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A Study of Processor Lever Controller for Warship
Electric Propulsion System

Shim, Jaesoon

Department of Marine Engineering

Graduate School of Korea Maritime and Ocean University

Abstract
With the advent of a high-power weapon system, the propulsion system of the
naval ship is shifting from a mechanical propulsion system to an electric propulsion
system with the aim of strengthening anti-submarine capabilities and reducing the
operating cost of the ship.

An efficient control logic design that can satisfy the operational requirements of
the ship while preventing over-torque and overload of the shaft and propulsion
engine is essential for the propulsion control system of the ship. It is common to
optimize the propulsion control system through a so-called tuning process that
modifies the parameter values of the propulsion control software during a test run.
As with the ship control system, PI controllers are generally widely used in the
propulsion control system of the ship to control shaft rotational speed, and by
adjusting the P and [ setting values during a test run, the transient state is
improved and the stable propulsion control state is set. However, during this
process, if the error of the initial setting value is large, the tuning time may take
too long, or the propulsion equipment can be seriously damaged due to
over-torque, over-speed and over-power. Especially, since the electric propulsion
system has a higher power increase/decrease speed than the mechanical propulsion
system, there is a high possibility of mechanical damage. In addition, the problem
caused by the occurrence of regenerative power must be taken into account.
Therefore, in this study, we conducted research on the design of a propulsion
controller that applied a Processor lever even for inexperienced people with
relatively little experience in tuning propulsion control software to be able to
reduce the tuning time while protecting the propulsion system.
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To this end, we performed ship form and propulsion system modeling that could
calculate the power, torque and revolutions of the propulsion system, thrust of
propeller, and speed according to the change in thrust. We also verified the
stability and reliability of the Processor lever controller by developing a propulsion
controller model applying a Processor lever controller. In simulations, the propulsion
controller model performs the propulsion motor, controllable pitch propeller, and
rudder control. The propulsion motor model that receives control commands
generates torque, and the propulsion shaft model determines the number of shaft
revolutions by rotating the propulsion shaft through the calculation of the torque
generated from the propulsion motor, the speed of the ship, the pitch of the
controllable pitch propeller, the difference between the torque according to the
rotation speed. Based on the advance ratio according to the rotation speed and
pitch angle, the ship model finally calculates the thrust, and determines the speed
according to the thrust and the current speed of the ship.

Through this dynamic simulation, by comparing the execution result of propulsion
control lever commands through the PI controller without applying the Processor
lever controller with that of propulsion control lever commands through the PI
controller applying the Processor lever controller, we analyzed the improvement of
the Overshoot and propulsion performance.

The simulation results showed that the safety of the propulsion system increased
because Overshoot of approximately 9.74%, which occurred when the Processor
lever function was not applied, did not occur. However, the propulsion performance
(acceleration) of the ship decreased as the system responded slowly. We confirmed
that the reduction in propulsion performance could be addressed stably by adjusting
the parameter values of the Processor lever.

In order to secure the maneuverability required for combat performance, the
electric propulsion system of the ship should adopt a high-power propulsion motor
relative to the propulsion shaft load, and secure high acceleration and deceleration
performance. In order to solve equipment safety problems that could occur during
the tuning process of the propulsion control system and to reduce the tuning
period, which are attributed to these characteristics, we suggested a Processor
lever controller application method.

KEY WORDS: Electric propulsion system, Processor lever, Naval vessel, Warship,
Dynamic simulation, Propulsion motor(EPM), Controllable pitch propeller(CPP)
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. W (F4% 2714 15D
DDG, Destroyer Guided missile
9% N, qusy 8 B2 J¥ 59
FF, Fast Frigate (F=RT 42F, 1)
=A% T3] AP g BE 59 2F
PCC, Patrol Combat Corvett A-Z3 e =ALF F3
153

PKM, Patrol Killer Medium A-Z3l e AHd
PKG, Patrol Killer guided missile

T

LPX, Landing Plantform Experimental

WY, gof & tFoeE nt
LPH, Landing Plantform Helicopter
2 3]
EY e, woF 52 tjFoE Sukslel
LST, Landing Ship Tank Ao s|oko|ut WA o] 4B
LSH, Landing Ship Heavy
AEY 8 23]F 5o BV PR A
2= ols
o oARe A%HR YRFPol HeEs
rt vesse
» COMPEL SUpROTE FF, Wk A5 Bl 2HER BF

Collection @ kmou



210 UERIE $4e T8 9%l w4 FR7 geAn, Fa 9
gA) An @ ggel Aa S¥o) ARG AMHoE FEY, AR, T
5o e AFFAl Mt Ax F&ol Ik FW, FHo A1 £Yo
sriete f4e) Msde B aTHE o] 94 wad R E¥o) a7y
FAols tAdMe] YR, B YL

SEAAY B 2 e WA TEele L@

Mtk

k)

o
o

e >

¢

Fge FAAAL GARE gule] &, Aule FFe} olo] WE 2ol we T
A TEE & Atk FUAAE TASE Fo Ao TRl meh AAN, B34,
A7) FAAAL W 5 o, gARE Ao 59 SA9 Fol me 27] 13,
27] 2%, 37] 2%, 47] 2% 5 o] DepATh E 225 20) ool FA A7l @A)
A FQAA BF 2 E 4L dehack

Table 2.2 Type of propulsion system and installed warship

Classification Classification Classification Installed
1 2 3 warship
Diesel engine CODAD ACE, LST
Mechanical Gas turbine COGAG KDX-III, DDG-993(USA)
propulsion
: . CODAG PKX, LCS(USA)
system Diesel engl‘ne &
Gas turbine CODOG FFX-1, PCC, KDX-LI
CODLAD AOE-II

Diesel engine &
AO(Fleet tanker, UK)

Electric Motor CODLOD
Hybrid AOR(LSV, Lorway)
ropulsion Type-23(FF, UK
prop CODLAG ype-23( :
system Gas turbine & FREMM(FF, Itatly)
Electric motor FFX-II,
CODLOG
FREMM(FF, Framce)
Diesel generator/Gas turbine generator Type-45(DDG, UK)
Electric & Electric propulsion motor DDG-1000(DDG, USA)
propulsion
Batter/Fuel-Cell &
system -

Electric propulsion motor
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(a) Fixed pitch propeller (b) Controllable pitch propeller

Fig 2.2 Type of propeller
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Table 3.1 Parameter of hull model
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Fig 3.16 Simulation model of current controller
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Table 3.6 Specification of POW test propeller

Main Particulars: PP003(R)
Designation unit
Scale ratio A 22.67
Diameter of ship propeller m 3.40
Diameter of model propeller m 0.15
No. of blades EA 5
Expanded blade area ratio ratio 0.770
mean (P/D)mean 0.871
Propeller pitch ratio at tip (P/D)tip 0.429
at 0.7R (P/D)0.7R 0.976
Chord length-diameter ratio (0.7R) (c/D)0.7R 0.415
Propeller skew angle SKEW(deg) 36.70
Hub diameter ratio ratio 0.270
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Table 3.7 Test schedule of nonlinearity
7E AEAE

o ZZFH HL0.05 ~ 0.8) A4 ZI3Y

1 AA test | o ZF AW & 5% 3+ ¥, EAS AZslo FAG AE
o 1,000rpm 14, A< tﬂﬁ
o A4 1A (1m/s)

2| 54 test 1| o 10& %t 200rpm t‘1]7:‘(500 — 700, 800 — 1000)
o AAm] A Al 1% 7 0.023 HA
o A& 14

3| &4 test 2| o 10& ZF 300rpm HZ(B0O0 — 800, 900 — 1200)
o HzH A A 1z 21 0.03 HA
o A& 1A
o 10% zt 700rpm 4<% %, 10% t 700rpm sh=t

=z
4RSS 00 S 1200 — 500)

AZNE Sk Al 1% 7F o 0.05 W7
o A& 1A
o 5% ZF 700rpm A% ¥, 5% 7t 700rpm &}t
(500 — 1200 — 500)
o AZNH g A 1% 7+ F 0.1 HA

O

5| 54 test 4

A3 AS delE e 75 low pass filter7|H-& o]&3to] HlolE woj=2E A7 8
o AR testAd et T2 testA A= A EE REY] po]E HAAIRE kol=Tt A
of dlolg 9] 4ol & FHAXIN] 0.45~0.704 9] AF} Aol 2% mIREI S
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Fig 3.32 Results of POW test
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Table 3.8 Results of POW test

] KT 10KQ Eta0

0.05 0.431 0.541 0.063

0.1 0.407 0.519 0.125

0.15 0.383 0.497 0.184

0.2 0.360 0.475 0.241

0.25 0.336 0.453 0.295

0.30 0.312 0.430 0.347

0.35 0.289 0.408 0.395

0.40 0.265 0.384 0.439

0.45 0.240 0.360 0.478

0.50 0.215 0.335 0.511

0.55 0.190 0.310 0.537

0.60 0.164 0.283 0.554

0.65 0.137 0.255 0.556

0.70 0.109 0.226 0.540

0.75 0.081 0.195 0.494

0.80 0.051 0.163 0.397

0.85 0.020 0.129 0.207

0.90 -0.013 0.093 -0.195
3144 U&= A4 29

Uukzo g Mutg x2H = Av|d BFEY] wio] A4S Bl 22 /A4 &
gol TeANE BoloA HEd Avt IHI FPE 2= A #A 580 A
gaton], vz vigig P e A fA 580l B WHE wob o
2 ¥ o] ZzAw Soles Hch A¥el o3| fAYt Teivke A4S wRe
3 3ke o) shiEzsle] ARle] Y Fol AFHoR MR FYst B
3o G nHY,. Ao A LE AZE FHE /A HAFENFI 34 &S
Ao Z AAEAAY FASE7]ol= & Folr] W&o FES HEV st
T2ddE fUHE MRE ASSHE e A Brbssly] uRe dwzoze

AGA Gl FE7 TR dsgele] 2HL ol g FYF TS UE A
Z2 g2 ARHE Fol|E o]&ste WRE IdFH & & o B AFA= o9 #

A S ol g3 on, ZEHy AZA A AFEstE combined lawet POW data
Ao EIE &83e] wrFE A4St combinator lawell = ZF A&oxe] z 24
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Fig 3.34 wake trend by speed
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Wepp = (%) (3.63)
Va
K, = f,(J,P/D), K, = f; (J, P/ D) (3.65)
THRFR71Y S8 (Topp)e 7Y 49K, lT25(p), 7PAFZ7] AA(D), 713

Toan,— 40> C OB o ~5—3° (3.67)
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A W} 0 o HH, FAo] ¥ FY WY EA(QqppT A 3.683 £t

5 2
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Fig 3.37 Model of CPP torque
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Fig 3.38 Propulsion Control for naval ship
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Table 3.9 Function of processor lever

W&  Function name Require function
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3.2.2 CM_CombinatorLaws

CombintorLaws= CM_ProcessorLeverdl| A A3 A =l

[k

Z A2 g (processor lever)#k<
ZIEo® FRE 9 #H Ao B H3x Z¥(SetPoint) @t Alste &S 3

A},

1) ¥ Propulsion Mode _CPPPilchPort_SetPointin >~
Propulsion Mode : : CPPPitchPort_SetPointin

(2 ) P PortLeverProcessedOut ~SHSpeedPort_SetPointin 'r‘//
PortLeverProcessedOut SHSpeedPort_SetPointin

CM_CombinedLawsPort_SetPoint

b

N

Propulsion Mode CPPPitchStbd_SetPointin >

CPPPitchSthd_SetPointin

@—’ PortLeverProcessedOut  SHSpeedStod_SetPointin >

StbdLeverProcessedOut SHSpeedSthd_SetPointin
CM_CombinedLawsStbd_SetPoint

S

Fig 3.44 CM_CombinedLaws

case[1]:

case[2]:

case” { Pifch_SeiPoint

LeverProcessad 5 _MPuintl

GTNavi_Case

case[3]:

.—» ul

Propulsion Mode case[4]:

¥ Y v

merge .4>

Pitch
CPPPitchPort_SetPointin

Gase: | Piich_SetPoint
case [ 5] F— LevarProcassed g e n

GTMan_Case

Y

cas= [6 ) |—

GaEE" | Pifch_SetPoint
LeverProcessed gooi soipoint
GTTrailed_Case

case: { Pich_SetPoint
LeverProcessed ooy copoint
EPMNavi_Case

case” { Pich_SeiPaint
LeverProcessed ooy soipoiny

EPMMan_Case " | merge

———»
> Speed d
SHSpeedPort_SeiPointin
case: | Fiich_SeiPoint >
2 ILe\larPlDr.essed 3 | SetFoint =l

Portl evarProcessadOut

EPMTrailed_Case

Fig 3.45 CM_CombinedLawsPort_SetPoint

Collection @ kmou



dl FAAA FRAE7] REe dW 0~67kA AREStH, FIREE s ot

maneuvering mode, navigation modeZ 8%t}

ofg] X 3.11& B SWolA &85 g mE sAET, JPHFZRT]
T 9owm, 79 3467 ¥ 347 Simulink® T3 3 !

o,

22

Table 3.11 Combined laws for electric propulsion system

Lever Maneuvering Mode Navigation Mode
Position Pitch RPM Pitch RPM
-5 -9 8 -9 8
-4 -9 74 -9 67
-3 -9 70 -9 0
-2 -02 70 -02 45
-1 -23 70 F o3 45
0 0 70 0 45
1 0 70 45 45
2 8 70 62 8
3 83 70 & 69
4 100 9 100 &0
5 100 98 100 9%
6 100 100 100 100
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3.2.3 Regulator
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Table 4.1 Case of simulation

Case Processor lever Set parameter value PCL command
1 1 X - PCL O = 3
2 2 X = PCLO = 6
3 3 (0] IncLim 1, IG 1 PCL O = 6
4-1 @) IncLim 1, I1G 1
4 PCLO = 6
4-2 ) IncLim 13, IG 1
5-1 @) IncLim 13, IG 1
5-2 @) IncLim 13, 1G 2
5 PCLO = 6
54 @) IncLim 13, 1G 3
5-5 @) IncLim 13, IG 5
6-1 @) IncLim 13, 1G 2
6 6-2 0 IncLim 13, IG 2.5 PCLO = 6
6-3 @) IncLim 13, 1G 3
7-1 @) IncLim 13, 1G 2.5
7 7-2 0 IncLim 13, IG 2.8 PCLO = 6
7-3 @) IncLim 13, 1G 3
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Fig 4.1 PCL 0 -> 3, without Processor lever
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4.2.2 Case 2 (¥ "3#&, PCL 0-6)

PCLO =>6,PLX

Set Point
i — — —— Shaft Speed

120 . .

100 - —

[00]
o
T

Shaft Speed(RPM)
@D
o

~
o
T

20 |
Rise Time=5.3608s
Over Shoot=9.7407%

O 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400

Time(s)

Fig 4.2 PCL 0 -> 6, without Processor Lever
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4.2.3 Case 3 (¥} &-&, PCL 0—6, IncLim 1, IG 1)

PCLO ->6,PL O, IncLim1, IG 1
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Fig 4.3 PCL 0 —> 6, IncLim 1, IG 1
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4.2.4 Case 4 (#¥] A&, PCL 0—6, IncLim 1/13, IG D
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Fig 44 PCL 0 —> 6, IncLim 1/13, IG 1
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4.2.5 Case 5 (#¥] 4§, PCL 0—6, IncLim 13, IG 1/2/3/5)

PCL 0 -> 6, PL O, IncLim 13, IG 1/2/3/5
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Fig 4.5 PCL 0 -> 6, IncLim 13, IG 1/2/3/5
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4.2.6 Case 6 (39 AL, PCL 06, IncLim 13, IG 2/2.5/3)

PCL O -> 6, PL O, IncLim 13, I1G 2/2.5/3
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Fig 46 PCL 0 —> 6, IncLim 13, IG 2/2.5/3
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4.2.7 Case 7 (3¥ A4, PCL 0—6, IncLim 13, IG 2.5/2.8/3)
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Fig 47 PCL 0 —> 6, IncLim 13, IG 2.5/2.8/3
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Table 4.2 Results of simulation
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1 1
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4
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7-1
7T 72
7-3

PCL

command

PCL 0 = 3

PCL 0
PCL 0

PCL 0

PCL 0

PCL 0

PCL 0

-

-

-

-

6
6

Set parameter
value

IncLim 1, IG 1

IncLim 1, IG 1

IncLim 13, IG 1
IncLim 13, IG 1
IncLim 13, IG 2
IncLim 13, IG 3
IncLim 13, IG 5
IncLim 13, IG 2
IncLim 13, IG 2.5
IncLim 13, IG 3
IncLim 13, IG 2.5
IncLim 13, IG 2.8
IncLim 13, IG 3

Rise time
(s)
2.57
5.36
72.33
45.5
46.97
45.5
24.54
19.03
14.53
24.54
22.74
19.03
22.74
22.55
19.03

Max Speed Over Shoot

(RPM)
72.8
109.74
68.33
95.14
94.92
95.14
98.3
101.05
101.79
98.3
99.71
101.06
99.71
99.83
101.06

(%)
9.5
9.74

1.06
1.79
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