ECE 320 - Homework #6

DC to AC Converters, SCR's. Due Monday, February 29th

DC to AC Converters

1) Design an H-Bridge to drive an 8-Ohms speaker forward and back.
Input:

» 5VDC, capable of driving 3A (i.e. DC power supply on lab bench)
- 0V /5V TTL signals capable of driving 25mA (i.e. switches on the CADET boards)

Output: 8 Ohm Speaker
Relationship: You should be able to apply +5V, -5V, or 0V across the speaker by adjusting the switches

Let I(on) = 100mA (3904 transistors are limited to 200mA)
R (w) _ 460

100mA

Add a 38 Ohm resistor in series with the speaker to give 46 Ohms total. The base resistor is then
Bl > 1. =100mA
I, > 1mA

Let

lp =2mMA
Rp = (M) =2150Q

2mA

2) Check youd design in PartSim (three tests: 0V, 5V, -5V)

T || A | ek gy | SEA A Redil
|
R2 R1 0
500 4k s.nuvﬁ> (‘—‘I\ 130y 4k
a3 \D) A/ oy

20DA1201Y 20p1201Y
R¢

67814 it a0
madesd | [insea 0 AaaT

+5V+5V

R3 2N3904BU 2NB904BU

RS
1 a2 -
1K gy :I\ e +| [EoEss
3 A =
T8 fia-av]

-5V Across the Speaker (50 Ohm resistor)



Ty, ™ — —

0V Across the Speaker (50 Ohm resistor)

B.00
R2 R1
] 4K 4.29\1/; (m & i) 4K >0
a3 d./m
2DA12q1Y 2ph1201Y
R4
o o 0291V |
F33e-3A | 0.07e-3A ——  AMNT ]
+| ™ ] o
— — [1.05e-34
2N3904BU 2N5904BU
R3 RS
& 19%é-ﬂ> P ak +]
M A/ sy
+5V across the speaker (50 Ohm resistor)
VA & @ Search Parts m
B.004
R2 R1
5.00Y 4k s.uuv/p N O\ B0 4k .00
I d
03 o}
2DA1291Y 2ph1201Y
R4
77 Te- 50 |
HE3e-124 | H.08e-3 — AN
+ 5v + 5V
— = F.0%e-34
2N3904BU 2NB904BU
R3 RS
MA- ”‘5%§W> EEEEEATRL L
M 1/ eaav




3) Assume the H-bridge is to be used to drive an AC motor (BLDC, AC Synchronous, AC Induction
motor).

3a) Explain how you convert a DC power supply into an AC voltage

Alternate between +5V / 0V / -5V to create an approximation to a sine wave

3b) Explain how you adjust the speed of the AC motor

change the frequency of the AC waveform. Frequency = speed for AC motors

3c¢) Specify the AC waveform you would send to the motor at 10Hz

-->t = [0:0.001:1]";
-->y = 4.6*(t>1/6).*(t<1/2) - 4.6*(t>4/6);
-—>plot(t,y)

-->xlabel ("Time (normalized)");
-—>ylabel ("Vmotor (Volts)");
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3d) Calculate the efficiency of your DC to AC converter (MATLAB helps here)

Compute the 1st term of the Fourier Series (the component of y(t) at the 1st harmonic)

-—>al = sum(y -* sin(@*%pi*t) / sum( (sin(2*%pi*t)).-"2))
4.3953242

-->bl = sum(y .* cos(2*%pi*t) / sum( (cos(2*%pi*t))."2))
- 2.5295233

-—>yl = al*sin(@*%pi*t) + bl*cos(*%pi*t);
-—>plot(t,y,t,yl)



The efficiency is the ratio of the energy in the 1st harmonic vs. the whole waveform:
-—>Pout = mean(yl.72)

12.852228

-->Pin = mean(y .» 2)
14.09962

-—>eff = Pout / Pin

0.9115301

This DC to AC converter is 91% efficient
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SCR: ACto DC Converter

4) Design a full-wave AC to DC converter using diodes and SCRs.

Input: 12V peak, 60Hz, AC signal capable of driving 1A (i.e. AC wall transformer room 235 / 237)
Output: 5V DC signal, capable of driving 100mA

Tolerance: Output ripple < 100mVpp @ 100mA

The signal at the load is

5=1 ™" 10.6sin(tt

;
(%)
()
(%) = 20050
0=42.19°

(—cos(t))5™

cos(0) — cos(m + 0)

-—>t
-—>y

-->plot([t; t+1],[y; yD
-->xgrid(4)
-->plot(t,mean(y),"r")

[0:0.001:1]";
10.6*sin(%pi*t + 42_.19*%pi/180);
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The output is 5V @ 100mA
Rload = 50 Ohms



For a ripple of 200mVpp
Input ripple = 17.71Vpp

-->V1pp = max(y) - min(y)
17.71886

100mV,, = (5—0) 17.71V,p

50+l
50 + jooL| = 885902
502 + (wL)? = 88592

oL = 88590
w=2-377 (120 Hz)
L=11.74H

PartSim Check (Firing Angle = 0 degrees)

L1
11.74H

1044004
144004 D3
D1

SINE (0 12.0 60hz 0.5 0.0)

144004 14004
D2 D4

A A

50

5




Unnamed Project Simulation Legend nfo| =

Partiim Simulation Client

Riple = 70mV ( 100mV expected )

Note: The peak-to-peak ripple is slightly off due to approximating the input ripple at 120Hz to be
17.18Vpp. This way you calculate the 1st harmonic is what we did for computing efficiency (i.e. Fourier
Trasnsforms). If you used Fourier transforms, you would get closer answers, for a lot more work.

Lab:
5. Build the H-bridge and verify your computations for problem 1.



