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I) 

B 

The f o l l o w i n g  means o f  p revent ing  e l e c t r i c  motor d r i v e n  f u e l  booster  pumps 
from becoming i g n i t i o n  sources i n  a i r c r a f t  f u e l  tanks have been considered i n  
the  p repara t i on  o f  t h i s  ARP. 
the  var ious  means considered. 

Appropr ia te  comments a re  made w i t h  respec t  t o  

4.1 Motor ûesi gn Approach: 

4.1.1 Motor Burnout: A motor t h a t  w i l l  burn out i n  a s u f f i c i e n t l y  sho r t  pe r iod  
o f  t ime,  i f  necessary, t o  l i m i t  the  maximum pump case temperature t o  the 
recommended value. 

NOTE: Th is  method i s  no t  recommended, as i t  does n o t  meet the  requirements 
o f  3.2 and imposes a severe q u a l i t y  c o n t r o l  problem, 

- 

3,5 Vents, s lots,  passages, e t c . ,  incorpora ted  i n  the  pump or motor housing, 
through which f lame can t r a v e l  t o  ex terna l  f u e l  or vapor con ta in ing  areas, 
should be capable o f  suppressing f lame under a l l  normal and abnormal 
cond i t i ons .  Explosion-proof t e s t i n g  procedures should consider  the  pump 
i n t e r n a l  and ex te rna l  sur face temperatures, i n c l u d i n g  the  f lame t raps  a t  the  
l o c a l  peak values ob ta ined (such as du r ing  locked- ro to r  t e s t s ) ,  and w i t h  
f u e l  c e l l  and ex te rna l  ambient temperatures as s p e c i f i e d  i n  the  d e t a i l  
s p e c i f i c a t i o n s  for  the  pump. 

3.6 Any device or design expedient used t o  accomplish 3.1 for  fue l -coo led  motors 
i s  i t s e l f  sub jec t  t o  f u e l  coo l ing .  The accuracy o f  devices used t o  
accompl i s h  3.1 i s  general  ly dependent upon how accu ra te l y  these devices 
sense motor temperature. If these devices are being cooled by f u e l  w h i l e  
they are being heated by the  motor, t h e i r  accuracy can be s e r i o u s l y  
a f fec ted .  Consequently, i s o l a t i o n  o f  these dev ices , f rom the  c o o l i n g  e f f e c t  
o f  f u e l  should be a design cons idera t ion .  

3.7 -The motor housing design should i nc lude  p rov i s ions  t o  prevent  a r c i n g  from 
the  motor windings t o  the  motor housing i n  event o f  winding damage. 
E l e c t r i c a l  arcs from the  windings t o  the  motor housing can produce l o c a l  ho t  
spots and may burn through the  housing i f  h igh  arc  energy i s  a v a i l a b l e  and 
s u f f i c i e n t  d i f f e r e n t i a ?  pressure e x i s t s  to cause the  fused metal  to  flow, 

3.8 I t  i s  recommended t h a t  a minimum clearance o f  0.100 i n  (2 .54  mm) be prov ided 
between motor windings and the  motor housing for  200 VAC, 400 Hz, 
three-phase motors. 

3.9 C e r t a i n  circumstances, such as extended d r y  runn ing  i n  an e leva ted  
temperature environment, may necess i ta te  spec ia l  measures t o  l i m i t  
temperature r i  se, which may otherwise become excessive even i n  normal 
opera t ion .  An approach t o  these s i t u a t i o n s  i s  the  use o f  a r e s e t t i n g  
three-phase thermosta t ic  sw i tch  i n  combinat ion w i t h  th ree  single-phase 
f u s i b l e  element switches. Dur ing the  gradual  temperature r i s e  a t tendant  t o  
normal opera t ion ,  the  thermostat ,  having a lower t r i p  p o i n t ,  cyc les  o f f  and 
on a t  temperatures chosen t o  s u i t  the  appl i c a t i o n ,  
cond i t i ons ,  when the  temperature r i s e  i s  too r a p i d  for  s a t i s f a c t o r y  response 
by the  thermostat ,  the  fuse  l i n k s  ac tua te  t o  permanently remove the flow o f  
power. 

Under abnormal 

4, DESIGN CONSIDERATIONS: 
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4.1.2 S e l f - L i m i t i n g  Motor: A motor which w i l l  be l e f t  on the  power l i n e  w i thou t  
burn ing  o u t  or exceeding the  recommended va lue o f  the  pump case 
temperature.  

NOTE: Th is  approach i s  n o t  recommended because o f  s i z e  and weight  
cons idera t ions .  Fur ther  e x p l o r a t i o n  i n t o  t h i s  type o f  des ign 
approach i s  advisable.  

4.2 Thermal C u t o f f  Switches: 

These devices can, i n  general ,  be recommended w i t h  the  s t i p u l a t i o n  t h a t  they 
be conta ined i n  a sealed enclosure because o f  explos ion-proof  cons idera t ions  
and t h a t  spec ia l  emphasis t o  3.4 be considered. 

4.2.1 Motor P ro tec to rs :  

4.2.1.1 Three-phase, wye thermostat  w i t h  heaters ,  r e s e t t i n g  type. 

NOTE: Not acceptable,  as i t  does n o t  meet  requirements of 3.3. 

4.2.1.2 Three-phase, wye thermostat ,  w i t h  heaters ,  non rese t t i ng .  

NOTE: Acceptable, bu t  w i l l  n o t  p r o t e c t  aga ins t  i n t e r n a l  motor f a u l t s .  

4.2.1.3 Three-phase, s i x - te rm ina l ,  l i n e  thermostat  w i t h  heaters ,  r e s e t t i n g  type. 

NOTE: Not recommended, as i t  does n o t  m e e t  requirements o f  3.3. 

4.2.1.4 Three-phase, s i x - te rm ina l ,  l i n e  thermostat  w i t h  heaters ,  non rese t t i ng .  

NOTE: Recommended and adds some i n t e r n a l  motor f a u l t  p r o t e c t i o n  n o t  
p rov ided i n  4.2.1.2. 

4.2.1.5 Three single-phase thermostats  w i t h  heaters ,  non rese t t i ng  type.  

NOTE: Acceptable, p rov ided they are connected i n  l i n e  s ide  of  motor 
and t h a t  motor w i l l  operate on two phases. 
poss ib le  two-phase opera t i on  may be necessary. 

Ground check fo r  

4.2.2 Thermostats: 

4.2.2.1 Three single-phase, l i n e  thermostats ,  non rese t t i ng .  

NOTE: Acceptable,  p rov ided they  are connected i n  l i n e  s i d e  of  motor and 
t h a t  motor w i l l  operate on two phases. Ground check for  
poss ib le  two-phase opera t i on  may be necessary. 

4.2.2.2 Three-phase, wye thermostat ,  r e s e t t i n g  type.  

NOTE: Acceptable for  dual p r o t e c t i o n  per  3.9, o therw ise  n o t  recommended 
I as i t  does n o t  meet  requirements o f  3.3, 
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4.2.2.3 Three-phase, wye thermostat ,  non rese t t i ng  type.  

NOTE: Acceptable,  b u t  does n o t  p r o t e c t  aga ins t  i n t e r n a l  motor f a u l t s ,  

4.2.2.4 S ix - te rmina l ,  l i n e  thermostat ,  r e s e t t  ng type.  

NOTE: Acceptable f o r  dual p r o t e c t i o n  per  3.9, o therw ise  no t  recommended 
because i t  does no t  meet 3.3. 

4.2.2.5 S ix - te rmina l ,  l i n e  thermostat ,  non rese t t i ng  type.  

NOTE: Recommended and adds some i n t e r n a l  motor f a u l t  p r o t e c t i o n  not 
prov ided i n  4.2.2.3. 

4.2.3 Fus ib le  L inks:  

4.2.3.1 D e f i n i t i o n :  
opens the  c i r c u i t  by m e l t i n g  a t  a predetermined temperature. 

A m e t a l l i c  component t h a t  c a r r i e s  the  load c u r r e n t  and - 

NOTE: Acceptable,  b u t  extreme qual i t y  c o n t r o l  cau t i on  m u s t  be exerc i  sed 
i n  bo th  manufacture and i n s t a l l a t i o n  i n  the  motor. Fus ib le  l i n k s  
should be i n s t a l l e d  i n  such a manner t h a t  they unequ ivoca l l y  
sense the  temperature o f  the  motor phase winding t o  which they 
are e l e c t r i c a l l y  connected. I t  i s  recommended t h a t  f u s i b l e  l inks 

. be embedded i n ,  or abut ted  aga ins t ,  t he  motor windings. 

4.2.4 Remote Swi tch ing:  

4.2.4.1 D e f i n i t i o n :  Thermostat, r e s e t t i n g  type w i t h  a r e l a y .  

NOTE: Not recommended, as i t . d o e s  no t  meet requiremen 

4.2.4.2 Thermostat, non rese t t i ng  type w i t h  a r e l a y .  

NOTE: Recommended, b u t  may have some e f f e c t  on the  r e  
system, due t o  the  a d d i t i o n a l  w i r i n g  requ i red .  

s o f  3.3. 

i ab i  i t y  o f  the  

4.2.4.3 Thermocouple or the rm is to r  w i t h  a r e l a y ,  which i s  p r e s e n t l y  i n  system 
for a pump t h a t  i s  connected i n t o  the  pump's e l e c t r i c a l  power system. 

NOTE: Not recommended, as both thermocouples and the rm is to rs  are by 
d e f i n i t i o n  r e s e t t a b l e  w i t h  zero  dead band and do no t  meet 3.3. 
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4.2.5 Fus ib le  Element Actuated Sni tches:  

4.2.5.1 D e f i n i t i o n :  
c a r r y i n g  element. 

A sw i tch  actuated upon the  m e l t i n g  o f  a nonload c u r r e n t  

NOTE: Acceptable,  b u t  extreme q u a l i t y  c o n t r o l  cau t i on  must be exerc ised 
i n  bo th  manufacture and i n s t a l l a t i o n  o f  the  devices i n  the  motor 
to  e s t a b l i s h  and preserve the  h e r m e t i c i t y  necessary t o  prevent  
f u e l  from reach ing  and degrading the  f u s i b l e  element. These 
devices should be i n s t a l l e d  i n  such a manner t h a t  they 
unequ ivoca l l y  sense the  temperature o f  the  motor phase winding t o  
which they are e l e c t r i c a l l y  connected. 
these devices be embedded i n ,  or abut ted  aga ins t ,  t he  motor 
w i  nd i  ng . 

i t  i s  recommended t h a t  

5. PREPRODUCTION TESTS: 

Unless o therw ise  s p e c i f i e d  i n  the  model s p e c i f i c a t i o n ,  p reproduc t ion  t e s t s  
s h a l l  c o n s i s t  o f  a l l  t e s t s  as l i s t e d  for  the  type o f  dev ice se lec ted .  The 
t e s t s  s h a l l  be conducted on a popu la t i on  o f  n ine  thermal p r o t e c t i v e  devices 
o f  the  type se lec ted  as shown below, and must be conducted e s s e n t i a l l y  i n  the  
o rde r  l i s t e d  for each device:  

a. Devices, Numbers 1 and 2 
I 

(1)  D i e l e c t r i c  s t reng th  5.1 
( n o t  a p p l i c a b l e  t o  f u s i b l e  l i n k  dev ices)  

(2 )  Contact  res i s tance  5.2 

( 3 )  V i  b r a t i o n  5.6 
(Device Number 2 i s  used for 5.6.3 only) 

(4) I n r u s h  c u r r e n t  5.7 

(5)  Contact  res i s tance  

(6) Temperature endurance and shock 

5.2 

5*3 

(7)  Ac tua t ion  endurance 5.13 
(Not -app l i cab ie  t o  f u s i b l e  element devices) 

( 8 )  Contact  res i s tance  5.2 

(9)  Ac tua t i on  temperature 5.8 

(10) Reset temperature 5.9 
(Not a p p l i c a b l e  t o  f u s i b l e  element dev ices)  

- 5 -  
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5. (Continued): 

b. Device Number 3 

(1) D i e l e c t r i c  s t r e n g t h  

(2)  Contact  res i s tance  

( 3 )  Fuel r e s i s t a n c e  

(4) Contact  r e s i s t a n c e  

(5) Acce le ra t i on  

(6) Shock 

(Not a p p l i c a b l e  t o  f u s i b l e  l i n k  devices) 

- (7)  Contact  r e s i s t a n c e  

(8) Ac tua t i on  temperature 

c .  Device Number 4 

(1)  D i e l e c t r i c  s t r e n g t h  

(2 )  Contact  r e s i s t a n c e  

( 3 )  Fungus r e s i s t a n c e  

(4) Humidi ty 

(5)  

(6) Contact  r e s i  stance 

(7 )  Ac tua t i on  temperature 

(Not a p p l i c a b l e  t o  f u s i b l e  l i n k  devices) 

D i e l e c t r i c  t e s t  a t  75% vo l tage  
(Not a p p l i c a b l e  t o  f u s i b l e  l i n k  devices) 

d. Devices, Numbers 5, 6, 7, 8, and 9 

(1)  Exp los ion  p r o o f .  Each o f  the  f i v e  u n i t s  s h a l l  
be used once o n l y .  

5.1 D i e l e c t r i c  S t rength :  

5.1 

5.2 

5.14 

5.2 

'5.4 

5.5 

5.2 

5.8 

5.1 

5.2 

5.11 

5.10 

5.1 

5.2 

5.8 

5.12 

D i e l e c t r i c  s t r e n g t h  t e s t  vo l tage  o f  1500 V ( r m s )  a t  commercial frequency 
s h a l l  be a p p l i e d  f o r  1 min between te rm ina ls  j o i n e d  together  and case. A 
d i e l e c t r i c  s t r e n g t h  t e s t  vo l tage  o f  1800 V ( r m s )  may be a p p l i e d  for  1 s i n  
l i e u  o f  t h e  1-min t e s t .  There s h a l l  be no evidence o f  breakdown. 

D 

D 

B 
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5.1 (Continued): 

The test shall be conducted with a dry unit at room temperature. 
application of the voltage shall produce no appreciable Wansient 
overvoltages. Subsequent tests shall be conducted as shown, except that the 
voltages shall be reduced to 75% of those specified. 

The 

5.2 Contact Resistance (Terminal-to-Termina1 >:  

5.2.1 Test Equipment: 

5.2.1.1 Low voltage output variable transformer power supply with sufficient 
current rating to supply the normal or rated current of the thermal 
protector. 

5.2.1.2 AC voltmeter with an input impedance o f  1 megohm or greater and with 
several millivolt ranges suitable for the anticipated voltage drop 
across the thermal protector. 

5.2.1.3 AC ammeter of suitable range for normal or rated current of the therma 
protector. 

5.2.1.4 A series resistance may be used as needed. 

5.2.2 Description of Test Setup: The thermal protector and ammeter are 
connected in series with the load resistor across the output of the 
variable transformer power supply. All connecting wires should be of 
adequate size to carry the normal or rated current for the thermal 
protector. All connections should be soldered connections. The voltmeter 
should be connected directly across the thermal protector, 
terminal-to-terminal, and adequately soldered. The variable transformer 
should be connected to the power lines through a switch. 

5.2.3 Test Procedure: 

5.2.3.1 Temperature-Sensitive-Only Devices (Such as 4.2.2 Et Sequence): 

5.2.3.1.1 Test Method: With the variable transformer set for zero output 
voltage, energize the variable transformer by means of the switch. 
Adjust the output of the transformer for normal or rated current 
through the ammeter and read the voltage drop across the thermal 
protector on the voltmeter. 
terminal-to-terminal. 
the voltmeter reading divided by the ammeter reading. 

Calcuiate the contact resistance 
This resistance i s  expressed by the quotient of 

5.2.3.1.2 Test Conditions: The test should be conducted at ambient room 
temperature. 

5.2.3.1.3 Change in Resistance: Contact resistance, terminal-to-terminaT, shall 
not increase by more than 25% when test is repeated in the schedule. 
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5.2.3.2 Motor P ro tec to rs  (Temperature- and Cur ren t -Sens i t i ve) ,  such as 4.2.1: 

5.2.3.2.1 Test method same as i n  5.2.3.1.1. 

5.2.3.2.2 T e s t  c o n d i t i o n s  same as i n  5.2.3.1.2, except t h a t  t h e  dev ice  s h a l l  be 
immersed i n  an o i l  ba th  a t  ambient room temperature. 

5.2.3.2.3 The change i n  res i s tance ,  te rmina l - to - te rmina l ,  s h a l l  be w i t h i n  the  
amount s t a t e d  i n  t h e  d e t a i l  s p e c i f i c a t i o n .  

5.3 Temperature Endurance and Temperature Shock: 

5.3.1 Purpose: 
p r o t e c t o r  under prolonged exposure t o  temperatures near the  a c t u a t i o n  
temperature and under repeated thermal shock cond i t i ons ,  w i t h o u t  causing 
the  dev ice  t o  ac tua te  or r e s e t .  
n o t  requ i  red .  

Th is  t e s t  i s  intended t o  prove the  r e l i a b i l i t y  o f  the  thermal 

The a p p l i c a t i o n  o f  e l e c t r i c  c u r r e n t  i s  

5.3.2 Test Equipment: 

5.3.2.1 S u i t a b l e  a i r  oven and c o n t r o l s  t o  ma in ta in  des i red  temperatures. 
heat source s h a l l  be so loca ted  t h a t  r a d i a n t  heat  s h a l l  n o t  f a l l  
d i r e c t l y  on the  equipment under t e s t .  

The 

Reference Appendix A.  

5.3.2.2 S u i t a b l e  con ta ine r  and f l u i d  w i t h  means o f  ma in ta in ing  the  f l u i d  
temperature a t  w i t h i n  5 t o  10°F (3  t o  6°C) above the  s p e c i f i e d  low 
ambient temperature. Reference Appendix B .  

5.3.3 Test Procedure: 

5.3.3.1 Place t h e  thermal p r o t e c t o r  i n  an a i r  oven wherein the  temperature i s  
maintained 5 t o  10°F ( 3  t o  6°C) below the  low l i m i t  o f  the  a c t u a t i o n  
range o f  t h e  p r o t e c t o r .  A f t e r  16 h a t  t h i s  temperature, t he  thermal 
p r o t e c t o r  s h a l l  be removed from t h e  a i r  oven and, w i t h i n  a p e r i o d  o f  
1 min, s h a l l  be immersed for  a p e r i o d  o f  15 min i n  a l i q u i d  maintained 
a t  5 t o  10°F (3  to  6°C) above the  s p e c i f i e d  low ambient temperature. 
Th is  sequence c o n s t i t u t e s  one cyc le .  

5.3.3.2 Repeat t h e  procedure for  f o u r  a d d i t i o n a l  cyc les ,  except t h a t  t he  
exposure t o  the  h i g h  temperature s h a l l  be n o t  l e s s  than 1 h for  these 
a d d i t i o n a l  cyc les .  

5.3.3.3 Ac tua t i on  or r e s e t  d u r i n g  these cyc les  i s  cause for  r e j e c t i o n .  

5.4 Acce le ra t i on :  

5.4.1 Test Equipment: 

5.4.1.1 Cent r  

5.4.1.2 Means 

fuge  capable o f  producing 14 g a c c e l e r a t  

o f  app ly ing  r a t e d  c u r r e n t  t o  the thermal 

on. 

p r o t e c t o r  d u r i n g  t e s t .  
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5.4.2 T e s t  Procedure: With r a t e d  cu r ren t  con t inuous ly  app l i ed ,  the  thermal 
p r o t e c t o r  s h a l l  be subjected t o  the  a c c e l e r a t i o n  t e s t ,  per  MIL-STD-810D, 
Method 513.3, Procedure I. There s h a l l  be no mechanical f a i l u r e  or 
p ro tec to r -ac tua t i on  due t o  t h e  app l i ed  acce le ra t i on .  

5.5 Shock: 

The thermal p r o t e c t i o n  device s h a l l  be mounted us ing  i t s  own mounting 
p r o v i s i o n s  or means s u i t a b l e  fo r  i t s  a p p l i c a t i o n  and subjected to  a shock 
t e s t  i n  accordance w i t h  the  shock t e s t s  per  MIL-STD-810D Method 516.3, 
Procedure I. There s h a l l  be no mechanical f a i l u r e  or p r o t e c t o r  a c t u a t i o n  
due t o  the  app l i ed  shock. 

5.6 V i b r a t i o n :  

5.6.1 Test Equipment: 

5.6.1.1 V i b r a t i o n  equipment capable o f  producing and c o n t r o l l i n g  v i b r a t i o n  
cond i t i ons  s p e c i f i e d  he re in .  

5.6.1.2 R i g i d  t e s t  f i x t u r e  capable o f  t r a n s m i t t i n g  the  v i b r a t i o n  cond i t i ons  
s p e c i f i e d  he re in .  

5.6.1.3 Means o f  c o n t r o l l i n g  ambient temperature between -65°F (-54°C) and the  
maximum temperature s p e c i f i e d  here in .  Reference Appendix A. 

5.6.1.4 Means o f  app ly ing  r a t e d  c u r r e n t  t o  the  thermal p r o t e c t o r .  

5.6.1.5 Means o f  de termin ing  whe€her the  thermal p r o t e c t o r  actuates or r e s e t s  e 

d u r i n g  t e s t .  

5.6.2 T e s t  Procedure: 

5.6.2.1 With r a t e d  c u r r e n t  con t inuous ly  app l ied ,  t h e  thermal p r o t e c t o r  s h a l l  be 
subjected t o  v i b r a t i o n  t e s t ,  per  MIL-STD-810D, Method 514.3, Procedure I. 
The resonant and c y c l i n g  per iods  s h a l l  be d i v i d e d  i n t o  th ree  equal 
p a r t s .  The f i r s t  p a r t  s h a l l  be conducted a t  -65°F f. 5 (-54°C 31, the  
second a t  room temperature, and the  t h i r d  5 t o  10°F (3  t o  6°C) below the 
low l i m i t  o f  the  a c t u a t i o n  temperature range. 

5.6.2.2 Throughout the  t e s t ,  ac tua t i on ,  momentary i n t e r r u p t i o n  o f  power or any 

5.6.3 V i b r a t i o n  Scan w i t h  P ro tec to r  Actuated (Using D e v i c e  Number 2 For This  
T e s t  Only) :  With the  thermal p r o t e c t o r  actuated, and w i t h  i n d i c a t i o n  
means suppl ied,  t he  resonance search s h a l l  be r u n  a t  -55 t o  -60°F o n l y  
(-48 t o  -51°C). Throughout t h i s  t e s t  the  thermal p r o t e c t o r  s h a l l  no t  
r e s e t .  

s t r u c t u r a l  f a i l u r e  s h a l l  be cause for  r e j e c t i o n .  

5.7 In rush  Current :  

5.7.1 Test Equipment: 

5.7.1.1 Recording o s c i l l o g r a p h  w i t h  normal response t o  1000 cps. 
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5.7.1.2 Suitable galvanometers. F 

5.7.1.3 Suitable power source. 

5.7.1.4 Current transformers or shunts as necessary to match characteristics of 
the galvanometers. 

5.7.1.5 Motor with suitable rating or other device with electrical 
characteristics that would match motor inrush impedance. 

5.7.1.6 A timing switching device that will cycle inrush current in a suitable 
manner. 

5.7.1.7 Protector mounting with realistic simulation of heat simk expected in 
actual use. 

5.7.2 Test Procedure: 

5.7.2.1 

5.7,2.2 

5.7.2.3 

Description o f  Test Setup: Leads connecting the thermal protector into 
the test circuit shall be at least 1 ft (305 mm) long, of a gauge 
appropriate to the protector current rating, and soldered to the 
protector terminals in the normal manner. 
used. The power source shall be connected through the timing device to 
the thermal protector and to the motor or suitable electrical impedance 
that will impose a load simulating the motor. Traces for line voltage 
and amperage shall be connected from galvanometers in the oscll lograph 
to the load side of the thermal protector. 

Test clips shall not be 

Description of Test Current Characteristics: The maximum test current 
shall be 800% o f  the rated full load current and this shall be reduced 
in such a manner that there will be no more than 200% of full load 
current within 0.3 s after the first application of inrush voltage, and 
no more than loo%, nor less than 95%, o f  full load current within 1 s ,  
after the first application of inrush voltage. 

Test Procedure: The test will be conducted in the following manner: 
The switching device will energize the system for approximately 20 s,  
once every 2 min, for a total of 1000 cycles. The oscillograph trace 
will only be necessary on the first and last five cycles to insure 
proper recording of inrush current and voltage drop. During the 1000 
cycles, there shall be no nuisance tripping of the thermal protector. 
Should the protector trip at any point during this cycling, the test 
should be terminated at that point. 

~ 
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5.8 Ac tua t i on  Temperature: 

5.8.1 T e s t  Equipment: Temperature checking s h a l l  be done i n  a l i q u i d  medium i n  
a conta iner  n o t  l e s s  than 1 f t 3  (0.028 m3) i n  volume. 
s h a l l  be w e l l  a g i t a t e d  so t h a t  the  temperature does no t  vary more than 
0.5"F (0.3"C) from one t e s t  p o i n t  t o  another i n  the  l i q u i d .  
temperature o f  the  l i q u i d  s h a l l  be determined by an accu ra te l y  c a l i b r a t e d  
mercury-in-glass thermometer ( c a l i b r a t e d  i n  0.2"F (0.12"C) increments) 
which s h a l l  be immersed i n  the  l i q u i d  t o  the  immersion l i n e  on the  bu lb ,  
near the  thermal p r o t e c t o r  l o c a t i o n .  A s u i t a b l e  t e s t  c i r c u i t ,  such as a 
c o n t i n u i t y  m e t e r ,  or small incandescent lamp(s), s h a l l  be connected t o  the  
te rm ina ls  o f  the  thermal p r o t e c t o r ( s )  to  i n d i c a t e  contac t  a c t i o n .  
Reference Appendix B. . 

The l i q u i d  

The 

5.8.2 T e s t  Procedure: The temperature o f  the  l i q u i d  s h a l l  be brought  t o  a 
minimum o f  2°F ( 1 . 1 ' 0  below the  lowes t  a l lowab le  ope ra t i ng  temperature o f  
the  thermostat  and mainta ined a t  t h i s  temperature for  15 min a f t e r  the  
thermostat  has been immersed. 
a r a t e  n o t  t o  exceed 0.5"F (0.3"C) per  minute u n t i l  t he  thermostat  has 
operated. The thermometer i n d i c a t i o n  a t  t he  moment o f  thermostat  
ope ra t i on  s h a l l  be noted as the  thermostat  ope ra t i ng  temperature. 

5.9 R e s e t  Temperature: 

The temperature s h a l l  then be increased a t  

5.9.1 For Devices Manufactured t o  Reset a t  -65°F (-54°C) or  Below ("Nonreset"  
D e v i c e s ) :  

5.9.1.1 T e s t  Equipment: 
a i r  or CO chamber or i n  a l i q u i d  medium. Temperature of  the  medium 

thermometer ( c a l i b r a t e d  i n  0.2"F (0.12"C) increments) which s h a l l  be 
immersed i n  the  medium t o  the  immersion l i n e  on the  bu lb .  A s u i t a b l e  
t e s t  c i r c u i t  s h a l l  be connected t o  the  thermostat  t e rm ina ls  t o  i n d i c a t e  
con tac t  a c t i o n .  

R e s e t  temperature checking may be done i n  a c i r c u l a t i n g  

s h a l l  be ci etermi  ned by an accu ra te l y  c a l  i bra ted  a l  cohol - i  n-glass 

5.9.1.2 T e s t  Procedure: The temperature o f  the  medium s h a l l  be h e l d  a t  1°F 
(0.6"C) warmer than the  maximum o f  the  r e s e t  temperature s p e c i f i c a t i o n  
range or to le rance  and the  thermostat  s h a l l  be immersed i n  the  medium. 
for  a minimum o f  15 min. The thermostat  s h a l l  n o t  r e s e t .  If t he  d e t a i l  
s p e c i f i c a t i o n  s p e c i f i e s  a minimum r e s e t  temperature, t he  thermostat  
s h a l l  be p laced i n  the  medium a t  the  s p e c i f i e d  minimum temperature and 
he ld  fo r  15 min. The thermostat  s h a l l  r e s e t .  

5.9.2 For Automatic Rese t  Devices (Those Which Reset Above -65°F (-54°C)): 

5.9.2.1 Test Equipment: R e s e t  temperature checking s h a l l  be done w i t h  the  
equipment as s p e c i f i e d  for  a c t u a t i o n  temperature checking. 
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5.9.2.2 T e s t  Procedure: The thermostat  w i t h  contacts  open and w i t h  a s u i t a b l e  
t e s t  c i r c u i t  connected t o  the te rm ina ls ,  s h a l l  be immersed i n  the 
l i q u i d .  The temperature o f  the l i q u i d  s h a l l  be h e l d  a t  a minimum o f  2°F 
(1 .1 "C)  above the  maximum r e s e t  temperature and maintained a t  t h i s  
temperature for  15 min a f t e r  the thermostat  has been immersed. 
temperature s h a l l  be decreased a t  a r a t e  n o t  t o  exceed 0.5"F (0.3'C) per  
min u n t i l  the thermostat  has r e s e t .  The thermometer i n d i c a t i o n  a t  the 
moment o f  thermostat  r e s e t  s h a l l  be noted as the  thermostat  r e s e t  

The 

temperature. 

5.10 Humidi ty:  

The device s h a l l  be subjected t o  a humid 
humid i t y  t e s t s ,  MIL-STD-810D, Method 507 

5.11 Fungus R e s i  stance: 

t y  t e s t  i n  accordance w i t h  the 
2, Procedure III.' 

- The device s h a l l  be t e s t e d  fo r  res i s tance  t o  fungus growth i n  accordance 
w i t h  the fungus r e s i s t a n c e  t e s t s ,  MIL-STD-810D, Method 508.3. 

5.12 Explosion Proof:  

The p r o v i s i o n s  o f  MIL-STD-810D, Method 511.2, Procedure I I  for  
nonhermet ica l ly  sealed u n i t s  and Procedure ï for  h e r m e t i c a l l y  sealed u n i t s ,  
are app l i cab le ,  w i t h  the f o l l o w i n g  add.i t iona1 d e t a i l  p r o v i s i o n s  i n  the t e s t  
requirements:  

5.12.1 T e s t  Equipment: The apparatus for  conduct ing the explos ion-proof  t e s t s  
s h a l l .  c o n s i s t  o f  the f o l l o w i n g  components: 

5.12.1.1 A chamber i n c o r p o r a t i n g  the f o l l o w i n g  fea tu res :  

a .  

b. 

C .  

d, 

e. 

f .  

A pressure-release system operated a u t o m a t i c a l l y  by an explos ion 
o c c u r r i n g  w i t h i n  the chamber t o  reduce i n t e r n a l  pressure t o  
atmospheric cond i t i ons  and prec lude damage t o  equipment undergoing 
t e s t .  The sys tem s h a l l  be so designed t h a t  p o s s i b l e  danger t o  
o p e r a t i n g  personnel s h a l l  be mintmized. 

A hinged or removable gasket-sealed door o f  s u f f i c i e n t  s i z e  t o  
f a c i  1 i t a t e  i n s t a l  l a t í o n  w i t h i n  the  chamber o f  the  equipment t o  be 
t e s t e d . .  

A means o f  i n t r o d u c i n g  
exp los i ve  f u e l  vapor-a 
fan,  o r  o the r  su i  tab1 e 

A window for  observ ing 

An i g n i t i o n  source f o r  
chamber. 

f u e l  and ma in ta in ing  a predetermined 
r m i x t u r e  throughout the  t e s t  chamber. 
means, should be used t o  p rov ide  c i r c u l a t i o n .  

A 

equipment undergoing t e s t ,  i f  desi red.  

i g n i t i n g  the exp los i ve  m i x t u r e  w i t h i n  the 

Cable p o r t s  for  the purpose o f  i n s e r t i n g  an assembly o f  cables, and 
designed t o  f a c i l i t a t e  a p ressu re - t i gh t  seal around the cables.  
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5.12.1.1 (Continued): 

g, 

h, 

i. 

j. 

Openings for  i n s t a l l a t i o n  o f  pressure-sealed remote c o n t r o l s .  

A means fo r  read ing  the  temperatures w i t h i n  the  chamber. 

A gauge for  read ing  the  pressure w i t h i n  the  chamber. 

A means for  ma in ta in ing  an e leva ted  ambient temperature w i t h i n  the 
chamber. 

5.12.1.2 A u x i l i a r y  equipment fo r  use i n  connect ion w i t h  the  chamber s h a l l  be: 

a. Power sources requ i red  for  opera t i on  o f  the  chamber and power 
sources and loads for  the  equipment t o  be tes ted .  

b. A u x i l i a r y  l o c a l  hea t ing  means for  a c t u a t i n g  the  p r o t e c t o r ,  i f  th ree  
t î m e s  r a t e d  c u r r e n t  i s  i n s u f f i c i e n t  fo r  such a c t u a t i o n  under the  
cond i t i ons  o f  5.12.2.3, 

5.12.2 High Temperature T e s t :  

5.12.2.1 The mean temperature w i t h i n  the  chamber d u r i n g  the  t e s t  s h a l l  be h e l d  
a t  160 to  180°F (71 t o  82°C). 

5.12.2.2 The chamber s h a l l  be sealed a t  s e z - l e v e l  pressure cond i t i ons  and t h e  
predetermined q u a n t i t y  of  f u e l  s h a l l  be in t roduced t o  g i v e  an a i r  f u e l  .. 
r a t i o  o f  13:T by weight.  Fue l  used s h a l l  be normal butane, 95 minimum 
MOL percent  p u r i t y .  

5.12.2.3 Immediately a f t e r  charging, t he  thermal p r o t e c t o r  s h a l l  be supp l ied  
w i t h  normal r a t e d  vo l tage and th ree  t imes r a t e d  c u r r e n t .  The thermal 
p r o t e c t o r  s h a l l  then be actuated.  Any exp los ion  w i t h i n  the  p r o t e c t o r  
s h a l l  n o t  i g n i t e  the  surrounding exp los ive  m ix tu re .  

5.12.2.4 The t e s t  s h a l l  be repeated for  a t o t a l  o f  f i v e  t i m e s .  A t  t he  end o f  

Any damage t o  
each t e s t  the  chamber i g n i t i o n  source s h a l l  be f i r e d  t o  determine t h a t  
an exp los ive  m ix tu re  e x i s t e d  du r ing  the  t e s t  pe r iods .  
t he  u n i t  under t e s t  s h a l l  be such as t o  leave the  c i r c u i t  i n  the  open 
p o s i t i o n .  

5.13 Ac tua t i on  Endurance: 

5.13.1 Equipment: A s u i t a b l e  t e s t  c i r cu i t  t o  i n d i c a t e  c o n t a c t  a c t i o n .  

5.13.1.1 High Temperature - For Ac tua t ion :  A sui t a b l e  tempera ture-cont ro l led  
l i q u i d  ba th  s h a l l  be prov ided as descr ibed f o r  a c t u a t i o n  temperature 
checking (5.8.11 c o n t r o l l e d  a t  a temperature no t  l e s s  than 25°F (-4°C) 
nor  more than 50°F (10°C) h o t t e r  than the  nominal ac tua€ ion  temperature 
of  the  device.  
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5.13.1.2 Low Temperature - For Reset: 
ba th  or atmosphere chamber s h a l l  be provided, as descr ibed 
approximately for  l'nonresetl' ( r e s e t t i n g  a t  -65°F (-54°C) or below) 
devices (5.9.1.1) or automatic r e s e t  devices (5.9.2.1), c o n t r o l l e d  a t  a 
temperature below the  r e s e t  temperature b u t  n o t  lower than -150°F 
(-101°C) for  "nonreset" devices, and n o t  lower than -70°F (-57°C) f o r  
automat ic r e s e t  devices.  

A su i  tab1 e temperature-control  1 ed 1 i qu id  

5,13,2 Test Procedure: The thermal p r o t e c t i v e  device,  w i t h  t e s t  c i r c u i t  
connected t o  i t s  t e rm ina ls ,  s h a l l  be subjected a l t e r n a t e l y  t o  the  "h igh  
temperature" and 'llow temperature" environments u n t i l  t e n  a c t u a t i o n  and 
t e n  r e s e t  opera t ions  take  place, accompl ishing t e n  complete cyc les  o f  
ope ra t i on .  

5.14 Fuel Resistance: 

The dev ice  s h a l l  be subjected t o  a f u e l  r e s i s t a n c e  t e s t  i n  accordance w i t h  
MIL-F-8615D, 4.5.11, w i t h  T t  = Ta = 5 t o  10°F ( 3  t o  6°C) below the  low 
1 i m i  t o f  the  device a c t u a t i o n  temperature. 

PREPARED BY SAE COMMITTEE AE-5, 
AEROSPACE FUEL, OIL, AND O X I D I Z E R  SYSTEMS 

~~ 
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APPENDIX A 

Discuss ion o f  Temperature Checking i n  C o n t r o l l e d  A i r  Chamber 

A . l  The temperature c o n t r o l  o f  an a i r  oven fo r  temperature t e s t i n g  o f  thermal 
p r o t e c t o r s  i s  d i f f i c u l t ,  and must be approached w i t h  cau t ion  and a t t e n t i o n  
t o  d e t a i l ,  i f  accurate t e s t  r e s u l t s  are t o  be obta ined.  (See a l s o  
Appendix B.) 

The oven or t e s t  chamber must be designed so t h a t  a u n i t  under t e s t  cannot 
''see" any hea t ing  or c o o l i n g  sur face,  e l s e  r a d i a t i o n  t o  or from the  u n i t  
w i l l  make i t s  temperature d i f f e r e n t  from the  recorded p o i n t .  The recorded 
p o i n t  (thermocouple, t he rm is to r ,  thermometer bu lb ,  e t c . )  mus€ be c l o s e  t o  
the  u n i t  under t e s t  and subjected t o  s i m i l a r  cond i t i ons  o f  a i r f l o w  and r a t e  
o f  temperature r i s e  or f a l l .  
s t r a t i f i c a t i o n  must be avoided, A "small  wind tunne l "  i s  a good design 
concept. 

Uni form c i r c u l a t i o n  i s  necessary and 

I t  i s  recommended t h a t  c o n t r o l  o f  the  t e s t  chamber temperature be 
accomplished by automat ic modulat ing o r  p r o p o r t i o n i n g  means, us ing  a 
temperature sensing dev ice o f  small mass, and hea t ing  ( c o o l i n g )  equipment 
w i  t h  r a p i d  response. 

For the  environmental  v i b r a t i o n  t e s t  ( 5 , 6 > ,  the  normal v i b r a t i o n  apparatus 
should be supplemented w i t h  an enclosure which encloses v i b r a t i o n  t a b l e  
mounting p l a t e  w i t h  t e s t  sample i n s t a l l e d .  The enc losure s h a l l  be capable 
o f  con ta in ing  bo th  h o t  and c o l d  ambients, so t h a t  the  sample under t e s t  may 
be subjected t o  environmental  t e s t  requirements under the  extreme 
environmental  temperature cond i t i on .  V a r i a t i o n s  o f  temperature w i t h i n  the  
t e s t  enc losure s h a l l  no t  exceed t l " F  (0.6"C). Environmental t e s t  enc losure 
and r e l a t e d  equipment s h a l l  be o f  a design which w i l l  n o t  s u b t r a c t  
m a t e r i a l l y  f rom the  l oad ing  force the  v i b r a t i o n  t a b l e  i s  capable o f .  I n  
t h i s  respec t ,  i n  F igure  A l  are sketches o f  equipment which may be u t i l i z e d  
as a supplement t o  standard v i b r a t i o n  tab les  t o  accompl ish r e q u i r e d  
environmental  v i b r a t i o n  t e s t s  a t  bo th  low and h igh  temperature ex t remes .  
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