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THE CONCEPT OF HIL TESTING

essel, vessel system

Normal operation
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When performing HIL testing, the machine itself (including actuators
sensors, VFD’s etc) is replaced with our simulator:
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Reference Data
GPS
HPR

LR
Taut Wire

Sensor Data
Gyro
Wind Sensor
VRS
Draft

Thruster and

Electrical Power Plant
Feedbacks

Senson and Reference
Data Processing
and Fault Detection

Position Extended Kalman filter
Yaw Extended Kalman filter
Aerodynamics Model
Kinematics

Power Plant Model

Target Data
HPR
LR

—

Actuator Model
‘-
P eedback Fault Detection Thruster Commands
Vessel Model State vector Controller Thrust Allocation Logic
Disturbance estimation,
Foroes Force demand
Thruster Model Feed Forward Controller = Control Allocation
Optimal Motion Controller Thrust Ability Diagram
W Setpoint Algorithm P S I
Joyslick/Knob Processing
Consequence and
Capability Analysis
T Capability Diagram
Operator commands Consequence Anasysis
Target Position Filter External controls

Target Model

Route
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e Internal testing of SW (debuggin
verification , custom functions
testing);

e |[nternal testing of Documentatio

Core
software

e Documentation review and approval |
Classification society;

Vessel e Internal testing of every HW compone

configuration (including injcernal wirin.g)
e |nternal testing of algorithms and

customized vessel configuration data;
e Factory acceptance testing;
e Dock and sea trials;




“Full mission” test-bench replicating HW elect
connections of particular project and providi
mathematical model of associated vessel.

“Light” and easy test-bench able partly test sys
HW components without real equipment.

“Simple, ready-to-use test-bench able to simu
any vessels with associated systems to do ft
software version stabilization and bug verificat




lied test-bench family

Test and simulation SW (simulator) run on standalone PC’s.\

PLC with embedded SW and analog I/O simulating sub-
systems signals handshaking

HW for simulation custom interfaces (e.g EPP
Modbus\Profibus interface)

RS 232\422 COM-ports for simulation of sensors\PRS data

connection /

~N

Test and simulation SW (simulator) run on standalone PC’s.
PLC with embedded SW
Ethernet virtual ports for data communication between PC’s.

4

>

Test and simulation SW (simulator) run on the same
computer.

Task

SW development

SW version stabilization\release

Release documentation check

FAT of class\non-class system

FAT of upgrades

Debugging

Troubleshooting
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pose e Testing of core SW functionality;
e Testing of PLC HW\SW component;
e Testing of algorithms and configuration data;
| e Testing of SW upgrades;
ing Ethernet connection;
Ample opportunities for configuration;
tra I Not all functions and parts able to be verified.
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pose e Testing of core SW functionality;
e Testing of algorithms and configuration data;
e Troubleshooting;

i ~ |virtual interfaces(PC memory)

e Available for any specific vessel and configuration;
Fast ready to use;

[ J
e (Can beinstalled at any PC;
{

tra Impossible to test PLC SW;
e HW faults emulated with the simulator SW;

Standalone Computer

. Virtual

Simulat

Simulator | AN unicaion ) DP Software
Software NV software NV

ZAN

N4

Control Panel




J Realistic vessels dynamic;

J 6 DOF (including roll and pitch);

J Ship displacement\draft (constant or variable);

J Proper thrusters forces in bollard-pull and free-run (for AP);
J Realistic environmental disturbance — wind, wave, current;
J Proper dynamics;

. Faults simulation: control failure, noise in feedback, dead-band, low speed, feedback loss, time-delay, et
J Circuit breakers control connect/disconnect;

J Load sharing between buses;

J Additional load on buses (external consumers);

J Faults of breakers (signals), generators;

o Specific interface, if necessary;

J Real model of measurements;

J PRS antenna position depending on roll, pitch;

. Roll\pitch sensor;

J Gyro\Magnetic compass with deviation model;

J Hydroacoustic system and associated beacons;

o Laser\ microwave radar with associated reflectors;

. Configurable data output — NMEA, or other format

. Faults simulation: data drift, data jump, data noise, data corruption, no data, etc




ware: CotMACS-JDP

Win XP\ Win 7

DF Testbenchfinstructor Station

18:41:53 September 4 2014
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Ship Motion Model and YO Signals

INFO | ENV | Motion | Forces | Cmd/Fb  Signals | PMS |

Al DI AO Do
Thid cmd 14.12 APMode 0 ThrD BPM 14.08 DPSelectd 1
Thrl emd 13.72 DPSelect 1 ThrD Dir 14.09 Thrd Bun 1
Thiz2emd 13.79 Thi0 Sel 1 Thrl RPM 13.66 Thr0 Rdy 1
Thi0 dir 1410 Thrl Sel 1 Thrl Dir 7.38 ThrD Limit 0
Thrl dir 7.42 ThiZ Sel 1 Thr2 RPM 13.82 Thi0 Mode 0
Thi2 dir 16.56 Thr2 Dir 16.52 Thrl Bun 1
Thrl Rdy 1
Thrl Limit 1]
Thrl Mode 0
ThrZ2 Bun 1
Thr2 Rdy 1
Thr2 Limit ]
Thr2 Mode 0
Signal
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diagnostic
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==x> Testfor signals successtully initialized

Number Of Measures For Step |10

Margin Of Analog Signal Error  |0.05 VimaA

Test-case Step Timeout 10.0 sec

Signal monitor function constantly checking

availability and health of data flow
establishing auxiliary Ethernet

communication between DP and Simulator

Test-case Timeout 30.0 sec

ok | [ cancel |

#- () Power supply Global Fawer supply
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Signals data window

D
DPSelectd

DP5electl
APSelectl

AP5elect]
ProplO Hun
FroplO Hdy
Thrl Bun
ThrD Rdy
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MOTION ANALYSIS
{FO | ENY FOS FORCES | STAT | COMMAND : 5'9“"':"5 PM5
Al DI Al
ropld cmd 4.00 DPMode 1 Prop0 HPM 400
hiD cmd 1250 APMode 0 ThrD RPM 12.50
hil cmd 1250 DPSelect 1 1hrl HF'M 125U
hi2 cmd 10.22 APSelect 0 ThrZ HPM 10.22
hi2cmd 1014 Prop0Sel 0 The2Dr 786067
hi2 doe 799400 ThirD S5el 1 Thrd RPFM 10.14
hr3 dir 24003.00 Thil S5el 1 The3 D 24003.00
ThrZ Sel 1
Thr3 5el 1

sighal | &

Thrl Bdy
ThrZ Hun
Thr2 Hdy
Thrd Hun
Thr3 Hdy

—t k mh — — — —— — ] — — ]



.:ﬁ"&
ensor faults window j,wﬂ T ;\%
GPS1 || =emmmmmmm 1.0 Hz coms | v,

;PE Ga, 135530 28 2905 45202 W 09005187 78w 2 05 1.2, 100,07 005,

.......................................................................................................................................................................................................................

GP Mode: |2 = Differential GPS SP5 g | Route ‘

Errors:| EEFFEG'I dXa d¥Yaq
" Noise Am 0.2 0 0
oA ~ Single Am 0 Ts0 0 0
VTG [ Ju!'ﬂp Ax.m 0 Ay.,0 0 0
GBS ~ Drift yx 0 Vv 0 0 0

GNS Format/™ Empty data " Invalid msg
GGA Errors: NotWGS84 | Lat/Lon Out of limit

e ~ COGISOG Out of limit
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—nvironments settings
ship Motion Model and IO Signals

INFO ENV | Motion | Forces | Cmd/Fb | Signals | PMS |

Wwind speed, m/s " Helicopter
Direction of wind, * 45.00

Current speed, mfs 0.00

Direction of current, * 0.00

Wave height [zignificant), m [0.00

Direction of wave, * 0.00 o OK ‘
water depth, m 100.00

Draft froward. m 6.50 — Up X EE“":E"
Draft aft, m 6.50 | Down

Ice Force, t 0.00

Add Force Fx. Fy. Mz .t |0.00 ||]-|]l] |l]-l]I]
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ically, implementation of mentioned test-bench family for QA control,
ation and troubleshooting finally allows to significantly reduce:

me for troubleshooting and fault finding (up to couple of minutes);

1-board time for system commissioning (up to couple of hours);
rvice calls in regard to DP control system;

effective

Time-effective
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Thanks for Your attention!
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