.
TOPICS
Ship Design Requirements
Ship Weight Estimating Process
Weight Control and Improvement Programs
Weight Estimating and Calculation
Weight Measurement and Validation
Basic Surface Ship and Submarine Naval Architecture
Worked example problems
Full Glossary and reference tables

KG (ft)

A Comprehensive Textbook and Reference Guide for Naval
Architects, Weight Engineers, and Ship Designers

model
Hull Characterist
7.6. WEIGHT
ics Program (SHCPfrom the
AND MOMENT
).
Figure 16.6: Generi
COMPENSATIO
c submarine waterl
Figure 16.5 shows
N
ines.
the body plan
marine. This
for a generic subclearly shows
the
calculations can
sections and
83
major appendages circular hull crossbe found in
Reference [3] 3
sample outpu
drawing is that
. The format
,
t is shown in
for this
the hull forwa
Table 16.2. The and a
rd of midships
icalple
on the right,
Exam
repres
entation
is shown
aft of midships
graphon the left.
of Form, or often of the table is called the
Figur
e 16.6
25.0
Metho
Curves
shows
for submarines
Projec
water
tinglines
plan for our Allowd ofthe
Servic
, Displacement
orehalf-b
Life readth Other Curves (D&O for
model ance
and
subm
for
Weigh
short)
arine.
. See Figure
here is that at
t and
One
KG to notice page 253. In this
thing
2 ! drawi
16.7 on
deeper drafts
ng, the displa
quite a bit of
a submarine
cement (whic
the hull of is the volume converted
is underwater
h
to tons of sea
. How much
the reserve buoya
2. Add
prope
water) and
depends on all other
1 ft KG
rties are plotte
ncy Nav
of the
Archsubm
d against the
the boat. This
to the 24.5
arine which is
KG Limit
size of the main
draft of
drawing is usefu
equal
ballast tanks. 2
the volumetric
l in visualizing
The goal of const
properties of !
how
ructing this mode
a
boat
and
the volume and
3
chang
showing any
l is to determine
e with draft
the
kinks in the
curves which
the result of
or the hydrostatic volumetric properties of
3. Add Ballast
the
a
may
faulty to
hull,
s. The detail
be
mode
attainl.KG
Detai
culate these D&O
s of the hydro
Limit ls of how to
2
static
calFor24.0
a boat that!
these properties properties, and calculations
ancy for a submaBLis in proper diving trim.
using
can be found
The reserve buoyrine is in terms
in Reference
of the percen
1.tage
faced displac
Add 10% Displ
[3].
!
ement. The formul
of the
a is: (!submerged −!surf sur1
100
ace )
!surf

×

ace

23.5

997 tons of S.L.

23.0

12
8315

3
John P. Comst
ock, editor.
ture. Society
Principles
Nav Arch
of Naval Archit
of Naval Archit
ects and Marine
ecDispl Limit
Engineers, 1986

used to meet

Available S.L.

8500

limits

188 tons
available

is 1185 tons

8750
Displacement

9000

9147

CHAPTER 2.
NAVAL ARCH
ITECTURE
9312
9500

(tons)

Figure 7.4: Examp
le of method
of projecting
service life allowa
nce for weight
and KG from
current baselin
e (BL).

the point down
to position 3
will use up some
available weigh
t service life.
of the naval
In other words
architectural
quired weight
limits to ensur
, the re- vivab
SLA would
have to increa
e that essential
ility features
for the additional
se to account
Figureballas
surare maintained
2.1: Isomet
t neede
ric
For each ship
.
coordinate system d.view of surface ship with
class, the Weigh
standa
.
ity Divisi
rd U.S.
Contr
ol and Originlon is to keep trackFigure t2.2:
Refere
s.
of the weight nced Stabi
7.6 Weight
status, limiting
and stability
draft and other
and Momen
identi
limita
ficatio
tions includ
t
n of weigh
Com
Cent
necessary to also be t and moment compensat ing
pen
erssati
of Grav
on ity and Buoy
adhere to
refere
ion
estabto
the limits
ancy requires that (MP) or the nced
lished
ship’s. mid perpe
For U.S. Navy
weight and
the aft
The distance
This
ndicular
perpe
mome
ndicu
ships,
measured vertic
obtain
nt complar
(APion
havealtera
Chief
). The
ensat
a sign
(CNO) has direct
ally along the ed for ship
from the the
Naval Opera
be VCG should
conve
tions,
referencedoforigin
ntionnce
allowa
tions and z-axis the refere
ed that
of list
positi
ve for
ships
chang
the ship cente other chang
ity is referrall
es in loadin
nced g,
es, items above
betokept
origin
ed to as will
r of gravwithin prote
and negat
as found
the Vertic
ive for
necessary
ncy LCG
(VCG). 2 The
al Center of ct buoyaFor
the sign
and stabil
to those below.
conve
ity of
distance measu
ntion
shipGravi
ty ed
naval
is assign
shoul
all aitems
ships.
d be positive
red longitudina
the x-axis from
aft
Each
status
of
the
,
for
refere
which
lly along those
the referenced
origin
tes the
and
forward. Forindicanced
origin to the
natur
ter of gravity
e negative for
TCG the sign
ship cen- be
is referred to
convention shoul
positive for all
as the
ter of Gravity
items on the
d
(LCG). The distan Longitudinal Cen- tive for
port side and
those on the
versely along
ce measured
negastarboard side.
trans- LCG and
110 the y-axis from the
However, these
the ship cente
TCG sign conve
refere
nced
origin to stand
r of gravity is
ntions are not
ard in the marin
referred to as
verse Center
an adopted
the Transof Gravity (TCG
e industry at
CHAP
this time.
TER 8. WEIG
of C for the
).
For volum
paren
HT ESTIMAT
es and
t ship
by
displa
re-arr
ING
cemen
Calcu
angin
buoyancy are
ts, the cente
g Equa
tion 8.2: lation
measured from
rs of
The weight of
the same origin
centers of gravit
Group 1 for the
LBD
as the The weigh
y. The
Wanalo
be determ
new design can
t estimined
1 = Cgous
× terms
ate for
tical Center of
by amakin
then
are the Ver- design on
shipgatthe
Buoyancy (VCB 100
any
is comp
basic
stage
the differe
estim
osed nce
in ate
dinal Center
the based
of a in
finite
W1por
beam
numb
of Buoyancy
× KB
anderdepth
100), the Longitu- weight of each
of
C
=
items
.
(
LCB
of these items
. The
), and
Center of Buoya
is includ
ncy (TCB). Lp Bp Dp the Transverse mate along with
ed
!
" in the estithe
gravity (CGBasic
estimlocati
450 3
ate: on of
952
). This
× the item’s= center of
=
is given809
Referenced
as the vertic
1, 093 tons
tudinal (x) and
407 al (z),
Origin
407 × 45 × 26.25
longitransv
erse
(y) for
Corre
distan
of gravity from
ction
95200
ce :of the cente
The location
beam
the define
r
! d"refere
of the center=
data is suffici
nced origin.
of48076
gravit9y of a surfac
is defined relati
524
ent
This
to
calcul
e ship center
ve to the three
ate×the
(47 total
of gravity of
=
ure 2.1. Dista
− 45)weight and
the 45
tons
nces are measu0.198axes shown in Fig- weigh
ship by simpl = +23
ts
red along the
y adding the
from a and
refere
Corre
three axes about and moments
then
ncedusing
of the
ction
originthat
items
for ’depth
as shown
cente: rs of gravit
C value Figur
!
the referenced
recommend
"
new ed
theeequat
ship:
y
2.2. The
origin
referenced origin in in
ion for the
.
286
the intersection
for a surface
×
(27 − 26.25) =
ship is
of the ship’s
26.25
+8 tons
forwa perpe
(FP), the ship’s
ndicular 2.1.2 Euro
centerline planeLn Bnrd
Estimpe
ated weight for
= C × and Dn
line. It is recog W1n
Group 1 = 1124
nized, however, 100 the ship’s base- For ships design
tons
that the origin
and built in Europ
2
Method ed
can in the world
If the distan
450 × 47
e and elsewhere
In the parent
, the4:custo
0.198
red
the nomenclaturece is measu=
mary refereship,
from×the bottom × 27
percent
total Group 1
0) is the
of full load
nce point
is the KG.
aft perpe
(Station is 24.4
100 of the keel,
ndiculardispla
cement.
and
Total
new
= 1131 tons
crease the
Statio
ship
Group 1 for
can then be develo n numbers
going forward.
ped by using inpercentage
many
of the In
the same
the standard
Method 2: Here
estimatedcases
full load displa
the new design
we find the value
cement in
ship from Equa
.
of G for the paren
tion 8.3 first:
t
For the presen
t ship:
W1p = G × L
!
p (Bp + D )
"
p
3.2. EARLY
952
REQUIREM
WENTS
1p
G=
=
DEVELOPM
0.244
3900
ENT AND PLAN
Lp (Bp + D )
NING
p
For
the new design
:
952
=
23
Program
Pre-Systems
0.244 × 4600
407(4
Acquisiti
Initiation
= 1122 tons
5on+ 26.25
)
Concept =
Systems Acquisiti
0.032Technolo
Ratio cinatonion
8
Refinement
gy
System Develop
Equations
Development
Sustainment
ment and
Concept
and then plug
Producti
Demons
tration As
Decision
the value of G
more detailonisand Deployment
Operations and
for the new ship
the equation
developed, ratioc
Design Readiness
to find the weigh
to
into Reviewdevelop
inatio
Supportn can
estimatedFRP
LRIP/IO
be used
t of Group 1
new ship:
Decision
A
weigh
Review ts for many
for the ments within T&E
B
three-digit eleMilestone
the hull
structure. Of
IOC
Milestone
opmeC
cours
nt of
FOC e, the develMilestone estimates for threeW1n = G × L
digit elements
that threen (Bn + D )
digit element
n
totals be availa requires
- Process entry
parent ship.
Needs and Technolo
= 0.0328User
at Milestones
ble for the
Incriteria
× 450(4
using
A, B, or C
7 + 27) gy Opportunities estim - Entrance
ination for more
met ratioc
before entering
ating,
Evolutio
phase
nary Acquisiti
= 1093 tons
greate
detailed
r difficu
on or Single
lty will
Step tobe
locating paren
Full exper
Capabiliienced
ty
t ship data suffici
Method 3: Figure
ently characteris in
the new design
In the paren
Defen
t ship
. In
tic
se acquis
the follow
age values apply 3.2:
ition manag
ing perce
tiocination equat Table 8.7 on page 112 are some of
ement
:
nt- framew
ork as defined ions that can
rain DoD Instruc be used in develo
estimates
for ESWB
tion 5000.2
of the
ping
S
Weigh
remai
t varyin
ning follow ships.
Other ratios and three-digit elements..
=At
gram enters full g by length
952
this
factors are used
× 0.85
point=, the
Weight
809 pro- tailed
produ
in developing
estimsates for
technologie
g byction.
beam
The Operavaryin
deon
items
=
opera
952
tions and Suppo
× 0.55 = 524
tionalofcapab
hull ilities
preva
struct,ures. Most
Weight varyin
lent tional
and opera
are the
rt Phase is where
engin
acquisition,
percentage allowa
eering suppogrtby depth
costs.
=
metal
952
the
is
×
andhard
nces for weld
provided to the
0.30 = 286
Little
millengin
their service lives.
toleraeering
nce. Weld
ships during groov
or metal in excess
durines
in thestudie
g these
of med
plating and ship design
is perfor
the
s siscan
result
appro
impact on future s, but theshape
ximat
have
ely
a direct
programs and
3.2 Early Req
designs.

uirements Dev
el- 3.2.2 Joint Capabili
opment and
ties Integrat
Planning
ion
and Dev

elopment
This initial stage
The objectives
of ship acqui
requirements
sition focuses
for a future ship
on the studies durin of the functional analyses and
g the joint capab
mining what
or vehicle and
concept
kind of design
deter- are:
ilities integration
(and
nologies) will
phase
meet those requir corresponding techship design is
ements. Becau
To support
a long term proje
se any
Funct
completely define
ct, it
Functional Needs ional Area Analysis (FAA
these requiremen is important to
),
Analysis (FNA
in requiremen
ts early; chang
tional Solution
),
ts in later stages
and
es
FuncAnalysis (FSA
cur significant
of acquisition
).
will incosts.
To create and
assess whole ship
port a missio
concepts to sup3.2.1 Explora
n need.
tory Design
To
and
support develo
Force
Architecture
pment and appro
Studies
tial Capabilitie
val of the Inis Document (
Exploratory design
ICD)
and force archit
concerned with
To support the
ecture studies
far-term progr
are
Conce
ams that are
dent of plann
ning for the Analy pt Decision (CD) and planindepened ship acqui
sis of Alternative
sitions. These
pand the base
s (AOA).
efforts exof knowledge
These
effort
upon which assess
s formulate a
of the capabilities
mission need
ments affordable ship
validated by
short, they provid of naval-based forces are made
concepts and
docum
proved ICD. The
.
e a means to
ize the “art of
accurately chara In
Concept of Opera ented in an apthe possible”.
tions (CONOPS
Included in these cter- usually developed during
ments are the
) is
this effort. It
potential impac
assess- scenarios and
cites
approved
ts of specific new
is
naval ducting the AOA an important prerequisite
for con. A Design Refer
is also developed
ence Mission
(DRM)
to characteriz
e the CONOPS
in terms

Contents of Marine Vehicle Weight Engineering
Introduction
Naval Architecture
Ship Acquisition Process
Weight Control Processes
Weight Control Products
Management of Mass Properties
Acquisition Margins and Service Life
Allowances
Weight Estimating
Weight Calculation
Weighing
Vendor Weight Control
Weight Improvement Programs

Ship Weight Measurement
Economics of Mass Properties
Risk Management
Submarine Weight Control, Equilibrium, and
Stability
Other Applications of Mass Properties
Engineering
Glossary
ESWBS Listing
MARAD Weight Classification Listing
Sample Weight Control Plan
Weight Tables
Index

17 Chapters, over 400 pages, 134 figures, 66 tables, and 19 worked examples.

Order Online at WWW.SAWE.ORG
Discounts for SAWE Members
Other Publications Available from SAWE
Introduction to
Aircraft Weight
Engineering

About SAWE, Inc.
The Society of Allied Weight Engineers is an international
organization whose purpose is to promote the recognition
of Weight Engineering as a specialized branch of
engineering. The Society is organized into 22 chapters
with members from across the United States, Europe,
United Kingdom, and Canada.

Weight Engineer's
Handbook
Also Numerous Recommended and
Functional Practices and Technical Papers
Go to www.sawe.org to see all available
publications

The Society offers to members and industry a medium for
the pooling and exchange of data and experience at local
and regional levels, fostering a higher degree of efficiency
in mass properties engineering topics. Regular chapter,
regional and international meetings provide an opportunity
for mass properties engineers to meet and to discuss
mutual problems, procedures and specifications, thus
broadening their individual horizons and becoming better
informed.
Membership information can be found at
WWW.SAWE.ORG

