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Abstract: Based on the discharge inductance model, the
transient characteristics of capacitive rectifier system of pulsed
homopolar inductor alternator are analyzed, and all four
operating modes of this rectifier system are clarified. The
critical voltage between modes and the formulas for calculating
commutation delay angle and overlap angle are derived, and a
transient model is established. The accuracy of the proposed
theoretical calculation is verified by valve-to-valve circuit
simulation and experimental results. The function of each
mode in the circuit to the charging process is expounded, and
the equivalent form of circuit is analyzed, and reveals the
design principle of the charge voltage and the amplitude of
motor electromotive force ( EMF). The results of the study
show that: the circuit can be seen as a form of charging a
capacitor by serially connecting a DC source with an
equivalent commutation reactance and an equivalent transient
commutation inductance; mode 1 and mode 2 play a major
role in the whole charging process; the reasonable charge
voltage should be between 1.3 times and 1.5 times of the
amplitude of generator’s phase EMF.
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Fig.1 The system block diagram of pulsed capacitor
charge power supply based on homopolar

inductor alternator
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Fig.2 The structure of pulsed homopolar inductor
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2 fEHAEREER

BN R L L A FE B R R B A
3. KL, R AL RN HLE, R L
A8 L SR A5 R LA R A i IR A A O,
ST BUE—ME e, ey, e, 200 AL =AHM
R, ALK SR R R ; €, o AR RE LAY
el = AR SRk = (1) B
e, = u,sinf
e, =u,sin(f — 2mn/3) (1)
e, =u,sin(@ + 2m/3)

A w, AR ;0 A

T TSI, R AR e R AR
P, AN IR it A 4 b v BEL R I 1) S 38 S R
SR PRI A R HA A A R R 1E E . I
Hb AR 1 23 B vk 280 1 R K S8 2 R B
IS

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HUBLS RN, 55 51 4%, 4 6 31

Electric Machines & Control Application, Vol. 51, No. 6, 2024

59

B3 BREFRAEVERESREERFNELERR
Fig.3 Simplified circuit of homopolar inductor

alternator rectifier capacitor charging system
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Fig.4 The charging current, voltage, and power
curves of the entire charging process obtained
from circuit simulation, as well as the

corresponding intervals for each mode
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Fig.5 Schematic diagram of the current flow in the
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current and charging current in mode 1
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Fig.7 Circuit simulation waveforms of three-phase

current and charging current in mode 2
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Fig.8 Circuit simulation waveforms of three-phase

current and charging current in mode 3
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Tab.3 The comparison of circuit simulation results and

theoretical calculated values for 6,, u, A, ¥y

ot W TR A
BORE o Wi g e Wi T e

i E%E:{ﬁ A S ZI5 Wi IT 205 45 Rt
& (brfd) 6/ () /(%) TRAFZI e 20 AR
RN /(°) 2y /(°)
1 0.98 47.2 60 — 0
i 2 142 28.5 44.8 — 0
B 3 1.65 33.4 1.9 0.8 6.1
4 1.67 30.9 0 0 13.7
1 0.98 46.9 60 — 0
o2 1.42 282 446 — 0
w3 1.65 33.4 2.1 0.9 5.9
4 1.67 31.0 0 0 13.6

B9 EEX4=HBERMEBBRNBRHERE
Fig.9 Circuit simulation waveforms of three-phase

current and charging current in mode 4
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Tab.4 The comparison of circuit simulation results and

theoretical calculated values of critical voltage values

S PO AR IESAHEEe T AE
M 12 20 12929 u, 1292 6 u,
BiZS 2 703 2 1] 1.644 5 u,, 1.644 8 u,
FZS 3 04 22 1] 1.658 5 u,, 1.658 9 u,
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TLITE 70 H L R A 9 H i RO, g 7 (3
W45 TR BUZE R X EL 80 10 SR B A% =R
esv 453, T AL BN B R RS 1 Y
B HL SRR E, MRS 3 RS 4 1Y v i AH HU A
A VAEE /N, UL H A BRI A 3 B 4
B HL S B RS . I ELBL RS, 0 M 75 T
LIS 5 IR (ELAE 2 , DR AN RE DN 75 AR 3 48t
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E10 oAy EBEBENXR
Fig. 10 The relationship between 6,, u, A, v and

capacitor voltage

11 FTRAR.BEMRIEEENEEBGEREITT
Fig. 11 The comparison of experimental and simulation

waveforms of charging current and voltage
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BOB AT 11 iR . DFEHLHL IR Fe i HL R
MR ISEIE AT LA Y, 2 FL 25 FL 35 51 4 000 V
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RS 1T RIS 2 B =R F 9 1 36 I % n 14
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DB B s T AR Ao RS 1(r e [0.012,
0.013]) FIfA 2(1 e [0.035, 0.036]) T, A FHH
TR IE A B BT e an il 13 s, A
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B 12 #3551 MRS 2 (=R R
Fig.12 The experimental waveforms of three phase

currents of mode 1 and mode 2

B 13 1R 2 30 A SRR R E R

Fig. 13 The comparison of experimental and simulation

waveforms of A phase currents of mode 1 and mode 2

B 14 BSEEGELERMREERIE
Fig. 14 The comparison of experimental and simulation

waveforms of charging current and voltage
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Tab.5 The comparison of the experimental results with

the theoretical calculated values for , and u (°)
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6, B 64 66
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Based on the discharge inductance model, the
transient characteristics of capacitive rectifier system
of pulsed homopolar inductor alternator are analyzed
in this paper, the critical voltage between modes and
the formulas for calculating commutation delay angle
and overlap angle are derived, and a transient model
is established, as shown in Eq.1.

_ 3ﬁ . ™
Uy, = Uy, = —Uu,sin| G, +—| -
g ( 3 )

3w -

7Ls [id(' + id(: l 0y id(:] - 2Lspl - Zr. id(: (1>
™

o de s

The accuracy of the theoretical calculation is

verified by valve-to-valve circuit simulation and
experimental results. The function of each mode to the
charging process is expounded at the paper, and the
equivalent form of circuit is analyzed, and reveals the
design principle of the charge voltage and the motor
electromotive force (EMF') ; the circuit can be seen as
a form of charging a capacitor by serially connecting a
DC source with an equivalent commutation reactance
and an equivalent transient commutation inductance;
mode 1 and mode 2 play a major role in the whole
charging process; the reasonable charge voltage should
be between 1.3 times and 1.5 times the amplitude of the
generator's phase EMF.

The relationship between 6,, w, A, y and
capacitor voltage is shown in Fig.1 ( capacitor voltage
is per unit value, and the base value is amplitude of
motor’ s phase EMF ). The comparison between

simulation results of transient model and

experimental results is shown in Fig.2. And the

experimental results coincide with the transient-

model simulation results.

Tab. 1 The comparison of experimental results and
theoretical calculated values for commutation
delay angle and overlap angle (°)
Mode Experiment Calculation
1 64 66
bo
2 31 29
1 60 60
K 2 45 46

Fig.1 The relationship between 6,, u, A, v and

capacitor voltage

Fig.2 The comparison between transient-model

simulation results and experimental results
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