MSETEE 2017 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 81 (2017) 012176 doi:10.1088/1755-1315/81/1/012176

Research on ripple rejection of DC power supply based on
dual pulse width modulation

Liu Xin, Liu Peiyi
92941 unit of the Chinese People’s Liberation Army.

Abstract: With the development of power electronics technology, how to improve the output
quality of DC power supply has become an important subject of recent scholars' research. This
paper put forward a new PWM control mode, the DC power supply output ripple is effectively
suppressed. The theoretical basis is given by the principle analysis. Finally, the accuracy of the
theoretical analysis is verified by simulation.

1. Introduction
With the development of power electronics technology, how to improve the output quality of DC
power supply has become an important subject of recent scholars' research. DC power output ripple is
too large mainly have the following effects: the capacitor load caused by resonance and harmonic
current amplification, resulting in the capacitor due to overload or over-voltage damage; so that some
electrical equipment, especially precision instruments and equipment work is not normal, or even
damage; resulting in energy measurement and other detection instrument error.

Buck circuit as a research object, put forward a new PWM control mode, the DC power supply
output ripple is effectively suppressed.

2. Principle of Dual Pulse Width Modulation
For the dual pulse width modulation scheme in Figure.1.
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Fig.1 Dual pulse modulation

From figurel we can see the first pulse on time is t,, the second pulse on time is t,, the time
interval between the two pulses is tc, and t,, th, t; satisfy the following relation:

t,=D,, xT

onl s
tc = DonZ ><Ts 1
Don = Donl + D0n2 ( )
tb = Dint ><Ts < (1_ Don )Ts
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Don1 is the duty cycle of the first pulse in the formula (1), Don; is the duty cycle of the second pulse,
Dinu is the ratio of the time between the two pulse intervals and the control signal period; here we
define 2 function H (n,D) and G (n, D)

H(n,D)= D°"2 (2)

onl

Dintl

O

G(n,D)= (3)

Where H (n,D) is the proportional coefficient of the duty cycle of the second pulse and the first
pulse in the switching period, and G (n, D) is the ratio of the two pulse interval to the duration of the
first pulse (1), (2) and (3) we can get the mathematical expression of Don1, Don2, Dina as formula(4):

Donl = Don
1+H(n,D)
_ H(n,D)xD,,
2" 14+H(n,D) ()
_ D,,xG(n,D)
™ 1+H(n,D)

onl

3. Application of Dual Pulse Width Modulation in Buck Circuit

3.1 Principle analysis
In order to further study the dual pulse width modulation mode, this paper uses Buck circuit as an
example to analyze the output current ripple;harmonics of Buck circuit in single pulse width and dual
pulse width modulation mode.

From one paper[1] we can obtain the single-pulse mode current ripple as follows, in the formula,
Vs is the input voltage size, Tsis the switching period, Don is the switch-ing cycle duty cycle, Fs is the .
switching frequency.

V.D, (1-D
Al gngie = %Son) (5)

Figure 6 is the working waveform of the circuit in the dual pulse width modulation mode; in the

figure, ta is the first pulse on time, t, is the two pulse time interval, t. is the second pulse on time, tq

is the second pulse With the time interval of the first pulse of the next cycle.
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Fig.2 Working principle diagram of double pulse modulation mode

From the principle of the buck circuit we can obtain the following formula:
Vs _Vo — Vs _Vo Vs _Vo

Ai,, = 3 t, L ont Ts = L—fs Do (6)
Al :\%tb :\% DT, :t’_; D,, )

.
iy, =YYy YaVop 7 VSL‘fSV° Dy (8)
Ai, = \%td = Vf D,.,T. = t/—f D, 9

.

The duty cycle of the two pulses in the dual pulse width modulation mode has the following
relationship with the duty cycle of the whole cycle:

Donl + on2 — Don (10)
The relationship between the interval and the ratio of the pulse is as follows:
Dintl + Dintz = Doff =1- Don (ll)

From Figure2 we can obtain the maximum value of the inductor current minimum expression
within the pulse width modulation period:
et = iL(O)+AiL1+
imins = Vimat —Ai
I =1, +Ai

ming = Vimaxe = Al =1,(0)

From Figure2we can see that, at that time, at that time;
In the following equation (2.3.14), we obtain the following inequality group:

H (12)

Lminl L2+
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D, D,,>D,,D

Lmax1> ILmaxZ' off ~onl on ~off 2

< D Dy < D, D

Lmax2? =off ~onl on —off 2
> | D,D,,>D,D (13)
Lminl Lmin2?* =off ~on2

on ~off 2
Lming < | D,D,,, <D,,D
From (12) and (13) we can conclude that the output current ripple expression of the circuit in the

Lmin2 ' ~off ~“on2 on ~off 2
dual pulse width modulation mode is:
I

|
I Lmax’
|
|

Lmaxl ILminZ;(ILmaxl > ILma><2' Lminl > ILm|n2)
-1 > |

-1 <1
-1 <

Substituting the constraints in (13) into equation (14) we can obtain the following formula:

VSLVOt :(Dyy D,y > D, Dy &&D; D,, > D,,Dyp)

off =onl on ~intl on ~int2

Lmaxl Lminl; (I Lmax1

Lmax2 Lminl; (I Lmax1 Lmax2? * Lminl < I mez)

I
H I max'|m|n<|m|n)
AILdual — | Lmax2 IL 1 Lmin2 (14)
I I

Lmax2 Lmin2? (I Lmax1 Lmax2? Lm|n1 Lmin2)

\%tb;(D D, > D,,Diyy & &Dy Dy, < Dy Diyr)

off =“onl on —int2 off =on2

Al (15)

L-dual —
Vs _Vo

t.;(Dy D, < D,,D,y, &&D,, D,,, < D,.D;,)

off =onl on —int2 off =“on

VerVoy Vo +VS_V°t'(D D,, <D,D,,&&D,D,,>D,D,,)

L a L b L c? off ~intl on ~int2 off =on

From (12) and (13) we can conclude the following formula:

VS _VO ta;(G(n’ D) Don > Doff &&Doff <G(n, D)Don)
L H(n, D)

Ve, (G(n D)
L ®"*H(n,D)
V, -V, G(n,D
c? ( off > ( )

L H(n,D)
Vs _Vo ta _\itb +Vs _Vo tc;(G(nv D)
L L L H(n,D)
And the single pulse modulation current ripple can be described as:

s on (1 D ) Vs _Vo Vo
Al L-single — Lfs = L (ta +tc) = T(tb +td) (17)

Comparing the formula (16) with the formula (17), it can be seen that the output current of the
circuit in the dual pulse width modulation mode regardless of the value of the function H (n, D) and G
(n,D) , the ripple of the dual-pulse modulation mode is less than the single-pulse modulation mode
output current ripple:

D,, >D, >G(n,D)D,,)

Al (16)

L-dual —

D,, &&D,, >G(n,D)D,,)

Don < Doff <G(n, D)Don)

AI L-single > AI L-dual (18)

3.2 Simulation Result
In order to verify the principle of the previous analysis, this paper uses MATLAB to use the dual
pulse width modulation mode Buck circuit simulation analysis, the specific simulation results shown
in Table 1.
Tablel Double pulse modulation mode current

. . . . Single
Ripplel | Ripple2 | Ripple 3 Ripple 4 Pulse
Simulation Current
Ripple(mA) 121 149 125 123 316
Experiment Current
Ripple(mA) 156 186 153 159 353
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Through the simulation results we can see that the use of dual pulse width modulation method can
effectively suppress the output current ripple to prove the accuracy of this analysis.

4. Conclusion

In this paper, Buck circuit is used as a model to propose a dual pulse width modulation method which
can suppress the output current ripple. The theoretical basis is given by the principle analysis. Finally,
the accuracy of the theoretical analysis is verified by simulation.
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