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I .  INTRODUCTION 

The purpose o f  t h i s  s tudy  was t o  eva lua te  the concept o f  reducing 

t h e  losses i n  an i n d u c t i o n  motor by e l e c t r o n i c a l l y  c o n t r o l 1  i n g  t h e  

t i m e  i n t e r v a l  bctwcen t h e  zer:) c ross ing  o f  t h e  app l i ed  vo l tage and 

t h e  zero c ross ing  o f  the  artnature cur*rent. The f i r s t  p a r t  of t h e  

s tudy  was t o  exper' intcntally s tudy t h e  e f f e c t  reducing t h e  a p p l i e d  

s inuso ida l  vo l tages  below t h e  r a t e d  value w i l l  have on power losses  

and power f a c t o r .  Next t he  t-eduction i n  power losses us ing  an 

e l e c t r o n i c  c o n t r o l  1  e r  designed and b u i l t  by the  F'larshall Space F l i g h t  

Center was measured and those r e s u l t s  coinpared t o  t h a t  obta ined w i t h  

s inuso ida l  v o l  tages. 

A t h i r d  p a r t  o f  t he  work i nvo l ved  some m o d i f i c a t i o n s  t o  t h e  

Marshal l  Space F l  i g h t  Center designed c o n t r o l l e r .  I n  a d d i t i o n  a 

manual l y  c o n t r o l  1  ed e l e c t r o n i c  device which w i l l  n o t  r e q u i r e  t h a t  t h e  

motor be wye connected and t h e  n e u t r a l  a v a i l a b l e  was designed and 

operated. 

A f o u r t h  p a r t  i s  a b r i e f  l o o k  a t  t he  energy savings poss ib le .  



I I. EXPERIMENTAL DATA 

Four three-phase induct ion n~otors  and one sing1 e-phase induct ion 
Z 

motor were tested. The 5 hp and 3 hp motors b u i l t  by Louis A l l  i s  

a re  of comparatively recent design. The 3 hp polyphase motor b u i l t  

by Kagner and the 1 hp polyphase u n i t  b u i l t  by General E l e c t r i c  a re  

o l d  motors r e f l e c t i n g  the conservative design methods o f  t h a t  day; 

both motors ran  cool under f u l l - l oad .  The 1.5 hp single-phase u n i t  

b u i l t  by Century i s  a lso  a ra ther  o l d  motor. Figures 1-34 and Tables 

1-5 give the r e s u l t s  o f  these tes ts .  

The procedure was t o  f i r s t  t e s t  the  motors v r i  t h  ra ted appl ied 

voltage, vary ing the  torque from f u l l  load t o  no load. Next the 

torque was he ld  constant and the vo l  %age reduced u n t i l  the motor 

almost s t a l l ed .  Th i r d  as the  torque was reduced from f u l l  load t o  

no load a var iac was adjusted t o  maintain cons is tent  power fac to r .  

The same t e s t  was made using an e l ec t ron i c  device designed a t  Auburn 

Un ive rs i t y  and manually adjusted t o  maintain a f i x e d  t ime i n t e r v a l  

between the vol tage and cur ren t  zero crossings. Las t ,  a l l  the poly-  

phase u n i t s  were tes ted using the e l ec t ron i c  c o n t r o l l e r  designed a t  

Fiarshall Space F l i g h t  Center. I t  was no t  used w i t h  the single-phase 

unit because o f  the  vol tage ra t i ng .  

The curves o f  i npu t  power versus torque, one w i t h  a constant 

supply vol tage and one w i t h  the e l ec t ron i c  c o n t r o l l e r  ac t ive ,  were 

conducted i n  a manner t o  minimize changes i n  vol tage and torque 



set t ings f o r  the  two condi t ions.  F i r s t  the torque and supply 

voltages were se t  w i t h  the e lec t ron ic  c o n t r o l l e r  ac t i ve  and measure- 

ments taken. Then w i t h  no adjustments, the  c o n t r o l l e r  was shorteG 

wi th  a threc-phase switch, and the measurements retaken, A1 1 rneasure- 

ments were taken on the supply s ide so t h a t  losses i n  the c o n t r o l l e r  

are included. 

The data i s  presented i n  percentage form since primary i n t e r e s t  

was on r e l a t i v e  magnitudes. For nonsinusoidal voltages and cur rents  

the power f ac to r  i s  computed as the r a t i o  o f  r ea l  power t o  apparent 

power. 

The data co r re la tes  f a i r l y  wel l .  Some d i f ferences r e s u l t  from 

using d i f f e r e n t  types o f  instruments. Also some t e s t s  were run 

wi th  an ambient teniperature i n  the s i x t i e s  (OF) and some w i t h  an 

ambient temperature i n  the e?ighties. A l l  the polyphase lnotors 

exh ib i ted  some unbalance, The torque read out  wzs d i g i t a l  w i t h  a 

minimum increment o f  one inch-pound. The data i n  the tab les  was 

taken using standard General E l e c t r i c  anmeters, voltmeters and watt- 

meters. The power i n  each phase was measured, 
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F igure  1.  Rated V o l t a g e  Test 

5 HP, 34,  208-220/440 V 
3445 RPM 

Pacer (Louis All is )  
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F igure  2. Constant Voltage T e s t :  100% Torque 
5 HP 3+ Pacer 

208-220/440 V 
3445 RPM 
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F igure  3 .  Constant Torque Test :  75% Torque 
5 HP 34 Pacer 
208-220/440 V 

3445 RPM 



PERCENT RATED VOLTAGE 

Figure  4. Constant Torque Test: 50% Torque 

5 HP 34 Pacer 
208-2201440 V 

3445 RPM 
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F i g u r e  5.  Constant  Torque Test:  25% Torque 
5 HP 34 Pacer 
208-220/440 V 

3445 RPM 



PERCENT RATED VOLTAGE 

Figure 6. Constant Torque T e s t :  No Load 
5 HP 34 Pacer 
208-220/440 V 

3445 RPM 



PERCENT RATED TORQUE 

Flgure 7 .  Constant V o l  tage/Constant Power Factor Test 
5 HP 34 206-220/44O 

3445 RPM 
Pacer 



PERCENT FULL LOAC TORQUE 

Figure 8. Constant Vol tage/Electronic Control ler  Test. 
5 HP 30 220 V 

3445 RPM 
Pacer 
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l lnpu t  Power A t  Constant Voltage 
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Figure 9. Input Power Reduction with Electronic Controller 
5 HP 3~ 220 V 
3445 RPM 

Pacer (Louis Allis) 



PERCENT FULL LOAD TORQUE 

F i g u r e  10. Rated Vu l tage  Test 
3 HP 36 220 V 

1750 RPM 
Wagner 
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F igure  11. Constant Torque Test: 100% Torque 
3 HP 3a: 220 V 

1750 RPM 
Wagner 



. , ' . .  I : -  

Percent Power I n  
Percent Power Loss 
E f f i c iency  
Percent Input  Current 
Percent Power Factor 
Percent S l i p  

- . I -  I .  - i v A  = I 

i I 

! I . . .  ! 
I 1 _ _ 1. I .  - a. I - 
4 I 

PERCENT RATED VOLTAGE 

Figure 12. Constant Torque Tes t :  50% Torque 
3 HP 30; 220 V 

1750 RPM 
Wagner 
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Figure 13. Constant Torque Test:  25% Torque 
3 HP 3@ 220 V 

1750 RPM 
Wagner 



PERCENT RATED VOLTAGE 

Figure 14.  Constant Torque lest: No Load 
3 HP 36 220 V 

1750 RPM 
k'agner 



PERCENT FULL LOAD TORQUE 

F i g u r e  15. Constant  Vol tage/Constant  Power F a c t o r  T e s t  
3 HP 3 @  220 V 

1750 RPM 
Wagner 
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Figure 16. Constant Voltage/Electronic Control ler  Test 
3 HP 30 220 V 

1750 RPM 
Wagner Induction Motor 
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Input Power At Constant Voltage 
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Figure 17. Input Power Reduction with Electronic Controller 

3 HP 3+ 220 V 
1750 RPM 

Wagner Induction Motor 
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Figure 16. Rated V o l t a g e  T e s t  
3 HP 220 V 3 t  

1750 RPM 
Pacer (Louis f i l l  i s )  

T(F.1 ) = 108 i n  - Ib 
I ( F . L )  = 11.6A 

PIN(F.L.) = 2829 w a t t s  
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Figure 19. constant Torque Test: 74% Torque 
3 HP 220 V 3~ 

1750 RPM 
Pacer 
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Figure 20. Constant Torque Test: 465 Torque 

3 HP 220 V 30  
1750 RPM 

Pacer 
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Figure 21. Constant Torque Test: 28F Torque 
3 HP 220 V 30 - 

1750 RPM 
Pacer 
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: ,;we 22. Constant Torque Test: No Load 
3 HP 220 V 301 

1750 RPM 
Pacer 



, PERCENT FULL LOAD TORQUE 

Figure  23. Constant Vo l tage/E lec t ron ic  C o n t r o l l e r  Test  
3 HP & 220 V 

1750 RPM 
Pacer (Louis  A1 1 i s )  
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Figure 24. I n p u t  Power Reduction w i t h  E l  e c t r a n i  c Control ler  
3 HP 341 220 V 

1750 RPM 
Facer (Louis  A1 1 i s )  
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Figure 25.  Rated  V o l t a g e  T e s t  
1 HP,3~,,220/440 V 

3 . 4  A,1140 RPM 
Goneral Electric 



I * . * 1 - .  - : 1 . -  I I 

1) Percent Input Power . * -  * . 
2)  Percent Power Loss I 

Efficiency __._ i *I e m  . . I- 
Percent Inpu t  Current I . . . -  . 
Percent Power Factor . -- - (6) Percent S l i p  . ' . .  . - .  *. - 

.i . . I 
i - -.. . -* **  

PERCENT RATED VOLTAGE 

F igure  26. Constant Torque Test: Torque = 100% 
1 HP 30 @ 440 v o l t  

3 . 4 ~ ' ~  ?f ds RPM 
GENERAL ELikTRIC -. . 
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Figure 27. Constant Torque Tes t :  Torque = 692 
1 HP. 30. 220/440 volt 

3.4A. 1140 RPM 
GENERAL ELECTRIC 
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Figure 28. Constant Torque Test: Torque = 35% 
1 HP, 3+, 220/440 v o l t  

3,4A, 1140 RPM 
GENERAL ELECTRIC 
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Figure 29. Constant Torque Test: No Load 
1 HP, 3 ~ ,  220/440 v o l t  

3.4A, 1140 RPM 
GENERAL ELECTRIC 
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Figure 30. Constant Vol tage/El ectronic Controller Test 
1 HP. 220 V .  3 4  
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~ i b u r e  31. Input  Power Reduct ion w i t h  ~lectronic Con t ro l l e r  
1 HP, 34, 220 v 

1140 RPM 
GENERAL ELECTRIC 
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Figure 32, Constant  Vol t a g e  Test  
1.5 HP, 220 v ,  'I@ 

8A, 3450 RPM 
CENTURY 
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Figure 33. Constant Voltage/h?anual Electronic Controller Test 
1.5 HP, 220 v ,  1~ 

8A, 3450 RPM 
CENTURY 
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Figure 34. Input Power Reduction w i t h  Manual Electronic Controller 
1.5 HP, I @ ,  220 v 

3450 RPM 
CENTURY 



Table 1 .  Electronlc Controller/tonstant Voltage Test  Data 

.-.---I~-"-~-- . I y c -  

L i n t  Line Input 
Electronfc ~ 0 1  u g e  current  Power 

Torque Speed 
Control ler  tr) (amps) (watts) 

( in-1 b) (RPM) 
--- lf-C"*-LI-+m"-*--I"- -c- .,.--xr--lba- 
L-%we-,- C-.--CIC--------- rCY 

k c t i v e  220 19.2 6486 123 341 0 
Shorted 
- * -  -- ---" 7 C..-.̂ ,--.l"."-l-.-.--- 

Active 15 4746 92 3459 
Shorted* 15 4794 92 3470 - - -  11 , . M , - - .  l ~ ~ ~ Y I I R C - - C -  

Active 11.6 . 3288 62 3503 
Shorted 12.0 3306 62 351 7 

1. 

- *sm--*-- =*------- 

Active 11.6 1752 31 3546 
Shorted 9.9 1902 31 3560 
_____L- ---*- -m"mll_l- ---- ---- 
Active 5.76 324 0 3596 
Shorted 9.42 594 0 3596 
I---...1-..-- - 4 , -  ----- 

*Base Data 

5 hp, 39, 220 w a t t ,  3445 RPM, PACER 

(~ouis All i s )  induction motor 



Table 2. E lec t ron ic  Contro l ler /Constant  Voltage Test  Data  

L i ne  E lec t ron ic  Yol tage L ine I npu t  Torque 
Currents Power Speed 

Con t ro l l e r  (volts) (amps) (wat ts)  ( i n -1  b) (RPM) 

Act ive  220 10.9 3552 1 08 1724 
Shorted* 10.7 3534 107 1728 
-.IIIILL~LL=- - - = =  *---- s r l a - - r  a - v r  = ---I crrra-r ~ u r - r  rr r --rrrn;*n--nt+- 

Act ive  8.49 2670 81 1745 
Shorted 8.46 2652 81 1748 
**" 1'".-" --a,- * ". - r F - V - L U U m I - -  iC--m.-- ---vP.,-- YI"--...l---L* 1 . - ---I-* L .. L =L- 
Act ive  6.09 ' 1782 54 1764 
Shorted 6.09 1 800 54 1767 - * -.--A - m u  - LII.--I-:x-z-* --*-=I m r - p  iFrn . Il.(CI IFL .LT IT I .  1 - f "a"1e-7 T * *-.-- 

Act ive  4.35 87 6 2 7 1782 
Shorted 4.38 930 2 7 1784 - - -7*  *_-I-*--- -*.a. _*- -7-Yw"----.*----It_-- L I C t  ,-..em- - 3  I.. 1*-r*_ -I_ 

Act ive  3.03 90 0 1798 
Shorted 3.75 132 0 1799 
.'---Qr- *-a -,^5X*S_Pr. xt "- - r-  --rC---.*l*rIP-r-Em*."-.-..C --I 7. --*---a r-- 7.-------- --- 

*Base Data 

3 hp,  220/440 v o l t ,  3+,  1750 RPM, 

Wagner i nduc t ion  motor 



Table 3. E lec t ron ic  Control 1 er/Constant Voltage Test Data 

- L i ne E lec t ron ic  Yol tage Line I npu t  Ci irrent Power Torque Speed Con t ro l l e r  
(amps (wat ts)  

( i n -1  b) (RPM) 

Act ive  10.2 2826 109 1744 
Shorted* "--- 10.1 2922 -- 109 -- 1746 

Ac t i ve  8.61 1962 73 1758 
Shorted -- 8.91 - 2076 ------ 73 1764 

Act ive  7.59 . 1122 36 1770 
Shorted 7.80 1278 3 6 
-u.---.--- 

1782 

Act ive  3.9 132 0 1798 
Shorted -- 7.71 --.--------- 51 6 0 1798 

*Base Data 

3 hp, 3+, 220 v o l t ,  1?50 RPM PACER 

(Louis A l l  i s ) ,  i nduc t ion  motor 



Table 4. E lec t ron ic  Control ler/Constant Vol tage Test Data 

- m8 =- --- C . l  I--*- ..* - 
------=----- - --- 

L ine  --- ------- 
Line Input  

tronic vo l  tage Cu~*rent power Torque Cont ro l le r  (vOl tS )  
Speed 

(amps (wa t t s )  ( i n - l b )  (RPM) 
It rs-l- 

-+ * *- ------ I --- .M ----a - % -- -- ----L--C---------- --._-- - -%_ ------- - -'- ----)__-- ---- - - - -  
Act ive 220 3.19 
Shorted* 

939 
3.19 

5 5 1156 - =,- -- -- 939 55 11 56 ---- ----- =- -- 
Act ive 2.97 

------- ---- 
Shorted 

84 3 
2.96 

49 
84 3 

1159 -- -- - ---- ^ * ,, 
49 1162 

-- ----*------ -------,-: ------._.- 

Act Sve 2.47 6Q9 
Shorted 2.51 34 1174 
- -- ----- ---- ----------- m -*., f -..- 61 7 34 

v- ----a- x--- em--- 

1173 --- -11 - - 
Active 2.03 
Shorted 

356 18 
2.12 

1182 

w----~------ 

367 18 
------------I_------_ . - - _ _  1186 - 

Active 1.55 83 
Shorted 

0 1197 - 1.97 113 
----------~___. 0 1198 ----- 

*6ase Data 

1 hp9 220 vo l t9  3+, 1140 RPM, General 

E l e c t r i c  induct ion motor 



Table 5. F:anual  elect^-onlc Control lcr /Csnstant  Voltage Test Data 

Nanual t i n e  L ine  Input  
E lect ronic  Voltage Cur4rent Power Torque Speed 
Control ( v o l t s )  (amps (watts)  ( in -1  b )  (RPM 

Act ive  220 8.3 1 584 2  7  3463 
Shorted* 8.28 1576 27 3465 
s-_.-- I  1 W Z  = - X I  =-.- /I I=..- L 1- -/--1-1-- - * - - -  - - - * - T 1 . - - r - - - e - v  I T " I I _ _  

Act ive  6 .86  1232 2 0  34 96 
Shorted 6.78 1224 20 3501 

t m * 3 . *  / _ I * # " - - .  .I= jl- ..J - - . - ~ - - - . - - - ~ ~ - - -  = - ~ " . " - - - m - , ~ - ~ , " * - w *  * / " C I - I 1 - 1 * _ - - - -  

Act ive  5.54 896 14 3526 
Shorted 5.46 896 14 3533 

- 1  ---.-I..---. - -  ---r-- *%--l- m - , " *  m * " - l m a * - - . ,  f -- 
Active 4 .36  5 64 7 3554 
Shorted 4 .42  576 7 3562 

r 1 , X 1 f .i _.. __ I^=-. - -  I n - *-- --^*.it" -*--.t-l̂ ---- -- -1-1- - ----- ---..II 
Act ive  3.16 220 0  3581 
Shorted 3 .86  264 0 3 581 
---.",,...-- - ,-- - 1  - I----...=-- -*. r"-rw--__*//I--Cpy-**-.-*-C1~------.----*-- 

*Base Data 

1 .5  hp, I + ,  220 v o l t ,  3450 RPE, 

Century induct ion motor 



I .  ELECTRONIC CONTROLLER MODIFICATIONS 

The E lec t ron ic  Con t ro l le r  furnished by NASA f o r  t e s t s  a t  Auburn 

was modi f ied t o  e l im ina te  m i s f i r i n g  o f  the  t r i acs .  The modi f icat ions 

a l so  el iminated the necessi ty of rebalancing the phase currents each 

t ime the th ree  phase u n i t  was used. The c o n t r o l l e r  can now be 

suppl ied by any 34, 208 vo l ts ,  4 w i re  vol tage supply wi thout  worry ing 

about phase sequence o r  order o f  terminal  connections. 

The m i s f i r i n g  was due t o  the f i r i n g  pulses from one h a l f  cyc le  

extending i n t o  the beginning o f  the next h a l f  cycle. When the cur ren t  

went t o  zero before the  f i r i n g  pulses ended, the condi t ions f o r  f i r i n g  

t he  t r i a c  were s a t i s f i e d  and the  t r i a c  f i r e d .  

The c i r c u i t  t ha t  generates the f i r i n g  pulses f o r  the t r i a c  uses a 

ramp.that i s  rese t  by a  pulse. The reset  pulse i s  generated from the  I 
I 

zero crossing o f  the  ac l i n e  t o  neut ra l  vol tage and should t u r n  t he  
i 
i 

f i r i n g  p i l s e s  o f f  a t  t he  zero voltage crossing. Due t o  phase s h i f t s  i 
and t ime delays i n  the c i r c u i t s  t h a t  are used t o  generate the rese t  

pulse and t h e  ramp, t he  f i r i n g  pulses were no t  t u rn i ng  off  u n t i l  some 

t ime a f te r  the  zero vol tage crossing. 

I n  the three phase c o n t r o l l e r  the phase t h a t  contained the sensing 

c i r c u i t  was as s ta ted i n  the above paragraph. The method o f  grounding 

e f f e c t i v e l y  added a small percent o f  the A phase vol tage t o  the 3 and C 1 J 

1 4 
phase voltages before the zero crossing po in ts  were detected. Th is  

caused t ime s h i f t s  i n  the  zero crossing o f  both voltages, one advanced 
1 
1 

1 
i n  t ime and the  o ther  delayed. The t ime delay of the C phase was so 

t h a t  the f i r i n g  pulses extended 12 degrees i n t o  the next  h a l f  cyc le  as shown 1 1  

' 4  
43 1 

I 
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i n  F igure  34. Th is  was t h e  worst  phase and t h e r e f o r e  i t  was t h e  one t h a t  

was m i s f i r i n g ,  

Two changes were made i n  o rder  t o  e l i m i n a t e  the  m i s f i r i n g .  The, 

changes are shown i n  F igu re  35 and are: 

1 )  Capaci tors were added tr t ime advance the  zero c ross ing  i n  

each phase t o  compensate t o r  t h e  t ime  delays a l ready  i n  t he  

c i r c u i t s .  

2)  The grounding was changed so t h a t  a l l  three phase vo l tages  

were referenced t o  t h e  n e u t r a l  o f  t h e  system. 



Figure 34 

Firing pulses referenced to 1 i ne  
to neutral voltage in the worst 
phase o f  t h e  3 phase controller 



Same as 
o r i g i n a l  
c i r c u i t  

F igure  35. C i r c u i t  modi f ica t ions  t o  e l i m i a t e  T r i a c  m i s f i r i n g  
Ser ies  capac i tors  added and ground changed. 
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I V .  DESIGN OF CONTROLLER APPLlCABLE TO MOTORS 

WITH INACCESSIBLE NEUTRAL 

A pulse generator has been designed a t  Auburn t o  be used 5n the 

study o f  three-phase ac vol tage con t r c l l e r s .  The u n i t  i s  designed f o r  

fu l l -wave operat ion on e i t h e r  3-wire o r  4-wire systems using e i t h e r  s i x  

t h y r i s t o r s  (SCR) o r  three t r i acs .  A pulse i s  generated t ha t  i s  synchronized 

t o  the s i x t y  cyc le  power l i n e  w i t h  the lead ing edge and t r a i l i n g  edge 

separately cont ro l led.  This pulse i s  then t ime delayed t o  produce s i x  

i d e n t i c a l  pulses t h a t  are one s i x t h  o f  a  cyc le  apart.  The s i x  pulses 

a re  then o p t i c a l l y  coupled i n t o  s i x  cur rent -1  i m i  ted gate dr ivers .  

Th is  type o f  design has been chosen because o f  i t s  v e r s a t i l i t y .  

The s i x  f i r i n g  c i r c u i t s  are  e l e c t r i c a l l y  i so l a ted  so t h a t  they can be 

connected sa fe ly  t o  t h y r i s t o r s  anywhere i n  t he  c i r c u i t .  The leading 

edge con t ro l  i s  used t o  vary the conducting angle. The t r a i l i n g  edge 

con t ro l  i s  used t o  inves t iga te  the necessi ty o f  keeping some t h y r i s t o r s  

on where others a re  being gated on and o f f .  I n  three-phase, 3-wire 

systems, i t  i s  necessary t h a t  a t  l e a s t  two t h y r i s t o r s  are  on a t  a l l  

times. The t!ming o f  the t r a i l i n g  edge o f  the gat ing pulse con t ro ls  

t h i s  condi t ion.  

The c o n t r o l l e r  has been constructed and i s  now operat ional .  The 

u n i t  has been operated on ly  w i t h  a  pure ly  r e s i s t i v e  load, Time has n o t  

permit ted an i nves t i ga t i on  of the con t ro l  l e r  t o  con t ro l  motors. 



V. ENERGY SAVINGS USING THE ELECTRONIC CONTROLLER 

The e lec t ron i c  c o n t r o l l e r  w i l l  produce s i gn i f i can t  savings i n  

input  power when the motor i s  operat ing under 1 i g h t l y  loaded condi t ions.  

An equation t h a t  i s  usefu l  i n  computing the energy t h a t  might be I 
saved over a per iod o f  one year by using the  e lec t ron ic  c o n t r o l l e r  i s :  

S'opI  KWH savingslyear = (TNLbPNL + TpLAPpL) yo5- 

where TNL = operat ing t ime a t  no load i n  percent of t o t a l  

operat ing t ime per year 

hPNL = power savings a t  no load i n  watts = i npu t  power 

w i t h  ra ted  voltages - inpu t  power w i t h  the e l ec t ron i c  

con t ro l  1 e r  

TpL= operat ing t ime a t  p a r t i a l  load i n  percent o f  t o t a l  operat ing 

t ime per year 

APpL= power savings a t  p a r t i a l  load i n  w a t t s  = inpu t  power w i t h  

ra ted  vo l tage - i npu t  power w i t h  the e l ec t ron i c  

con t ro l  1 e r  

TOP = t o t a l  operat ing t ime o f  motor per year i n  hours 

For example, suppose the 5 hp motors were operated e i gh t  hourslday, 

f i v e  days a week and t h a t  f o r  60% of the t ime i t  operated a t  no load 

and the remainder a t  f u l l  load. Using  data from Table 1 





V I  . RESULTS AND RECOMMENDATIONS 

The data shows that  under 1 i g h t l y  loaded condi t ions the e l ec t ron j c  

c o n t r o l l e r  can s i g n i f i c a n t l y  reduce the power losses o f  an induct ion 

m o t o r .  A t  no toad t h i s  ranged from 20% t o  74% on the motors tested, 

I t  should be a valuable techniqde f o r  reducing the energy consumption 

of induct ion motors which operate f o r  s i g n i f i c a n t  periods o f  t ime 

a t  no load o r  l i g h t  loads. 

I n  the  process o f  t e s t i n g  the motors i t  was observed t h a t  a t  

a bout one- th i rd  l oad  a resonant cond i t i on  occurred; t h i s  had been 

observed prev ious ly  a t  Marshal 1 Space F igh t  Center. This occurred 

w i t h  both the manually con t ro l l ed  u n i t  and the feedback con t ro l  u n i t .  

The cause o f  t h i s  i s  not  known and needs fu r ther  study. A1 though 

noticeable, i n  no case was the resonant cond i t i on  such as t o  cause 

the motor t o  s t a l l .  

The concept o f  the e l ec t ron i c  c o n t r o l l e r  has spawned other  

ideas. For example, a motor t h a t  operates e i t h e r  loaded o r  unloaded 

might be improved by an e l ec t ron i c  device t h a t  simply switches in-and- 

out a bucking transformer. 

Addi t iona l  work i s  n~eded t o  evaluate the  design o f  t he  u n i t  

which does no t  requ i re  access t o  a neut ra l .  More f i e l d  t e s t i n g  i n  an 

I actual  i n d u s t r i a l  app l i ca t ion ,  such as t h a t  a t  the  t e x t i l e  mi11 i n  

I Alabama, would provide valuable informat ion on poss ib le  savings i n  

energy. 
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A detailed study o f  the operation of  the electronic controller 

as a feedback control system i s  needed to evaluate the effect changes 

in circuit parameters will have in the operation. Possfbly changes 

can be made to  reduce or elimfnate .the resonance. Its appt ication 

to much larger motors needs to be studied. The response to step 

changes in load should be jnvestigated. 
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