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Study on Decision of Digital Voltage-Current Control Parameters for a

High Accurate Switching Converter
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Fig.1 Switching converter.
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Table 1 Specifications and components of switching

converter.

(a) Input and output specifications

Rated input voltage AC 100V
Rated output voltage DC 15V
Output current DC 2 A max
Output voltage stability DC15V+0.1%
Output voltage ripple 50 mVp-p
(b) Components of converter

Input capacitor (Cjp) 220 uF
Switching transistor (Q) 2SK2370
Equivalent transistor resistance (rq) 0.1Q
Transformer winding ratio (n) 94/32
Transformer primary resistance (r:1) | 0.262Q

Transformer secondary resistance (r;2) | 0.035Q

Diode (D1, 2) YG911S2R
Equivalent diode resistance (rq) 0.05Q
Filter reactor (L) 1.2mH
Filter reactor resistance (rr) 0.165%2
Filter capacitor (Cy) 330 uFx2
Parasitic resistance of Cy (ESR) (r.) | 0.05/2Q
Current detection resistor (Ry) 0.5Q

Load (R) 7.5Q

(c) Hardware sepecifications of digital controller
Processor TMS320F2808
Processor clock 100 MHz
Analog to digital converter 12 bit
Analog input voltage 3V
Sampling frequency 48 kHz
Switching frequency 48 kHz
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Fig.2 Equivalent circuit of switching converter.
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Fig.3 Block diagram of switching converter and
closed loop.
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Fig.4 Block diagram of voltage control.

000000D000000000000000000
0000000D00000000000000000
000000000000000000000000
00000D00000000000 Gu(s)=100
0000000000000000000000 AV,
00000000000 AV,0000000000
0 (13)00 400000000000000 Ga(s)
0000D0D000000000 Gu(s)0000 (18)
0Gi(s)00000000000000000000
00000000 AV, 00000G.(s) = AV,/AV.
0000000000 AV, 00000 AXODOOO
0000000 AD,00 (19)00000

AD, = b;AX + by WyiGen(s)AVe (19)

0 (1900 (3) 0000000000 (2000000
ooooo

AX@):@I—A—BU&@‘%BA%@)
0A (20)
+Blvl-bwwmcw(S)AVE(SH@XAR(S)}

0 (200000000000 AV, 0000000
0AV,00000 G.(s) 0000000 (21) 00
000000000000000000000000
Gw(s)00000000000000

_ AVO(S) _ Qvai(S + a'u)

Ch@yfA%@),Gw@%%Hw@+€%)

(21)

000 Gir(s)=1000000000000ODOODO
0000000000000 00000000 Gur(s)
00 (22)0000000D0DO0O0DOO0ODOOOO
gbooooboooo

_ AVo(s) s+ do
Guor(s) = AVy(s) T2 4 e1s+ e
_ Qvai _
Nv = Cf dO = Qv (22)
e = 1 + Qvai e = Qvaiav
'"“CRT 0 T TG

0(22)00000000000DOO0OOODOOOO

1304

0000000000000 00000 Gur(s)=1
gboboobooooboobobooboooboooboaoon
gboobooooooog

4. 0DOODOODO

3.0000000000000000000000
000000000000000000000000
000000000000000000000000
00000000002.0000000000000
000000000000QOD000000000
00000@U0ODO0000000000000000
0000000000000000000000000
4.1 00000000D00OO00DO0OOO0
dOO000000D000000000000000
0 (12) 000000000 (14000000000
000000000000000000000000
0000000000000000000000 (13)
000000000000000000000000
ooo

@0O000D0000000 (12)00000000
AV;000000000000000000000
000 1(x) 0000000000000 C,p 000
00V, 0O0OODO000O0000000000 20
000000000000000000000000
(23) 0000000000000000000000
0000000000000000

AV; = 1.279sin(wt) + 0.325sin(2wt)
+0.0833sin(3wt) + 0.016sin(dwt) (23)

0(23)00000000 (12)00000 (8)0(9) 0
00000000000000000 KO0K,; OO
000 ¢t0+0000000000000MATLAB
00000000000000000000000
ti = 1/(Keai)Ot, = 1/(Kewa,) 00000000
000000000000000000000000
00000000000000000000 (8)0(9)
00000000 (24)0(25) 00007, 00000
00000 20.83us 0000

KO0; + Klﬁ:il
Gald) =T
(24)
KOz _ Kcz(asz+2) Kll _ Kci(aiTs_Q)

2 2



gooooooooooooOooOoOoOooOooOooOoOoOO0oOOOOoOOoOOOOOOODOOO

KOy, + K1,271
Geul(2) = —F— =5 —
(25)
K0,— Koo (a;Ts—i—?) Kl,— Koo (a;Ts—Q)

0000000000K,0K.,Ot0t,0 4000
000000D000000000000000000
000000000000 K,OK,eOt; 000 [10]0
00000D000000000D000000000
00000 5(a)0d()0(c)0000()0 0t 0
05ms 00000K.0Ke 01002000000
00000000(b) 0O K. O 306, 0 0.5ms000
00K, 01002000000 0100 2ms00
00000000000(c) 0 Key O 304, 0 0.5ms
00000K, DO 100200000¢ 00100 2ms
000000000000000000000000
000005mVO000000000000000
0000000000

@0000000000000000000000
0000000000000000000000000
0000000000000000000O0PWMOO
0000 050000000000 PWMOODOOO
000000000000000000000000
00000000000003.20000000000
000000000000000000000000
000000000 10%000R, =8.33Q (1L.8A)D
R,=75Q(2.0A) 00000000000
0000D0D0D0000000D000000000
000D000000D00000000000000
00000000000D000000000 Ke O
t,0000000000000000000000
00 [10)00000K, 03040 05ms00000
K. 0 100200000¢ 00100 2ms000
00000000 5(d)0000

0000 (12)0(14) 0000000 1(b)0000
Vo=V,=15V0OI, = I, =2A0F, = H, = V./V,0
F, = H; = V./I,LOW,; = Dy/V.0W,; = I,/V.0
Vi=43VOV,=24VO D, =042000000
4.2 000000000O0O0O0OO

01(a) 00000 1(b)00000000000
0000 1(¢)00000000000000000
0004.10000000000000000000
000000 (24)0(25) 00 (26)0(27) 00000
000000000000000DSPOOOOOO
000000UDOO0OO00ODEOODOOODOOOOnR

Output ripple voltage(mV)

Voltage Proportional Gain Current Proportional Gain

(a) Voltage ripple for proportional gain of voltage
and current controllers

g g

g

Output ripple voltage(mV)

Voltage Proportional Gain " Current Integral Time(msec)

(b) Voltage ripple for proportional gain of voltage
controller and integral time of current controller

Output ripple voltage(mV)

10" -
Current Proportional Gain Current Integral Time(msec)

(c) Voltage ripple for proportional gain and integral
time of current controller

Transient Fluctuation Voltage(mv)

Voltage Proportional Gain

Voltage Integral Time(msec)

(d) Output transient fluctuation voltage for load
disturbance

05 ODO0O0O0OO0O0OOCOOOCOOOOOODOOOOCOO
gooboooooo
Fig.5 Simulation results of output characteristics for
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Table 2 Output voltage stability for input voltage
and load disturbance.

Output voltage
15.006 V (max) 15.003V (min)

Stability
0.03% |
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Fig.7 Relation between bandwidth of voltage-
current closed loop and output characteristics.
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Table 3 Calculation of parameters using partial
reference model matching.

Controller | Band | Natural Pro- Integral
width | frequency | portional time
(Hz) (Hz) gain (ms)
Current 2500 1007 1.684 0.187
Voltage 500 201 12.55 0.126

Phase (deg)

Frequency (rad/sec)

(a) Current control

== Reference Model
— Closed loop

Phase (deg)

Frequency (rad/sec)

(b) Voltage control
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Fig.8 Bode diagrams of voltage-current control.
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Fig.9 Bode diagram of closed loops.
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Fig.10 Comparison between voltage control and
voltage-current control.
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Table 4 Output characteristics.

Input Output
Load 0% Load 50% Load 100%
Volt. | Volt. Ripple | Volt. Ripple | Volt. Ripple
M | M @) | V) | mV)] (V) | (mV)

90 15.005 14 15.004 19 15.004 21

100 | 15.005 14 15.005 18 15.004 20

110 | 15.006 14 15.005 18 15.004 19
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