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A hierarchical design strategy for current—limiting resistors of single—phase

PWM rectifiers based on the error partition diagram
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Abstract: As the basic topological unit of the converter device, the single-phase voltage—type PWM rectifier
plays a crucial role in suppressing the starting inrush current. The traditional approximate solution has significant
errors in the design of current-limiting resistors due to the neglect of the transient process and the influence of the

initial phase angle of the power supply voltage. For this purpose, this paper establishes a per—unit value model of the
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starting current considering the transient process, and analyzes the coupling influence of the undamped natural
oscillation frequency (w, ) and the damping rate ({) on the maximum starting current within the variation range of
the initial phase angle [-1/2, /2 ]. By defining the relative error between the peak starting current and its steady—
state amplitude, the partition map of it varying with { and w,, is drawn for the first time. Based on this, a hierarchical
design strategy for current-limiting resistors is proposed: according to the positions of ({, w, ) in the figure, an
approximate solution is adopted in the applicable area; in risk areas and redundant areas, numerical iterative
algorithms can be initiated. Safety criteria design and multi-objective optimization design can be adopted
respectively. The former ensures current constraints, while the latter takes into account both rapidity and
smoothness. Simulation shows that the approximate solution error is less than 1.5% within the applicable area; in the
risk area and the redundant area, the approximate solution leads to a significant deviation in the current peak (the
error of the calculation example reaches 565.98% or 40.97%) , while the results of the design based on the safety
criterion and the multi-objective optimization design can both reduce the error to within 1.2%. Finally, the E series
standard resistors with tolerances of +1%, 5%, and +10% are used for adaptation analysis, which proved that this

strategy could achieve precise design and reliable selection of current-limiting resistors, providing a systematic

design basis for such engineering problems.
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Fig.1 Topology of single—phase voltage PWM rectifier
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Fig.11 Example 1 max starting current simulation waveform
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Tab.4 Example 2 calculation results

SR R ettt 2 Histifkit

RIQ 0.057 8 0.600 0 0.610 0

¢ 0.706 8 73344 7.456 6

- 6.659 8 0.991 1 0.988 0

@, Jrad 15177 1.550 1 1.5480
% 565.98 0.89 12
tyy/ms 2.1 15.8 16.2
al% 566.00 38.46 375
Zia MRt J 62.29 0.71 0.74

Fearp, VU RS B A HUR A A AR
1.517 7 rad, fe KJE sl ML iAs L {515 6.659 8, H 5
HA, 970 BB () AF KR 22 4 565.98% GIE KT 5%) , HLIfR
R I TR F) 566.00%. T2 4 M HE NI ) 1 31K LB
K Z0.600 0 Q, 5 KJESIHLAR X5 0.991 17 /2
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Tab.5 Example 3 calculation results

S8 R REWENET £ ARt
RIQ 0.7650 0.150 0 0.160 0
{ 0.632 8 0.124 1 0.132 4
. 0.4722 0.791 1 0.788 0
@, Jrad 0.780 7 0.629 9 0.6350
1% 40.97 1.11 1.20
Lyy/ms 25.3 8.5 9.0
ol% 40.98 80.51 78.31
Zia tEne bR J 4.89 1.04 1.05
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HL I PR, B TG e It KR 1L S 35 2R e ) o, 921 ()
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JA it 40.98% , R R G AL Tad BB IR A, S mm i g
PR S A P EE N BT F BB/ N 22 0.150 0 Q, 78
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552 8.5 ms; AR, R PEENY 2 80.51%, B ARG K
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PA 1 (78.31% ) Z MU Tk — 20 ) P .
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Fig.13 Example 3 max starting current simulation waveform
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Tab.6 Adaptation of current limiting resistor standard

value

B R/ REERH R R/% ¢ 0%
+1% 309  +098 3777 0.68
1 306 £5% 3.0 -200 3667  0.69
+10% 3.0 -200 3667  0.69
+1% 0.604 4070 738  0.92
2 0.60  =5% 062  +330 758  0.89
+10% 062  +330 758  0.89
+1% 0.15 0.00 012 LIl
3 0.15  =5% 0.15 0.00 012 LII
+10% 0.15 0.00 012 LIl

4 &k
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