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Letters
An Enhanced DC Preexcitation With Effective Flux-Linkage Control for the
High-Power Induction Motor Drive System
Sideng Hu, Zhengming Zhao, Hua Bai, and Liqiang Yuan

Abstract—This paper proposed an enhanced dc preexcitation for
a variable-voltage variable-frequency-controlled induction motor
drive system. Voltage vectors were adjusted according to the reactive component of the motor current, which promptly established
the effective value of the motor flux linkage at the preexcitation
stage and restrained its trajectory strictly as a round circle all
through the starting process. The enhanced dc preexcitation control led to more negligible flux-linkage distortion, less torque vibration, and significantly smaller inrush current. Experiments on
a 380-VAC/315-kW adjustable speed drive system validated the
effectiveness of the proposed method.
Index Terms—Adjustable speed drive (ASD) system, dc preexcitation, induction motor (IM), startup, variable-voltage variable
frequency (VVVF).

I. INTRODUCTION
N motor drive systems, the startup control is always a critical issue due to the inrush current in the starting process,
which tends to damage the motor insulation and endanger the
semiconductor devices [1]–[4]. It is highly related to the absence of the effective flux linkage. Vector controls, e.g., the
direct torque control (DTC) and field-oriented control (FOC),
have been validated capable of delivering the targeted torque
and depressing the startup current through processing the accurate flux-linkage observation and control. However, they suffer
from the nonlinearity of power devices and the complication of
the parameter identification. Both FOC and DTC face the challenges of the inaccurate flux-linkage observation, which is of
particular importance for the sensorless vector control at lowspeed operation [5], [6].
One feasible solution is to adopt the variable-voltage variablefrequency (VVVF) control in the starting process and smoothly
switch to the sensorless vector control in the high-speed region [7]–[9]. In the previous study [10]–[12], a dc preexcitation
control in a three-level VVVF-controlled induction motor (IM)
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Fig. 1. Vector scheme in the motor start moment: (a) before startup and (b) at
the startup moment, Is 1 and Is 2 could be viewed as equal.

drive system was proposed, which establishes the initial back
electromotive force (EMF) before the motor gets started. Therefore, it effectively depressed the inrush current and increased the
starting torque. However, its effect will be discounted by the absence of flux-linkage control in the whole starting process. This
will lead to the flux-linkage distortion, thereby, the overcurrent
and insufficient torque.
As an extension of the previous study on the dc preexcitation [10], this paper will analyze its disadvantages, enhance the
dc preexcitation with one simple and effective flux-linkage controller, and validate its effectiveness through simulations and
experiments in a two-level three-phase 380-VAC/315-kW motor drive system. Different startup strategies will also be detailed
through experiments.
II. PRINCIPLES OF THE DC PREEXCITATION AND ITS DEMERITS
DC preexcitation establishes the flux linkage of the IM
through imposing a dc current on the motor before it starts
up. The stator flux linkage can be expressed as follows:
ψs = Ls · Is + Lm · Ir

(1)

where Is is the stator current, Ir is rotor current, Ls is the stator
leakage inductance, and Lm will be the excitation inductance.
In the dc preexcitation, Ir is close to zero. In this case, stator
flux linkage can be simplified as follows:
ψs = Ls · Is .

(2)

Fig. 1 shows the voltage vectors at the moment when the dc
preexcitation process is switched to the starting process. Is 1 is
the preexcitation current and Is 2 is the current at the startup
moment. As mentioned in [10], Is 1 and Is 2 could be viewed as
equal at this moment, and the slope of the flux linkage is
d
ψs (ts + Δt) − ψs (ts )
ψs =
= Us2 − Is1 ∗ Rs
dt
Δt
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(3)
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where Us 2 is stator voltage vector in startup process, and Rs is
the stator resistance. By cross multiplying Is 2 at both sides of
equation (3),we get
ψs (ts + Δt) ⊗ Is2 − ψs (ts ) ⊗ Is2
= Us2 ⊗ Is2 .
Δt
Since the electromagnetic torque is
Te = pn (ψs ⊗ is )
therefore

(4)
Equivalent circuit diagram for IM.

Fig. 3.

Diagram of the proposed method.

Fig. 4.

Flow chart of the proposed method.

(5)



 dT e 


 dt  ≈ pn |Us2 ⊗ Is2 |

(6)

where pn is the pole number in the motor.
Equation (6) is the essence of the previously proposed dc preexcitation, which implies that at the starting moment, a voltage
vector Us 2 perpendicular to the excitation current vector Is 1
will maximize the torque. Also, the established flux linkage will
induce back EMF to effectively restrain the inrush current.
However, (6) can only hold voltage vector perpendicular to
excitation current for the first several switching periods during
the starting process. When the motor begins rotating, the angle
between the voltage vector and the excitation current Is 1 cannot
be guaranteed as direct angle. Therefore, (6) is no longer satisfied, which degrades the effect of the dc preexcitation. This also
leads to atrocious amount of effort to get the optimal preexcitation current value, direction, and time, as shown in [10].
Equation (5) can be written as follows:


dψs
dIs2
dT e
= pn
⊗ Is2 + ψs ⊗
.
(7)
dt
dt
dt
Since dψs /dt = Us − Is Rs , (7) could be derived as follows:


dT e
dIs2
= pn (Us2 − Is2 · RS ) ⊗ Is2 + ψs ⊗
. (8)
dt
dt
In the d–q coordinate axis, (8) could be expressed as follows:


d(Isd + jIsq )
dTe
= pn Us ⊗ (Isd + jIsq ) + ψs ⊗
. (9)
dt
dt
Note here that Isd is the current mapped along the Us , and
Isq is kept vertical to Us , which is totally different from the
traditional d–q transformation in FOC. A constant Isq will result
in dIsq /dt = 0. Therefore,


dTe
dIsd
= pn Us Isq + ψs ⊗
.
(10)
dt
dt
Moreover, digitizing (10) leads to
ΔT = pn (Us Isq Δt + Ψs ⊗ ΔIsd ).


(11)

Equation (11) extends the effective area of the dc preexcitation
to the whole startup process. Equation (6) is only an exception
assuming that dIsd /dt = 0.
III. ENHANCED DC PREEXCITATION
As it was pointed in Section II, dIsq /dt = 0 is the precondition
of (11). However, different from FOC and DTC, the conventional VVVF control is a typical open-loop control without any
current decoupling. Here, we need first derived the expression
of isd and isq based on the equivalent circuit of an IM, as shown
in Fig. 2.
Isd and Isq represent the active and reactive current in Fig. 2,
respectively, which are expressed as follows, as shown (12) and
(13), at the bottom of next page page.


R1 R 22 + ω 2 L 2m s2 R1 + ω 2 L 2m sR 2 U1



ω 4 L 21 L 2m s2 + (R1 s + R 2 )2 L 2m + 2 L 1 R 22 L m + L 21 R 22 ω 2 + R12 R 22


ωL 1 R 22 + R 22 ωL m + ω 3 L 2m s2 L 1 U1


=−
.
ω 4 L 21 L 2m s2 + (R1 s + R 2 )2 L 2m + 2 L 1 R 22 L m + L 21 R 22 ω 2 + R12 R 22

Isd =

Isq

Fig. 2.

(12)

(13)

