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Comparison of DTC between two-level and three-level inverters for LV

propulsion electric motor in ship
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In compliance with environmental regulations at sea and the introduction of unmanned autonomous ships, electric propulsion
ships are garnering significant attention. Induction machines used as propulsion electric motor (PEM) have maintenance
advantages, but speed control is very complicated and difficult. One of the most commonly used techniques for speed control
is DTC (direct torque control). DTC is simple in the reference frame transformation and the stator flux calculation. Meanwhile,
two-level and three-level voltage source inverters (VSI) are predominantly used. The three-level VSI has more flexibility
in voltage space vector selection compared to the two-level VSI. In this paper, speed is controlled using the DTC method
based on the specifications of the PEM. The speed controller employs a PI controller with anti-windup functionality. In
addition, the characteristics of the two-level VSI and three-level VSI are compared under identical conditions. It was confirmed
through simulation that proper control of speed and torque has been achieved. In particular, the torque ripple was small
and control was possible with a low DC voltage at low speed in the three-level VSI. The study confirmed that the application

of DTC, using a three-level VSI, contributes to enhancing the system's response performance.

Keywords: Propulsion electric motor, Direct torque control, Three-level VSI, PI controller
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CHRyu and Lee, 2021).

eulrlo 2 H7|ER BARo7 AL 8% #HE7|
O] thaeAlQl e Alo] Wl A57]EAo(FOC: Field
Oriented Control)?} 2] & FA|o{(DTC: Direct Torque
Control)o|t}. DTC:= FOC2} H|wste] AT A|o]7]9}F 2}
9 s Aol deel L g 247 A4
AwRh Hashiz 2%57] stetole vl Zelet 4
o] QJTHAbad et al., 2008; Sahu et al., 2011). ?j, ol
B/} A o] B| el Al W Sejol ufeh A9)
A ElolaollA gelidl thw 54k Hof vl Alt Ao
7} 7Fssit). o]ef & o] {2 DTC7} 1980 toll #]&
AIAE 5= FOC] therom o] 2-85k= A7|7} = 3lct
(Takahashi and Noguchi, 1986; Depenbrock, 1988).

SHA, H57] Ao S8 ARl qlvE = 29 ®
© 3Yo] R AREEM 3 QI E= NPC
(Neutral Point Clamped)®l4]-2 wWo] ARg-5tc}, 354
QIHfEl= 2e1 ¢IHfEfof] Hlsl RE=Ao] 7lsiAl= A
AEAAL A3, A ofmo] Hon] Tzl Aol
2K (Dalessandro et al., 2008). 3}, 37 A2 127)
ez AlRseu A 67 AEyE 4 glol &9 A%
wlE|o] Alelo] tiobs}iL, Hajo] Sigo] Bl A% H3)
o] Zron], Z ARe] o] HrkPark, 2015).
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WA 25
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UO{S = RSZ'OéS +p¢0[$ (la)
v[}s = Rsiﬂs +p¢[)‘s
0= Ri,, +pg,, + Pw, s, (1b)
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Fig. 1. Block diagram of direct torque control.
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Fig. 2. Stator voltage space vector and sector configuration
in 2-level VSL

Table 1. Voltage vector table of DTC on 2-level VSI

Sector re ! 0
TC 1 0 -1 1 0 -1
1 Vs Vi Vs Vs 4 Vi
2 i V%oV v
3 i VoW YW
4 Vs Vo V Vs vz Vs
5 Vs Vi Vi v Vo Vs
6 Vi Vo Vs v, vz vy
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Table 2. Definition of switching state

SWltChlng Sl SQ Sg 54 (S )

St;te ON ON OFF OFF ZT
O OFF ON ON OFF
N OFF OFF ON ON 0
| of} N
T Sgt?} JSOJL(} Juti}
b .; j@
1 Sgg} TOJK} TOJK}
[ Aﬁ} OJS}

Fig. 3. 3-level VSI for voltage source VSIL
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Fig. 4. Vectors tensions generated by 3-level VSL

Table 3. Voltage vector table of DTC on 3-level VSI

S FC 1 0
TC 2 1 o -1 -2 2 1 0o -1 -2
L ViV Vs Vg Ve Vs Vo Vg Vg Wi
2 W Vs Vi Ve Vi W Vg Vg
3000 V2 Vg Vg Vo Vi Vi Vo Vig Vi
4 Vg Vg Vs Vo Vi Vg Vi Vag Vag Vi
5 Ve Vu W W Vi Vg Vis Ty Ve W
6 Vis Vi Vs V5 V5 Vip Vs Vs V3V
T Ve Vis Vs Vi Vs Vg Vi Vg Vo VS
8 Vi Vis o Vg Vo Vo Ve, Vo V214
9 Vu Vg Vg Vii Vo Vay Vg Vas Vg Vg
100 Vo Vo Vs Vg Vig Vi Vo Vg Vi Vi
1LV Vs Vo Vs Vg Vi V3 Vo Vi Vi
12 Vi Vs Vo Vis Vi Vo Vs Vs Vis Vi
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Table 4. 3-phase induction motor rating and parameters

Parameter Value Parameter Value
Power 1300 [kW] Rs 0.0038 [Q ]
Voltage (L-L) 690 [V] Rr 0.0024 [Q ]
Current 1348.9 [A] Xs 0.0442 [Q ]
Frequency 60 [Hz] Xr 0.0260 [Q ]
Torque 10432 [N'm] Xm 0.8260 [Q ]
Speed 1190 [r/min]
Moment of 453 [kg'm’]
Number of 6 Inertia . g
poles

Table S. The speed, power and torque correspondence
according to telegraph lever

Direction o M W] o]

Nav. Full 990 788 7600

Full 833 474 5434

Ahead Half 655 212 3091

Slow 476 73 1464

Dead slow 298 46 1474

STOP 0 0 0

Dead slow -298 46 -1474

Slow -476 73 -1464

Astern Half -559 137 -2340

Full -643 203 -3015

Nav. Full -714 259 -3464
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t}. 0 [s]ol| 4] Dead slow A== 0.8 [s]o]| 4] Slow, 1.2
[s]el Al Half, 1.6 [s]ol| 4] Full, 22]3L 2.0 [s]o|4] Nav.
Full 236208 AT Jelow WEsisi. of o 4=
7} Hg uf Table 59| s &m0 et B ATt
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