DC Choppers

PRINCIPLE OF STEP-DOWN OPERATION
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Figure 7-1 Step-down chopper with resistive load.
The average output voltage is given by

1 n r
v, = ?L v, dt = ?ﬂvj = f,V, = kV,

The rms value of output voltage is found from
172

1 kT
v, (T JO v} dr) Vk V,

Assuming a lossless chopper, the input power to the chopper is the same as the
output power and is given by

1 [e 1 FT % V2
== dr = = | 2dt = k=2 7-3
P TL Vol dt T o Rdr kR (7-3)
The effective input resistance seen by the source is
V V, R
'Rf = -3 = —— = —
I, kVJR k

Example 7-1

The de chopper in Fig. 7-1a has a resistive load of R = 10 ) and the input voltage
is V, = 220 V.  When the chopper switch remains on, its voltage drop is v, = 2V
and the chopping frequency is f = 1 kHz. If the duty cycle is 50%, determine the
(a) average output voltage, V,; (b) rms output voltage, V,; (c) chopper efficiency; (d)
effective input resistance of the chopper, R,; and (e) rms value of the fundamental
component of output harmonic voltage.



Solution V, =220V, k =0.5R=10Q,and v, = 2 V.
(a) From Eq. (7-1), V, = 0.5 x (220 — 2) = 109 V.
(b) From Eq. (7-2), V, = V0.5 x (220 — 2) = 154.15 V.
(c) The output power can be found from

_IJ"""@,% N R A L A A S &

Fo=%), =71, R U=k
(220 — 2)2

S5 x 10

The input power to the chopper can be found from

kT kT — _
Po=| Vide- %f ViV = va) g, g VelVs = va)
1]

=0 = 2376.2 W

T R R
= 0.5 x 220 x 2201[; 2 - 2308 W
The chopper efficiency is
P, 23762
E = 5308 99.09%

(d) From Eq. (7-4), R, = 10/0.5 = 20 Q.
(e) The output voltage as shown in Fig. 7-1b can be expressed in a Fourier series
as

V = ) V pral
vo(t) = KV, + 2 > sin2nwk cos 2nmft + — 2 (1 - cos2nwk)sin2nmft  (7-7)
n=1 n=1

The fundamental component (for n = 1) of output voltage harmonic can be determined
from Eq. (7-7) as

vty = v, [sin 27k cos 2mft + (1 — cos 2mk) sin 2mft]
T (7-8)
220 x 2

™

and its rms value is V|, = 140.06/\/2 = 99.04 V.

sin (27 X 1000) = 140.06 sin (6283.2¢)

Note. The efficiency calculation, which includes the conduction loss of the chopper,
does not take into account the switching loss due to turn-on and turn-off of the chopper.
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Figure 7-3 Equilvalent circuits and waveforms for RL. loads.
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Figure 77 Buck regulator.

the average output voltage

V, = kV,
The switching period T can be expressed as
T—l—r+t— Al L +AIL_ Al LV,
f ! 2 Vs o Va Va Va(Vs o Vﬂ)
which gives the peak-to-peak ripple current as
Va(Vs — Va)
Al = ——2——22
fLV
or
Al = V.k(1 — k)

fL



The average capacitor current, which flows for 1,/2 + /2 = T/2, is

172
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Example 7-4

The buck regulator in Fig. 7-7a has an input voltage of V, = 12'V. The required
average output voltage is V, = 5V and the peak-to-peak output voltage is 20 mV.
The switching frequency is 25 kHz. If the peak-to-peak ripple current of inductor is
limited to 0.8 A, determine the (a) duty eycle, &; (b) filter inductance, L; and (c)
filter capacitor, C.

Solution V. = 12V, AV, = 20mV, Al = 0.8 A,f = 25kHz,and V, = 5 V.

(2) From Eq. (7-34), V, = kV,and k = V,/V, = 5/12 = 0.4167.
(b) From Eq. (7-37),
5(12 — %)

L= 08 x50 x 12~ 1ol

(c) From Eq. (7-39),

0.8 _
C=gx =107 x B0 0w
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Figure 7-4 Arrangement for step-up operation.



peak-to-peak ripple current in the inductor as

AI=%’¢,

The instantaneous output voltage is
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Al is the peak-to-peak ripple current of inductor L

Al = Vit _ Ve — Voo, _ Vs(Va _ V5)= VSk
L L fLv, fL
the average input current is
1,
L=1"%
the average output voltage
Vs
VesT%

The switching period T can be found from

1 _ML ML _ ALY,
= } = I1 + t?. - Vg Va — Vs Vs(va — Vs)

the peak-to-peak ripple voltage of the capacitor is
_ Ia(Va _ Vs) . Iak
O VfC fC

AV,

Example 7-5

A buck regulator in Fig. 7-8a has an input voltage of V, = 5V. The average output
voltage, V, = 15 V and the average load current, I, = 0.5 A. The switching frequency
is 25 kHz. If L = 150 uH and C = 220 uF, determine the (a) duty cycle, k; (b)
ripple current of inductor, Al; (c) peak current of inductor, 7,; and (d) ripple voltage

of filter capacitor, V..

Solution V. =5V, V, =15V, f=25kHz, L = 150 pH, and C = 220 pF.
(a) From Eq. (7-46), 15 = 5/(1 — k) or k = 2/3 = 0.6667 = 66.67%.

(b) From Eq. (7-49),

5 % (15 — 5)

AL = 25.000 x 150 x 10 ¢ x 15

= 0.89 A

(c) From Eq. (7-47), I, = 0.5/(1 — 0.667) = 1.5 A and peak inductor current,

12=1,+’}‘—I= 15+ 98 a5 A
2 2
(d) From Eq. (7-53),
0.5 x 0.6667

ave = 25.000 x 220 x 10-¢

= 60.61 mV
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_ LV, Lk
(Vo = VJIC = fC

Example 7-6

AV.

The buck-boost regulator in Fig. 7-9a has an input voltage of V, = 12 V. The duty
cycle, k = 0.25 and the switching frequency is 25 kHz. The inductance, L = 150
wH and filter capacitance, C = 220 pF. The average load current, I, = 1.25 A.
Determine the (a) average output voltage, V,; (b) peak-to-peak output voltage ripple,
AV,: (c) peak-to-peak ripple current of inductor, Al; and (d) peak current of the
transistor, I,.

Solution V, = 12V, k = 025, I, = 1.25 A, f = 25 kHz, L = 150 pH, and
C = 220 uF.

(a) From Eq. (7-58), V, = —12 x 0.25/(1 - 0.25) = —4V.

(b) From Eq. (7-65), the peak-to-peak output ripple voltage is

1.25 x 0.25
Av. = 25,000 x 220 x 10°°

= 56.8 mV

(c) From Eq. (7-62), the peak-to-peak inductor ripple is

N 12 x 0.25
~ 25,000 x 150 x 10-¢

(d) From Eq. (7-59), I, = 1.25 X 0.25/(1 — 0.25) = 0.4167 A. Since [ is the
average of duration kT, the peak-to-peak current of the transistor,
I Al 0.4167 0.8

IP=E+2” 0.25 + = 2.067 A

Al =08A




