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DESIGN, DEVELOPMENT AND TEST CRITERIA  - 
SOLID STATE P R O X I M I T Y  SWITCHES/SYSTEMS 

FOR LANDING GEAR APPLICATIONS 

1. PURPOSE: 
performance and va l  i d a t i o n  c r i t e r i a  f o r  sol  i d  s t a t e  p rox imi ty  swi tch systems 
used f o r  envi  ronmental l y  severe appl i c a t i o n s  on a i r c r a f t  1 andi ng gear. 

The purpose o f  t h i s  A I R  i s  t o  suggest s p e c i f i c a t i o n ,  app l i ca t ion ,  

2. SCOPE: This document w i l l  examine the more impor tant  cons iderat ions r e l a t i v e  
t o  the u t i 1  i z a t i o n  o f  "one piece", o r  i n t e g r a l  e l e c t r o n i c s  p r o x i m i t y  
switches, and "two piece", o r  separate sensor and e l e c t r o n i c s  p rox imi ty  
switches, f o r  a p p l i c a t i o n s  on a i r c r a f t  land ing  gear. I n  general, the  
recommendations inc luded are app l icab le  f o r  o ther  demanding a i r c r a f t  sensor 
i n s t a l l a t i o n s  where the environment i s  equa l ly  severe. 

3. DISCUSSION: 
l a n d i n g  gear c o n t r o l  and i n d i c a t i o n  l i m i t  switches s ince 1965. 
p rox imi ty  switches discussed i n  t h i s  document d i v i d e  i n t o  two categor ies;  
i n t e g r a l  e l e c t r o n i c  switches which operate on the p r i n c i p l e  o f  eddy c u r r e n t  
losses and separated sensor and e l e c t r o n i c  systems which use v a r i a b l e  
re1 uctance p r i  n c i  p l  es. 

Noncontact p rox imi ty  switches have been used on some a i r c r a f t  as 
The types o f  

3.1 I n t e g r a l  E l e c t r o n i c  Prox imi ty  Switch C h a r a c t e r i s t i c s  and Performance: The 
f o l  1 owi na b r i e f 1  Y describes the  features and c h a r a c t e r i s t i c s  o f  the  
"one-piece" p r o i m i  ty switch. 

- I n s t a l l a t i o n  - No separate e l e c t r o n i c  box requi red.  

- R e l i a b i l i t y  - Experience has demonstrated an MTBF o f  5,000 t o  50,000 hours 
f o r  each switch, depending on exposure and app l ica t ion .  

- Mai n t a i  nabi 1 i ty - I n t e g r a l  proximi ty  swi tches are general l y  n o t  repa i  rab1 e. 

- Sensing Range - .O50 i n c h  t o  .5 inch  as a f u n c t i o n  o f  e f f e c t i v e  sensor 
area o r  sensor diameter. 

- Target - Any conductive m a t e r i a l ;  however, the  a c t u a t i o n  p o i n t  v a r i e s  w i t h  
d i f f e r e n t  mater ia l  s. Ferromagnetic s t e e l  genera l ly  provides the  maximum 
ac tua t ion  range and should be u t i l i z e d  whenever poss ib le .  

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state of technical and 
engineering sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular 
use, including any patent infringement arising therefrom, is  the sole responsibility of the user." 

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. 
SAE invites your written comments and suggestions. 
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3.1 (Continued) 

- Temperature Range - -55°C t o  t 7 1  "C i s  normal. The upper 1 i m i t  can be 
extended t o  125OC i f  the  t h e m a l  i n t e r f a c e  i s  s p e c i f i e d  and c o n t r o l l e d  and 
adequately r a t e d  e l e c t r i c a l  p a r t s  a re  u t i  1 ized. 

Normal designs should be capable o f  opera t ion  i n  20 v o l t  pe r  meter 
f i e l d s .  
v o l t s  pe r  meter from 5 KHz t o  4 GHz a re  p resen t l y  i n  serv ice.  A i r c r a f t  
HF, VHF and UHF t r a n s m i t t e r  bands should be tested. 

- EM1 C a p a b i l i t y  - No p r a c t i c a l  l i m i t a t i o n s  except r a d i a t e d  s u s c e p t i b i l i t y .  

Special designs which can operate i n  f i e l d s  i n  excess o f  300 

- Shock - Cur ren t  devices a re  capable o f  su rv i va l  a t  up t o  50g shock 
l e v e l s .  
attachment capabi l  i ty. 

This  l i m i t a t i o n  i s  d i c t a t e d  by e l e c t r o n i c  component d i e  

- V i b r a t i o n  - Depending upon mechanical mounting features and poss ib le  
resonances o f  i n d i v i d u a l  i n s t a l l a t i o n s ,  normal designs a re  capable o f  25 
t o  75 g ' s  RMS equ iva len t  v i b r a t i o n .  Special designs a r e  again l i m i t e d  
o n l y  by t h e  c a p a b i l i t y  o f  t h e  m i c r o c i r c u i t s  and o the r  components used i n  
t h e  design. 

- Moisture/SWAMP Environment - The "SWAMP" i s  de f ined as a "severe wind and 
mois ture problem" area. Experience has shown t h a t  mois ture i nges t i on  i s  
t h e  p r i n c i p a l  cause o f  premature f a i l  Ure o f  i n t e g r a l  e l e c t r o n i c s  p rox im i t y  
switches. Seal i n g  i n t e g r i t y  i s  severe ly  t e s t e d  by t h e  r a p i d  temperature 
and pressure changes associated w i t h  t h e  SWAMP land ing  gear environment. 
It i s  s t r o n g l y  suggested t h a t  development and qual i f i c a t i o n  t e s t  programs 
inc lude  t h e  t e s t  parameters o u t l i n e d  i n  sec t i on  5. 
requirements should a l s o  consider  t h e  i n c l u s i o n  o f  a cyc led  h igh  s t ress  
burn- in  p e r i o d  ("Shake and Bake") t o  improve re1  i a b i l  i t y  by  weeding o u t  
" i n f a n t  mor ta l  i ty" f a i l  ures. 

Product ion t e s t i n g  

3.2 Separate E lec t ron i cs  Prox imi ty  System Charac te r i s t i cs  and Performance: 
I n c l u d e d  here a re  t h e  c h a r a c t e r i s t i c s  o f  t h e  t y p i c a l  "two-piece" p rox im i t y  
sw i tch  system . 
- I n s t a l l a t i o n  - E l e c t r o n i c  modules, u s u a l l y  packaged together  i n  a 

standardized (ATR) p rox im i t y  e l e c t r o n i c s  enclosure, a r e  requ i red  t o  be 
l oca ted  i n  an env i ronmenta l ly  c o n t r o l l e d  a i r c r a f t  area. Any r e q u i r e d  
l o g i c ,  ou tpu t  d r i v e r s  and B u i l  t - In-Test  (BIT)  c i r c u i t r y  i s  u s u a l l y  
inc luded i n  t h e  same enclosure. Po in t - to -po in t  w i r i ng ,  w i t h i n  t h e  
enclosure, i s  p re fe r red  f o r  ease o f  maintenance and m o d i f i c a t i o n  - i f  
space c o n s t r a i n t s  a l low.  

- R e l i a b i l i t y  - Th is  type o f  system has demonstrated a f i e l d  MTBF o f  180,000 
t o  300,000 hours f o r  each swi tch  channel (one sensor together  w i t h  i t s  
e l e c t r o n i c s  module). The reason f o r  t h e  1 arge improvement i n  re1  i a b i l  i ty, 
over t h e  one-piece switch, i s  t h a t  t h e  e l e c t r o n i c s  module i s  housed i n  a 
con t ro l  1 ed a i  r c r a f t  environment and t h e  sensor i s  a 1 ow impedance device 
t h a t  i s  i n h e r e n t l y  l e s s  s e n s i t i v e  t o  mois ture inges t ion .  

I) 
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3.2 (Continued): 

- M a i n t a i n a b i l i t y  - E lec t ron i cs  modules a r e  repa i rab le  and rep laceable 
w i t h o u t  d i s t u r b i n g  sensor i n s t a l l a t i o n / r i g g i n g .  
non-repairabl e, b u t  can be rep1 aced w i t h o u t  adjustment o f  t he  e l e c t r o n i c  
modul e. 

Sensors a re  

- Temperature Range - Sensôr: 
The range may, w i t h  specia l  design e f f o r t ,  be extended t o  -200°C t o  
+45OoC. E lec t ron i c  Module: -4OOC t o  +71 O C .  

Norinally -55°C t o  85°C o r  -65°C t o  +lOO°C. 

- Sensing Range - S i m i l a r  t o  i n t e g r a l  e l e c t r o n i c s  u n i t .  

- Target - Must be a ferromagnetic ma te r ia l  such as 4130, 4340 and 17-4.PH 
s tee l .  
permeab i l i t y  a l l o y s  may be used. 
c a p a b i l i t y  t o  "see through" non-magnetic metals such as 300 se r ies  
s t a i n l e s s  s tee l  and t i t an ium.  

For increased swi tch ing  range and s e n s i t i v i t y ,  s p e c i a l t y  h igh  
Inhe ren t l y ,  t h i s  system has t h e  

- EM1 C a p a b i l i t y  - Same a s  i n t e g r a l  e l e c t r o n i c  switches except t h a t  care  
must be taken t o  ensure t h a t  rad ia ted  emissions requirements a r e  met on 
the  w i res  connecting t h e  sensor t o  t h e  e l e c t r o n i c s  module. 
i s  usua l l y  a t w i s t e d  p a i r  o r  t r i p l e  f o r  improved EM1 re jec t i on .  

No p r a c t i c a l  l i m i t a t i o n s  except w i t h  
mounting features unique t o  i n d i v i d u a l  designs. Swi tch ing r e p e a t a b i l i t y  
i s  enhanced w i t h  r i g i d ,  w e l l  designed i n s t a l l a t i o n s .  E l e c t r o n i c  Module: 
Normal e l e c t r o n i c s  bay environment should n o t  be exceeded w i t h o u t  special 
care. 

Sensor w i r i n g  

- Shock & V i b r a t i o n  - Sensor/Target: 

- Moisture/SWAMP Environment - The sensor i n  t h e  separate e l e c t r o n i c s  system 
i s  a low impedance device n o t  i n h e r e n t l y  s e n s i t i v e  t o  mo is tu re  ingest ion.  
However, mois ture penet ra t ion  can cause 1 ong-term de le te r i ous  e f f e c t s  
recul  t i n g  from cor ros ion  and freeze-break f a i l u r e .  

4. SUGGESTED PRACTICES FOR DESIGN. DEVELOPMENT AND APPLICATION: 

4.1 Mater ia ls :  

- Standard p a r t s  o r  components which have a h i s t o r y  o f  usage i n  s i m i l a r  
app l i ca t i ons  a r e  pre fer red  f o r  use i n  the  design o f  p rox im i t y  sw i tch  
systems. 
o r  components b u t  on l y  suggests t h a t  p a r t s  o r  components which have n o t  
been used i n  s i m i l a r  app l i ca t i ons  should be reviewed and t e s t e d  c a r e f u l l y  
f o r  adequate performance. 

This  i s  n o t  in tended t o  preclude t h e  use o f  new technology p a r t s  

- A l l  exposed metal p a r t s  must be o f  co r ros ion  r e s i s t a n t  ma te r ia l  o r  
p ro tec ted  t o  r e s i s t  cor ros ion  and s t r u c t u r a l l y  capable o f  s u r v i v i n g  i n  the  
wheel we1 1 env i  ronment. 

- Abu t t i ng  d i s s i m i l a r  metals, as de f ined i n  MIL-STD-454 requirement 16, 
should n o t  be used when exposed t o  wheel we l l  cond i t i ons  w i t h o u t  special 
precautions . 
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4.1 (Continued) 

- All p o t t i n g  or encapsulation compounds which are exposed t o  wheel well 
conditions must be hydrolytically stab1 e. Suggested criteria are those of 
MIL-1-1 6923 for epoxies and MIL-S-23586 for s i l  icones. Potting voids 
should be eliminated since they tend t o  collect contaminants and  
moisture. 
encapsulation material s are preferred. 

Hermetic techniques t h a t  eliminate exposed p o t t i n g  and 

- In order t o  maximize reliabil i ty,  the order o f  preference i n  the 
construction o f  the s o l i d  s ta te  electronic circuitry i s  as follows (the 
most preferred construction 1 isted f i  rst and the 1 east preferred 1 a s t ) .  

a )  mono1 i th ic  microelectronic integrated circuits; 
b )  t h i n  film, thick film, or hybrid microcircuit devices; 
c )  discrete parts. 

- External components and surfaces should n o t  be susceptible t o ,  o r  damaged 
by aircraft  fuel,  hydraulic fluids, or cleaning agents. 

4.2 Construction: 

- Mounting - The sensor mounting means should prevent a l l  relative motion 
between the switch and the structure t o  which i t  is  attached. Proximity 
switches or sensors are not  sensitive t o  mounting attitude. If units are 
t o  be installed within one inch of each other, care should be taken t o  
ensure t h a t  the effect o f  one on the other i s  understood and acceptable. 
In a d d i t i o n ,  the effects o f  surrounding metal structure must be considered. 

- Electrical Termination - Most switches o r  sensors include twisted 
"Pigtail" leads or shielded cables. The type and length o f  wire o r  cable 
i s  usually specified by the aircraft  manufacturer. However, experience 
has shown t h a t  sensor wiring which meets the following guidelines, when 
located i n  the wheel well environment, wi l l  provide satisfactory service: 

1 )  Size: 20 gage minimum for twisted 2 or 3 wire cable. 
22 gage minimum for  twisted, shielded and jacketed multi-wire 
cab1 e. 

2 )  Wire: High strength copper alloy w i t h  silver p l a t i n g  i s  generally the 
preferred choice. Wire insu la t ion  systems t h a t  u t i 1  ize 
flexible, homogenous modified teflon, o f  medium weight, is  also 
generally preferred over l ight weight mu1 t i -wal l  s t i f f ,  springy 
constructions. MIL-W-22759 i s  a reasonable basic wire 
speci fication. 

"Wind-whip" and flexure d u r i n g  gear operation has created long  term 
reliabil i ty problems with s t i f f ,  springy wire and cable i n  l and ing  gear 
applications. 

The use o f  integral connectors on proximity sensors or switches i n  the 
wheel well may appear t o  offer maintainability advantages. However, a 
number of factors must be considered. 
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4.2 (Continued) 

A connector can add c o s t  and weight  and increase t h e  space requ i red  t o  
mount a sensor. I n  add i t i on ,  a connector adds se r ies  w i r e  connections and 
increases the  p r o b a b i l i t y  o f  e l e c t r i c a l  f a i l u r e  due t o  w i re - to -w i re  and 
w i  re-to-ground 1 eakage w i t h i n  t h e  connector assembly, which i s  g r e a t l y  
exacerbated by t h e  wheel w e l l  environment. The se rv i ce  h i s t o r y  on some 
a i r c r a f t  l and ing  gear i n s t a l l a t i o n s  shows t h a t  cab le - re la ted  f a i l u r e s  
account f o r  a h i g h  percentage o f  sw i tch  problems. I n  these cases, use o f  
i n t e g r a l  connectors would probably have reduced t h e  cos t  o f  ownership, by 
reducing t h e  swi tch  scrap r a t e .  

It i s  recommended t h a t  t he  use o f  t h e  i n t e g r a l  connectors be decided 
according t o  the  d e t a i l s  o f  t h e  i n d i v i d u a l  i n s t a l l a t i o n .  
c i a t e d  w i r i n g  can be adequately p ro tec ted  from corros ives,  wind whip, and 
mechanical damage, use o f  a connector i s  probably n o t  j u s t i f i e d .  

I f  t h e  asso- 

I f  i n t e g r a l  connectors a re  spec i f ied ,  MIL-C-38999 - Ser ies III Class " Y "  
o r  "N" - i s  suggested a s  t h e  most appropr ia te  choice f o r  t h e  sensor or 
swi tch i n  the  wheel w e l l  environment. 

- Case Grounding - The e x t e r i o r  f i n i s h  o f  t h e  swi tch  o r  sensor housing 
should permi t  grounding o f  t h e  swi tch  t o  i t s  mounting s t r u c t u r e  i n  
accordance w i t h  MIL-B-5087. 
res is tance o f  t h e  switch. 

Grounding i s  normal ly  requ i red  t o  enhance EM1 

- A l l  sensor w i r i n g  i n  a wheel w e l l  must be t i g h t l y  secured and t h e  use o f  
f l e x i b l e  condu i t  f o r  w i r e  p r o t e c t i o n  i s  recommended. 
should be prov ided f o r  a l l  condu i t  o r  p r o t e c t i v e  sheathing. 

- E l e c t r i c a l l y  sh ie lded condu i t  i s  u s u a l l y  n o t  requ i red  f o r  "two-piece" 
systems unless a i r c r a f t  c o n f i g u r a t i o n  and/or miss ion s p e c i f i c a t i o n s  
d i c t a t e  otherwise. 
Pul se) requirements a re  t y p i c a l  exceptions. 

Low p o i n t  d ra ins  

Special l i g h t n i n g  p r o t e c t i o n  and EMP (Electromagnetic 

- S1 ide-by t a r g e t s  should present a s t ra igh t -1  i n e  sharp t r a n s i t i o n  across 
t h e  sensor face -- t o  maximize swi tch ing  r e p e a t a b i l i t y .  With rec tangu lar  
sensors, sw i tch ing  r e p e a t a b i l i t y  i s  enhanced i f  t h e  t a r g e t  approaches and 
crosses t h e  narrow dimension. 

CASE I CASE II 
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4.2 (Continued) 

Note t h a t  when the target, in a slide-by mode, approaches the sensor 
across the width dimension (Case I )  the switch locus curve i s  monotonic 
and switching repeatability, as a function of sl ight var ia t ions i n  target 
head-on gap, i s  maximized. 

When the target i s  approaching the sensor across the long dimension (Case 
I I )  the f l a t  area i n  the switching locus can cause large var ia t ions  i n  
switch point w i t h  minor changes i n  head-on gap. T h i s  characteristic i s  
caused by the "two-pole" geometry of the rectangular sensor and the 
ini t ia l  interaction o f  the target w i t h  a single pole. 

Both poles of the sensor see the target a t  the same time i n  Case I .  

- Targets should always b e  slightly larger than the sensor face t o  assure 
t h a t  minor misalignment does no t  affect  switch p o i n t  repeatability. In 
add i t ion ,  target moun t ing  designs must provide sufficient rigidity t o  
control switch point repeatability. 

Target  

REDUCED AREA TARGET EFFECTS 

The upper locus shows the switching characteristic w i t h  a normal sized 
target (specified standard used for calibration). 

The lower curve shows the switching response with a target that i s  half 
the w i d t h  of the s tandard.  Note t h a t  the "zero-gap" slide-by switch point 
i s  essentially the same for both  targets b u t  the head-on switch p o i n t  i s  
lowered for the reduced area target (approximately 20%)). This results i n  
a locus slope reduction and a decrease i n  switch p o i n t  repeatability as a 
function on head-on spacing variations. 

Round sensors exhibit the same general characteristic w i t h  reduced area 
targets 
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TARGET MATERIAL EFFECTS 

Two-Piece Sensors: I f  t h e  standard t a r g e t  s p e c i f i e d  i s  f u l l y  annealed 
ferromagnetic s t e e l  (4130, 1020, e t c )  and a l l  o the r  parameters a re  
unchanged, changing t a r g e t  ma te r ia l  r e s u l t s  i n  t h e  fo l low ing :  

17-4PH (Annealed) - 90% gap (approx) 
17-4PH (RC 34/36) - 98% gap (approx) 
H i  Mu 80 - 110% gap (approx) 

One-Piece Sensors: A l l  ferromagnetic ma te r ia l  s are  approximately t h e  
same, i n  terms o f  gap, and non-ferromagnetic ma te r ia l s  (aluminum, 300 
se r ies  s ta in less ,  e t c )  w i l l  sw i tch  a t  approximately 50% o f  t h e  standard 
ferromagnetic t a r g e t  gap - a l  1 o the r  va r iab les  unchanged. 

4.3 Target/Sensor Re la t ionsh ip :  The target /sensor  i n t e r a c t i o n  i r r  a Prox imi ty  
Switch System i s  considered p a r t  o f  t h e  swi tch system design. 
2 il 1 u s t r a t e  some general re1 a t ionsh ips  app l i cab le  t o  most sensor 
app l i ca t ions .  The f o l l o w i n g  d e f i n i t i o n s  apply: 

F igure 1 and 

Head-on Motion: 
face and the  t a r g e t  face i s  p a r a l l e l  t o  the  sensor face. 

The pa th  o f  t a r g e t  motion i s  perpendicular t o  t h e  sensor 

Slide-By Target Motion: The pa th  o f  t h e  t a r g e t  motion i s  p a r a l l e l  t o  t h e  
sensor face on a common c e n t e r l i n e  and the  t a r g e t  face and sensor face a r e  
p a r a l l e l .  

Rotate by: The rad ius  pa th  o f  t a r g e t  motion i s  p a r a l l e l  t o  t h e  sensor face 
and the  gap between the  t a r g e t  and t h e  sensor face i s  minimum ( f o r  a given 
cen te r  o f  r o t a t i o n )  o n l y  when t h e  l i n e  from t h e  cen te r  o f  t a r g e t  r o t a t i o n  t o  
the  t a r g e t  i s  c o l l i n e a r  w i t h  a l i n e  perpendicular t o  t h e  sensor face. 

D i f f e r e n t i a l  Travel : The d is tance from t h e  p o i n t  o f  sw i tch  ac tua t i on  t o  t h e  
p o i n t  o f  sw i tch  deactuat ion (sometimes r e f e r r e d  t o  as hys teres is  o r  dead 
band). 

Over-Travel : 
ac tua t i on  t o  the  f i n a l  nominal t a r g e t  pos i t i on .  The t a r g e t  should n o t  be 
a l lowed t o  touch t h e  sensor face b u t  con tac t  should n o t  r e s u l t  i n  a fa1 se 
"TARGET AWAY" condi t i o n .  

The d is tance from t h e  p o i n t  o f  c l o s e s t  s p e c i f i e d  swi tch  
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4.3 (Continued) 

- Normal sw i t ch  i n s t a l l a t i o n  design should p rov ide  40 t o  60 percent  
over - t rave l  (-¡.e.; i f  t h e  minimum ac tua t i on  p o i n t  i s  0.100 inch, nominal 
t a r g e t  r i g g i n g  p o s i t i o n  should be 0.050 i n c h  when t h e  f i n a l  t a r g e t  
p o s i t i o n  i s  reached). 
t en  percent  o f  minimum a c t u a t i o n  d is tance under wors t  case t a r g e t  p o s i t i o n  
cond i t ions .  

Under no c o n d i t i o n  should over - t rave l  be l e s s  than 

- In wheel w e l l  areas o f  t h e  a i r c r a f t  where i c i n g  may occur, t h e  
sensor/swi t c h / t a r g e t  i n s t a l  1 a t i o n  i n t e r f a c e  should take  i n t o  cons idera t ion  
the  forces on mounting brackets, t a r g e t s  and attachment hardware when t h e  
t a r g e t  mot ion w i l l  crush o r  sweep away ice .  
type, s l ide-by  o r  ro ta te -by  t a r g e t  motion i s  p r e f e r r e d  because i t  contacts  
t h e  i c e  i n  shear and tends t o  sweep i t  away, r a t h e r  than head-on t a r g e t  
mot ion which t r a p s  and crushes t h e  i c e  between the  sensor/switch and 
ta rge t .  

For i n s t a l l a t i o n s  o f  t h i s  

- Sensor l e a d  e x i t s  should p o i n t  down and d r i p  loops  and condu i t  low-po in t  
d ra ins  should be provided. 

- The presence o f  contaminants such as o i l ,  grease, fue ls ,  solvents, i c e ,  
mud, d i r t  and carbon brake dus t  between t h e  t a r g e t  and t h e  sensor have no 
e f f e c t  on t h e  sw i t ch  ac tua t i on  proper t ies .  

4.4 E l  e c t r i  c a l  Requi remen ts :  

- The switch/system must be designed and t e s t e d  f o r  opera t ion  a t  a l l  vo l tage 
extremes an ti c i  pated. I n  addi ti on, t h e  swi tch/sys tem must be capabl e o f  
s u r v i v i n g  h i g h  ampli tude v o l  tage sp ikes ( t r a n s i e n t s )  impressed on bo th  t h e  
power l e a d  (+28 Vdc) and t h e  ou tpu t  lead. 
should be cons is ten t  w i t h  i n d i v i d u a l  program environments. MIL-STD-704 i s  
a reasonable guide. 

The s p e c i f i c  requirements 

- For  normal app l i ca t i ons ,  t h e  swi tch  should comply w i t h  MIL-STD-461 and t h e  
requirements defined v i a  Methods CE03, CSO1, CSO2, CS06, RE02, RS02, and 
RS03 O f  MIL-STD-462. 

- The ou tpu t  c i r c u i t  performance must be s p e c i f i e d  f o r  each separate 
requirement, o r  program, as t o  vo l  tage drop, leakage cur ren t ,  c u r r e n t  
c a p a b i l i t y ,  s h o r t  c i r c u i t  c a p a b i l i t y ,  and t h e  a b i l i t y  t o  su rv i ve  reversa l  
o f  power and ou tpu t  leads. 

4.5 M a i n t a i n a b i l i t y  Considerations: The swi tch  o r  sensor i n s t a l l a t i o n  should be 
designed so t h a t ,  i n  t h e  event o f  f a i l u re ,  a replacement p a r t  may be 
i n s t a l  l e d  w i t h o u t  adjustment o f  shims o r  o t h e r  p o s i t i o n i n g  hardware. This  
usua l l y  i s  accomplished by hav ing separate attachment hardware f o r  t h e  
p o s i t i o n i n g  hardware (shims, etc.).  I n  add i t i on ,  i n  o rder  t o  minimize 
system downtime, t h e  attachment hardware f o r  t h e  swi tch  o r  sensor should be 
e a s i l y  access ib le  and removable (avo id  r i v e t e d  o r  welded i n s t a l l a t i o n s ) .  
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