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Chapter 1

Getting Started

Introducing Autopower

Welcome to Autopower, an intuitive, yet sophisticated resistance and
power prediction program that providegvalarchitects and designensth
industry standard resistance anpower prediction methods for
displacement, planing, semi-displacement and catamaran vessdimifEhe

of each prediction method acéearly displayed, providing guidance on the
selection of the mosiuitable methods. Up tiove different hull alternatives

can be considered simultaneously, facilitating comparative design studies
and optimization. Parameters can bmasily changed for quick
recalculations.

Autopower has a fast link that enables inpdarameters to be imported
from our Autcship hull design / surface modeling program. Highality
graphs and tables can displayedon-screen or printed, either directly or
via MS Word for customized reports.
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Package Contents

Two Versions

Autopowercomes in two versions: Demo version and Full version.

The Demo version iglentical tothe Full versionexcept that thdemo
version has a 30 day time limithe Demo versiomay beupgraded to the
Full version by sending ithe Upgrade Order Form found at the front of
this user’'s manual.

Package Contents

The contents of your Aupmwer package which are thesamefor the
Demo version and Full version, consist of:

e this user's manual

Autopower

* aprogram disk
) - ,
.
_ Aytopower
[T
ContactAutoship Systemg&orporation by phondax or mail if any items
are missing from your package.
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Autoship Program Suite

Autoship Program Suite

Autopoweris part of our integrated suite of Windows programs.

Original Designs Existing Designs

Autoship (DOS)
Autoyacht (DOS)

Design Brief Autoboat (DOS)
Autoplex (DOS)
Digitized
Lines Plan
Table of
Offsets

Sketch

Autcpower Autchydro
Resistance & Hydrostatics
Propulsion
Autcship
Hull &

Superstructure Design

Autacbuild Autdoad

Production Load & Stability

Monitor

CAD Programs
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Autoship Program Suite

Autoship
Use Autship to modelthe hull and superstructure. Ihstalled, you can
access Autpowerfrom Autoshipby selectingCalcs-Autopower.

Autohydro
Use Autdwydroto perform complete hydrostatic calculations and analyses.

Autobuild
Use Autdouild to design and model all internal structures.

Autoload
Once yourvessel is builtuse Autdoad as an onboard load arstability
monitor.

Contact us oany ofour international dealers for monmeformation on any
of our programs.
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About This Manual

About This Manual

We assume yoare familiar with the Windowsenvironment. If youhave
not worked with Windows before, please consult yoWindows
documentation. Here is what you will find in this user's manual:

Chapter 1
Getting Started introduces you to Autgowerand helps you install it.

Chapter 2
About Autopower tells you how to rurAutopowerandfamiliarizes you
with the display, keyboard and Aytower'smain functions.

Chapter 3
Menu System provides information on each of Aytmwers menus.

Chapter 4
Hull Parameters describeshow to enter hull parameters required to
perform resistance calculations.

Chapter 5
Calculating Resistance describes how to calculate resistance.

Chapter 6
Propeller Design and Propulsion describeshow to use Autpowers
propeller design options and to calculate propulsion.

Chapter 7
Algorithms describes Autpowers resistance and propulsion methods.

Index
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System Requirements

System Requirements

Minimum Recommended
CPU 386 DX 25 MHz 486 DX2 66 MHz or
with math co- Pentium
processor
Memory 8 Mb RAM 16 Mb RAM
Graphics Capability 640x480 resolution, | 1024x768
16-color VGA resolution, 256-

monitor with
compatible video
card

color VGA monitor
with compatible
video card

Free Hard Disk Space

5 Mb

Operating System

Windows 3.1 or later version, or Windows

NT

Mouse

Laser Printer

6. Chapter 1 — Getting Started




Installing Autopower

Installing Autopower

Before Installation

1.

Check the Autopower program disk for the readme.wri and
history.wri files and read them, if present, witWindows Write.
Readme.wricontains the latest comments on ithetallationprocedure
and program useHistory.wri contains asummary ofthe program
revisions.

Disable floppy disk caching in Smartdrivieefore starting the
installation. Otherwise, problems may arise Wit Setup program due
to disk buffering. To disable floppy disk cachirigpe thecommand
smartdrv a- b- at the DOS prompt.

Ensure that you have enough hard disk space - approximately 5 Mb is
required.

Ensure that gur autoexec.bdfile hasthe Windows directory in the
path statement.

If you have MS Word, ensure that your autoexedilgahasthe MS
Word directory in the path statemeifhis will enable you to transfer
Autopoweroutput to MS Word.

@ Chapter 1 — Getting Started « 7



Installing Autopower

Installing Autopower

The installationprocedure is thesamefor the Demoversion andFull
version.

1. Start Windows and open the File Manager.

2. Insert the Autpowerprogram disk into your disk drive.

3. EnterFile-Run. The Run dialog box appears. Eradsetup.exeor
b:\setup.exe depending on thdisk drive youareusing. ClickOK.
Disregard RunMinimized asthis is a standard Windows option

inappropriate for Autpower.

Current Directory: B:\

Command Line:

Cancel

[B:x

L] Run Minimized

4. A Setup box appears while the setup files are being initialized.
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Installing Autopower

5. Then the Autoship Directory Path dialog box appears.

= AutoSHIP Directory Path

Enter Drive andfor
directory for Installation

6. Enter thedrive and directory where you want itstall Autopower
and click OK. To wuse the default directory setting of
C\AUTOSHIP\APWR,click OK without enteringanything in the
input box.

@ Chapter 1 — Getting Started 9



Installing Autopower

7. The Product Registration dialog box appears.

Autopower 2.0 Product Hegistration

[~ Product Registration Information

Firzst Hame:

[Otto

Last Hame:

| Shippe

Company Hame:

| Otto Shippe Haval Architects

8. Enter yourfirst name, last name, and company namea@s are
prompted. Use the tab key after entering each line. CliKKk

9. The "Application Installation is Complete” message box appears.
Click OK.

® Application Installation is Complete!
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Installing Autopower

Note: The first time youun Autgower, the Fontdialog box will appear
so that you caset the font typend size to be usddr printing reports.
We recommend using a regula®-point Arial font. These settingsvill
remain until changed. To changeese settings, seleEtle - Page Setup
and click on thé-onts button, which will open the Fonts dialog box.

Upgrading from Demo to Full Version

If you have a Demo version, each time yan Autgower, the startup
screen W tell you how manydays you have left in your 30 day demo
period. At the end of the demo period, yoll wot beable tooperate
Autopower.

Autopower 2.0

Serial Humber: 280295002

You have 30 Days Left in Demo

To Order a Full Copy. Please Contact:

Autoship Systems Corporation
Suite 403-611 Alexander Street
Yancouver, BC. Canada ¥6A 1E1

Tel : [6D4) 254 4171
Fax : (604] 254 5171

1. Complete the Upgrade Order Form found at the frofitisfuser's
manualand fax or mail it to us. Or, contact us bielephone and
provide us with the full information on the Upgrade Order Form.
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Installing Autopower

2. We will provide you with a 22 character AccaSedewhich will
remove the time limitation on your Demo version and makéd-iilla
version.

3. Re-install Autopower following the steps underlinstalling
Autopower. The “Previous Installation Found...Overwrite?”
message box appears. Clicks

9 Previous Installation found in C:\autoship\. Overwrite?

Yes! ‘ No I ‘Cancell

4. The "Please Wait" message box appears followedhéyDemo
Version Options dialog box. Select Upgrade to Full VersiarieE
the Accesode.Click OK. If you enter more or less than the 22
character AccesSode, you W be prompted to re-enter the string.
If you enter 22 characters bobt the correctAccessCode, the
setup program will terminate.

I Demo Yersion Options I

[ Install Option
) Beinstall Demo Yersion ® Upgrade To Full ¥eision

Access Code

| 0K I | Cancel I

5. The "Installation is Complete" message box appears. Olick
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Chapter 2

About Autopower

This chapter gives you an overviewAuitopowerand covers théllowing
points:

« Entering and Exiting

+ Mouse and Keyboard

« Main Screen

+ Menu System

+ Default Settings

+ Resistance and Propulsion Methods
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Entering and Exiting

Entering and Exiting

Entering Double-click on the Autpowericon.

ALtopower

Alternatively, you can opethe FRle Manager and select
c:\autoship\apwr\apwr.exe.

Exiting SelectFile - Exit.
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Mouse and Keyboard

Mouse and Keyboard

In Autopower, the mouse works trgame way as does inany Windows
program. Use thdeft mousebutton for all selecting. The right mouse
button is not used.

Key Use It To

Character Keys Type in names and specify values.

Arrow keys Move through grids.

Enter Accept the entry you have just made.

F1 or Alt + H Open Help menu.

F2 Edit active cell.

F5 Open Resistance dialog box.

F6 Open Propulsion dialog box.

F9 Run resistance calculations.

F12 Open Save-As dialog box.

Control + F12 Open “Save existing data?” dialog box. If you enter Yes,
the Open File dialog box opens.

Shift + F12 Open Save dialog box. If file has not been named vyet,
the Save As dialog box opens.

Control + Shift + Open Print dialog box. If a font has not been selected

F12 yet, the Font dialog box opens.

Alt + F Open File menu.

Alt + E Open Edit menu.

Alt + V Open Solve menu.

Alt + S Open Settings menu.
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Main Screen

Main Screen

Resistance Propulsion Graph Table Calculator Hull Parameter Grid Units
button button button button button

= Autopower - CAUTOSHIPAPWRIEXAMPLE 1. PWR

Menu Bar | File Edit Solve Seiftngs HWp

Hull Type Box —Houmicenen 3] |R.J| P | |12 B i
Project Name Exampie 1
LWL 50.00 m
Breadth 12.00 m
Draft (F) 3.10] m
Draft (A) 3.30] m
Displacement 925.74 t

Parameter LCB -4.50 %

Names WP 0.80
CM 0.78]
Form Factor 1.30]
Wetted Hull Area 584.90 mZ
'Welted Appendage Area 50.00 m2
Wetted Transom Area 10.00 m2
Tiansom Width 9.00] m
Hall Angle of Entiance 75.00 deg
Half Angle of Run 24.00 deg
Angle at 1/4 Buttock 10.00 deg
Bulbous Bow? NOD
Tiansverse Bulb Area 0.00] mZ
Bulb Centroid Location 0.00] m
Body Type (F) N
Body Type (A) [
Service Margin 0.00] E3
Appendage Allowance 0.00] z
Appendage Form Factor 3.00]
cB 0.47]
CcP 0.60]

Information

Box —-I—
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Menu System

Menu System

‘ File Edit Solve Settings Help‘

This table summarizethe menu system which is described in detail in
Chapter 3, The Menu System

Menu Contains

File Menu [tems for manipulating files.

Edit Menu Items for copying, pasting and clearing the Hull
Parameter Grids.

Solve Menu Items for calculating resistance and propulsion and
opening the Graph and Report windows.

Settings Menu Items for specifying water density and units of
measurement.

Help Menu Items for accessing online help.
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Default Settings

Default Settings

Autopowers default settings are as follows:

. Displacement hull type

. Metric units

. Sea water density

. Printing is sent to the default system printer

. Pages are 8.5 x 11 inches with page margins 1 inch from all
four sides
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Resistance Methods

Resistance Methods

Autopower provides thdollowing resistance methods whielne described
in detail inChapter 5, Calculating Resistan@ndChapter 7, Algorithms.

Displacement
* Andersen/Guldhammer
* Fung
* Holtrop
* van Oortmerssen
* Digernes/Cheng
* Jin/Su/Tan

+ Calisal

« FAO
Semi-Displacement

 Compton
Planing

» Savitsky

» Radojcic
Catamaran

* Marintek Fastcat
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Chapter 3

Menu System

‘ File Edit Solve Settings Help ‘

Autopowers menu system consists of Filelit, Solve, Settings, andelp
menus.
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Chapter 5

Calculating Resistance

To calculate resistance, take the following steps:
1. Select the hull type.

|4

Dizplacement

Dizplacement
Semi-Displacement
Planing

Catamaran

2. Enter the hull parameters into thell Parameter Grid or import the
hull parameters from Aughip (seeChapter 4, Hull Parameters

3. Click on the Resistance icon.

R.

4. The Resistance dialog box operEhis dialog box contains the
resistance method(s) appropriate to the hull type you have selected.
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Calculating Resistance

Resistance Dialog Box (Displacement)

B e
" Methods - Displacement Hulls

[ Andersen/Guldhammer [ Fung
[ wan Dortmerssen X Holtrop Options. ..
[ Digemes and Cheng [ Calisal
[ Jin. Su and Tan [ FAD [UN] Speeds. ..

Ml

Cancel

" Browsze Methodsz

GG +
" Project : Example 1 Limits
FN :0.12-0.81 FN Limit 1.00
CB : 049
CP : 063 CP 0.55- D.85
CH :0.78
B/T : 3.75 BT 2.10- 4.00
L/B - 417 L/B 3.90 - 14.90
L/D - 509
General with some limits

5. Select the resistance method{&u can use the Browse Methods box
to compare the lits of the selected method(s) against thell
parameters of the active file.

6. Click on the Speeds button.

Speeds._
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Calculating Resistance

7. The Speeds dialog box operter the lower, uppetinterval and
service speeds. ClicRK.

T e

" Speed Range [kn]

Lower: s
Upper: (35 0o Cancel I

Interval:
Service:

8. Click on the Options button.

Options. .

9. The Resistance Options dialog box appears. Taerefour Options
dialog boxes, depending on the hull type you have selected.

Resistance Options (Displacement)

Resistance Options

" Form Factor [1 + k] | [ Resistance Allowances ,I
[Undefined] Scale Effect 0.00020 1
[L=Tr) | Concel_
@ User defined Air Resistance 0.00000 :
O Holtrop
O Tagano Hull Roughnes= [m] |p pooon

Prop Diameter [m])

" Hull Wetted Area |

@ User Defined

O Haslar

O Denny Mumford
O Holtrop/Mennen
O Averaged
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Calculating Resistance

Resistance Options (Semi-Displacement)

Hesistance Options
" Hull Wetted Area | [ Resistance Allowances | /T

Undefined| sqm Scale Effect 0.00020
Cancel

®:User Defined: Air Resistance 0.00000
) Haslar

O Denny Mumford Hull Roughness [m] [p_ooooo
Prop Diameter [m)

[ Chine Type For Semi-Displacement Hulls
® Hard chine
O Soft chine

O Averaged

Resistance Options (Planing)

Resistance Options

Hull Wetted Area | [ Resistance Allowances | ,I
5cale Effect 1

sam [_cancel_|
ancel

@ User Defined Air Resistance 0.00000
O Haslar

C) Denny Mumford Hull Roughness [m] [p poooo
Prop Diameter [m]

O Averaged

Blount Multiplier
[For Savitzky method)

OiYes ® No
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Calculating Resistance

Resistance Options (Catamaran)

Hesistance Options

" Hull Wetted Area | | Resistance Allowances | /T
584 90 2q m Scale Effect 0.00020
[58e30 ] s [0.00020 | P
@®User Defined: Air Resistance 0.00000 :
O Haslar

O Denny Mumford Hull Roughness (m] (p_ooooo
Prop Diameter [m]

O Averaged
I Propulsive Coefficient for Catamarans
® User defined
C Waterjet Propulsion [0.62 - 0.64)
O Propeller with inclining shaft [0.64 - 0.65])
O Propeller with aft body tunnel (0.70 - 0.80)
O Z-Drive (0.68 - 0.70)

10. Enter the following resistance options and odk.

Option Entry
Hull Wetted This option is available for all vessel types. You must
Area enter the hull wetted area either by entering a user-

defined value into the Hull Parameters grid, or by
selecting one of the following methods:

* User Defined (this is the default)

e Haslar

e Denny Mumford

* Holtrop/Mennen (displacement only)

* Averaged
Form Factor This option is available only for displacement vessels.
(1+k) You must enter the Form Factor in the Hull Parameters

grid. Once entered, select among:
* User Defined (this is the default)
e Holtrop
* Tagano
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Calculating Resistance

Option

Entry

Resistance
Allowances

This option is available for all vessel types. Enter any of
the following:

e Scale Effect (% of total resistance)

* Air Resistance (% of total resistance)

e Hull Roughness (length unit)

* Propeller Diameter ({length unit)
Autopower incorporates these allowances in calculating
resistance.

Chine Type

This option is available only for semi-displacement
vessels. Select either:

* Hard Chine

* Soft Chine

Blount Multiplier

This option is available only for planing vessels using
Savitsky method. Select either:

* Yes

* No (this is the default)

Propulsive
Coefficient

This option is available only for catamaran vessels.
Select from among:

e User defined

 Waterjet Propulsion

* Propeller with inclining shaft

e Propeller with aft body tunnel

e Z-Drive

11. Click on the Calculate button.

Calculate

12. Click on the Graph or Table icon to view the output.

Z
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Calculating Resistance

Sample Resistance Graph

Resistance Vs. Speed

Speed (Knots)
5.0 10.0 15.0 20.0 25.0 30.0 35.0

Holrop ———X

900.0

-z x~

800.0

700.0

600.0

500.0

400.0

300.0

00.0

100.0

0.0
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Calculating Resistance

Sample Resistance Table (partial)

Total Resistance, Rt (kN)

Speed (kt) Fn Holtrop
5.00 0.12 13.38
7.50 0.17 28.15
10.00 0.23 49.37
12.50 0.29 86.42
15.00 0.35 137.21
17.50 0.41 256.09
20.00 0.46 392.58
22.50 0.52 54413
25.00 0.58 667.85
27.50 0.64 732.99
30.00 0.70 787.48
32.50 0.76 856.86
35.00 0.81 932.84

Effective Power, PE (kW)

Speed (kt) Fn Holtrop
5.00 0.12 34.41
7.50 0.17 108.61
10.00 0.23 253.99
12.50 0.29 555.72
15.00 0.35 1058.79
17.50 0.41 2305.52
20.00 0.46 4039.24
22.50 0.52 6298.34
25.00 0.58 8589.32
27.50 0.64 10369.80
30.00 0.70 12153.49
32.50 0.76 14326.27
35.00 0.81 16796.30
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Calculating Resistance

Notes on Calculating Resistance

1. Browse Methods

You can use the Browse Methods box to compare thts lofithe selected
method(s) against theulh parameters of the actifde. Whenyou select a
method, itslimitations, if provided bythe originator of the method, are
compared to those of the actifie. The Browse Methods box uses the

following abbreviations:

Parameter Symbol
Froude number Fn
Volume Froude number Fv
Block coefficient Cb
Prismatic coefficient Cp
Midship section coefficient Cm
Beam-dratft ratio BT
Length-beam ratio LB
Length-displacement ratio LD
Half entrance angle IE
Trim angle TR
Deadrise angle DR
Shaft angle EP
100 (LGC/Lp) LC

2. Printing Output

You have three options for printing your graphs and tables:

» SelectFile - Print from the File menu. The tables and graphs are
printed on the default system printer.

* Click ontheMS Word icon atthe bottom of youreport. This will
transfer yourreport to your active MS Word documenilhis
feature workswith MS Word Versions 2 and 6. If you dhot have
an open document, your graphs and tables will be in Document 1. If
MS Word is not open, Autmwerwill ask if you want Autpower
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Calculating Resistance

to open MS Word. If Autpower cannot locate MS Word, will
prompt you enter the proper path.

* Click on the Copy icon at the bottom of yourreport This
transfers youreport to theClipboard. Use the Pastanction in
your word processing or spreadsheet program to pagtelr
report. Tosee a copy of youreport in theClipboard, click on the
Clipboard Viewer icon irthe Windows Program Manager screen
(usually in the Main directory box).
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File - Open

] File
F I Open... CultFi2
-
I e p e n Save ShifttF12
Save As... Fiz
Page Setup...
Print... Shift+Ctrl+F12

CRAUTOSHIPWPWRWDHA.PWR
CHAUTOSHIMAPWRAEXAMPLEI. PWR

Uselt To Load an AUtOOWGI’ CMUTOSHIPVAPWRIEXAMPLE?.PWR

. . CRAUTOSHIPVPWREXAMPLET.PWR
file (denoted with [

.pwr extension) into

the Hull Parameter

Grid.

Quick Keys Control + F12 or Alt + FO

How It Works  Select File-Open. The Open dialog box appears.
Select the desired file. ClicRK.

File Hame: Directornies:
|m c:\autoshiphapower

example. pwr [= e\
fastcat pwr [= autozhip

lane_pwr
Fest. plEr E= apower

Lizt Files of Type:

D ata Files[=.pwr]
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File - Save

- File
I e - ave Open... Ctrl+F12
Save Shift+tF12
Save As... F12
Page Setup...
Print... Shift+Ctrl+F12
CAAUTOSHIPWAPWRIVDHA.PWR
Use It TO Save allthe Changes CAAUTOSHIPYAPWREXAMPLE3.PWR
CHAUTOSHIPAPWRIEXAMPLE2. PWR
yOU have made tO | crauTosSHIPAPWREXAMPLET PWR
Exit

the active file.
Quick Keys Shift + F12 or Alt + FS

How It Works  SelectFile - Saveto saveall the changes yohave
made to the active file. If the file has not beamed
yet, the Save As dialog box opens.

Note: Since Autowersaves only the activide, we recommend that you
save youwork before you switch vessel typésg.from a displacement to
planing vessel).
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File - Save As

File
- Open... Ciri+F12
-
I e a v e S Save Shift+F12
Save As... F12
Page Setup...
Print... Shift+Ctrl+F12

CHAUTOSHIPAPWRIVDHA.PWHR
CHAUTOSHIPWPWR\EXAMPLE 3. PWR

Uselt To Save a copy of the | ciautostiPapwrEXaMPLEZ PR

CRAUTOSHIPWAWPWR\EXAMPLET.PWR

active file with a [&a
new name.

Quick Keys F12 or Alt + FA

How It Works SelectFile - Save As.The Save As dialog box
appears. Select thide name anddirectory. Click
OK.

File Hame: Directornies:

uship\apuwerkexample_pw | chautozhiphapower

Cancel

+ [= e\
[= autozhip
= apower

Save File as Type: Drives:
AutoPower Files[* pwr] |£I | =
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File - Page Setup

] File
F I P S t Open... CulvFiz
-
I e a g e e u p Save ShifttF12
Save As... F12
Page Setup...
Print... Shift+Ctrl+F12

CRAUTOSHIPWPWRWDHA.PWR
CHAUTOSHIMAPWRAEXAMPLEI. PWR

Use It TO Set up page CAAUTOSHIPLAPWRYEXAMPLE2. PWR

CHAUTOSHIPAPWRAEXAMPLET.PWR

margins, size, font [est
and printer.

Quick Key Alt + FG

How It Works  Select Settings - Page SetupThe Page Setup
dialog box appears. Seletlte desired pagsize,
font and printer. CliclOK.

I Page Setup I

Bottom: —

Paper Size; 8.50« 11.00
Font: Arial, 12 pt
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File - Print

File

F i I P 1 Open... Ctrl+F12
-
I e rl n Save Shift+F12
Save As... F12
Page Setup...
Print... Shift+Ctrl+F12

CRAUTOSHIPWPWRWDHA.PWR

Uselt To Print the CUIrent | cawrosnimwimamiezmwm
CRAUTOSHIMAPWRAEXAMPLE1.PWR
report(s). Exit
Quick Keys Ctrl + Shift + F12 or Alt + FP

How It Works  SelectFile - Print. A message box appears showing
the percentage of the repdite transferred to the
printer.
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File - Exit

File - Exit

Uselt To
Quick Key

How It Works

Exit Autopower.

Alt + FX

File

Open... Ctrl+F12
Save ShifttF12
Save As... F12
Page Setup...

Print...

Shift+Ctrl+F12

CRAUTOSHIPWPWRWDHA.PWR

CHAUTOSHIMAPWRAEXAMPLEI. PWR
CHAUTOSHIPAPWRAEXAMPLEZ. PWR
CHAUTOSHIPAPWRAEXAMPLET.PWR

Exit

SelectFile - Exit. If you have an opefile, the Save
Project message box appeatdick Yes or No, as

appropriate.

9 Save Project
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Edit - Copy / Paste Cell

Edit = COpy Ce" EE:JtpyCeII

Paste Cell

Copy Column
Paste Column
- Paste Cell
Use Them To Copy data from one cell to another.

Quick Keys Alt + EC and Alt + EP

How They Work Click onthe cell you want to copy. SeleEtit -
Copy Cell. Then click onthe cell you want to
paste itto. SelectEdit - Paste Cell. The data in
the original cell is now copied to the new cell.
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Edit - Copy / Paste Column

Edit

Edit = COpy C0|umn Copy Cell

Paste Cell

Copy Column
- Paste Column Pase Counn
Use Them To Copy data from one column to
another.
Quick Keys Alt + EO and Alt ES

How They Work Click on the column you want to copy. Sel&ctit
- Copy Column. Then click onthe column you
want to paste ito. SelectEdit - Paste Column
The data in theriginal column isnow copied to
the new column.
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Edit - Clear Grid

Edit

Edit - Clear Grid

Paste Cell
Copy Column
Paste Column

Uselt To Clear the Hull Parameter Grid. Clear Grid

Quick Key Alt + EG

How It Works  SelectEdit - Clear Grid. A message box appears
asking you taaffirm thatyou want to clear the grid.
Click Yesor No, as appropriate.

Are you sure you want the whole grid cleared?
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Solve - Resistance

Solve

Solve - Resistance BT
Calculate Now F9
Reports 3
Uselt To Open the ResistanaBalog

box. This is equivalent to
clicking on the Resistance icon.

Quick Keys Control + F5 orAlt + VR

How It Works SelectSolve - Resistance The Resistance dialog
box appears. Enteall required information. (See
Chapter 5, Calculating Resistange.
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Solve - Propulsion

Solve

SOIve - PrOPUISIon Eesista.nce... F&
Propulsion... FG
Calculate Now F9
Reports 3
UseltTo Open the Propulsiodialog

box. This is equivalent to
clicking on the Propulsion icon.

Quick Keys Control + F6 orAlt + VP

How It Works  SelectSolve - Propulsion The Propulsion dialog
box appears. Enteall required information. (See
Chapter 6, Propeller Design and Propulsign
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Solve - Calculate Now

Solve

Solve - Calculate Now [resene. =
Propulsion... F&
Calculate Now Fa
Reports »

Uselt To Run resistance calcula-

tions using the active file.
Quick Keys Control + F9 orAlt + VC
How It Works Select Solve - Calculate Now Resistance

calculationsare runusing the activefile data. As
soon as thealculationsare complete, you canew

the results byselecting Solve -Reports. (See
Chapter 5, Calculating Resistance
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Solve - Reports

SOIve - Re ports Resistance... Fh
Propulsion... FGB
Calculate Now Fq

Reports Graph...

Table...

Uselt To Display and clear Clear All

Quick Key

How It Works

Solve

reports  (graphs

and, tables). Selecting Graph or Table frems
menu isthe equivalent of clicking onthe Graphicon
or Table icon.

Alt + VE

SelectSolve - Reports - Graphor Table. The
Graph ot Table window appears. To print your
reports, see the note pninting output at theend of
Chapters Sor 6.

SelectClear All to clear yourreports.Otherwise,
successive graphs and tables will be added to all
those generated since the last Clear All command.
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Settings - Sea / Fresh Water

Settings

Settings - Sea Water Sea Watr

Eresh Water
+ Metric

- Fresh Water

UseltTo Toggle between Sea water and Fresh Water.

Quick Keys Alt + SS and Alt SF

How It Works  SelectSettings - Sea Waternr Fresh Water. The
default setting is Sea Water. Thpecific gravity of
Sea water is 1.026. Thepecific gravity of Fresh
water is 1.0.

Note: All Autopower calculationsare based uponwater temperature of
15° C.

@ Chapter 3 — Menu System ¢ 35



Settings - Metric / Imperial

Settings

Uselt To

Quick Keys

How It Works

Standard Units

- Metric

Settings
Sea Water
+ Fresh YWater

+ Metric
Imperial

- Imperial

Toggle between metric or imperial units.

Alt + SM and Alt + Sl

SelectSettings - Metric or Imperial. The default
setting is metric. The selected units appear at the
right side of the Hull Parameters Grid.

Measurement Metric Units Imperial Units
Length m ft

Area m2 ft2

Volume m3 ft3
Displacement tonnes LT

Force kN Ibs

Power kW hp

Density t/m3 Ib/ft3
Velocity m/sec ft/sec

Angles degrees degrees

Ship speed knots knots
Gravitational constant 9.81 m/sec? 32.20 ft/sec?
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Help Menu

Help Menu

About Autopower

Quick Key Alt + H

The Helpmenucontains informatiombout Autgowerand lets you access
Autopowers on-line help.
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Help - Contents

Hel
Help - Contents
Using Help
About Autopower
Uselt To Display the on-line help table of
contents.
Quick Key Alt + HC

How It Works  SelectHelp - Contents. The on-linehelp Table of
Contents appear£lick on anytopic you want to
view. Toreturn to Aut@ower, selectFile - Exit or
close the Helpvindow.
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Help - Using Help

Help

Help - Using Help Conone
About Autopower

Uselt To Learn how to use Windows help.

Quick Key Alt + HU

How It Works  SelectHelp - Using Help. A help topic on Using
Help appears. To return to Aygtower, selectrile -
Exit.
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Help - About Autopower

Help

Help - About R
Auto powe r About Autopower

Uselt To Display the opening screen.

Quick Key Alt + HA

How It Works  Select Help - About Autopower. The opening
screen appearsThis screen showghe release
number, registered user aserial numberYou will
need this information tapgrade from a Demo to a
Full version. Click anywhere ottne screen to return
to Autopower.
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Chapter 4

Hull Parameters

Autopowerhas two Hull Parameter Grids for:

. displacement and catamaran hulls
. planing and semi-displacement hulls

The Hull Parameter Grigblays animportant role inall Autopower work

sessionsAll hull parameters must be entenadess otherwisaoted in the
following tables. Wheryou click on any hullparameter, &rief description
of that parameter appears in an information bothatbottom of theMain

Screen.
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Displacement & Catamaran Hull Parameters

Parameters for Displacement & Catamaran Hulls

Parameter Description Range

Project Name Project name.

LWL Length on waterline.

Breadth Breadth measured midship at design
waterline.

Draft (F) Draft forward measured at the forward
perpendicular.

Draft (A) Draft aft measured at the aft
perpendicular.

Displacement Displacement weight.

LCB Longitudinal center of buoyancy -50 - 50%

measured as a percentage of LBP from
midship. Positive = forward, negative =

aft.
CWP Waterplane area coefficient. 0-1
CM Midship section coefficient. 0-1
Form Factor Form factor [1+k]. Default=1. 1-2

(Optional - this parameter can also be
entered in Resistance Options.)

Wetted Hull Area | Wetted hull surface area, excluding
appendages.

(Optional - this parameter can also be
estimated in Resistance Options.)

Wetted Total surface area of all wetted
Appendage Area appendages.
(Enter if there are wetted appendages.)

Wetted Transom Wetted transom surface area.

Area (Enter if there is a wetted transom.)
Transom Width Transom width at waterline.
(Required only for Fung method.)
Half Angle of Half angle of entrance in degrees. 0-60°
Entrance (Optional - will be estimated if not
specified.)

(continued...)
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Displacement & Catamaran Hull Parameters

(...continued)

Parameters for Displacement & Catamaran Hulls

Parameter Description Range
Half Angle of Run | Half angle of run in degrees. 0-60°
(Required only for FAO method.)
Angle at 1/4 Angle at 1/4 buttock in degrees. 0-60°
Buttock (Required only for FAO method.)
Bulbous Bow? Bulbous bow? Yes / No Default is No.
Transverse Transverse sectional area of bulb at
Bulb Area forward perpendicular.
(Enter if there is a bulbous bow.})
Bulb Centroid Centroid location of bulb above keel.
Location (Enter if there is a bulbous bow.})
Body Type - (F) Hull form type forward of midship.
U-shaped, N {(Normal), or V-shaped.
Body Type - (A) Hull form type aft of midship.
U, N, or V.
Service Margin User-specified resistance margin. 0% - 50%
(Optional.)
Appendage User-specified resistance margin for 0% - 30%
Margin appendages.
(Optional.)
Appendage Form | Effective form factor [1 + K2] for 1-4

Factor

appendages. See note below.
(Required only for Holtrop method.)

CB Block coefficient.
(Read only - calculated by Autopower.)
CcP Longitudinal prismatic coefficient.

(Read only - calculated by Autopower.)
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Planing & Semi-Displacement Hull Parameters

Parameters for Planing & Semi-Displacement Hulls

Parameter Description Range
Project Name Project name.
LWL Length on waterline.
Breadth Breadth measured midship at design
waterline.
Draft Draft measured at loadline.
Chine Beam Maximum chine beam.
(Enter if there is a chine.)
Chine Length Maximum chine length.
(Enter if there is a chine.)
CX Maximum section coefficient. 0-1
(Required only for Savitsky method.)
Displacement Displacement weight.
LCG Longitudinal center of gravity measured
from midship to the aft perpendicular.
Half Angle of Half angle of entrance in degrees. 0-60°
Entrance (Optional - will be estimated if not
specified.)
Deadrise Angle Deadrise angle at mid-chine length.
(Enter if there is a chine.)
Wetted Hull Area | Wetted hull surface area.
Wetted Transom | Wetted transom surface area.
Area
Strut Type Propeller strut configuration. Oor1
O for single, 1 for V.
Shaft Angle Shaft inclination relative to buttock in

degrees.

Shaft Length

Length of wetted shaft or strut barrel.
(Enter if there is a wetted shaft or a
strut barrel.)

Shaft Diameter

Diameter of wetted shaft or strut barrel.

(Enter if there is a wetted shaft or a
strut barrel.)

(continued...)
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Planing & Semi-Displacement Hull Parameters

(continued...)
Parameters for Planing & Semi-Displacement Hulls

Parameter Description Range
Projected Area Transverse projected area of skeg.
of Skeg (Enter if there is a skeg.)
Number of Sea Number of non-flush sea water inlets.
Inlets (Enter if there are sea inlets.)
Projected Area of | Frontal projected area of non-flush sea
Inlets water inlets. Enter average of frontal

areas if there is more than one inlet and
of different sizes.
(Enter if there are sea inlets.)

Rudder Type Type of rudder. See note below.
Rudder Surface Total rudder surface area.
Area

Flap Chord Length | Flap chord length.
(Enter if there is a flap.)

Flap Span to Flap span to beam ratio. 0-1
Beam Ratio (Enter if there is a flap.)
Flap Deflection Flap deflection angle in degrees. 0-15°
Angle (Enter if there is a flap.)
Service Margin User-specified resistance margin 0-50%
(Optional.)
Appendage User-specified resistance margin for 0-30%
Margin appendages.
(Optional.)
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Hull Parameter Notes

Hull Parameter Notes

1. Appendage Form Factor

Appendage Fornfactor [1 + k] is used by the Holtrop methodhis
factor is derivedusing the wetted area of appendage components and
ranges from 1 to 4. Default valuder all allowancesare zero. The
following table shows the approximate [1 4] kalues.

Rudder behind skeg 15-2.0
Rudder behind stern 1.3-15
Twin-screw balance rudders 2.8
Shaft brackets 3.0

Skeg 15-2.0
Strut bossings 3.0

Hull bossings 2.0
Shafts 2.0-4.0
Stabilizer fins 2.8

Dome 2.7

Bilge keels 1.4

Autopoweraccepts an equivalent [1 %] Kactor for all appendages
combined, calculated as follows:

(1 +b)eq =3 (1 + k)i Sapppi / 2 SAPPDi

where Qpppi is the surface area of the ith appendage in question.
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Hull Parameter Notes

2. Rudder Type

You can select one of four rudder types by entering 0, 1, 2, oisBoam
in the table belowYou must also enter a rudder surface area inHbk
Parameter grid. Otherwise, resistance due to rudders will be zero.

Rudder Drag Thickness to Enter
Section Coefficient Chord Ratio
NACA 0015 0.0013 0-15 0
Parabolic 0.0426 0-11 1
Flat Plate 0.0352 0-04 2
Wedge 0.0493 0-11 3

3. AutopowerFiles

Eachfile contains one hull typél'his means thaall of the projectswithin
onefile must be of thesame hulkype, althoughndividual progctsmay be
in either metric or imperial units.

4. Saving AutgowerFiles

Autopowersaves only the data in the currently displayed grid. For example,
if you have been working otine displacement grid and then switch to the
planinggrid, the He - Save operation M result in afile containingdata
concerning th@laninggrid only (whichmay or maynot containany data).
Each hull type grid should be saved to a different file.
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Hull Parameter Notes

5. Importing Hull Parameters from Autoship

You can import certain hull parameters fréxuatoship to Autgpower.You
may berequired to enter furtherulh parameters in Aufmwer before
undertaking calculations.

1. In Autcship, selectCalcs - Autgpower The Autg@ower Setup
dialog box appearg&nterfile name, kll type and draftalue being
used in Autship. Click OK.

Note: The draft value you must use is the distance from V=0 to
the waterline. For instance, if youdefine the waterline to be at
V=0, then draft is zero.

Autopower Setup

T Hame

Car Camer

T Hull Type

@ Dizplacement

C/ Semi Displacement

I Planing

(! Catamaran

2. An Open File window then appears. Enter the file name. Olick

Note: Autoshipuses alemi-hullfor catamaransrhis should béaken into
account in undertaking calculations.
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Chapter 5

Calculating Resistance

To calculate resistance, take the following steps:
1. Select the hull type.

|4

Dizplacement

Dizplacement
Semi-Displacement
Planing

Catamaran

2. Enter the hull parameters into thell Parameter Grid or import the
hull parameters from Aughip (seeChapter 4, Hull Parameters

3. Click on the Resistance icon.

R.

4. The Resistance dialog box operEhis dialog box contains the
resistance method(s) appropriate to the hull type you have selected.
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Calculating Resistance

Resistance Dialog Box (Displacement)

B e
" Methods - Displacement Hulls

[ Andersen/Guldhammer [ Fung
[ wan Dortmerssen X Holtrop Options. ..
[ Digemes and Cheng [ Calisal
[ Jin. Su and Tan [ FAD [UN] Speeds. ..

Ml

Cancel

" Browsze Methodsz

GG +
" Project : Example 1 Limits
FN :0.12-0.81 FN Limit 1.00
CB : 049
CP : 063 CP 0.55- D.85
CH :0.78
B/T : 3.75 BT 2.10- 4.00
L/B - 417 L/B 3.90 - 14.90
L/D - 509
General with some limits

5. Select the resistance method{&u can use the Browse Methods box
to compare the lits of the selected method(s) against thell
parameters of the active file.

6. Click on the Speeds button.

Speeds._
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Calculating Resistance

7. The Speeds dialog box operter the lower, uppetinterval and
service speeds. ClicRK.

T e

" Speed Range [kn]

Lower: s
Upper: (35 0o Cancel I

Interval:
Service:

8. Click on the Options button.

Options. .

9. The Resistance Options dialog box appears. Taerefour Options
dialog boxes, depending on the hull type you have selected.

Resistance Options (Displacement)

Resistance Options

" Form Factor [1 + k] | [ Resistance Allowances ,I
[Undefined] Scale Effect 0.00020 1
[L=Tr) | Concel_
@ User defined Air Resistance 0.00000 :
O Holtrop
O Tagano Hull Roughnes= [m] |p pooon

Prop Diameter [m])

" Hull Wetted Area |

@ User Defined

O Haslar

O Denny Mumford
O Holtrop/Mennen
O Averaged
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Calculating Resistance

Resistance Options (Semi-Displacement)

Hesistance Options
" Hull Wetted Area | [ Resistance Allowances | /T

Undefined| sqm Scale Effect 0.00020
Cancel

®:User Defined: Air Resistance 0.00000
) Haslar

O Denny Mumford Hull Roughness [m] [p_ooooo
Prop Diameter [m)

[ Chine Type For Semi-Displacement Hulls
® Hard chine
O Soft chine

O Averaged

Resistance Options (Planing)

Resistance Options

Hull Wetted Area | [ Resistance Allowances | ,I
5cale Effect 1

sam [_cancel_|
ancel

@ User Defined Air Resistance 0.00000
O Haslar

C) Denny Mumford Hull Roughness [m] [p poooo
Prop Diameter [m]

O Averaged

Blount Multiplier
[For Savitzky method)

OiYes ® No
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Calculating Resistance

Resistance Options (Catamaran)

Hesistance Options

" Hull Wetted Area | | Resistance Allowances | /T
584 90 2q m Scale Effect 0.00020
[58e30 ] s [0.00020 | P
@®User Defined: Air Resistance 0.00000 :
O Haslar

O Denny Mumford Hull Roughness (m] (p_ooooo
Prop Diameter [m]

O Averaged
I Propulsive Coefficient for Catamarans
® User defined
C Waterjet Propulsion [0.62 - 0.64)
O Propeller with inclining shaft [0.64 - 0.65])
O Propeller with aft body tunnel (0.70 - 0.80)
O Z-Drive (0.68 - 0.70)

10. Enter the following resistance options and odk.

Option Entry
Hull Wetted This option is available for all vessel types. You must
Area enter the hull wetted area either by entering a user-

defined value into the Hull Parameters grid, or by
selecting one of the following methods:

* User Defined (this is the default)

e Haslar

e Denny Mumford

* Holtrop/Mennen (displacement only)

* Averaged
Form Factor This option is available only for displacement vessels.
(1+k) You must enter the Form Factor in the Hull Parameters

grid. Once entered, select among:
* User Defined (this is the default)
e Holtrop
* Tagano
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Calculating Resistance

Option

Entry

Resistance
Allowances

This option is available for all vessel types. Enter any of
the following:

e Scale Effect (% of total resistance)

* Air Resistance (% of total resistance)

e Hull Roughness (length unit)

* Propeller Diameter ({length unit)
Autopower incorporates these allowances in calculating
resistance.

Chine Type

This option is available only for semi-displacement
vessels. Select either:

* Hard Chine

* Soft Chine

Blount Multiplier

This option is available only for planing vessels using
Savitsky method. Select either:

* Yes

* No (this is the default)

Propulsive
Coefficient

This option is available only for catamaran vessels.
Select from among:

e User defined

 Waterjet Propulsion

* Propeller with inclining shaft

e Propeller with aft body tunnel

e Z-Drive

11. Click on the Calculate button.

Calculate

12. Click on the Graph or Table icon to view the output.

Z
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Calculating Resistance

Sample Resistance Graph

Resistance Vs. Speed

Speed (Knots)
5.0 10.0 15.0 20.0 25.0 30.0 35.0

Holrop ———X

900.0

-z x~

800.0

700.0

600.0

500.0

400.0

300.0

00.0

100.0

0.0
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Calculating Resistance

Sample Resistance Table (partial)

Total Resistance, Rt (kN)

Speed (kt) Fn Holtrop
5.00 0.12 13.38
7.50 0.17 28.15
10.00 0.23 49.37
12.50 0.29 86.42
15.00 0.35 137.21
17.50 0.41 256.09
20.00 0.46 392.58
22.50 0.52 54413
25.00 0.58 667.85
27.50 0.64 732.99
30.00 0.70 787.48
32.50 0.76 856.86
35.00 0.81 932.84

Effective Power, PE (kW)

Speed (kt) Fn Holtrop
5.00 0.12 34.41
7.50 0.17 108.61
10.00 0.23 253.99
12.50 0.29 555.72
15.00 0.35 1058.79
17.50 0.41 2305.52
20.00 0.46 4039.24
22.50 0.52 6298.34
25.00 0.58 8589.32
27.50 0.64 10369.80
30.00 0.70 12153.49
32.50 0.76 14326.27
35.00 0.81 16796.30
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Calculating Resistance

Notes on Calculating Resistance

1. Browse Methods

You can use the Browse Methods box to compare thts lofithe selected
method(s) against theulh parameters of the actifde. Whenyou select a
method, itslimitations, if provided bythe originator of the method, are
compared to those of the actifie. The Browse Methods box uses the

following abbreviations:

Parameter Symbol
Froude number Fn
Volume Froude number Fv
Block coefficient Cb
Prismatic coefficient Cp
Midship section coefficient Cm
Beam-dratft ratio BT
Length-beam ratio LB
Length-displacement ratio LD
Half entrance angle IE
Trim angle TR
Deadrise angle DR
Shaft angle EP
100 (LGC/Lp) LC

2. Printing Output

You have three options for printing your graphs and tables:

» SelectFile - Print from the File menu. The tables and graphs are
printed on the default system printer.

* Click ontheMS Word icon atthe bottom of youreport. This will
transfer yourreport to your active MS Word documenilhis
feature workswith MS Word Versions 2 and 6. If you dhot have
an open document, your graphs and tables will be in Document 1. If
MS Word is not open, Autmwerwill ask if you want Autpower
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Calculating Resistance

to open MS Word. If Autpower cannot locate MS Word, will
prompt you enter the proper path.

* Click on the Copy icon at the bottom of yourreport This
transfers youreport to theClipboard. Use the Pastanction in
your word processing or spreadsheet program to pagtelr
report. Tosee a copy of youreport in theClipboard, click on the
Clipboard Viewer icon irthe Windows Program Manager screen
(usually in the Main directory box).
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Chapter 6

Propeller Design and Propulsion

Before You Begin

Before calculating propulsion, you must have first calculated resistance
(seeChapter 5, Calculating Resistangelf you want to enter a known
resistance valutor a propulsion calculation, you can undertakeoeninal
resistance calculation and then edit the resistance value.

Important: Autopower does not supporpropulsion calculations for
catamarans. Ratheeffective power for the catamaramemi-hull is
calculated apart theresistance calculation and is showntba resulting
resistance table. Double tefectivepower to account for botbatamaran
hulls.

To Calculate Propulsion

To calculate propulsion, you take the following steps:
1. After calculating resistance, click on the Propulsion icon.

F}
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Propeller Design and Propulsion

2. If you have selected more thame method in your resistance
calculation, thePower Method foPropulsion dialog box W appear.
Select the desired propulsion method. The default is an average of the
methods you selected for resistance. Oldk.

= Power Method for Propulsion

) Andersen/Guldhammer I FAD[UM]
! Fung  Compton
) Holtrop ) S aviteky

) wan Dortmerzzen ! Radojcic

) Digernes and Cheng (") Marintek Fast Catamaran

) Jin, Su and Tan @ Average
I Calizal
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Propeller Design and Propulsion

3. The Propulsion dialog box appearsis dialog box contains mumber
of options required to undertake propeller optimization and calculate
propulsion.

[EEEE e e e

" Type "Mum. Propellers — | [ Blades 1 | = I I | oK I
Cancel 0ol
(® Wageningen B @1 02 3
I Ka 4-70 In 194 Nozzle o ) C4 ” Optimize
Pitch

O Ka 4-70 In 37 Nozzle O Fixed 05 —

O Kd 5-100 In 33 Nozzle O B 06 | RPM. D No D Limit |

O Gawn-Burrill KCA ontrofiabie 07

| RPM.D To D Limit |

"Wake and Thrust Deduction | [AE FAD | [ Limit Diameter |

@ Holtrop (1 2.5 % Cavitation| | ® From Draft |§D To Limit, ¥ary HPM?I

) van Dortmerssen (8 5 % Cavitation 1 User Defined

1 Andersen 1 User Defined

' Handbuch der Weiften - m

1 User Defined 0.800 | Power Plant... I

" Design Point
w1023 t
Speed kt. Eff. Power KW

" Relative Rotative Efficiency | Resistance kN
(@ Holtrop
() wan Dortmerzsen  Results [Per Shaft]
C User Defined Delivered Power ({7538 k'w P/D 0.816
= ) . | Shaft Power 18183 kw  AE JAD 0.800
'ower Train Efficiency RPM 040 Dpen Water EfE. [0 616
Diameter 320 m
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Propeller Design and Propulsion

4. The Design Poinframe inthe Propulsiordialog boxdisplaysspeed,

resistance and effectiygowervalues. These valuese calculatedrom

the resistancealculation results athe specified servicespeed. You

may enter other speed and resistance values.

5. Enter the following options to undertake propeller optimization:

Option

Entry

Type

Select the propeller type:
* Wageningen B
e Ka 4-70 In 19A Nozzle
e Ka 4-70 In 37 Nozzle
e Kd 5-100 In 33 Nozzle
*  Gawn-Burrill KCA

Num. Propellers

Select the number of propellers:
e 1

e 2
Blades Select the number of propeller blades (Wageningen B
only):
e 3
e 4
e b
e 6
e 7
Pitch Select propeller pitch:
 fixed
e controllable
AE/AO Select propeller expanded area ratio (Wageningen B and

Gawn-Burrill KCA only):
« 2.5% Cavitation
5% Cavitation
* User Defined (enter value)

Limit Diameter

Select propeller limit diameter:
e From Draft
e User Defined (enter value)
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Propeller Design and Propulsion

Option Entry
Wake and Select among wake and thrust deduction methods:
Thrust e Holtrop
Deduction e van Oortmerssen

e Andersen
e Handbuch der Werften
* User Defined (enter values)

Relative Select among relative rotative efficiency methods:
Rotative e Holtrop
Efficiency * van QOortmerssen
e User Defined (enter value)
Power Train Enter value or accept default value.
Efficiency

6. Once you have entered the above options, you can $§@ecthree
propeller optimization methods:

* RPM, D No D Limit - This optimizesRPM, propeller diameter
and P/D ratio without any limitation on propeller diameter.

* RPM, D To D Limit - This optimizesRPM, propeller diameter
and P/D raticsubject to thenaximumspecified propeller diameter.
Use this method if you caaccept aroptimum RPM calculated by
the program.

* D To Limit, Vary RPM - This optimizes propeller diameter and
P/D ratio for several discrete values d&PM, subject to the
maximum specified propeller diameter. Whehe calculations are
completed, the Choose Service RPM box appears with three graphs
showing (1) open waterefficiency, (2) delivered power and (3)
propeller diameterall over a range of RPMalues. Usethis
method if your choice of service RPM limited (i.e. by available
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gearbox models), then choose tkervice RPM closest to the
optimum.

I Choose Service HPM I

0.65

" Plot

(® Efficiency
O Pd

) Diameter
0.60

eff [ Service RPM |

0.55

0.50

Click Closeto return to the Propulsion box.

7. Thefollowing per propelleroptimization results ardisplayed in the
Results (Per Shaft) frame in the Propulsion box:

* Delivered Power

» Shaft Power

* RPM

* Diameter

* P/D (pitch/diameter ratio)

* AE/AO (expanded area ratio)
* Open Water Efficiency
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8. Click on the PowerPlant button. The PowerPlant box appears
displaying the following values:

» Shaft Power (power required for the service speed.)

* RPM
* % MCR (% maximum power)

You can edit these values tepresent amvailablepower plant and
gear box before making your propulsion calculation.

I memw

e
Shaft Power 18000 kw

| Conditions

% MCR

9. Click OK in the PowePlant box. The Graptisplaywindow appears
with three graphs showin(ll) resistance versus sped@) effective
power versus speeahd (3) thrustand resistance versus speé€tick

OK to close the Graph display window.

10. Click OK to close the Propulsion box. To see the results of your
calculation, click on the Graph or Table icon.

ZIRIE
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Notes On Propeller Design and Propulsion

1. Propeller Type

Autopower allows you tochoose from amongeveral propeller series
currently in useFor furtherinformation onthe propeller types used in
Autopower, we refer you to the following:

* Wageningen B-Series propellene describebriefly in Chapter 7,
Algorithms and in detail inThe Wageningen Propeller Series
Kuiper, G., MARIN Publication92-001, 1992 and iRrinciples of
Naval Architecture Volll, Resistance, Propulsion and Vibration
Editor Lewis E.V., Published by SNAME, 1988 (pp. 186-204).

* Ducted Ka propellerswith accelerating nozzles and the Kd
decelerating nozzle are described FMRrinciples of Naval
Architecture Volll, Resistance, Propulsion and Vibratiogditor
Lewis E.V., Published by SNAME, 1988 (pp. 213-225).

* Gawn-Burrill KCA propeller series is describbdefly in Chapter
7, Algorithms.

2. AE/AO (propeller expanded area ratio)

For ductedpropellers,only the Ka 4-70 (4blades and .4rea ratio) is
provided. For thaVageningen B and Gawn-Burrill KCA propeller series,
you may choose to have Aupmwer calculate theminimum AE/AO
allowed to limit cavitation, or enter a value of your choice.
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3. P/D (pitch / diameter ratio)
Autopoweroptimizes P/D in all calculations subject to the following limits:

Propeller Series Minimum Maximum Maximum
P/D Fixed P/D Controllable P/D
Wageningen B 0.5 1.4 1.25
Ka Nozzle 0.6 1.8 1.25
Kd Nozzle 1.0 1.8 1.25
Gawn-Burrill KCA 0.8 1.8 1.40

4. Wake and Thrust Deduction

You may enter your estimate of wake factor #dst deduction factor by
selectingthe UserDefined method. Otherwise, thegre calculated by the
selected algorithm.

5. RPM, D, No D Limit

This propeller methodnables you to calculatke “ideal” propeller for the
design point speed anthrust (resistance). Theesulting propeller is
unrestricted in diameter, is subject RéD ratio limts and is designed to
achieve maximum theoretical open water efficiency.

This methodmay not represent gractical propeller design (i.e. the
diameter is oftemoo large). However, it is intended tpve the designer a
theoretical yardstick againsthich developed dataan be measuredhis
methodenables you t@ompare calculated optimuefficiency against the
efficiency of the propeller optimized to the actual diameter limit.

Whenthe efficiency ofthe diameter-limited propeller isignificantly lower
than that of théideal” propeller, the designer can considesign changes
to the hull such ascreasingdraft. In some instances where calculated
diameter is less than thienit, (e.g. slow, low-power &ssels) this method
offers an instant optimum propeller.
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6. D To Limit, Vary RPM

This methodyenerateslisplays of optimal efficiency, deliverggbwer and
propeller diameter as functions of RPWhis allows you tochoose an
operating RPM(by typing it intothe entry box) and to see thesulting
efficiency of that choice.

7. Printing Output
You have three options for printing your reports:

» SelectFile - Print from the Fle menu.Your reports argrinted on
the default system printer.

* Click ontheMS Word icon atthe bottom of youreport. This will
transfer yourreport to your active MS Word documenilhis
feature workswith MS Word Versions 2 and 6. If you dhot have
an open document, your graphs and tables will be in Document 1. If
MS Word is not open, Autmwerwill ask if you want Autpower
to open MS Word. If Autpower cannot locate MS Word, will
prompt you enter the proper path.

* Click on the Copy icon at the bottom of yourreport This
transfers youreport to theClipboard. Use the Pastanction in
your word processing or spreadsheet program to pagter
report. Tosee a copy of youreport in theClipboard, click on the
Clipboard Viewer icon irthe Windows Program Manager screen
(usually in the Main directory box).

68 . Chapter 6 — Propeller Design and Propulsion @



Chapter 7

Algorithms

Technical Information on Autopower’s Algorithms

This chapter contains:

. Tables comparingthe applicable limits as given by the
originator of each method.

. Brief descriptionsfor each method,including background
information and form of regression equations.

. Brief descriptions ofthe propellerseries used irutopower.

@ Chapter 7 — Algorithms  ® 69



Algorithms

Parameter Symbols

The following symbols are used throughout this chapter:

Parameter Symbol
Froude number Fn
Block coefficient Cb
Prismatic coefficient Cp
Midship section coefficient Cm
Beam-Dratft ratio BT
Length-Beam ratio LB
Length-Displ ratio LD
Half entrance angle IE
Volume Froude number Fv
Trim angle TR
Deadrise angle DR
Shaft angle EP
Length-Beam ratio LB
100 (LCG/LBP) LC
100 (LCG/ Lp) -
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Applicable Limits -

Displacement
Parameter Method

Anderson Fung Holtrop Oortmers

Min/Max Min/Max Min/Max Min/Max
Fn - /0.33 0.18/0.51 - /1.00 - /0.50
Cb 0.55/0.85 -/ - -/ - -/ -
Cp -/ - 0.52/0.70 0.55/0.85 0.52/0.7(
Cm -/ - 0.62/0.90 -/ - 0.73/0.98
BT -/ - 2.20/5.20 2.10/4.0 1.90/3.40
LB 5.00/8.00 -/ - 3.90/14.9 3.40/6.20
LD 4.00/6.00 5.75/11.3 -/ - -/ -
IE -/ - 4.00/16.0 -/ - 10.0/38.0

Parameter Method

Digernes | Jin/Su/Tan | Calisal FAO

Min/Max | Min/Max | Min/Max | Min/Max
Fn - /0.50 0.40/1.0¢ - 10.43 - 10.3p
Cb -/ - -/ - 0.53/0.62 -/ -
Cp -/ - 0.57/0.76 -/ - 0.55/0.70
Cm -/ - -/ - -/ - 0.53/0.93
BT -/ - -/ - 2.00/3.00, 2.00/4.50
LB -/ - -/ - 2.60/4.00] 3.10/5.6(
LD -/ - 450/ 8.700 3.00/ 4.5( -/ -
IE -/ - 7.60/26.6 -/ - 15.0/37.0
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Applicable Limits -

Semi-Displacement
Parameter Method
Compton
Min/Max
Fn 0.10/0.60
Fv 0.30/1.50
TR -/ -
DR -/ -
EP -/ -
LB 4.00/5.20
100 (LCG/LBP) 37.0/48.0
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Applicable Limits -
Planing

Parameter Method
Savitsky Radojcic
Min/Max Min/Max
Fn -/ - -/ -
Fv >1.00 1.00/3.50
TR 3.00/7.00 0.00/10.00
DR 10.0/ 30.00 13.00/ 37.4Q
EP -/ - 7.00 /15.00
LB 3.00/5.00 2.36/6.72
100 (LCG/ Lp) -/ - 30.00/ 44.80
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Applicable Limits -

Catamaran
Parameter Method
Fastcat
Min/Max
Fn 0.80/1.60
Cb -/ -
Cp -/ -
Cm -/ -
BT -/ -
LB -/ -
LD 5.75 | 7.50
IE -/ -
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Limits of Application

Algorithms

Parameter Minimum Maximum
Fn - 0.33
Cb 0.55 0.85
Cp - -
Cm - -
BT - -
LB 5.00 8.00
LD 4.00 6.00
IE - -
Comments

Used for slower displacement hulls.
Background

» Based on Th&echnical University of Denmanbreliminary design
procedure.

* No form factor is used in the formulation.

* Contains guidelinetor propeller diameter reduction whéehind
the hull as functions of the expanded area ratiolhis is
implemented inAutopowers third (D To Limit, Vary RPM)
propeller optimization option.
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Form of Equation

Cr = R+CG+Cy+AC

where

Cr :residuary resistance coefficient
Cr :residuary resistance coefficient
Ce : frictional resistance coefficient

Ca : incremental resistance coefficient
AC : air and steering resistance coefficient

Selected Reference

A Computer-OrientedPower Prediction ProcedureAndersen P. and
Guldhammer H.E., Proceedings CADMO 86, 1986.
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Fung

Limits of Application

Parameter Minimum Maximum
Fn 0.18 0.51
Cb - -
Cp 0.52 0.70
Cm 0.62 0.90
BT 2.20 5.20
LB - -
LD 5.75 11.26
IE 4.00 16.00

Comments

Used for transom stern hulls.

Background

» Claimed to cover a broad range of hull forms and Froude numbers.
 Data used in the regressi@malysis include426 transom stern

ships.

 The difference in resistance characteristics between transom and
cruiser stern ships is highlighted in the paper.
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Form of Equation
Cr=CR1+CR2+CR3+...+CR10

where

Cr is the residuary resistance coefficient and

CR; . .. CRyp are tabulated for different hull parameters
over a range of Froude numbers
corresponding to 0.18 to 0.51.

Selected Reference
* Resistance and Powering Predictibor Transom Stern HulForms

During Early Stage Ship Desigirung S.C., SNAME Transactions,
Vol. 99, 1991.
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Limits of Application

Algorithms

Parameter Minimum Maximum

Fn - 1.00
Cb - -

Cp 0.55 0.85
Cm - -

BT 2.10 4.00
LB 3.90 14.90
LD - -

IE - -

Comments

Used forany monohull displacement vesseMdthough themaximum
Fn allowed bythe algorithm is1.00, it is norecommended that Froude
numbers greater than .4 be used.

Background
» Based on regressiaanalysis of full-scaleand modeltest data on

334 models at NSMB.
* The 1984 publication also used published Series 64 results.
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Form of Equation
Rr=Re(1+k)+Ry+Ryppt Ra

where
Ry, : wave resistance

Rapp : @appendage resistance (including bulb and transom)
Ra : correlation allowance

Selected References

* A Statistical Power Prediction Method Int. Shipluilding Progress,
Holtrop J. and Mennen G.G.J., Vol 25, 1978.

* An ApproximatePower Prediction Method Holtrop J.and Mennen
G.G.J., Int. Shipbuilding Progress, Vol 29, 1982.

» A Statistical Re-analysis of Resistance and Propulsion ,Dddétrop
J., Int. Shipbuilding Progress, Vol 31, 1984.
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van OQortmerssen

Limits of Application

Parameter Minimum Maximum

Fn - 0.50
Cb - -

Cp 0.52 0.70
Cm 0.73 0.98
BT 1.90 3.40
LB 3.40 6.20
LD - -

IE - -

Comments

Used for small vessels.

Background

* The formulaewere obtainedising small vesseldata (trawlers and
tugs) from NSMB.

» Equations were alsgiven for the wake factor, thrust deduction
factor and the relative rotative efficiency.

» Frictional resistance was found using the ITTC 1957 line.
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Form of Equation

RR/A = Ql_xl + CQXZ + C>3X3 + C4X4

where
C; ...C, are tabulated coefficients
X1 .. X4 are parameters which are f(Cp , Fn)

Selected Reference

* A PowerPrediction Method and its Application to Small Ships.
Shipbuilding Progress, Vol 18, No.207, 1971.
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Digernes and Cheng

Limits of Application

Parameter Minimum Maximum

Fn - 0.50

Cb - -

Cp - -

Cm - -
BT - -
LB - -
LD - -

IE - -

Comments

Regression analysis was based on a limited number of fishing vessels.

Background

* Based on regression analysis of 34 Norwegian and 20 Danish ships.
» This simple method was compared to sevetakr methods and
found to give good results for fishing vessels.
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Form of Equation
Rt = a (LBP(BT)C VO exp@Fn)
where
a, b, cg, B are constants
V : displacement
Selected Reference
» Utproving av utvalgte formler for beregning av motstand i stille yann

Kjetil Liene, The Norwegian Institute dfishery Technology Research
Report (FTFI).
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Jin, Su and Tan

Limits of Application

Parameter Minimum Maximum

Fn 0.40 1.00
Cb - -

Cp 0.57 0.76

Cm - -

BT - -

LB - -

LD 4.50 8.70
IE 7.60 26.60

Comments

Used for small, round bilge vessels.

Background

* This method isfor fast roundbilge displacementrafts such as
motor boats and workboats.

» The paper indicated that resistance is affectethéylisplacement
volume to length ratiothe prismatic coefficientthe transom area
to maximum sectional area ratio, thdéongitudinal center of
buoyancy, the half entrance angle and the Froude number.
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Form of Equation

where

Bo ... Bsz are tabulated coefficients

Xp ... X5z are parameters which are functions of geometry
and Fn.

Selected Reference

* A Parametric Study on High-Speed Round Bilge Displacement, Hulls
Jin P., Su B. and Tan Z., High-Speed Surface Craft, 1980.
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Calisal
Limits of Application
Parameter Minimum Maximum

Fn - 0.42
Cb 0.53 0.62
Cp - -
Cm - -
BT 2.00 3.00
LB 2.60 4.00
LD 3.00 450
IE - -

Comments

Regressioranalysisfor the University of British Columbia model series
which are based on a typical purse seiner.

Background

 Formulae are derived in forms similar to those of Oortmerssen.
* Not accurate for Froude number > 0.42.
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Form of Equation

RR/A = Ql_xl + CQXZ + C>3X3 + C4X4

where
C; ... G are tabulated coefficients
X1 .. Xz are parameters which are f(Cp , Fn)

Selected Reference

* A Resistance Study on a Systematic Serieawl /B VesselsCalisal
S.M. and McGreer D., Marine Technology, Vol. 30 No. 4, 1993.
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FAO

Limits of Application

Parameter Minimum Maximum
Fn - 0.36
Cb - -
Cp 0.55 0.70
Cm 0.53 0.93
BT 2.00 4.50
LB 3.10 5.60
LD - -
IE 15.00 37.00
Comments

Used for small fishing vessels.

Background

 Based on Japanese, European atider sources of data, the
regression formula was obtained using 570 model test results.
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Form of Equation
CR =CR16 - A (SLA) {[log (B V/(L)-®] -2 - [log (C V(L)°] "%

where

A, B, C are constants

CR16 is the residuary resistance coefficient for a standard
16 ft model

Selected Reference
» Computer-Aided Studies of Fishing Boat Hull Resistaktayes].G.

and EngvallL.O., Foodand Agriculture Organization of thdnited
Nations, FAO Fisheries Technical Paper No. 87 1969.
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Marintek Fastcat

Limits of Application

Parameter

Minimum

Maximum

Fn

0.80

1.60

Cb

Cp

Cm

BT

LB

LD

IE

Comments

Used for fast catamarans.

Background

e Based on Marintek (Norway)

catamarans.

tests ohigh speed slender

* Model tofull scale correlatiorfor high speed catamarans hasen
developed based on extensive full scale experiments.

» Propulsion efficiencies are given as options in the program.

* The frictional coefficient is found using the ITTC 1957 line.
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Form of Equation

Rr=A(G-+Cr+AC:) V2S + R,

where

A . constant

ACg : roughness allowance (0.0005 corresponds to hull
roughness of approximately 15én)

Raa : air resistance allowance

S . total wetted hull surface area

V  : velocity

Selected Reference

* Design Tool for High Speed Slend€&atamarans Werenskold,
Publishedletter from Marintek, Ocean Laboratories in Trondheim,
Norway.
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Compton
Limits of Application
Parameter Minimum Maximum
Fn 0.10 0.60
Fv 0.30 1.50
TR - -
DR - -
EP - -
LB 4.00 5.20
100 (LCG/LBP) 37.00 48.00
Comments

US Naval Academy YP Series.

Background

semi-displacement models.

Based on experimental investigations of a systematic sersesatif

Both soft and hard chine crafts are accommodated.
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Form of Equation

Cr*103=A+B (LB)+C @) + D (100 [LCG/LBP])

where
A, B, C, D : tabulated coefficients
A : displacement based on LBP

Selected Reference

* Resistance of a Systematic Series of Semi-Planing Transom-Stern
Hulls, Compton R.H., Marine Technology, Vol 23 No. 4, 1986.
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Savitsky

Limits of Application

Parameter Minimum Maximum
Fn 0.60 1.79
Fv >1.00 -
TR 3.00 7.00
DR 10.00 30.00
EP - -
LB 3.00 5.00

100 (LCGILp)

Comments
Constant deadrise.

Background

* Resistance and trirare calculated in thpreplaning (wherd..00 <
Fv < 2.00 ) anglaning (Fv= 2.00) regimesfor prismatic planing

hulls.

* The user can also use the Bloumtltiplier, acorrection ratio to
compensate for hump-speed resistance under-predigsiog the

pure Savitsky method.

* Wave added resistance is not considered in this program.
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Form of Equation
Preplaning Regime : A = A1Fq + ... Ap7Fyy

where
Aq ... Ay7: tabulated coefficients
F1 ... k7 : f(entrance angle, max chine bea),

Planing Regime :R=Atan(TR) + F(hull parameters,TR,Speed)
Selected References

* Hydrodynamic Design of Planing HullsSavitsky D., Marine
Technology, Vol. 1 No. 1, 1964.

* Small-craft Power Prediction Blount D.L. and Fox D.L.,Marine
Technology, Vol. 13 No. 1, 1976.

* Proceduredor Hydrodynamic Evaluation of Planing Hulls in Smooth
and Rough WaterSavitsky D. andBrown W., Marine Technology,
Vol. 13 No. 4, 1976.
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Radojcic
Limits of Application
Parameter Minimum Maximum
Fn - -
Fv 1.00 3.50
TR 0.00 10.00
DR 13.00 37.40
EP 7.00 15.00
LB 2.36 6.72
100 (LCG/Lp) 30.00 44.80
Comments

Used for hard-chined planing hulls.

Background

Savitsky algorithm).

Based on Series 65-B, TMB-62 and DL-62-A hulls.
Transom flap effects are based onSavitsky andBrown (see
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Form of Equation

R/A:A0X0+ A26X26
TR =BoXo+ .. ByeX26

where
Ag ... Ayg: tabulated coefficients

Bo ... Byg: tabulated coefficients
Xg --- Xpg - f(hull parameters)

Selected Reference

» An Engineering Approach to Predicting the Hydrodynamic
Performance of Planing Craft Using Computer Techniguresdojcic

D., Trans RINA, 1991.
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B-Series Propellers (MARIN)

The B-series of propellers are among the most populdate Thrust and
torquecoefficientsare represented Ipolynomials(see reference) in terms
of the following propeller parameters: advance ratio J, pitch rea@b,
expanded area ratioeA\o and number of blades Z.

Kr=f(J,P/D, AlAo, Z)
Ko=f(J,P/D, AlAo, Z)

The following parameter ranges are applicable:

- P/D :0.50-1.40
« Ag/Ao0 :0.30-1.05
o Z :3-7

A Reynolds number correction is required for Rn > 2& 10
The propeller open water efficiency is given by:
no = J/2t1Kr / Ko

Except where the user choosesahue,the optimizatioralgorithm sets the
expanded area ratio to the smallesie consistent wittthe choserback
cavitationlimit. An initial estimate is obtained from Keller's formula and
this is refined in each solution iteration &gplying Burrill's formula. The
number of blades is normally dictated by vibration considerations. Propeller
diameter islimited by considerations of hull clearance and adequate
immersion inthe ballast condition. PropelldRPM should be chosewnith
regard toengine and transmissiogear limitations. Depending on the
optimization mode chosen, a range of pitch ratios and RPMs/propeller
diameters are used to determine the optimum open water efficiency.

@ Chapter 7 — Algorithms  ® 99



Algorithms

Selected Reference

* Principles of Naval Architecture Vdl, Resistance, Propulsion and
Vibration, Editor Lewis E.V., Published by SNAME, 1988.
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Gawn-Burrill KCA Series

Thrust and torque coefficients are represented byolynomials (see
reference below) in terms of thellowing propellerparameters: advance
ratio J, pitch ratioP/D, expanded area ratiopAo. The polynomials are
given for 3-bladed propellers only.

Kr=f(J,P/D, AlAo)
Ko=f(J,P/D, AlAo)

The following parameter ranges are applicable:

- P/ID :0.80-1.80
Ap/Ao :0.50-1.10
. Z 03

e J =>0.3

The minimum back cavitation design criterion results in the required
developed area ratio to be:

Ap/Ao=AKrf(w,o,,J,P/D)

where A : constant depending on the degree of allowed
back cavitation.
w : wake factor
0, cavitation number based on advance velocity

Propeller diameter iBmited by considerations of hull clearance. Propeller
RPM should be chosen with regard émgine and transmissiogear
limitations. Depending othe optimization mode chosen, a rangeit¢h
ratios and RPMs/propeller diameters are usedeterminethe optimum
open water efficiency.
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Selected Reference

* An Engineering Approach to Predicting the Hydrodynamic
Performance of Planing Craft Using Computer Techniguresdojcic
D., Trans RINA, 1991.
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Ducted Propellers (MARIN)

Autopowerprovides a choice of three ducted propeller series:

» Ka 4-70 (4-blade propeller,sMo = 0.70) in 19A nozzle
» Ka 4-70 (4-blade propeller,sMo = 0.70) in 37 nozzle
* Kd 5-100 (5-blade propeller,efo = 1.00) in 33 nozzle.

The properties of thessmbinationsare discussed ibewis (see reference
below). The formulador total thrustcoefficient andorquecoefficient are
polynomials in P/D and J.

Selected Reference

* Principles of Naval Architecture Vdl, Resistance, Propulsion and
Vibration, Editor Lewis E.V., Published by SNAME, 1988.
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AE/AOQ, 62, 66 Chine Type, 54
Algorithms, 69-103 Choose Service RPM box, 64
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Help-About Autgower, 40
Help-Contents, 38
Help-Using Help, 39
Holtrop, 46, 79-80

hull parameters, 41-48
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limits for methods, 71-98
Longitudinal center of bouyancy, 42
Longitudinal center of gravity, 44
LWL, 42, 44

— M—

main screen, 16

Marintek Fastcat, 91-92
Maximum section coefficient, 44
MCR, 65
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memory, 6

menu system, 17, 21-40

Midship section area coefficient, 42
mouse, 15

MS Word icon, 57

—0O—

Oortmerssen, 81-82
operating system, 6

—p—

package contents, 2

Page Setup, 25

parameter grids, hull, 42-45
parameter symbols, 57, 70
Paste Column, 29
Paste-Cell, 28
pitch/diameter ratio, 67
power method, 60

Power Plant DB, 65

Power train efficiency, 63
Print, 26

Printing output, 57, 58, 68
Prismatic coefficient, 43
Project Name, 42, 44
projected area of inlets, 45
Projected area of skeg, 45
propeller design, 59-68
propeller optimization, 60, 63, 67, 68

propeller optimization methods, 63-64

propeller pitch, 62
propeller type, 62, 66
propulsion, 59-68
Propulsion DB, 61
propulsion icon, 59
Propulsive Coefficient, 54

— R—

Radoijcic, 97-98

relative rotative efficiency, 63
Reports, 34, 55-58
Resistance Allowances, 54
resistance methods, 19, 69-98
Resistance Options, 51-54
RPM, 63, 65, 67, 68

Rudder Surface Area, 45
Rudder Type, 45, 47

—S—
Save As, 24
Savitsky, 44, 95-96
Sea Inlets, 45

sea water, 35

sea water inlets, 45
Service margin, 43, 45
Settings-Fresh Water, 35
Settings-Imperial, 36
Settings-Metric, 36
Settings-Sea Water, 35
Shaft Angle, 44

Shaft Diameter, 44
Shaft Length, 44
Solve-Calculate Now, 33
Solve-Propulsion, 32
Solve-Reports, 34
Solve-Resistance, 31
Speeds button, 50-51
Strut Type, 44

system requirements, 6

.

Table icon, 54
thrust and resistance graph, 65
Transom width, 42
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Transverse bulb area, 43
Type, propeller, 62

—U—
units, 36
upgrading, 11-12
Using Help, 39
—\V—

van Oortmerssen, 81-82
Vary RPM, 63, 68, 75
versions, 2

—\W—

Wageningen, 66, 99-100

Wake and thrust deduction, 63, 67
Waterplane area coefficient, 42
Wetted appendage area, 42
Wetted hull area, 42, 44

Wetted transom area, 42, 44
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AUTOPOWER UPGRADE ORDER FORM

Please process my upgrade from Demo to Full Version

PRODUCT REGISTRATION INFORMATION

Date
Serial #
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Company
Address
Tel Fax

PRICE ($ US) PAYMENT

$ Regular Price O Cheque 0 Wire Transfer

$ Less Demo Price Qvisa OMC O AMEX

$ Delivery Charges Card #

d LS Expiry Date

$ TOTAL Signature

e Delivery Charges: $20 Airmail, $50 Courier
e Taxes: Canadian Residents add GST & PST where applicable

3 Wire Transfer:
e of Montreal,

to $US account # 7600 - 001 - 4605 - 597 with Bank
2601 Granville Street, Vancouver, BC V6J 4M7 Canada

{ASC Use Only) UPGRADE CONFIRMATION Access Code

@ Autoship Systems Corporation

Tel (604) 254-4171 Fax (604) 254-5171










