
 1 

                  
                  
 
 
 
 
 
 
  

                      

AC-DC

SPWM DC-AC DDS

SPWM MAX197

 

 

 

                    

 

  1.  

  36V

20-100HZ 0.5V 0.5A-3A

36V 5% AC-DC-AC

SPWM

A/D  

 

  2.  

  1)  

  (1)  

 

 

 

 SPWM 

 

 

 

1  

SPWM

SPWM

 

SPWM

 

 

 



 2 

 

SPWM

 

(2)  

2 cT

Dt

 

 1 sin
2
c

r d
T a t  a

0 1a r  

c

r

fk
f cf rf

i  

20.5 0.5sini
ia

k
   0 i k              1-1  

1-1 ROM

k ROM

SPWM  

DDS  

 

0f  rf   

     

 

 

 

 

 

    3 DDS  

rf N

0

2n
rfN

f
n 0f

N

 

cf  

  N  



 3 

PWM
PWM

 
20HZ-100HZ 100HZ

0f SPWM

 

DDS  

 

 2)SPWM  

(1)  

cf rf k

PWM

1
4
 

(2)  

k PWM

k

cf cf

 

20HZ-100HZ

IM14400 IM14400 PWM

5KHZ-0.3MHZ k k
1
4

 PWM  

16.8KHZ k 168  
 

.  
  1.  

AC-DC

KBL406 89S52 FPGA SPWM

SPWM FPGA DDS



 4 

N  SPWM

LC

2m , I/V

AD620

36V

30V

MAX197

MAX197

PD

SPWM

DDS

 

 
2.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4   

 

 

 
 
 
 

 
 
 
 
                                      
 
 
 
 
 
 
 
 
                                      

 

 

 
 

 

 

 
  

 
 
 
 

 
 

 

 

MAX197 
 
 
 

 
89S52 

FPGA 

  

 
 

 



 5 

   1.SPWM  

   a
 

c rn k                                    3-1  

n 3 2 1 1,k m m =1 2……  

      n 6 1
6 1{ m

mk  6 1k m  m =0 2…… 6 1k m  m =1 2…  

(3-1) c

2c r 2 c r  

SPWM c 2 c

k c

r

=168 c r?

PWM

 

 

2.  

Y Y

pu

120o

lu  

3l pU U  

,p lU U  

36lU V 20.78pU V  

pi li Y

pi = li  

 

pP = cosp p zU I  



 6 

 ,p zI Y

 

3 3 cosp p p zP P U I  

  Y 0z

Y  

  3 p pP U I  

   Y

RAM RAM

pU pI   

  

2

1 2

N
i

refn
i

p

u R V
U

GN
                      3-2  

    

2

1 2

N
i

refn
i

p

i R V
I

GNr
                      3-3  

3-2 3-3 N G

iu RAM i ii RAM i

R A/D refV A/D r

 
 

3.  
SPWM SPWM

c SPWM

 

 

IM14400 IM14400 offT =0.9us onT 0.73us

IM14400 IM14400



 7 

SPWM
IM14400

3us SPWM 3us deadt

IM14400 gT  3us gT cT

cf 0.33MHZ IM14400 PWM cf 5KHZ

5KHZ cf 0.33MHZ  

cf dead

g

t
T

 

cf 16.8KHZ

168 840k  
 

.  

1.  

 

            5  

0C

AC-DC 1 2,C C

DC Out  N

0 1 2,C C

1 2,C C 1R 0R



 8 

1 2,C C

1k

sinu t A t

2
0

2 2sin
T

avr
AU A tdt

T

2
out

AU 1R 0R
2

2

2AP
R

R 1R 0R  

2.  



 9 

 
           6  

IM14400 SPWM
LC SPWM

IM14400 FPGA FPGA
3.3uF IM14400

LC SPWM



 10 

LC “SPWM

 

3.  

 
    
 

 LM741

30V 4V

LM311

FPGA  

4.  

 
    
 

Max197 Max197 SPWM
256 Max197



 11 

Max197
Max197 Max197

Max197 sf 512

20HZ-100HZ Max197

10240HZ sf 51200HZ (0, Hf )

m t 1
2s

H

T
f

m t

1
2H sf f  Hf 5120HZ

100HZ Hf 5120HZ  

1.8KHZ  
AD620

,0.5 3.5I A I A

2m , 1.4mV-10mV, 330

G gR 49.4 1
g

kG
R

, gR =150  

5.Max197  

 
          Max197  
Max197 8

12 1/2LSB
100ksps Max197

Max197 CH0 CH1
Max197

51.2ksps Max197  



 12 

 

6.SPWM  

 

.  

  1.  
     FPGA FPGA

LCD FPGA FPGA

 Max197 SPWM  

 Max197 Max197

A/D Max197  Max197

Max197

A/D

RAM 74LS245 256

A/D

256

A/D

SPWM Max197

DDS SPWM SPWM

PD  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

   1) SPWM  

 
 



 13 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

 0 85 

 

  

        

  

     

  

 

 

   20.78V  

 20.78V 20.78V 

 

 

 

 

  

 

 

 

 

 

   SPWM  

 

FPGA SPWM Max197 PD

SPWM

FPGA FPGA

N 0f  N

0 85

    171 

 

N  

 

 

256  
cf  

1 

 

0f  

1f  

 

2 

 

PWM
 

3 
 

PWM
 1f  1f  

SPWM SPWM SPWM 

256
 

256
 

cf  
cf  



 14 

171 256

cf

PWM  FPGA

PWM HW LW

HW + LW = 1

c

f
f

PWM 1f

PWM PWM
PWM PWM

PWM PWM

cf   

256 256 360o

256 85 170  

1
85 360 119.53
256

o o  

2
171 360 240.46
256

o o  

SPWM 120o 240o

0.54o  

 FPGA FPGA
FPGA

N  
 3 Max197

FPGA
20.78V SPWM

20.78V
20.78V 36V 36V

20.78V

120 1o o  

PD  
 
 
 
 
 



 15 

2  

 xf  

 
 
 
 

     0f  

 
                       

T1 T2
T1 T2

xf 0f xf C

 
T1 T2 T1 T2  

xf = T1/T2 × 0f   5-1  

T1 T2
1 1  

 

xf / xf ={[T1/(T2-1)] 0f -[T1/(T2+1)] 0f }/ T1/T2 0f  

=2T2/( 22T -1)                              5-2   

5-1 5-2
 

 

 

 

 

 

 

.  

 1.  

 
T1 

 

 

 
T2 



 16 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

   

2.  

P4 512M Windows XP  

SG1733 

 60M Tectronix TDS1002 

  Flucke 17B 

   

 

 

 

3.  

 1)  

  (1)  

  60V

100k

20HZ-100HZ  

10HZ 20HZ 100HZ

60V  

  (2)  

 

 

 

 

  (1)  

 
 

 

 

 

 

 

 

 

 



 17 

1 

2HZ-200HZ,

0.2V  

 

 

I. 50HZ, 198V
242V 198V 4V

242V
1.5A

 
II. 50HZ, 220V

0.5A 0.5A 3A

 
 
 
 
 
 
 
 
 
 
 
 
 

   (2)  

I 2 

HZ 

1 2 10 20 30 40 50 60 70 80 90 100 150 200 300 

   2               

 1                 

HZ 
 1.1                

 16.0               

 16.                

V 
 16                



 18 

 
2 1.5A 50HZ

198V-242V  V,  
  
    II 3 

 
 
 
 
 
 
 
 
 3

220V 50HZ 0.5A-3A
 V,  

 
3)  
(1)  

  
(2)  
 
 
 
 
 

 
 
 

4 

 

 

198 202 206 210 214 218 222 226 230 234 238 242 

UVU  
            

VWU  
            

WVU  
            

A 0.5 1.0 1.5 2.0 2.5 3.0 

UVU V 
      

VWU V 
      

WVU V 
      



 19 

U A      
U V      
V A      
V V      
W A      
W V      

 HZ     

 
 
 
 
 

 W     
U A      
U V      
V A      
V V      
W A      
W V      

 HZ     

 
 
 
 
 

 W     
 

4
 

 
  4)  
  (1)  

 
(2)  

5 
HZ 50 60 70 80 90 100 

2V        
HZ       

10V        
HZ       

60V        
 

 

 .  
 

 
 

 

 



 20 

 

2002  

2002

 

2004  

SPWM

2005  

Ed Palko.Living with Power System Harmonics[J].Plant 

Engineering.June 18.1992.Page48-53 

  

2005 24  

DDS

2004  


