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ABSTRACT

In this thesis shows the details of the single phase to three phase converter circuit.
The converter consists of two rectifier circuits which are used to change ac current to dc
current and uses pulse width modulate signal to control two power transistors in order to
make three phase voltage output .

The thesis also illustrates the experiment output compared to the output simulated by
Pspice which we can see that it has the same results. The load which is tested in this thesis is
the three phase motor. In the experiment, the single to three phase converter can drive the

three phase motor in a balance three phase current condition.
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VYARATENIN x1
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On=Not On
/// NO OffAngle[P]=x3
<athayy on n3eq i ~>———»! Width[P]=OffAngle-OnAngle
\\ S _ Freq[P]=2/Width[P]
1YES i
Print
P=P+1 P,OnAngle[P),Off
OnAngle[P}=x3 Angle[P], Width{P],
Freq[P)
e ]
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[ k=k+1 |
s S
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Y YES
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END
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= 1/o70 | () Cos 10 0
0,
2‘J'l$+91
= Yo7t (0) Sin 16 | )
6,
0, 0, 0, 27040,
1t (Sino® |-sinoB | 4. 48000 | - sinnB I
0, 0, 0,., 0.,
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n=1
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SumA=0, SumB=0

n=n+1

SumA =

SumA =
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p=p+1
v
P

(1) Sin nB+sumA
p
p+1
(-1) CosnO +sumB

-
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B, = (2/nn)x SumB
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/ Print n,Cn /
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program two_level Natural_ PWM_Hamonic_Analysis;

Uses Printer,Crt;
Var N,I1,J,P,H :integer;
X1,X2,X3,22,22,23,¥1,Y2,Y3,K,T,M,A,
SumA, SumB, An, Bn :real;
Oon :boolean;
Answer, kbd . :char;
On_Angle,OffAngle,Width, Freq,Cn,Angle:array[1..12,1..100) of real;
Pulse oo :array(1..12] of integex;
Const Pi=3.141592654;
MinMode=1;
MaxMode=10;
Error=0.0001;
MaxHarmonicOrder=50;

Function NegOne (K:Real) :Real;
Begin If X/2=int (X/2) then NegOne:=1
: else NegOne:=-1

End;

Function Tri(M,X,K,T:Real):Real;

Begin Tri:=NegOne (K+1) *M* (X-K*T/2) +NegOne (K) ;

End;

Function Sgn(a,b:Real) :Real;

Begin If a<>b then Sgn:=(a-b)/Abs(a-b) else Sgn:=0

Engd;

( '::nuaMain Programanss:n======s=sss::-s:sza:te::sa::s=========== zxesx==Y )

Begin
Cltscy;
Writeln(’2 Level Natural PWM Switching Angle’);
Write(’FPrequency Ratio = ‘) ;Readln(N);

(*--ew- Calculate switching Angle---c-cc-cccmccmmemmccmca e il
For J:=MinMode to MaxMode do

Begin
Writeln(’Modulation ratio = ‘,j*0.1:3:1);
For I:=1 to 65 do write(’-');writeln;
Writeln(‘’Pulse No. On Angle Off Angle Pulse Width Freguency’)
For I:=1 to 65 do Write(’-’);writeln;
A:=J*%0.1;
T:=2*Pi/N; M:=4/T;
K:=0; P:=0;
On:=False;

Repeat X1:=K*T/2; X2:=X1+T/2;
Y1:=Tri(M,X1,K,T); Z21:=SIN(X1)*A;
Y2:=Tri(M,X2,K,T); 22:x=SIN(X2)*A;
1f(Sgn(¥l,Z1)=5gn(Y¥2,22)) and (A>1) then K:=K+1 else

Begin
Repeat X3:=(X1+X2)/2;

Y1:=Tri(M,X1,K,T); 2Z1:=SIN(X1)*A;

¥Y2:=Tri(M,X2,K,T); Z2:=SIN(X2)*A;

¥3:=Tri(M,X3,K,T); 23:=SIN(X3)*A;

If Sgn(¥1,21) = Sgn(Y¥3,23) then X1:=X3

else X2:=X3;
Until Abs(X1-X2) < Error;
On:=Not On; P
If On Then Begin P:=P+1;
On-Angle[J, P] : = (X1+X2) /2;
End -
else Begin OffAngle [J,P) :=(X1+X2)/2;
Width([J,P) :=0ffAngle{J,P) -On_Angle|(J,P]};
Freq[J,P) :=(2*Pi/Width|[J,P));
Writeln(P:4,0n_Angle[J,P}:16:4,
OffAnglelJ,P}:12:4,Width{J,P):12:4,
Freg(J,P):13:4);
Eng;
End;



€s K:=K+1;

6€ Until K > 2*N-1;

67 PulseJ]} :=P;

68 For I:=1 to 65 do Write(’_’);Writeln;

69 End;

70 (*----- Calculate Hamonic-=-------ccc-ccemrromueccoemcacrraccccccecaccncne- *)
71 For J:=MinMode to MaxMode do

72 For P:=1 to PulselJ] do

73 Begin Angle{J,2*P-1}:=0n_AnglelJ,P);

74 Angle[J,2*P] :=OffAngle(J,P]; End;

75 Writeln;Writeln;

76 Writeln(‘Harmonic Content of 2 Level Natural PWM Inverter’);
77 Writeln(’Frequency Ratio = ‘' ,N);

78 For I:=1 to 79 do Write(’-');Writeln;

79 Write(’K’':5);

80 For I:=MaxMode downto MinMode do Write(1/10:7:1);Writeln;

81 Por I:=1 to 79 do Write(’'-‘);Writeln; ’

82 Writeln(’Harmonic’);

83 For I:=1 to MaxHarmonicOrder do

84 Begin

8s For J:=MaxMode downto MinMode do

86 Begin

87 P:=0; SumA:=0; SumB:=0;

g8 Repeat

89 P:=P+l;

9D SumA:=SumA+NegOne (P) *Sin(I*Angle[J,P]};

91 SumB: =SumB+NegOne (P+1) *Cos (I*Angle [J,P)) ;

92 Until P=Pulse(J)*2;

93 An:=2/(I*Pi)*Sumi;

94 Bn:=2/(I*Pi)*SumB;

95 cn{J, 1] :=Sgrt (An*An+Bn*Bn) *100;

96 End;

97 Write(I:5);

S8 For J:=MaxMode downto MinMode do write(Cn[J,I]:7:1);writeln;
59 Eng;

100 For I:=1 to 79 do Write(’'-’);writeln;

101 (f--reccerrmccraccmercee e e e e s e s e e e~ +)
102 (*printing®*)

103 For I:=1 to 4 do writeln;

104 Write(’Print to printer Y/N ‘);

105 Repeat Read (kbd,Answer);

106 Until Answer in ['N’,’'n’,'Y’',’y’]);

107 If Answer in [‘Y’,‘y’lthen -
108 Begin

109 For 1:=1 to 4 do write(lst,#18);"

110 Writeln(lst,’ ‘:10, 'Harmonic.Content of 2 Level Natural PWM Inveter’);
111 Writeln(lst,’ ’:10,Frequency Ratio= ‘,N);

112 Write(lst,#15); 9) <

113 Write(lst,’ ‘:10); For I:=1 to 79 do write(lst,’-’);writeln(lst);
114 Write(lst,’ ':10,°K’:2);

115 For I:=MaxMode downto MinMode do Write(lst,I/10:6:1);writeln(lst);
116 Write(lst,’ -*:10);For I:=1 to 79 do write(lst,’-’');writeln(lst);
117 Writeln(lst,’ ‘:10, ‘Harmonic’);

118 For I:=1 to MaxHarmbnicOrder do

119 begin -

120 Write{lst,’ ‘:10,1:2);

121 For J:=MaxMode downto MinMode do Write(lst,Cn([J,I1):6:1);
122 Writeln(lst);

123 end;

124 Write(lst,’ ‘:10);

125 For H:=1 to 79 do write(lst,’-’);writeln(lst);

126 Write(lst,#18);

27 End;

128 End.
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Frequency Ratio= 20
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Harmonic Content of 2 Level Natural PWM Invetéer

Fregquency Ratio= 30

.2

K - . - -——--- -

Harmonic

0

.4

.5

o
(]
~
o
o
o
o
o
™M
o
o
<
o
o
n
o
o
0
(=]

.

©
=~

Ooooo00000000000000000000040504000000000000000000
© 0 66586655656055650000000000Wa00aaaaagaae e e aa ey
i
Secaccoclogse922229e999902wan0ws00000000000000000
00000oo000000000000000000010%01000000000000000000

~
0000000000000000000000000050405000000000000000000
0000000000000000000000000030003000000000000000000
N
[

0oooo00000000000000000001010101000000000000000000
o“0“0.0.o..mo.0.0.&0.0.0“o.o.o“nwmmmoﬂmo.o.mm&o“&o.s.o.mmmmo.ono.o.o.o.o.o.o.o.o.n“nﬂ
A
0000000000000000000000001030403010000000000000000.
o.mm.mo.o.o.o.o.mmo.nﬂouo.o.nwo.o.o.o.o.mo.nmo.S.o.&maho”o.o.o.o.o.mo.o.mo.o..o.nmo.o.o.n..
=
©0C00E8666660006660060000066060M0amaaaGdc e aaaaa?
~ w (=]
Ooooo00000000000000000005040704050000000000000000
mo.o.o.a.mo.mmmo.mo.o.o.mo.o.o.o.e.mo.o.mmn.o.mmo.mo.o.o.mo.o.o.nno.nho.mo.o.o.nﬁo.m

coocococococococoocooo

L3 )
AN 3 uaawamsiw M 1dsunsy 1o N=30



Harmonic Content of 2 Level Natural PWM Inveter

Frequency Ratio= 40
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Harmonic Content of 2 Level Natural PWM Inveter

Frequency Ratio= 50
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Fuji Base Driver Module (lybrid IC) EXB357

* sgpeclal features .

Includes opto-coupler; input and dutput are isolated

electrically. (2500 vac/lmin) .
iB2 = 3.4 A)

1C has high output curcent. (1Bl = 1.3 A
Drives high dv/dt (4000 v/us)

Short switching time. (t stg ¢ 5.0 us)

cMOs and T1L drives are avallable.

* pApplications

Uriver for transistors such as transistor inverters.

39MAX : gHAX ' 8

| N ;

' y 10
EXD357 Eéi
34 ~

TN — ‘

0.5 L ' = .03 — 11

l’ 62 l A ' - | ‘
| ' 14 )
VSR

Pitch 2.54 (Unit: nmun) ( I 4.5)
Not used: 4.5

External View Circuit diagram



* Ratings and Characteristlics

Absolute maximum rating. (Ta = 25°C)

ltens Symbol Condition Rating [Units

Forward bias

supply-voltage vCC 11 v

Reverse bias

supply-voltage VEE -11 \

Input currvent i —
IIN 2.69 HIT)

Forward bias

output current IBlout|duty=0.5 0.15 A

Reverse Dblas : .

output current IB2out |PW=20us, f=5KHZ MAX 0.60 A

Power

dissipation PD Ta=55°C 0.7 W

Isoiation

voltage Vviso [AC50/6001Z, lmin 2500 v

‘Uﬁﬁfatxng ;

ambient Ta -10~55 °C

temperature

Surrace tempelra-

ture while T ~-10-B5 c

operating

Storage

temperature Tstg ~25~125 ‘C




Electrical characteristics. (Ta = 25°C)

Item Symbol Condition, Value ] Units
MIN TYP HAX

Turrtent lLimited

detecting Vs 5.0 - 1.2 \Y
lvoltage
|pelay time td - - 5.0 ps
Rise time tr ' - - 1.5 us
Storage time tsty - - 5.0 us
Teverse Dhias —dib2/

current descent dt 6.0 - - A us
rating

4qv7at capabllity| .

for in-put and [|dv/dt 4000 | - - |v/us
out-put

* Conditions

Case temperature. (rc) = -jo°c~85°C

Junction temperature of driving transistor
(tj) = -10~130°C

Driving wire length between bas
driven transistor module must be less

Ccut-off current must be less than 405 A.

VCcC = VEE = B.5 V *15%

. Q1 : 25D1157 RF: 0.75 0

Q2 : 2SB757 2 parallel RR: 0.99 il
Iiiput current of base drive module

. kj 100mA
SmA /

110

e drive circuit and
than 30 cm.




Application Circuit
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Iphase to 3phase Converter
***Main Suppy

V1 70 SIN(0 311 50)

VEX2 12 0 SIN(0 311 50 0 0 120)
REX 120 10K

VEX3 13 0 SIN(0 311 50 0 0 240)
REX3 13 0 10K

D1 10 8 DIODE

D2 910DIODE

L 7100.87m

C1 8 0333.33U

C2 09333.33U

ST1 81140 SNAME

ST2 11960 SNAME

MODEL SNAME VSWITCH(RON=0.5 ROFF =10E6 VON=0.7 VOFF=0)
.MODEL DIODE D

** TRANSISTOR CONTROL PART
V+ 3 0 PULSE (0 10 0.0005 1N IN 0.00051)
V-01 SIN(5 550 00 60)
R1121K

R223 1K

R324 1K

R445 1K

R556 1K

X12 040 OPAMP

X2 506 0 OPAMP

.SUBCKT OPAMP 1234

RIN 12 2MEG

ROUT 5375

ENDS

.TRAN 0.01 0.04

PROBE

OPTIONS ITL5=2000 ITL4=15
.END
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