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This Cooling Tower Institute (CTI) publication is published as an aid to 
purchasers and designers. It may be used by anyone desiring to do so, and 
efforts have been made by CTI to assure the accuracy and reliability of the 
data contained herein. However, CTI makes NO WARRANTY OFFITNESS 
FOR PARTICULAR PURPOSE OR MERCHANTABILITY nor any other 
warranty expressed, implied or statutory. In no event shall CTI be liable or 
responsible for INCIDENTAL, CONSEQUENTIAL OR COMMERCIAL 
losses or damage of any kind resulting from this publication’s use; or 
violation of any federal, state, or municipal regulation with which this 
standard may conflict; or for the infringement of any patent resulting from 
the use of this standard. 

Nothing contained herein is to be construed as granting any right, for the 
manufacture, sales or use in connection with any method, apparatus, or 
product covered by letters patent, nor as insuring anyone against liability for 
infringement of letters patent. 

Approved by  the CTI Executive Board January I984 
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11.3 

11.1 SCOPE 

The e l e c t r i c a l  components f o r  a c o o l i n g  tower  a r e  o f  p r imary  impor tance 
and must be g i v e n  s e r i o u s  c o n s i d e r a t i o n  f o r  s e l e c t i o n  of p roper  i m t o r s ,  
enc losu rs ,  w i r e  s i zes ,  grounding and l i g h t n i n g  p r o t e c t i o n .  Emphasis 
shou ld  be p laced on h i g h  o p e r a t i n g  e f f i c i e n c i e s .  

11.2 DEFINITIONS 

AFBMA 
D PDT 
HP 
NEC 
NEMA 
PF 
R T D ' S  
TEFC 

Ant i -F r i  c t  i on Bea r i  ng Ma nu f a c t u r e s  As so c i  a t  i on 
Double Pole,  Double Throw E l e c t r i c a l  Sw i t ch  
Horse Power 
Nat i o n a l  E l e c t  r i  c Code 
Nat i ona l  E l  e c t  r i  c a l  Manufacturer  ' s As soc i  a t  i on 
Power F a c t o r  
Res is tance  Temperature D e t e c t o r  
To ta l  Enclosed Fan Cooled E l e c t r i c  Motor  

11.3 MOTOR EFFICIENCIES 

Motors purchased w i t h  packaged systems chou1 d be eva 
and c o s t  o f  ope ra t i on .  The motor  manufacture shou ld  
o p e r a t i n g  e f f i c i e n c y  a t  f u l l  l oad ,  3/4 load, and i t s  
da ta  i s  needed t o  determine t h e  r e a l  c o s t  o f  a motor 
motor can be eva lua ted  by t h e  f o l l o w i n g :  

uated f o r  e f f i c i e n c y  
d e f i n e  t h e  nominal 
power f a c t o r .  T h i s  

Real c o s t  o f  a 

P r i c e  Quoted + E f f i c i e n c y  Re la ted  c o s t  = Real Cost o f  Motor  

New motor name p l a t e  w i l l  have t h e  nominal e f f i c i e n c y  a t  f u l l  load,  NEMA 
Standard MG1-12.53h l i s t  t h e  minimum e f f i c i e n c y  assoc ia ted  w i t h  t h e  
nomi na1 e f f i c i e n c y .  

11.4 MOTOR OPERATIONS AND DESCRIPTIONS 

Dur ing c o l d  weather, tower  fan  horsepower w i l l  i n c r e a s e  s u b s t a n t i a l l y ,  as 
shown by  t h e  t u r v e s  on F i g u r e  11.4. 
product  o f  a i r  f l o w  and head, and s i n c e  f l o w  i s  c o n s t a n t  w h i l e  p ressu re  
head v a r i e s  w i t h  d e n s i t y ,  horsepower w i l l  v a r y  w i t h  a i r  dens i t y .  Whereas 
t h e  curves assume horsepower v a r i e s  as e x i t  a i r  dens i t y ,  a c t u a l  
horsepower change w i l l  be s l i g h t l y  d i f f e r e n t  as t h e  d e n s i t y  e f f e c t  on 
s t a t i c  should recogn ize  c o i n c i d e n t a l  d e n s i t y  change on a l l  elements 
c o n t r i b u t i n g  t o  t h e  t o t a l  s t a t i c .  

Fan Power i s  p r o p o r t i o n a l  t o  t h e  
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11.4 

C r i t i c a l  t o  a motor i s  no t  horsepower b u t  o p e r a t i n g  o r  w ind ing  
temperature.  
h i g h e r  winding temperature r i s e ,  app rox ima te l y  equal t o  t h e  square o f  t h e  
horsepower change (motor c u r r e n t  v a r i e s  as horsepower and most o f  t h e  
h e a t i n g  i s  a r e s i s t a n c e  o r  an I2R l o s s ) .  High horsepower becomes 
c r i t i c a l  o n l y  when t h e  h i g h e r  temperature r i s e ,  when added t o  t h e  
temperature o f  t h e  a i r  c o o l i n g  t h e  motor, n e t s  a winding tempera tu re  
h i g h e r  than  t h e  des ign temperature o f  t h e  w ind ing  i n s u l a t i o n .  I n s u l a t i o n  
thermal l i f e  i s  c u t  i n  h a l f  f o r  every 10°C r i s e  i n  temperature.  
Therefore i t  i s  i m p o r t a n t  t h a t  t h e  t o t a l  temperature r a t i n g  n o t  be  
exceeded. The f o l l o w i n g  example il l u s t r a t e s  t h i s .  

Higher horsepower i s  o n l y  s i g n i f i c a n t  i n  t h a t  it means 

I n s u l a t i o n  Type B F H 
Measured Temperatures r i  se 80 105 125 

Hot spot a l lowance 10 10 15  
Ambi en t  40 40 40  
T o t a l  temperature 130°C 155°C 180°C 

( r e s i s t a n c e  method) 

@125% l o a d  
I n s u l a t i o n  Type B F H 
Measured temperature r i  se 125 164 19 5 
Hot spot a l lowance 15 18 22 
Ambi e n t  -10 - 27 -37 
Tot a l  tempe r a t u  r e  130°C 155°C 180°C 

Since h i g h  w i n t e r  horsepower does n o t  t r u l y  "ove r load"  t h e  motors, 
s w i  tchgear  must be designed t o  accept h i g h e r  w i  n t e r  c u r r e n t  whi l e  meet ing 
t h e  i n t e n t  of t h e  N a t i o n a l  E l e c t r i c a l  Code. Changing f a n  p i t c h  and 
ove r load  hea te rs  f o r  summer and w i n t e r  o p e r a t i o n  w i l l  n o t  be cons ide red  
he re  as v i a b l e  a l t e r n a t i v e s .  Typ ica l  code requi rements f o r  ove r load  
p r o t e c t i o n  a r e :  It s h a l l  t r i p  a t  n o t  more t h a n  t h e  f o l l o w i n g  percent  of 
f u l l  l o a d  c u r r e n t :  

15% o v e r c u r r e n t  w i t h  1.0 s e r v i c e  f a c t o r  motors. 
25% o v e r c u r r e n t  w i t h  1.15 s e r v i c e  f a c t o r .  
40% maximum w i t h  winding thermal d e t e c t o r s  as p r imary  p r o t e c t i o n .  

Every motor s t a r t e r  shou ld  have an ove r load  s e l e c t i o n  t a b l e  i n s i d e  t h e  
cover t h a t  was determined by t h e  temperature r i s e  i n  t h a t  enc losure.  I f  
t h e  s t a r t e r  i s  i n s t a l l e d  a t  a l o c a t i o n  t h a t  i s  a t  a d i f f e r e n t  ambient 
t han  t h e  motor i t  i s  c o n t r o l l i n g ,  ad justments w i l l  have t o  be made i n  t h e  
s e l e c t i o n  o f  t h e  over loads.  Exposure t o  d i r e c t  rays o f  t h e  sun o r  a 
l o c a t i o n  i n  a h o t  o r  c o l d  room a r e  two t h i n g s  t h a t  w i l l  a f f e c t  o v e r l o a d  
s e l e c t  i on. 

The ove r load  t a b l e s  a re  s e t  up so t h a t  a p r o p e r l y  s e l e c t e d  ove r load  
o p e r a t i n g  a t  40°C ambient w i l l  t r i p  a t  between 107 and 115% o f  f u l l  l o a d  
c u r r e n t  on a 1.0 s e r v i c e  f a c t o r  motor  o r  between 115 and 125% o f  f u l l  
l o a d  c u r r e n t  on 1 1.15 s e r v i c e  f a c t o r  motor. Same over loads can be 
a d j u s t e d  t o  t r i p  between - +15% o f  t h e  normal t r i p  p o i n t .  

The f o l l o w i n g  summarizes common p r a c t i c e  i n  ove r load  p r o t e c t i o n ,  w i t h  
comments where extreme w i n t e r s  a r e  expected: 
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