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This report describes the captive model manoeuvring tests carried out using the planar 
motion mechanism (PMM) on a model (Model 911) of the contract design for the Joint 
Support Ship for the Department of National Defence (DND). The experiments were used to 
assess the controls-fixed stability of the ship.
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Configuration
JSS contract design 

(average of both tests)

JSS contract 

design, with 

Rudder 3

JSS contract 

design, with 

Rudder 2

JSS preliminary 

design (Jan 2012 

tests)

Rudder design rudder Rudder 3 Rudder 2 design rudder

Y'v *1000 -11.53 -11.46 -12.18 -8.95

N'r *1000 -2.10 -2.18 -2.23 -1.90

Y'r *1000 2.51 2.66 2.81 2.33

N'v *1000 -4.94 -4.92 -4.92 -4.66

Y'vdot *1000 -10.42 -10.40 -10.49 -9.14

N'rdot *1000 -0.57 -0.54 -0.49 -0.49

A' *10^6 20.22 19.57 18.78 17.55

B' *10^6 52.68 53.68 55.20 43.12

C' *10^6 -7.7 -6.0 -3.0 -13.7
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Figure 1. PlanarMotion Mechanism Schematic
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Figure 2. Model 911 – Body Plan
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Figure 3. Model 911 – Profile and Plan
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Figure 4. Model 911 – Turbulence Stimulation
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Figure 5. Model 911 – Bow Thruster Tunnel
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Figure 6. Comparison of Rudder 3 (blue) and Rudder 2 (red) with the design rudder (green)
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Figure 7. Model 911 – Position of PMM Force Balance
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Figure 8. Stern of model  911 attached to the PMM, and instrumentation
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Figure 9. Bow of model 911 attached to the PMM
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Figure 10. Model 911 – Model/Ship Origin and Coordinate System for Manoeuvring
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Figure 11. Vector Profiles for Typical PMM Manoeuvres
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Shaft Friction analysis
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Figure 12. Results of Shaft Friction Tests
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Figure 13. Result of Model Alignment Runs
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insitu_005: Torque
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insitu_005: Thrust
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Insitu_005: Thrust
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Figure 14. Example of Analysis of In-Situ Test
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Insitu Checks:  Thrust
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Insitu Checks: Torque
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Insitu Checks: Extrapolation of torque at zero shaft speed
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Figure 15. Summary of Results of all In-Situ Tests
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Pull Slope R-square Change in slope

Xpull_PMM_001 -1.0010 1.0000

Xpull_PMM_002 -1.0008 1.0000 -0.03%

Xpull_PMM_003 -1.0008 1.0000 -0.02%

Xpull_PMM_004 -1.0009 1.0000 -0.01%

Xpull_PMM_005 -1.0009 1.0000 -0.02%

Xpull_PMM_006 -1.0004 1.0000 -0.07%

Xpull_PMM_007 -1.0005 1.0000 -0.05%

Xpull_005

y = -1.0008x
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 = 1
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Figure 16. Balance Longitudinal Pulls: Example Analysis Plot and Result Summary
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Rudder

Date Intercept 2nd order R^2 Intercept 1st order 3rd order R^2 Intercept 1st order 3rd order R^2 Intercept 1st order 3rd order R^2

N N/deg^2 - N N/deg N/deg^3 - N N/deg N/deg^3 - N N/deg N/deg^3 -

13-Jun-12 -37.4 -0.0564 0.942 2.1 9.352 0.0254 1.0000 -0.4 -1.666 -0.0043 0.9999 -2.6 28.549 0.0050 1.0000 1 (design)

14-Jun-12 -37.7 -0.0558 0.941 2.5 9.677 0.0241 1.0000 -0.2 -1.759 -0.0041 0.9999 0.8 28.581 0.0037 1.0000 1 (design)

15-Jun-12 -37.9 -0.0525 0.945 5.1 9.382 0.0241 1.0000 -1.0 -1.684 -0.0041 1.0000 1.7 28.595 0.0025 1.0000 1 (design)

18-Jun-12 -38.4 -0.0544 0.937 3.7 9.558 0.0243 1.0000 -0.5 -1.704 -0.0042 0.9999 -0.2 28.772 0.0029 1.0000 1 (design)

9-Jul-12 -38.1 -0.0562 0.935 -7.7 9.651 0.0244 0.9976 1.6 -1.753 -0.0040 0.9976 -11.6 28.032 0.0054 0.9987 1 (design)

10-Jul-12 -37.7 -0.0583 0.952 -1.3 9.408 0.0252 0.9997 -0.3 -1.659 -0.0043 0.9997 8.0 28.189 0.0053 0.9999 1 (design)

11-Jul-12 -37.3 -0.0571 0.947 2.1 9.558 0.0251 0.9999 -0.2 -1.667 -0.0043 0.9999 -0.4 27.669 0.0037 1.0000 Rudder 3

FX FY MX MZ

June 15, 2012 - Yaw Sweep Check
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Figure 17. Yaw S weep Runs: Example Analysis Plot and Result Summary
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Figure 18. Earth-fixed (black),  ship-fixed (blue) and hybrid (red) coordinate systems (Reference 

[15])
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Drift tests: Y function of v
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Drift tests: N function of v
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Figure 19. Non-dimensional Side Force and Yaw Moment Measured in Static Drift Tests
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Yv: a1y-3a3y function of v1
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Nv: a1N-3a3N function of v1
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Yvdot: b1y function of v1dot

y = -10.04xy = -10.62x

y = -10.54x

y = -10.45x

y = -10.31x

0.00

1.00

2.00

3.00

4.00

5.00

6.00

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0

v'1dot

b
1

y

�

0

10

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0

JSS preliminary design JSS contract design, repeat

JSS contract with rudder 2 JSS contract with rudder 3
�

Figure 20. Multiple-Run Analysis: Linear Fit to Data from All Harmonic S way Runs
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Yr: a1y-3a3y function of r1
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Nr: a1N-3a3N function of r1
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Nrdot: b1N function of r1dot
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Figure 21. Multiple-Run Analysis: Linear Fit to Data from All Harmonic Yaw Runs



���������	
�	�	��

� � ��

Yv: a1y-3a3y function of v1, short set
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Yr: a1y-3a3y function of r1, short set

y = 2.91x

y = 3.14x y = 3.35x

y = 3.52x

y = 3.40x

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0.00 0.25 0.50

r'1

a
1

y
-3

a
3

y

�

0

10

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0

JSS preliminary design JSS contract design, repeat

JSS contract with rudder 2 JSS contract with rudder 3
�

Figure 22. Multiple-Run Analysis: Linear Fit to Data from the four Lower Amplitude Motions



���������	
�	�	���

� ��

-12

-6

0

6

12

0 50 100 150 200 250

time [sec]

1
0

0
0

*Y
' 
[-

]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

v
'1

 [
-]

�

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

0 50 100 150 200 250

time [sec]

1
0

0
0

*N
' 
[-

]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

v

v
'1

 [
-]

�

-2.5

2.5

0 50 100 150 200 250
0

1

data regression Fourier series representation non dimensional amplitude of v

�
Figure 23. Direct Regression Analysis for JSS Contract Design: Pure Harmonic S way Data and Regression Fit (Using Coefficients From Drift Tests)
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Figure 24. Direct Regression Analysis for JSS Contract Design: Pure Harmonic Yaw Data and Regression Fit
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�
Design Rudder Rudder 2 Rudder 3

Shaft CL Fwd of Transom [m] 5.5 5.5 5.5

Tip Chord [m] 4 7 5.516

Root Chord Along Hull [m] 6.11 7 6.02

Span at shaft CL [m] 7.018 7.018 7.018

Leading Edge Slope [deg] 4.4 0 4.4

Section Profile NACA0015 NACA0018 NACA0018 �
Table 1. Full Scale Dimensions of Rudders
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HYDROSTATICS WITHOUT APPENDAGES Scale 1: 29.77901

Ship Model

LENGTH BETWEEN PERPENDICULARS, m 174.85 5.871

LENGTH ON THE WATERLINE, m 180.34 6.056

LENGTH OVERALL, m 189.00 6.347

LENGTH OVERALL SUBMERGED, m 188.00 6.313

MAXIMUM WATERLINE BEAM, m 24.00 0.806

DRAFT AT MIDSHIPS, m 8.200 0.275

DRAFT ABOVE DATUM AT AFT PERPENDICULAR, m 8.200 0.275

DRAFT ABOVE DATUM AT FWD PERPENDICULAR, m 8.200 0.275

TRIM, deg. 0.000 0.000

EQUIVALENT LEVEL KEEL DRAFT ABOVE BASELINE, m 8.200 0.275

PARALLEL MIDDLE BODY WRT AP, m NA NA

                                                  TO, m NA NA

CENTRE OF BUOYANCY WRT AP, m 86.99 2.921

CENTRE OF BUOYANCY ABOVE BASELINE, m 4.46 0.150

CENTRE OF FLOTATION WRT AP, m 79.85 2.681

WATERPLANE AREA, sq. m 3739.27 4.217

WETTED SURFACE AREA, sq.m 5672.90 6.397

WETTED SURFACE AREA, (EXCLUDING TRANSOM) sq.m 5668.84 6.393

MIDSHIP SECTIONAL AREA, sq.m 194.50 0.219

TRANSVERSE METACENTRIC RADIUS, m 6.53 0.219

LONGITUDINAL METACENTRIC RADIUS, m 336.98 11.316

VOLUME OF DISPLACEMENT, cu. m 23924.22 0.906

DISPLACEMENT, (tonnes @ FS in SW)(kg @ MS in FW) 24522.33 904.50

CENTER OF GRAVITY ABOVE BASELINE, m 9.64 0.324

TRANSVERSE METACENTRE HEIGHT, m 1.34 0.045

LONGITUDINAL METACENTRE HEIGHT, m 331.79 11.142

Bilge Keels

CENTRE OF BUOYANCY WRT AP, m 87.50 2.897

VOLUME OF DISPLACEMENT, cu. m 4.52 0.0002

WETTED SURFACE AREA, sq.m 111.84 0.127

Rudder

CENTRE OF BUOYANCY WRT AP, m -0.92 -0.082

VOLUME OF DISPLACEMENT, cu. m 19.21 0.0007

WETTED SURFACE AREA, sq.m 79.42 0.090

Appended Displacement - Self Propulsion / PMM Experiments

VOLUME OF DISPLACEMENT, cu. m 23947.96 0.9069

DISPLACEMENT, (tonnes @ FS in SW)(kg @ MS in FW) 24546.65 905.41

Appended Displacement - Resistance/Wake Survey Experiments

VOLUME OF DISPLACEMENT, cu. m 23928.74 0.9061

DISPLACEMENT, (tonnes @ FS in SW)(kg @ MS in FW) 24526.96 904.67

MASS PROPERTIES

APPENDAGES

�

Table 2. Model 911 Hydrostatics

�
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COEFFICIENTS BASED ON: LENGTH WATERLINE

MAXIMUM BEAM AT WATERLINE

EQUIVALENT LEVEL KEEL DRAFT

L/B 7.514

L/T 21.993

B/T 2.927

LCB %LBP FORWARD OF AP 49.749

LCF %LBP FORWARD OF AP 45.667

BLOCK COEFFICIENT 0.674

MIDSHIP COEFFICIENT 0.988

PRISMATIC COEFFICIENT 0.682

WATERPLANE COEFFICIENT 0.864

CIX  Transverse Inertia of waterplane 0.752

CIY Longitudinal Inertia of waterplane 0.687

BM/B 0.272

BML/L 1.869

BEAM - DISPLACEMENT RATIO (CIRCB) 0.833

DRAFT - DISPLACEMENT RATIO (CIRCT) 0.285

LENGTH - DISPLACEMENT RATIO (CIRCM) 6.261

WETTED SURFACE - DISPLACEMENT RATIO (CIRCS) 6.830

BM - DISPLACEMENT RATIO 0.227

BML - DISPLACEMENT RATIO 11.699 �

Table 3. Model 911 Hydrostatic Coefficients

�
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Mass properties relative to ship/model origin O, in model coordinates

O: design waterline, Station 5 (midship), centreline

from inclining experiment

mass xG fwd of O Izz about O zG below O

oscillating mass of: [kg] [m] [kg.m^2] [m]

JSS contract design 794.7 -0.034 1752.3 0.0204

JSS contract design with Rudder 3 795.4 -0.037 1759.3 0.0204

JSS contract design with Rudder 2 796.1 -0.039 1765.4 0.0204

from bifilar experiment

�

Table 4. Mass properties of the model oscillating mass
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Project Name: JSS PMM Tests Project Number: 42_2517_16 Date: June 2012

R,SP,PMM OB Thrust Shaft Dynamometer Thrust N 0-150 0.005 50 1 K&R R250 10

R,SP,PMM OB Torque Shaft Dynamometer Torque Nm +/-6 0.001 50 1 K&R R250 +/- 15 10

R,SP,PMM OB Shaft Speed Shaft Speed rps 0-20 0.001 50 1 10

R,SP,PMM TT Inline Load Inline Load N 0-450 0.005 50 1 100 lb waterproofed S-Type 10 10

R,SP,PMM,WKS TT Tachogenerator Carriage Speed using HR encoder m/s -0.5 - 2.5 0.0001 50 1 10

R,SP,PMM,WKS TT Carriage Speed Carriage Position using Control system m/s -0.5 - 2.5 0.0001 50 1 10

PMM OB Rudder Angle Rudder Angle deg +/- 40 0.005 1 10

PMM OB PMM Pitch PMM Pitch deg +/-5 50 2 10

PMM OB PMM Yaw PMM Yaw deg +/- 90 50 3 PT101-0030-111-1130 10

PMM TT Sway Displacement PMM Sway m 0-9 50 3 yoyo pot - PMM - 500" 10 10

PMM OB X1 PMM X1 mV +/-10 50 1 R164-101-500N 5 10

PMM OB Y1 PMM Y1 mV +/-10 50 1 R164-104-1920N 5 10

PMM OB Y2 PMM Y2 mV +/-10 50 1 R164-105-1920N 5 10

PMM OB Z1 PMM Z1 mV +/-10 50 1 R164-102-1920N 5 10

PMM OB Z2 PMM Z2 mV +/-10 50 1 R164-103-1920N 5 10

PMM OB Z3 PMM Z3 mV +/-10 50 1 R164-101-1920N 5 10

PMM OB Sinkage Sinkage at PMM Tow Post mm 0-650 50 2 30 inches yoyo pot 10 10

PMM OB PMM Start PMM Start of Motions Step signal (OB) V +/- 10 500 1 PMM control panel 10 100

PMM TT DAS Trigger PMM Start of Motions Step signal (Neff) V +/- 10 500 1 PMM control panel 10 100

PMM TT Yaw Velocity PMM Yaw Velocity deg/s +/- 30 50 1 PMM control panel 10 10

PMM TT Sway Velocity PMM sway Velocity m/s +/- 1.2 50 1 PMM control panel 10 10

OB On Board DAS (daspc49)

TT Carriage DAS (NEFF)

Critical 

Level
Device

Excitation 

volts
Filter HzUnits Range Resolution

Sample 

Rate (Hz)
Test DAS Name Description

�
Table 5. List of Signals Measured and DAS Plan
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Test Speed drift angle Rudder angle d Sway vel v' Yaw vel r' Propeller Shaft Speed

[kts] [deg] [deg] [-] [-]

drift (+ rudder) 18 +/- 4, 8, 12, 16, 20 (-10), 0, (10) ship self-propulsion

pure sway 18 N/A 0 0.05, 0.10, 0.17, 0.23, 0.30, 0.36 N/A ship self-propulsion

pure yaw 18 0 0 N/A 0.10, 0.20, 0.30, 0.40, 0.50, 0.60 ship self-propulsion
�

Table 6. Test Matrix

�
�

�
�

�
�
�

Model surge u Model sway velocity Yaw rate Drift Angle

mean v mean v' mean r mean r' mean

[m/s] [m/s] [-] [deg/s] [-] [deg]

1.6929 -0.1184 -0.07 na na 4

1.6805 -0.2362 -0.14 na na 8

1.6599 -0.3528 -0.21 na na 12

1.6313 -0.4678 -0.28 na na 16

1.5947 -0.5804 -0.34 na na 20

1.6313 0.4678 0.28 na na -16

1.6599 0.3528 0.21 na na -12

1.6805 0.2362 0.14 na na -8

1.6929 0.1184 0.07 na na -4

1.5947 0.5804 0.34 na na -20 �

Table 7. Log of Drive Signals, Part 1 : Drift Runs

�

�
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scale = 29.77901

Lpp= 5.8715 m

Uref = 1.697 m/s

Model surge u Sway velocity v Yaw rate r

[sec] [-] [Lpp] [m/s] [m/s] [deg/s]

harmonic sway 39 16 4.5 1.36 4.6 1.696 0.085 0.05 0.07 2.9 >3m

harmonic sway 14 16 4 1.36 4.6 1.693 0.17 0.10 0.14 5.7 >3m

harmonic sway 15 16 4 1.36 4.6 1.685 0.29 0.17 0.23 9.7 >3m

harmonic sway 16 16 4 1.36 4.6 1.673 0.4 0.24 0.32 13.3 >3m

harmonic sway 17 16 4 1.36 4.6 1.659 0.51 0.30 0.41 16.7 >3m

harmonic sway 18 16 4 1.36 4.6 1.640 0.62 0.37 0.50 20.1 >3m

harmonic sway 19 20 3 1.09 5.8 1.659 0.51 0.30 0.33 16.7 2.963 m

harmonic yaw 21 14 4.5 1.55 4.0 1.697 1.7 0.10 0.16 >3m

harmonic yaw 22 14 4.5 1.55 4.0 1.697 3.3 0.20 0.31 >3m

harmonic yaw 23 14 4.5 1.55 4.0 1.697 5.0 0.30 0.47 >3m

harmonic yaw 24 14 4.5 1.55 4.0 1.697 6.7 0.40 0.63 >3m

harmonic yaw 25 14 4.5 1.55 4.0 1.697 8.3 0.50 0.78 >3m

harmonic yaw 26 14 4.5 1.55 4.0 1.697 10.0 0.60 0.94 2.700 m

harmonic yaw 27 17 3.5 1.28 4.9 1.697 6.7 0.40 0.52 2.851 m

non-dimensional amplitudesCycles
smallest 

distance to 

tank wall

equivalent 

max drift 

angle [deg]v amplitude vdot amplitude r amplitude rdot amplitude
r amplitudePMM file # T �'1 v amplitudenumber of cycles

length of one 

cycle along tank
mean

�

Table 8. Log of Drive Signals, Part 2 : Harmonic Runs

�

�
�
�

�
�

�
�
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Rho (ship) 1025.00 kg/m^3

kzz (Ship) 40.2155 m

contract design (preliminary design)

Disp (Ship) 24522 23725 tonnes (SW)

xG (LCG) 0.508 m fwd of O

Lpp (Ship) 174.846 173.00 m

LWL 180.0 180.0 m

Lpp/T 21.32 21.68

Scale 29.77901 29.68905

Ship non-dimensional mass and inertia:

m' *1000 8.95 8.94

I'z *1000 0.474 0.483

x'G 0.0029

m' = m/(0.5*Rho*Lpp^3)

I'z = (m*kzz^2)/(0.5*Rho*Lpp^5)

x'G=xG/Lpp �

Table 9. Mass and Moment of Inertia for JSS Contract Design Ship

�

�
�

�
�
�

�
�

�
�
�

�
*1000 JSS Contract JSS contract repeat with Rudder 3 with Rudder 2

Y'v -11.32 -11.73 -11.46 -12.18

N'v -4.89 -4.99 -4.92 -4.92 �

Table 10. Non-Dimensional Hydrodynamic Coefficients from Drift Tests

�
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Linear fit over all harmonic runs

Configuration
JSS contract 

design

JSS contract 

design, repeat

JSS contract 

design, with 

Rudder 3

JSS contract 

design, with 

Rudder 2

Preliminary 

design

Rudder design rudder design rudder Rudder 3 Rudder 2 design rudder

Skeg none none none none none

shaft speed
ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

Y'v *1000 -12.54 -12.94 -12.80 -13.10 -11.69

N'r *1000 -1.95 -1.91 -2.02 -2.10 -1.89

Y'r *1000 3.65 3.82 3.90 3.97 3.57

N'v *1000 -4.76 -4.76 -4.59 -4.54 -4.46

Y'vdot *1000 -10.62 -10.31 -10.45 -10.54 -10.04

N'rdot *1000 -0.59 -0.59 -0.56 -0.58 -0.54

A' *10^6 20.74 20.54 20.09 20.55 19.33

B' *10^6 51.48 50.62 52.52 54.71 47.73

C' *10^6 -0.7 0.3 2.7 4.9 -2.0

sigma1 0.01 -0.01 -0.05 -0.09 0.04

Information from earlier tests

A' is (I'z-N'rdot)*(m'-Y'vdot) Non-dimensionalization uses the following quantities:

B' is -(I'z-N'rdot)*Y'v-(m'-Y'vdot)*N'r distance: Lpp

C' is Y'v*N'r-N'v*(Y'r-m') speed: instantaneous speed along track

Linear fit over the four lower amplitude runs for determination of Yv and Yr, and all runs for other coefficients

Configuration
JSS contract 

design

JSS contract 

design, repeat

JSS contract 

design, with 

Rudder 3

JSS contract 

design, with 

Rudder 2

Preliminary 

design

Rudder design rudder design rudder Rudder 3 Rudder 2 design rudder

Skeg none none none none none

shaft speed
ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

Y'v *1000 -10.73 -11.22 -11.11 -11.45 -10.38

N'r *1000 -1.95 -1.91 -2.02 -2.10 -1.89

Y'r *1000 3.14 3.35 3.40 3.52 2.91

N'v *1000 -4.76 -4.76 -4.59 -4.54 -4.46

Y'vdot *1000 -10.62 -10.31 -10.45 -10.54 -10.04

N'rdot *1000 -0.59 -0.59 -0.56 -0.58 -0.54

A' *10^6 20.74 20.54 20.09 20.55 19.33

B' *10^6 49.56 48.79 50.77 52.97 46.39

C' *10^6 -6.7 -5.2 -3.0 -0.6 -7.4

sigma1 0.13 0.10 0.06 0.01 0.15

Information from earlier tests �

Table 11. Hydrodynamic Coefficients and Stability Assessment of JSS Contract Design, Using 

“Multiple-Run” Analysis of Harmonic Runs
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Configuration JSS contract design
JSS contract 

design, repeat

JSS contract 

design, with 

Rudder 3

JSS contract 

design, with 

Rudder 2

JSS preliminary 

design

JSS contract 

design

Rudder design rudder design rudder Rudder 3 Rudder 2 design rudder design rudder

Skeg none none none none none none

shaft speed ship self-propulsion ship self-propulsion
ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

ship self-

propulsion

Y'v *1000 -11.32 -11.73 -11.46 -12.18 -8.95 -11.33

N'r *1000 -2.11 -2.08 -2.18 -2.23 -1.90 -2.11

Y'r *1000 2.42 2.60 2.66 2.81 2.33 2.42

N'v *1000 -4.89 -4.99 -4.92 -4.92 -4.66 -4.96

Y'vdot *1000 -10.58 -10.27 -10.40 -10.49 -9.14 -10.58

N'rdot *1000 -0.56 -0.58 -0.54 -0.49 -0.49 -0.57

A' *10^6 20.23 20.21 19.57 18.78 17.55 20.37

B' *10^6 52.98 52.38 53.68 55.20 43.12 53.07

C' *10^6 -8.1 -7.3 -6.0 -3.0 -13.7 -8.5

sigma1 0.14 0.13 0.11 0.05 0.29 0.15

from earlier tests

A' is (I'z-N'rdot)*(m'-Y'vdot) Non-dimensionalization uses the following quantities:

B' is -(I'z-N'rdot)*Y'v-(m'-Y'vdot)*N'v distance: Lpp

C' is Y'v*N'r-N'v*(Y'r-m') speed: instantaneous speed along track

with v coefficients determined from drift tests

with v coefficients determined from 

the harmonic sway tests

�

Table 12. Hydrodynamic Coefficients and Stability Assessment of JSS Contract Design, Using Direct Regression Analys is


