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COMPUTER SIMULATION OF A RECREATIONAL BOAT COLLISION ACCIDENT
Guidelines tor the Simulation

June 21, 1991
ABSTRACT

Under a grant from the United States Coast Guard, Underwriters
Laboratories, Inc. Marine Department is conducting research to develop
techniques for reconstructing collision accidents involving
recreational boats. One of the purposes o¢f this research 1is to
identify technologies that have proven useful in other areas of
accident reconstruction that may contribute significantly to the
analysis of boat collisions. One of the technologies that has been
recognized as providing much success in the past is that of computer
simulation and computer aided accident reconstruction. This document
outlines the necessary steps to be taken in which an attempt will be
made to model a boat collision accident using state of the art
computer simulation technology.

INTRODUCTION
Guidelines for the Simulation

The contents of this document are provided so that those who are
involved in the execution of this computer simulation project have a
common starting point, and are aware of the desired goals and methods
anticipated. It is in no way intended to limit the creativity of those
involved, or place bounds on innovative solutions to complex problems.
This is the first attempt known to date where the complex dynamics of
a recreational small boat collision have been modeled using computer
simulation. Since this 1is the first attempt at such a project, it
would not be wise to develop a set of rigid inflexible requirements to
which this simulation must comply. Instead however, the contents of
this document are to be considered as guidelines. Great care has been
given to the concepts outlined herein. Participants in this project
should not deviate from the guidelines herein, unless approval is
obtained from the UL Collision Research Project Coordinator.

Background

The science of accident reconstruction has advanced rapidly in
numerous areas in the last twenty years, especially where aircraft and
automobiles are involved. Advances in technology, years of intensive
research, and proper training of investigators have provided the
capability of reconstructing many accidents today, that would once
have been thought impossible.
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In spite of advances in other transportation media, the area of
collision accident reconstruction involving recreational boats remains
one area that is still undeveloped. There are no textbooks, no past
studies, no databases of structural crash data, and essentially no
"experts" which can rfully unravel the dynamics of boat collisions.

The United States Coast Guard has recognized the lack of data
available on boating collision accident reconstruction techniques, and
the need for such information. This type of data is essential to the
understanding of the dynamics of boat collisions, and is part of the
overall process of understanding what happens to the vessels, and the
occupants involved in a collision. Under a grant from the United
States Coast Guard, Underwriters Laboratories, Inc. 1is conducting
research to develop the necessary techniques to reconstruct various
types of boating <collision accidents. Part of this research is to
investigate the feasibility and usefulness of computer simulation with
regard to accident reconstruction of boat collision accidents.

Purpose

The overall purpose of this project is to investigate the feasibility
and the potential wusefulness of computer simulation in the
reconstruction and simulation of boat collisions. This 1is in many
ways a proof of concept approach in which it is important to emphasize
both future possibilities and the accuracy of the current model.

In particular, specific purposes and goals are listed below:
1) To simulate a common two-boat collision accident scenario

2) To formulate algorithms of impact that can be used to approximate
the response of the boats in the collision scenario

3) To identify potential strengths and weaknesses of the use of
computer simulation in boat collision accident reconstruction and or
prediction

4) To 1identify methods to relate impact damage to the accident
scenario

5) To evaluate the potential of using computers to explore the minimum
speed threshold theory
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Scope

This simulation will cover one collision scenario. The craft ~modeled
will be typical of boats in the 16 to ‘19 ft length range. The
emphasis will be placed on the dynamic response of both boats
involved, taking into account the hydrodynamic forces. Other than
extremely simplified approximations, structural damage will not
be modeled 1in detail. This will be a dynamic simulation, not a
stress analysis of boat structures.

METHOD

UL Input

The specific methods used to approximate the various complexities of
the collision process are critical to producing a realistic model.
The algorithms and methods of simulation are to be reviewed by UL
prior to implementation into the simulation. This is to allow UL the
opportunity to contribute the knowledge gained from numerous on the
water collision experiments to the simulation project.

Collision Scenario

For this collision, one boat will be stationary and is subsequently
referred to as the target boat. The second boat, referred to as the
bullet boat, shall strike the target boat at approximately a 90 degree
angle to the target boat centerline. The impact point should be
chosen, if practicable, so as to provide the opportunity for the
impacted craft to rotate in the horizontal plane about its vertical
axis of rotation during during the collision process. The preferred
impact point is one third of the boat length as measured from the bow,
and should provide ampie opportunity for rotation of the target boat.
This should place the impact forward of the center of gravity and the
center of lateral resistance of the target boat. If this location of
the impact point is not feasible, an acceptable alternative would be
two-thirds of the boat length as measured from the bow.

Collision Speeds

The collision shall be simulated using the same scenario, and same
boats, with the bullet boat traveling at each of the following speeds:
5, 10, 15, 20, 25, and 30 mph. The target boat is to be stationary
prior to impact. Optional runs may be conducted at 40 and 50 mph.

Time Frame

The simulation should begin at least two seconds before impact and
continue for one second after the bullet boat re-enters the water. In
the event that the bullet boat does not leave the water, the
simulation shall continue for five seconds after initial impact.
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3oat Designs

The particular boats modeled for the collision shall be typical ot
motorboats currently used today in the 16 to 19 ft length range.
Ideally these boats should have null forms typical of a wide variety
of today's «craft, rather than a design unique to a particular
manufacturer or boat. In the interest of economy, the same boat shape
may be used for both the bullet and the target boat. The bullet boat
must have an appendage representative of an outdrive attached. The
simulated outdrive is not required to pitch up during the impact.

Engine Thrust

The thrust of the engine of the bullet boat may be a significant
contributing factor to the collision process. Ideally the thrust for
a given boat speed should remain constant until the propeller clears
the water. One variation of this theory is that once the pitch of the
bullet boat (or more accurately that of the outdrive) exceeds 5
degrees, the thrust becomes negligible. Specifics of the best time to
cut the thrust forces during the collision will be provided by UL at a
later time during the simulation research.

Degrees of Freedom

The ideal simulation would model all degrees of freedom for both
boats. However, for purposes of this application, the bullet boat
shall be free to rotate in pitch, and translate in the vertical and
horizontal directions. 1In other words, the bullet boat may be
adequately modeled restricting motion to 3 dof, (excluding lateral
displacement, roll, and vyaw). Additional degrees of freedom may be
modeled but the above are considered minimums.

The target boat shall have 6 dof. It shall be be free to rotate and
translate about all three axes.

Gravitational, Inertial, and Contact Forces

Contact forces must be modeled between the surfaces of the two boats.
Gravity is to be in effect on both boats. Both boats must be assigned
mass and inertial properties representative of the types of boats they
represent. Contact between the propeller and skeg on the bullet boat
is to modeled relative to the hull surface of the target boat.




Hydrodvnamic Forces

To the maximum extent possible, the hydrodynamic forces should be
modeled on the target boat. The buoyancy forces must be accurately
modeled, as must the instantaneous center of lateral resistance (CLR).
The resulting center of rotation should be modeled to the extent
practicable using the relationship between the center of gravity (CG)
of the boat, and the 1instantaneous CLR. Approximations for
hydrodynamic loads in the lateral directions for the target boat
should be approximated as best as possible, otherwise the resulting
motion of the target boat during impact will not be at all realistic.

The hydrodynamics are less critical to the bullet boat, except that it
must be oriented and placed in the correct position relative to the
target boat just prior to impact. In other words the correct trim
angle, and depth in water are to be varied with each boat speed to
place the bullet boat in the proper position as a function of its
speed. For example, we would expect the bullet boat to be in a
planing orientation at 25 mph and to sit much deeper in the water at 5
mph. It is not necessary to “drive" the target boat through the water
by simulating all the hydrodynamic forces involved in sustaining a
planing craft driven across the water's surface.

Friction Forces

A significant portion of the energy in a collision involving an
override (where one boat literally runs over the top of another) is
absorbed in friction. Coefficients of friction for the contact area
between the two boats can be estimated, and should be used for the
simulation. Friction will not come into play until an override
situation begins to occur.

Structural Response of Boat Hulls

The bullet boat may be treated as simple rigid object, and with no
allowance necessary for deformation during impact.

The target boat must be modeled with some capability of deforming
during the impact in order to approximate a realistic situation. The
response of the side of hull of the target boat which is first struck
must be modeled in such as a way as to allow a realistic response at
varying impact speeds. For example at low speeds, no penetration of
the hull side will occur, and at higher speeds the hull side will be
penetrated. The side deformation will be represented by a mechanical
system model, rather than any kind of detailed structural analysis.




Modeling of the Damage Response

1) Skeg/prop mark- In a typical collision scenario of the type being
modeled here, the propeller and/or the skeg of the lower unit of the
engine usually leaves a distinct cut in the side or the hull where it
penetrated. This mark can be used to establish at one point in time a
fairly definite relative geometry of the two boats involved. The skeg
mark would be used in a reconstruction analysis in conjunction with
the geometry of the target boat to estimate the boats' most Llikely
relative positions. The point where the outdrive on the bullet boat
penetrates the hull of the target boat should be 1indicated on the
target boat after the collision. A simple mark placed where the
propeller or "torpedo" (i.e. the gearcase) penetrated the side of
the hull is sufficient. It 1is not necessary for the graphics on
the target boat to model a "damaged" appearance. It will not be
necessary to simulate the desired force required to tip up the
outdrive during impact.

2) Scratch Evidence and Transfer Marks-~ When two boats are in contact
with each other, the scratches left behind indicate the path of one
relative to the other. Ideally, the computer should keep track of
the path of the contact points of the propeller or skeg through the
target boat during the collision. At a minimum, these points should
have a line drawn through them on the target boat after the collision.
This line should indicate the path of the bullet boat through the
target boat during the collision. It should be noted that if
significant rotation of the target boat occurs about the vertical axis
that this line may not be straight. It 1is not regquired that contact
line be drawn on the bottom of the hull of the bullet boat for this
simulation, however such a line would reveal if significant rotation
of the stationary target boat during impact causes lines on the bottom
of the of the bullet boat that are not parallel to the centerline.

Simulation Software

The simulation will be conducted using the ADAMS (Automatic Dynamic
Analysis of Mechanical Systems) software.

Graphics

Final graphic output of the simulation will be performed using the
"Animator" software package from Simulation Dynamics, Inc.




DATA REQUIREMENTS

Data should be provided in both tabulated and graphical forms.
Tabulated should be provided for the parameters listed below.
Alternative data requiring equivalent effort may be provided subject
to the agreement of all concerned.

Values for the cg of the bullet boat, and for the cg of the target
boat, as a function of time and expressed as

1) x,y, and z (position)
2) x',yt.2! (velocity)
3) x",y", z" (acceleration)

Values for the pitch angle of the bullet boat as a function of time
expressed as

1) pitch angle
2) pitch rate
3) pitch acceleration

Values for the yaw angle of the target boat as a function of time
expressed as

1) yaw angle
2) yaw rate
3) yaw acceleration

Selected graphs will be necessary to assist with the analysis of the
simulations. The graphical output would likely be selected graphs
from the following list. Not all of these graphs would be required
for each simulation run. The graphs most useful to the data analysis
would be selected once the project has bequn. Possible useful graphs
would likely be:

For the bullet boat:

A) Vertical coordinate of the cg vs. the downrange travel, or z as a
function of x. (Assuming z is the vertical axis, and x 1is the
horizontal axis parallel to the centerline of the bullet boat). This
should provide the visual plot of the flight path of the cg of the
bullet boat.

B) Components of acceleration, vertical and horizontal as a function
of time.

C) The resultant total acceleration value of the cg of the bullet boat
as a function of time.

D) Pitch acceleration as a function of time.
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For the target boat:

E) The yaw acceleration as a function of time

F) The lateral position of the cg as a function of time

G) The lateral acceleration of the cg as function of time
DOCUMENTATION REQUIREMENTS

The documentation provided for the simulation should include all

necessary information such that anyone who is equipped with the ADAMS

software and the necessary computer hardware can execute the

application run. The documentation should also include videotapes of

the runs conducted. The specifics are outlined below:

1) Printed output of the ADAMS source code including the ADAMS data
set and FORTRAN subroutines with adequate documentation

2) One original videotape of simulation in U-matic format
3) Three copies of videotape of simulation in VHS format

4) Two diskette copies of all data including boat modeling
information and other data used in the simulation

5) If practicable, a disk file with tabulated data of selected
parameters for future analysis

The videotapes of the simulation should contain runs at real time, and
for the higher speed runs over 10 mph, it is desirable for the runs to
be also recorded in slow motion.

ACCESSIBILITY OF DATA

This project is being conducted under a grant from the United States
Coast Guard. As such, all data acquired under this program is subject
to becoming a part of the UL report submitted to the USCG upon
completion of the project.
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ADAMS - User Defined Subroutines
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APPENDIX C

ADAMS - Data Set for the
30 MPH Collision
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APPENDIX D

Output from the 30 MPH
Simulation - Graphs







LIST OF GRAPHS PROVIDED FOR THE 30 MPH COLLISION

Key:

Col 1
Col 2
Col 3

RegNo. Col. Axis Parameter
2001 1 Y BB Displacement
2002 1 Y BB Velocity
2003 1 Y BB Acceleration
2001 3 Z BB Displacement
2002 3 Z BB Velocity
2003 3 2 BB Acceleration
2004 3 Z BB Forces (Buoyant)
2001 5 Pitch BB Displacement
2002 5 Pitch BB Velocity
2003 5 " Pitch BB Acceleration
2001 1,3 X,Z BB CG Disp (Z) Vvs BB CG Disp (X)
(CG Trajectory)
3001 1 X TB Displacement
3002 1 X TB Velocity
3003 1 X TB Acceleration
3001 3. 2 TB Displacement
3002 3 Z TB Velocity
3003 3 Z TB Acceleration
3004 3 2 TB Forces (Buoyant Forces)
3001 5 Pitch TB Displacement
3002 5 Pitch TB Velocity
3003 5 Pitch TB Acceleration
Force Diagrams
Port Gunwale Impact Forces
(First two of 19 impact fields)
Starboard Gunwale Impact Forces
(Five impact fields)
Port Chine Impact Forces
(Three impact fields)
Total Port Gunwale Impact Force
Total Starboard Gunwale Impact Force
Total Port Chine Impact Force
Total Impact Force
X axis Col 4 = Yaw BB = Bullet Boat
y axis Col 5 = Pitch TB = Target Boat
z axis Col 6 = Roll
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APPENDIX E

Output from the 30 MPH
Simulation - Tabulated Data
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00+300000°0
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00+300000°0
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00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

z8

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

T66T

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

00+300000°0
00+300000°0
00+300000°0
00+300000°0
00+300000°0

vz:-ze:1

00+300000°0C
00+300000°0
00+300000°0
00+300000°0
00+300000°0C

00+300000°0
00+300000°0
00430000070
00+300000°0
00+300000°0
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00+300000°0
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00+300000°0
00+300000°0
00+300000°0

00+300000°0
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APPENDIX F

Boat Performance Calculations and Data







Nomenclature

C; = friction-drag coefficient = D, cae
5/5 Vinbt

Ciy = lift coefficient, sero deadrise, =
A/g Vi

Cug = lifv coeflicient, deadrise surface,
-8/ V¥

Co, = dynamic component of lift coefli-

Ciy = bu::l\.;:;t component of lift cveffie

cient
C, = distance of center of pressure

(hydrodynamic force) measured -

uln;:; Nl:enl forward of transom
C, = opecd’coelﬁcient = V/(gb) '/
R, = Iteynoids number, = V,2b/»
A = menn wetted length-beam ratio =
(Ls + L.)

2b
M = mean wetted length-beam ratio
on area below undie-
turbed water surface

where
b = beam of planing surface, ft
D, = (rictio drag-force component
along bottom surface, ib, = D
cosr = Asinr

g = scceleration due to gravity, =

. 32.2 ft/sect ¥

L. = wetted chine length, ft

Ly = wetted keel length, {t

{, = distance from transon to point
of intersection of hydrody-
namic-force vector with keel
(measured along keel), ft

V = horisontal velocity of planing sur-
{nce, fps

V: = mean velority over bottom of
planing suriace, f(r, \), {ps

- anFle of deadrise of planing sur-
are, d

eg
A = |ond on water, b
» = kinematic viscosity of fluid, ft3/

see
» = tuse density of water, w/g
Ly = hydrostatic lift component, Ib

D = totsl horisontal hydrodynamic
drag component, Ib
D, = resistance component due to
pressure foree, Ib
d = vertical depth of trailing edge of
boat (at keel) below level water
surface, {t
N = component of resistance force
normal to bottom, Ib
¢ = distance between D¢ and CG
(measured normal to Dy), it

f = distance bhetween T and CG
(measured normal to T'), {t
T = propelier thrust, b
« = inclination of thrust line relative
to keel line, deg
¢ = distance between N and CG
(messured normal to N), ft
L, = difference between wetted keel
and chine lengths, ft = (L, -

€
Lr = difference hetween keel and rhine
lengths wetted by level water
surfare, ft
La = meu;/.\zveued length, ft = (/L. +
w = gpecific weight of water, pef
vy = angie between spray ot line nnd
keel line mensured in pinne
parallel to keel, deg
r = trim angle of planing aresa, dex
LCG = longitudinal distance of center of
gravity frinn transom (ineus-
ured along keel), ft
& = angle betwecn the keel and wpray
edge ineasured in plane of bot~
tom, deg )
A. = total wetted spray area, sq ft
VCG = distance of center of gravity ahove
keel line, measured pormal w
keel, ft







UL pl. boat spd est. rev 2

c D E F
1
2
3 lrequired input data: calculated values:
4
S weight of boat (Ibs): 4732.3 d (ft): 0.500
6 deadrise_angle (deg): 9.658 lambda: 1.673
7 planing angle (deg): 5 Re:| 3.9338E+07
8 horsepower: 90 Cf.| 2.3855E-03
9 planing beam (ft): 5.876 Df. 328.421
10 estimated speed (mph): 33.5 D (ibs): 743.668
11 EHP: 45.296
12 orC: 0.503
13
14 C(LO):

Page 1
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36° ROTATION

ANGLE ADJUSTING

ROD
nA"  POSITION "B
12° | 1ST 1 65° N
165 1 2ND 610 £E
209 | __3RD_____ | 57°
240 | _&TH 1530
27° | STH | 50°
” Bl'

FULL TILT
FOR TRANSOM v pe; '
MOUNTING BOLT PATTERN  / -
SEE PAGE 31 L~

-+

!

36° ROTATION

NOTE:

TILT POSITION IN FIGURE 1S BASED
ON A 14° TRANSOM AND SECOND TILT
ANGLE ADJUSTING ROD POSITION.

CHART SHOWS TILT ANGLE ADJUSTING

STEERING
PIVOT

ROD POSITION FOR A NEAR VERTICAL
MOTOR CENTERLINE WITH TRANSOM
ANGLE A" AND FULL TILT MOTOR

ANGLE '"B" FROM EACH ANGLE
ADJUSTING ROD POSITION.

N6

14° TRANSOM ANGLE.
DESIGNED TO CONFORM
WITH ABYC ST'D.

TRANSOM THICKNESS
2-3/4" MAXIMUM
NAI

® LOCATION OF ENGINE
YILTTUBE FOR THRU -
TILT PIN STEERING.




SHP

Trim Angle (deg)

SHP vs Speed estimate for 18' UL speedboat
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RIGHTING ARM (ft)

STATIC STABILITY CURVES

7 UL 18' speedboot rev., 0O
D!ISPL= 2.173 LCG=-2.511 POLE HT= .000
2--
/
/
/
~
/
/
7~
e
1+ 7 e meeae
s T
7 .- -~
7 -
/s -
7 L7
/S -
/ P _———-——.—.——__-—‘~‘\~
/,’, /‘/ \‘\~
P - S~
/{l/’/ \\\
‘ 10 20 30 40 50 TS0 '
HEEL (degrees)
Cose tveqeo®  — — — — — Cose 2veqw b0’ - ——-—----- Case 3 veqsl.o’

Cose 4“,,,-

70

i
t




THE UNIVERSITY OF MICHIGAN

DEPARTMENT OF NAVAL ARCHITECTURE AND MARINE ENGINEERING
INTACT STABRILITY PROGRAM - INTAC-1.1 .

ADAPTED FROM THE SHIP HULL CHARACTERISTICS PROGRAM - SHCP

SHT® IDENTIFIER- 18' speed boat rev. 0

COND/RUN IDENTIFIER- UL 18' speedboat rev.- 0

DESIGN DISPLACEMENT

DESIGN LCG

DESIGN DRAFT

DESIGN TRIM

LENGTH OVERALL

LENGTH BETWEEN PERPENDICULARS
LENGTH ON DESIGN WATERLINE
STATION OF MAX AREA - AT DWL
BEAM AT STATION OF MAX AREA
SECTICN AREA COEFFICIENT
PRISMATIC COEFFICIENT

BLOCK COEFFICIENT

4 INPUT DISPLS 2.173
4 INPUT LCGS -2.511
1 INPUT POLES .000
9 INPUT HEELS .000
30.000

DEFINITIONS

DISPL DISPLACEMENT IN TONS SW

6

.173
.511
.250
.000
18.
18.
16.
11.

000
000
022
000
187

.7755

.7043
.5462

2.
-2.

5.
40.

173
511

000
000

TONS SW

FEET FROM AMIDSHIPS

FEET

FEET (+ BY STERN)

FEET

FEET

FEET

FEET FROM FP

FEET
2.173 2.173
-2.511 -2.511
10.000 15.000

60.000

50.000

LCG LCG IN FEET FROM AMIDSHIPS (+ FWD)
HEEL INPUT HEEL ANGLE IN DEGREES

TCB TRANSVERSE CENTER OF BUOYANCY FROM CL IN FEET

VCB VERTICAL CENTER OF BUOYANCY ABOVE BL IN FEET

RA RIGHTING ARM IN FEET
DRAFT DRAFT AMIDSHIPS IN FEET

TRIM TOTAL TRIM IN FEET (+ BY STERN)

SHIP NO.- 91

DATE- 07/05/91

{+ FWD)

20.000




DISPL

2.173

2.173

2.173

2.173

LCG
-2.511

-2.511

-2.511

-2.511

INTACT CURVES OF STATICAL STABILITY

POLE HT HEEL

.00

1.00

2.00

3.00

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000 -
.000
.000
.000
.000

.000
.000
.000
.000

.000
.000
.000
.000

.000
.000
.000

.000
.000
.000
.000
.000

RA

.000
.352
.704
.054
.361

.248
.455
.508

DN -

.000
.265
.531
.795
.019
.363
.605
.689
.642

e

.000
.177
.357
.536
.677
.863
.962
.923
.776

.000
.090
.183
.277
.335
.363
.319
.157
-.090

.863°

TCE

.000
.285
.571
.855
1.100
1.494
1.800
1.988
2.094

.000
.285
571
.855
1.100
1.494
1.800
1.988
2.094

.000
.285
.571
.855
1.100
1.494
1.800
1.988
2.094

.000
.285
.571
.855
1.100
1.494
1.800
1.988
2.094

VCB

e Ll

el e

S

T
.

.766
.778
.816
.879
.956
.138
.351
.537
.687

.766
.778
.816
.879
.956
.138
.351
.537
.687

.766
.778
.816
.879
.956
.138

.537
.687

.766
.778
.816
.879
.956
.138
.351
.537
.687

DRAFT

S Y

e
.

.250
.246
.233
.208
.160
.978
.676
.226
.453

.250

.233
.208
.160
.978
.676
.226

-.453

[y

N

.250
.246
.233
.208
.160
.978
.676
.226
.453

.250
.246
.233

.160
.978
.676
.226
.453

.000
.007
.027
.064
.095
.111
.104
.302
.617

.000
. 007
.027
.064
.095
<111
.104
.302
.617

.000
.007
.027
.064

.111
.104
.302
.617

.000

.027
.064
.095
.111
.104
.302
.617
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HYDROSTATICS - PART I

DRAFT

.50
.00
DWL

W W NN
o
o

HYDROSTATICS - PART II

DRAFT

.50
.00
.25
.50
.00
.50
.00
.50

WWNNH P

SECTICNAL

STATION

WWRN P
. e .
o
o

TRIM

.000 FEET

WETTED PRISMATIC WPLANE WPLANE

VOLUME DISPLACEMENT ICB KB
SURFACE COEF
17. .5 -3.11 .33 70. .636
S5. 1.6 -2.69 .63 93. .684
76. 2.2 -2.51 .77 103. .704
98. 2.8 ~2.36 ..90 112. .721
144. 4.1 -2.14 1.18 130. .746
193. 5.5 -1.97 1.45 148. .764
245. 7.0 -1.83 1.72 167. .779
279. 8.0 -1.54 1.90 180. .819
TRIM 000 FEET
WPLANE LCF TPI CIDOFTS LONG. TRNSV  LONG.
AREA BM BM KM
68. -3.03 .16 .33 53.3 9.80 53.6
82. -2.15 .20 .28 24.5 4.13 25.2
86. -1.92 .21 .26 19.8 3.27 20.6
90. -1.77 .21 .25 16.6 2.71 17.6
95 -1.56 .23 .24 12.8  2.08 13.9
101 -1.35 .24 .22 10.7 1.74 12.2
107 -1.12 .25 .19 9.6 1.54 11.3
33 5.04 .08 -.27 .4 .32 2.3
AREAS IN SQUARE FEET - PART 1 TRIM .000 FEET
.000 1.000 2.000 3.000 4.000 5.000
.00 .00 .00 .00 .14 .39
.00 .00 .00 .33 1.03 1.77
.00 .00 .01 .74 1.77 2.83
.00 .00 .11 1.31 2.71 4.07
.00 .00 .60 2.89 4.93 6.68
.00 .04 1.47 4.78 7.36 9.45
.00 - .41 2.75 6.93 9.99 12.39
.00 1.17 4.41 9.34 12.82 15.50
AREAS IN SQUARE FEET - PART 2 TRIM .000 FEET
8.000 '9.000 10.000 11.000 12.000 13.000
1.09 1.26 1.47 1.47 1.47 1.47
3.89 4.18 4.46 4.46 4.46 4.46
5.39 5.69 6.00 6.00 6.00 6.00
6.91 7.24 7.56 7.56 7.56 7.56
10.03 10.41 10.75 10.75 10.75 10.75
13.26 13.69 14.06 14.06 14.06 14.06
16.60 17.07 17.46 17.46 17.46 17.46
18.88 18.96 18.91 18.91 18.91 18.91

COEF
.642
.750
.776

.793

.815
.837
. 860
.264

TRNSV

g

NDWWWWd o

.13
.76
.03
.62
.25
.19
.26
.22

6.000

.63
2.52
3.85
5.23
8.08

11.07
14.19
17.45

I COEF
.0453
.0561
.0582
.0594
.0607
.0619
.0635
.0144

3
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SECYTITONAL AREAS IN SQUARE FEET - PART 3

STATION 16.000
DRAFT

WWNN

.50
.00

1.
4.
6.
7.
10.
14.
17.
18.

47
46
00

17.000

.47
.46

18.000

.47
.46

TRIM

.000 FEET




THE UNIVERSITY OF MICHIGAN '
DEPARTMENT OF NAVAL ARCHITECTURE AND MARINE ENGINEERING
HYDROSTATICS PROPERTIES PROGRAM - HYDRO-1.1
ADAPTED FROM THE SHIP HULL CHARACTERISTICS PROGRAM - SHCP

SHIP IDENTIFIER- 18' speed boat rev. 0 SHIP NO.- 91
COND/RUN IDENTIFIER- UL 18' speedboat trim'ped hydro DATE-07/13/91
DESIGN DISPLACEMENT 2.173 TONS SW

DESIGN LCG -2.511 FEET FROM AMIDSHIPS (+ FWD)

DESIGN DRAFT 1.250 FEET

DESIGN TRIM .000 FEET (+ BY STERN)

LENGTH OVERALL 18.000 FEET

LENGTH BETWEEN PERPENDICULARS 18.000 FEET

LENGTH ON DESIGN WATERLINE 16.022 FEET

STATION OF MAX AREA - AT DWL 11.000 FEET FROM FP

BEAM AT STATION OF MAX AREA 6.187 FEET

SECTION AREA COEFFICIENT . 7755

PRISMATIC COEFFICIENT .7043

BLOCK COEFFICIENT .5462

WATERLINES IN FEET

1.20
1.25 DWL

DESIGN WATERLINE INDICATED BY DWL
TRIMS IN FEET (+ BY STERN)
1.506
1.089

.803
.787




UNITS AND DrFINITIONS

CIDOFTS, CHANGE IN DISPLACEMENT FOR ONE FOOT TRIM BY STERN IN TONS
DISPLACEMENT DISPLACEMENT IN LONG TONS '

KB HEIGHT OF CENTER OF BUOYANCY ABOVE BASELINE IN FEET

ICB LONGITUDINAL CENTER OF BUOYANCY IN FEET FROM AMIDSHIPS (+ FWD)
LCF LONGITUDINAL CENTER OF FLOTATION IN FEET FROM AMIDSHIPS (+ FWD)
LONG.BM LONGITUDINAL BM IN FEET

LONG . KM LONGITUDINAL KM IN FEET

MT1 MOMENT T CHANGE TRIM ONE INCH IN FOOT TONS

PRISMATIC PRISMATIC COEFFICIENT - VOLUME/ (LBP X AREA*)

TPI TONS PER INCH IMMERSION

TRNSV EM TRANSVERSE BM IN FEET

TRNSV KM TRANSVERSE KM IN FEET

VOLUME DISTTACED VOLUME IN CUBIC FEET

WETTED SURFACE SUKFACE AREA OF WETTED PORTION OF HULLIN SQUARE FEET
WPLANE AREA AREA OF WATERPLANE IN SQUARE FEET

WPLANE COEF WATERPLANE COEFFICIENT - WATERPLANE AREA/(LBP X BEAM*)
WPLANE I COEF INERTIA COEFT - WPLANE TRANSV.INERTIA/(LBP X BEAM* CUBED)

AREA* AND BEAM* ARE PROPERTIES AT THE TABULATED DRAFT
OF THE STATION OF MAXIMUM AREA AT DESIGN DRAFT




HYDRCSTATICS - PART I TRIM 1.506 FEET

DRAFT VOLUME DISPLACEMENT LCB KB . WETTED PRISMATIC WPLANE WPLANE

SURFACE COEF COEF I COEF

.50 35. 1.0 -5.08 .57 71. .796 .597 .0453

.60 42 1.2 -4.83 .61 76. .761 .628 .0484

70 49. 1.4 -4.61 .66 80. .741 .650 .0500

80 S6. 1.6 -4.41 .70 85. .729 .670 .0516

90 63 1.8 -4.24 .75 89. .723 .689 .0530

1.00 71 2.0 -4.07 -.80 94. .720 .708 .0549

1.10 79 2.3 -3.93 .84 98. .720 .720 .0554

1.20 87. 2.5 -3.79 .89 102. .720 .732 .0561
DAL 1.25 91. 2.6

-3.73 .91 104. .721 .737  .0565
HYDROSTATICS - PART II TRIM 1.506 FEET

DRAFT WPLANE  LCF TPI CIDOFTS LONG. TRNSV LONG. TRNSV MT1

AREA BM BM KM KM

.50 64. -3.63 .15 .37 19.1 4.86 19.7 5.43 1

.60 68. -3.37 .16 .36 18.4 4.46 19.1 5.08 1

.70 71. -3.17 .17 .36 17.6 4.04 18.3 4.70 1

.80 73. -3.00 .17 .35 16.8 3.71 17.5 4.41 1

.90 76. -2.83 .18 .34 16.2 3.43 16.9 4.18 1

1.00 78. -2.67 .19 .33 15.7 3.23 16.5 4.03 1

1.10 80. -2.55 .19 .32 15.0 3.00 15.8 3.84 2

1.20 82. -2.44 .20 .32 14.4 2.81 15.3  3.70 2

DWL 1.25 83. -2.38 .20 .31 14.2 2.73 15.1 3.64 2




HYDROSTATICS - PART I TRIM 1.089 FEET

DRAFT VOLUME DISPLACEMENT LCB KB  WETTED PRISMATIC WPLANE WPLANE
SURFACE COEF COEF I COEF

.50 30. .9 -4.81 .50 70. .761 .607 .0451
.60 37. 1.0 -4.55 .55 76. .732 .640 .0485
.70 44. 1.2 -4.32 .59 80. .718 .663 .0503
.80 51. 1.5 -4.12 .64 85. L711 .683 .0519
.90 59. 1.7 -3.94 .69 89. .709 .703 .0536
1.00 66. 1.9 -3.78 .74 94. .709 .719 .0550
1.10 74. 2.1 -3.63 .79 98. .711 .731 .0557
1.20 83 2.4 -3.51 .84 102. .714 .743 .0566
DWL 1.25 87. 2.5 -3.45 .86 104. .715 . 749 .0570

HYDROSTATICS - PART II TRIM 1.089 FEET

DRAFT WPLANE LCF TPI CIDOFTS LONG. TRNSV LONG. TRNSV MT1
AREA BM BM KM KM

50 65 -3.49 .15 36 24.1 5.64 24.6 6.14 1

60 69 -3.23 .16 .35 22.5 5.06 23.1 5.60 1

70 72 -3.02 .17 .34 21.0 4.50 21.6 5.09 1

80 74 -2.84 18 .34 19.8 4.06 20.4 4.70 1

90 77 -2.67 18 .33 18.7 3.73 19.4 4.41 1

1.00 79 -2.52 19 .32 17.8  3.44 18.5 4.18 2

1.10 81 -2.41 19 .31 16.8 3.17 17.6 3.96 2

1.20 83 -2.30 20 .30 16.0 2.96 16.9 3.80 2

DWL 1.25 84 -2.24 20 .30 15.6 2.87 6.5 3.73 2




HYDROSTATICS - PART 1 TRIM .803 FEET

DRAFT VOLUME DISPLACEMENT LCB KB - WETTED PRISMATIC WPLANE WPLANE

SURFACE COEF COEF I COEF

.50 26. .8 -4.55 .45 70. .734 .615 .0451

.60 33. .9 -4.28 .50 75. - .711 . 649 . 0486

.70 40. 1.2 -4.06 .55 80. .702 .673 .0507

.80 48. 1.4 -3.86 .60 85. .699 .693 .0523

.90 55. 1.6 -3.69 .65 90. .700 .713 .0542

1.00 63. 1.8 -3.54 -.70 94. .702 .727 .0552

1.10 71. 2.0 -3.41 .75 98. .706 .739 .0560

1.20 80. 2.3 -3.29 .81 102. .709 .751 .0569

DWL 1.25 84. 2.4 -3.23 .83 104. 711 .756 .0572
HYDROSTATICS - PART II TRIM .803 FEET

DRAFT  WPLANE LCF TPI CIDOFTS LONG. TRNSV  LONG. TRNSV MT1

AREA BM BM KM KM

50 65 -3.38 16 35 28.8 6.35 29.3 6.80 1

60 70 -3.12 17 34 26.1 5.57 26.6 6.07 1

.70 73 -2.91 17 33 23.9 4.88 24.5 5.43 1

80 75 -2.72 18 33 22.2  4.34 22.8 4.94 1

90 78 -2.55 19 32 20.8 3.96 21.4 4.61 2

1.00 80 -2.42 19 31 19.4 3.60 20.1 4.30 2

1.10 82 -2.31 20 30 18.2  3.30 18.9 4.06 2

1.20 84 -2.20 20 29 17.2  3.07 18.0 3.88 2

DWL 1.25 85 -2.16 20 29 16.7 2.96 17.5 3.79 2




HYDROSTATICS - PART I TRIM .787 FEET

DRAFT VOLUME DISPLACEMENT ILCB KB WETTED PRISMATIC WPLANE WPLANE

SURFACE COEF COEF I COEF

.50 26. .7 -4.53 .45 70. .732 .616 .0451

.60 33. .9 -4.27 .50 75. .710 .649 .0486

70 40. 1.1 -4.04 .55 80. .701 .673 .0507

80 48. 1.4 -3.85 .60 85. .698 .694 .0523

.90 55 1.6 -3.68 .65 90. .699 .714 .0542

1.00 63. 1.8 -3.52 .70 94. .702 .728 .0552

1.10 71. 2.0 -3.39 .75 98. .705 .740 .0560

1.20 80. 2.3 -3.27 .80 102. .709 .752 .0569

DWL  1.25 84. 2.4 -3.22 .83 104. .711 .756 .0572
HYDROSTATICS - PART II TRIM .787 FEET

DRAFT WPLANE LCF TPI CIDOFTS LONG. TRNSV LONG. TRNSV MT1

AREA BM BM KM KM

.50 66. -3.38 .16 .35 29.1 6.39 29.6 6.84 1

.60 70. -3.11 .17 .34 26.4 5.60 26.9 6.10 1

.70 73. -2.90 .17 .33 24.1 4.90 24.7 5.45 1

.80 75. -2.72 .18 .33 22.3 4.36 22.9 4.96 1

.90 78. -2.55 .19 .32 20.9 3.97 21.5 4.62 2

1.00 80. -2.42 .19 .31 19.5 3.61 20.2 4.31 2

1.10 82. -2.31 .20 .30 18.3 3.31 19.0 4.06 2

1.20 84. -2.20 .20 .29 17.2  3.08 18.0 3.88 2

DWL 1 2.97 17.6 3.80 2

.25 -~ 85. -2.16 .20 .29 16.7




SECTICNAL AREAS IN SQUARE FEET - PART 1 TRIM 1.506 FEET
STATION .000 1.000 2.000 3.000 4.000 5.000
DRAFT )
.50 .00 .00 .00 .00 .00 .02
.60 .00 .00 .00 .00 .00 .09
70 .00 .00 .00 .00 .01 .19
.80 .00 .00 .00 .00 .05 .33
.90 .00 .00 .00 .00 .13 .51
1.00 .00 .00 .00 .00 .23 .73
1.10 .00 .00 .00 .01 .37 1.00
1.20 .00 .00 .00 .05 .54 1.30
DWL 1.25 .00 .00 .00 .08 .64 1.46
SECTICNAL AREAS IN SQUARE FEET - PART 2 TRIM 1.506 FEET
STATION 8.000 9.000 10.000 11.000 12.000 13.000
DRAFT
.50 .76 1.26 1.97 2.46 2.96 3.46
.60 1.16 1.81 2.56 3.06 3.56 4.07
.70 1.66 2.39 3.16 3.66 4.17 4.68
.80 2.22 2.98 3.76 4.27 4.77 5.29
.90 2.81 3.58 4.36 4.87 5.39 5.90
1.00 3.40 4.18 4.97 5.49 6.00 6.52
1.10 3.99 4.78 5.59 6.11 6.62 7.15
1.20 4.58 5.39 6.21 6.73 7.25 7.78
IWL 1.25 4.88 5.69 6.52 7.04 7.56 8.09
SECTICNAL AREAS IN SQUARE FEET - PART 3 TRIM 1.506 FEET
STATION 16.000 17.000 18.000
DRAFT
.50 4.99 5.50 6.02
.60 5.60 6.12 6.64
.70 6.22 6.74 7.26
.80 6.84 7.36 7.89
.90 7.47 7.99 8.52
1.00 8.10 8.63 9.16
1.10 8.73 .9.27 9.80
1.20 9.37 9.91 10.45
WL 1.25 9.69 10.23 10.77
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SECTIONAL ARFAS IN SQUARE FEET - PART 1
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SECTICNAL AREAS IN SQUARE FEET - PART 1

STATION
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SQUARE FEET - PART 3
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SECTIONAL AREAS IN SQUARE FEET - PART 1 TRIM .787 FEET
STATION .000 1.000 2.000 3.000 4.000 5.000
DRAFT
.50 .00 .00 .00 .00 .01 14
.60 .00 .00 .00 .00 .05 .27
.70 .00 .00 .00 .00 .13 .43
.80 .00 . .00 .00 0.00 .23 .64
.90 .00 .00 .00 .03 37 .89
1.00 .00 .00 .00 .08 54 1.17
1.10 .00 .00 .00 .15 74 1.50
1.20 .00 .00 .00 .26 .98 1.86
WL 1.25 .00 .00 .00 .32 1.11 2.06
SECTIONAL AREAS IN SQUARE FEET - PART 2 TRIM 787 FEET
STATION  8.000 9.000 10.000 11,000 12.000 13.000
DRAFT
.50 .91 1.26 1.73 1.99 2.25 2.51
.60 1.35 1.81 2.32 2.58 2.84 3.10
.70 1.88 2.38 2.92 3.18 3.44 3.71
.80 2.46 2.98 3.52 3.78 4.05 4.31
.90 3.04 3.58 4.12 4.39 4.65 4.92
1.00 3.63 4.18 4.73 5.00 5.27 5.53
1.10 4.22 4.78 5.34 5.61 5.88 6.15
1.20 4.82 5.39 5.96 6.23 6.50 6.77
DWL 1.25 5.12 5.69 6.27 6.54 6.81 7.09
SECTIONAL AREAS IN SQUARE FEET - PART 3 TRIM 787 FEET
STATION 16.000 17.000 18.000
DRAFT
.50 3.29 3.55 3.82
.60 3.89 4.16 4.42
.70 4.50 4.77 5.03
.80 5.11 5.38 5.65
.90 5.73 6.00 6.27
1.00 6.35 6.62 6.89
1.10 6.97 -7.24 7.52
1.20 7.60 7.87 8.15
DWL 1.25 7.91 8.19 8.46
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Loh= 18.0".

WA= F.0°

STATION SPACING = 1.0

AL DIMSNSIONS ARG \N FET T

STA NO. PROEILE WT. CHINE DELL
HT A=3 WE O sew
Q 4,083 — — 4,104 -
\ 2.9 — - 3.9 1,333
L FPE 2.040 QR 3.835 2.163
3 Q.500 1,350 \.625 3.8} 2,309
4 0.208 \.S21 2125 3.30% 3.0U
g 0.063 \an 2459 .65 A%
b 0.Cod 103 2.6 3.5U 3.333
3} - 0.8% 2.833 3.458 3.41%
8 0.603 .89 3.3 3.4%%
9 0.5%3 2.91% 3.2 3.500
10 0.500 L.93% 3.9
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