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Green Ship through DTC Application
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Abstract DTC (Direct Torque Control) was proposed as an alternative to FOC (Field Oriented Control)
for AC motors in the 1980s and is still applied in the industry for excellent torque control. This strategy
provides rapid operation based on the switching logic table directly on the inverter. In addition, it
provides a simpler structure because there is no current controller and less sensitivity to motor
parameters. In this paper, DTC, a two-level inverter, and a PI controller with anti-windup were applied
to a propulsion electric motor (PEM) to control the rotor speed. The induction motor, actually operated
in the ship, has a large capacity of 1.3 [MWI] and a large power of 10 [kNm] and uses a line-to-line
voltage of 690 [V]. The control system was modeled using MATLAB/Simulink software, and simulations
were performed for both the Ahead and Astern directions. The simulation for the speed step reference
of the telegraph showed that both speed and torque had great control performance, and the direction
change of the stator flux was also confirmed according to the motor rotation direction. Furthermore,
the effectiveness of the proposed scheme was confirmed using the sinusoidal stator current and its

harmonic analysis and line-to-line voltage characteristics.
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R: winding resistance
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L, M. self and mutual inductance

p: differential operator(d/dt)

P: pole pairs

s, r: subscripts for stator and rotor quantities

w,,: rotor angular speed
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Fig. 1. Block diagram of direct torque control

2.1 Xk Hof
TR A A4 34 At

%, theah go| 1A HIAR WHE 4 9tk
b= [ (0= B )it 22
(ZS;’%‘ = f (’Ug’?s _Rsz3s)dt (2b)

ES 6,9 2719 YA= Eq. 3) # Eq. (D)<} 2

b, =\ Ohy + B, ®)
6, — tan( j ) @

Eq. (D theat Zo] w44 HEAE 71202
L BEE oA B8 4 9tk

n

gl

424

v, = R, +po, (a)
0=R.i,+pp, —jPuw,p, (5b)
¢, = L, +Mi, (50
b, =Mi,+L,i, (5d)

TR Y R S oo AUYSE FAIS

W Eq. (52)= Eq. ()22 thA] Uehd 4= 9tk

©)

AL Qujgit. =, 9]

AL 344 DAl FFE At wEel A71o] ofs
AgEt

A= Fig. 29} Zo] ¢, % uet SAsHe 1t %)
SAFE T AE Ag, I Ag,E BT 5 AT, 3
B3 A& A Ag, 0 A7 FHATNE DAA
A vEE Bo) 248 & 9t

Fig. 2. Radial and tangential component of the flux
variation



AHEIA OIS 0§ A¥E e A 4 AE719] F=Ao
TAA A A7l 712 A ¢, 9F BA A A b= ML, ML, 5 (10
oy = " 1+4sor,—jPw,or. ' 1+sor,

& 9,9 Aot SIAHZAA HE Ag,
|¢ — 9, Ol FAEZEE HEE& Wa(boolean
variable)2 &3t 1A%} A& 2 A 9] e
B 147 A0 QAL Bl aE AL WERTH
2 Afole 1, HEEG 25 Feol= 00l E4dH
ojg 53 ¢, = 93 Ao fAHL, BHFS 25
=S Aofg 4= A Ao

2.2 ETHO

TR} FHAL A WE = A AEolA 22 2
&z FATI o] £ HE Aol A=l A&z ED
7} 0,2 Eq. (8)°lA & = Y=ol A7 EIE 2%

2 T MX
.

T=5P ?s ¢, sinf,, ®

aL L
where o =1—M?*/L,L, is the total leakage

coefficient of the motor.

Quton APEaoll B 1Ko A
A 2450) 2717 DR AehelA 6 3o Aol
ek, Fig. 2014 A¢,9 2718 F7A71E 244 A
SPAEE FFsHE 6,0] F7kte] HE7]0] B A
Ak, A3t 20 o ol5 H4S B WAH A=

QTE }_Xé

& A& ¢, = ¢, +v,Ato] =k,

2, g7 Aol B0 P vl Zof e
FAE Eq. (5)E ol&sto] Aeuiyaoz mdstd
Eq. 9% 2.

do, R, RM

dt‘ - oL, oL/, ¢ T, 92)

At (Poy =)o, OB

dt oL L. "° gL

Eq. Ob)ollAl IAAF AY v, 7} HAZ o2 YEA
AT Eq. (92)9F Bq. (9b)Q] BAIA v, 7} A=} =}
&S ol IR ALl IS = AS ¢ & SUrh
E3t Eq. (5)F ol&shd AR} A4 thea} Zo| 1
7 A9 TR UERd

/\01
AR

425

where 7. =L/ R, s is the complex variable in

the s-domain
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