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M C I E T V  OF AUTOMOTIVE ENOINLLRI. Ino. 

485 LEXiNOTON AVENUE AEROSPACE STAN DARD 
NEW YORK 17, N.Y. 

MANSFOU> PFESSüRE II'DICMïNG INSXUMENTS 

- 

AS 411~ 
I ~ U O d  U-l-L8 
Revia 4-15-63 

1. Purpose: !This Aerospace Standard establishes the essential  minimum saf'e 
performance standards for &fold pressuxe i n s t m n t s  primarily f o r  use 
vit& reciprocating engine pawered transport aircraft;, the operation of which 
m y  subject the instrunients t o  the enviromental conditions specified in 
'Section 3.3. 

2. Scope: This  Aerospace Standaifi covers two basic types or" manifold pres- 
sure instnmsnts as follows:. 

m e  1 - Dirnct mdicating 

Type II - Fkrmte indicating 

3. Genera3 IBequiremzmts: 

3.1 Bhterlals and Iïorlananship 

3.1.1 l&teria=l-s: 
have demonstrated t o  be suitable and dependable f o r  use i n  aircraft; in- 
strments.  

W t e r i a l s  shal l  be 02 a quaïity which experience and/or tests 

301.2 Vorkmanship: Workmnship shall be consistent with high grade a i r c r m  in- 
st-nt mstnufactuxing practice. 

3.2 1dentir"ication: The following informtion shall be legibly and permanently 
marked on the instruirient or  aktached thexeto: 

(a)  ame oî i n s t m n t  
(b) SAE A S 4 l l A  
(c) tJmufacturer's part nuniber 
(d) 
( e )  1.bnufacturer's name and/or trademark 
(f) -e 
(g) mt ing  (mectrical ,  vacum, etc.) 
(h) Ekplosion rating 

î~bnufactumr's serial rimer or date of m u f a c t u r e  

3.3 Environmen%al Conditions: The following conditions have been established as 
minirnAm design requirements. 
Sections 5 ,  6, and 7. 

T e s t s  shall be conducted as specified i n  

3.3 1 Tempemturn : Isen installed i n  accordance with the instrwnent m u f a c t u r e r '  s 
instrictions,  the instrunient shal l  function over the range of d i e n t  tem- 
perature shown i n  Column A below and shall not be adversely affected by 
exposure t o  the range of tengerature shown i n  Column B below: 
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B 
-i 

A b s t  m n t  b c a t  ion I 

Power Plant Compartment -30 t o  +lOO°C -65 t o  +ioooc 
Heated Amas (Tenrpemtum Controlled) -30 t o  +70°C -65 t o  +70°c 

Unheated Areas (Temperature Controlled) -55 t o  +7OoC -65 t o  +70°c 

Power Plant AccessoJly Compartmnt -30 t o  +lOO°C -65 t o  +ioooc 

3.3.2 

3.3-3 

3.3.4. 

3.k 

Altitude: Vhen Installed i n  accordance with the  i n s t m n t  mufac tu re r ' s  
inskuctions, the instmIents shall  f'unction and shaJ.1 not be adversely 
affected following exposun? t o  a p r e s s u ~ ?  and temerature range equivalent 
t o  -1000 t o  h0,OOO feet  standard altitude, per NACA Reporb 1235, except as 
limi-ted by the application of Paragraph 3.3.1. 
adversely affected when subjected t o  an ambient pressure of 50 inches of 

The instrument shal l  not be 

mrcury ~,bsOlute* 

Vibration: 
instructions, the instruments sha l l  function and shal l  nub be aüversely 
affected when subJected t o  vibrations of the following characteristics: 

laen installed In  accordance with the instrument manufacturer's 

ïnstmmnt Location 
. i n  A i r f r a +  

Power P3-ant Mounted 

Cycles W. Double Maxim 
Per Sec. Amplitude (In.) Accel. 

5-150 o. 100 zog. 

rnselage 5-500 o. 036 5g 

Panel or Rack (Vibm,tisn Isolated) 5-50 o. 02.0 1*5& 

Eumiditz: 
fected following exposure t o  any relative humidity i n  the range from O t o  
9576 at a tengemtun? o9 a,pproximately +TOC. 

The in&mr%?nts shall function and shaì l  not be adversely af- 

Explosion Categoxy : m e  i n s t m E n t  component, when intended. f o r  instal la t ion 
ei ther  i n  uninhabiteil areas of nowpressurized a i rc raf t  or i n  non-pressurized 
areas of pressurizecl aircmf'b, shsU not cause an explosion vhen operated i n  
an explosive a-brilospheze. me coqponent she31 m e t  the requirements applicable 
t o  the exglosioii ca,tegory beloi!. Specifically, any instrunmxt component which 
c m  be an ignitSon source md is intended Por instal la t ion i n  an area i n  which 
combustible fJ.v.id- or vapor may result from a b n o m l  conditions, e.g., fuel  
l ine leakage, shd.1 m e t  the mquixemnts of Ca,tegoxy I. 
location is an ama where comtsustible fluid or  vapor can occur during normal 
o'~?emAion, e.g., fuel  te.nk, the instrument component shal l  m e t  the requtre- 
ments of Category SC1 listed. below: 

IY the intended 
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As 411A Issued 11-1-48 
Revised 4-15-63 

Categoq Definition Requiremnt 

I Ekplosion proofed: Case not designed t o  Paragraph 7.10.1 
preclude flame or explosion propogation 

II Ekplosion proofed: Case designed t o  pre- Paragraph 7.10.2 
clude flame or explosion propogation 

III Hermetically sealed Paragraph 6.6 

IV I n s t m e n t  not capable of ca,using an Shall not be capable 
explosion of producing a capaci- 

t i ve  or inductive 
spark of more than 0.2 
mtllijoules of energy 
o r  a contact spark of 
more than 4.0 m i l l i -  
joules of energy. 

Fire Hazard: 
t o  the aLrcrafi i n  the event of malfunction or failure,  and the maximum 
operating temperature of surfaces of any instrument component contacted by 
conibustible fue l  or  vapor shal l  not exceed 4-200C due t o  self-heating. 

The i n s t m n t s  shal l  be so designed t o  safeguard against hazards 

Radio Interference: 
able interference, under operating conditions a t  any frequencies used on 

The instrwrents shall  not be the source of objection- 

a i rcraf t ,  e i ther  bar radiation or feed, i n  electronic equipment installed i n  
the  same aircraft as the instruments. 

&@netic Effect: 
affect  the performance of other instruments installed i n  the same a i rc raf t .  

The magnetic effect  of the ins tmmnts  shal l  not adversely 

Range: This Aerospace Standard covers two ranges of manifold pressure 
indicating i n s t m e n t s  : 
- 

10 t o  75 inches Hg 
15 t o  100 inches Hg 

Pressure Exrtreres: 
exposures t o  pressures t o  two inches of mercury absolute and five inches of 
iiiercury i n  excess of the fiiil scale reading. 

The instruments shal l  not be adversely affected by 

Detail Requirements 

4.1 indicating bkans: 
visual display such as pointes (s)  moving over il fixed d ia l ,  d ig i ta l  
counter, etc. 

The pressure instrument shal l  indicate by meas of a 
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4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

-4- 

Finish: 
be applied t o  ail graduations, numerais, pointers and indication means. 
Non-functional surfaces and markings sha l l  be durable du l l  black. 

Unless otherwise specified by the user, matte white material s h a l l  - 
Graduations: 
readability consistent with the accuracy of the instrument. 

The graduations shal l  be arranged t o  provide the maximum of 

Numerals: 
positive identification of each graduation. 
dicate the graduation t o  which each applies. 

The display sha l l  include sufficient nunerals t o  permit quick and 
Numerals shal l  dis t inct ly  in- 

Instrument Title:  The instrument t i t l e  when used shal l  be of the same 
approximte size but no larger than the numrals. 
sane f inish as the numerals. 
appear on the d i a l  i n  lettering noticeably smaller than either the nwiierals 
o r  t i t l e .  

The t i t l e  may be of the 
The units of measure ("In. Hg. AbS.") shal l  

Visibility: 
any point within Lhe frustum of a cone, the side of which makes an angle of 
at leas t  30 degrees with the perpendicular t o  the d i a l  and the small dia- 
meter of which i s  the aperture of the i n s t m e n t  case. 
the d i a l  and the cover glass sha l l  be a practical minimum. 

The indicating means and a l l  markings shal l  be visible from 

The distance between 

Cover Glass: The cover glass of the instrument shal l  be clear, flat, color- 
less, and free from flaws which wodd adversely affect  the readability of 
the i n s t m e n t  

meration: 
horizontal or  vertical  position. 

The transmitter shal l  be capable of operating i n  either the 

ûverpxessure Stop: 
signed t o  restrain the prim mover. The stop shal l  allow the pointer of the 
i n s t m n t  o r  t e s t  i n s t m e n t  t o  travel beyond f u l l  scale t o  a point approxi- 
mately ridway between the last and the first graduation. 

An OverpEssure stop shall be provided and shall be de- 

Noncorrosive Sealing: 
sealed from the pressun? compartment by a metal diaphragm o r  bellows t o  
prevent corrosive o r  explosive vapors from coming i n  contact with the 
mechanism. 

Where applicable, the instrument mechanism sha l l  be 

Power Variation: 
15 Der cent variation i n  D.C. voltage and/or plus or minus 10 per cent 

The i n s t m n t  shall properly f'unction with plus or  minus 

viriation i n  A.C. voltage md plus õ r  r~ l iu s  5% variation i n  frequency. 

Iiemetic Sealing: Vhen h e m t i c a l l y  sealed, the case shall be f i l l ed  w i t h  a 
dry iner t  gas free of dust particles. The gas shal l  be sufficiently dry so 
that fogging of the instrument cover glass does not occur during the fogging 
test  of t h i s  Aerospace - Standard. 
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4.8 Synchro Requirements: The synchro requirements shall be i n  accordance w i t h  
the  conditions specified i n  AFP 4 6 ~ .  

5.  Test Conditions: 

5.1 Atmospheric Conditi ~D$JÎ_ Unless otherwise specified herein, all t e s t s  re- 
quired by t h i s  -hVxqm!e Standard shel l  be made at an 8tmospheric pressure 
of approximately 29.92 inches of mercury, an anibient temperature of ai- 
proximately plus 25C 
tests are conducted with the  atmospheric pressure or temperature substantial- 
l y  different from tests values, allowance shal l  be made f o r t h e  variation 
fromthe specified conditions. 

and a relative humidity of not greater than 85$. When 

5.2 Vibration t o  Minimize Friction: Unless otherwise specified herein, a l l  
tests for performance may be conducted w i t h  the instL.wzient subjected t o  a 
vibmtion of 0.002 t o  0.005 inch double amplitude at  a frequency of 25 t o  
33 cycles per second. The term double amplitude as used herein indicates 
the t o t a l  displacement from positive maximum t o  negative maximum. 

5.3 Vibration Equipment: Vibration equipm?nt shal l  be used which w i l l  provide 
frequencies and amplitudes consistent with the  requirements of Paragraph 
3.3.3 w i t h  the following characteristics: 

Linear Kotion Vibration: 
vibration t o  be applied dong  each of three mutuaíly perpendicular axes of 
the i n s t r m n t  . 

Vibration equipmnt shall be such as t o  a l l o w  

Circular lbtion Vibration: 
on Yne i n s t m n t  case w i l l  describe a circle ,  i n  a plane inclined 45 
degrees t o  the horizontal plane, the diameter of which i s  equal t o  the double 
anplitude specified. 

Vibration equipment shal l  be such that  a point 

5.4 Power Conditions: Unless otherwise specified herein, all t e s t s  shal l  be 
conàucteà a t  the power mting recommended by the manufacturer. 

5.5 Position: Unless  otherwise specified herein, a l l  tests shall be conducted 

5.Ó T e s t  Wdium: 

w i t h  the instrut;ient i n  its normal operating position. 

The medium used f o r  applying p-ressu= during the t e s t s  shal l  be 
tile nieàiumwith which the instiwiient i s  intended t o  be used o r  i t s  equivalent. 

6. Inäivfdual Perfoxmince Requirements: All instruments shal l  be subjected t o  
tests by the instrument nmufacturer t o  ãemonstrate specific compliance v i th  
t h i s  Aerospace Standard including the following requlL^emn.t;s where 
aFpli cable : 

6.1 Dieïectric: Each ins tmmnt  shall be tested by the method of inspection 
l isted.  i n  Paragraphs 6.1.1 and 6.1.2. 
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6.1.1 Insulation Resistance: The insulation resistance measured at 200 volts DC 
for five seconds between all electr ical  circu&b connected together and the 
metallic case sha l l  nok be l e s s  than 5 megohms. 
measurements shal l  not be made for circui ts  where the potential w i l l  appear 
across e lemnts  such as windings, resistors, capacitors, etc., since t h i s  
masuremnt i s  intended only t o  determine adequacy of insulation. 

Jnsulation resistance 

6.1.2 Overpotential Tests: The instruments shall not be damaged by the a p  
plication of a t e s t  potentiaJ. between electr ical  c i rcui ts  and between 
electr ical  c i rcui ts  and the metallic case. The test potential sha l l  be 
a sinusoidal voltage of a commrcial frequency with a R.M.S. value of five 
times the maximum circui t  voltwe, or per Paragraphs 6.1.2.1 or 6.1.2.2 
whichever applies. 
at a uniform rate t o  i t s  test vaLue. 
fo r  f ive seconds and then reduced at  a uniform rate t o  zero. 

The potential sha l l  start from zero and be increased 
It shall be maintained at this value 

Since these t e s t s  are intended t o  insu= proper e lectr ical  isolation of 
the ci rcui t  components i n  question, these t e s t s  sha l l  not be applied t o  
c i rcui ts  where the potential w i l l  appear across elements such as windings, 
resistors, capacitors, etc. 

6.1.2.1 Hemt ica l ly  sealed instLwiients shd.1 be tested at  200 volts, R.M.S. 

6.1.2.2 Circuits t ha t  operate at potentials below i5 volts are - not t o  be 
subjected t o  overpotential t e s t s .  

6.2 Scale Error at Room Temperature: 
ments sha l l  be tested fo r  scale errors. 

The direct  reading and transmitter instru- 
The test shal l  be made by subject- 

ing the instmuiient t o  the pressure required t o  produce the t e s t  points first 
w i t h  the pressures increasing, then with the pressures decreasing. 
the pressures increasing, the pressure shall be brought up to, but shal l  not 
exceed the pressure specified t o  give the desired mading; and with the 
pressure decxeasing, the pressure sha l l  be brought down to,  but shall not 
f a l l  below the pressure specified t o  give the desired reading. The scale 
errors at room temperature of direct  mading instrwnents shal l  not exceed 
Table I and trauismitters shal l  not exceed Table I. 
remote indicators shall be determined by applying the specified e lec t r ica l  
inputs. 
the full scale value. 

With 

The scale errors or 

The scale errors at room tempemture shall not exceed - -i 0.5$ of 
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TABU I 

SCALT3 ERRORS AT ROOM TEMPERATURF: 

PrnSSuIIE SCALE ERROR - DIRECT FûMDIIG SCALFI ERROR - TRANSMITTER 
4- INCHES I& .. MAX. - L .i-  CHES ES & - Tax. n?cms Q 

75 In Ranee 100 In Range (> u1 nang e IUU ui Hange 

O-3 O. 
0.4 
0.5 
0.6 
0.4 
0.3 
0.3 
0.3 
0.3  
0.4 
O. 4 
0.4 
0.5 
0.6 
0.6 

0.4 
0.5 
0.6 
O.? 
0.7 
0.6 
0.4 
O. 4 
0.4 
O. 4 
0.5 
0.5 
0.6 
0.6 
0.7 
0.7 
0.8 
Q.9 
0.9 
1.0 
1.0 

0.2 
0 . 3  
0.4 
0.5 
0.6 
0.4 
0.2 
0.2 
0.2 
o. 2 
O. 4 
0.4 
0.4 
0.5 
0.6 
0.6 

"3 O. 
0.5 
0.6 
0.6 
O e 5  
0*3 
0.3 
0 . 3  
0.3 
0.4 
0.4 
0.5 
0.5 
0.6 
0,6 
0.7 
0.8 
0.8 
O .y 
0.9 

- __ -~ ~ 
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6.5 Leakwe (Pressure Element): - With pressure applied t o  produce a f u l l  scale 
mading, the connection tubing shall then be sealed a t  a point within 2 
inches of the pressure conroction. During a period of 5 minutes, there 
shal l  be no change i n  reading. 

6.6 Sealing: Hemt ica l ly  sealed instrurilents shal l  be tested for leaks by 
means of a mss spectrometer type of heliumleak detector o r  equivalent. 
leak rate shall not exceed 76 micron cubic foot per hour at  a pressure 
differential  of one atmosphere. 

The 

7. Qualification Tests: 
the manufactumr t o  demonstrate tha t  all i n s t m n t s  w i J . 1  comply with the 

As many i n s t m n t s  o r  components deemed necessary by 

requirements of t h i s  section shall be tested i n  accordance with h i s  recom- 
mendation. 

7.1 Temperature Characteristics: 

7.1.1 Loir Tenrpemture Operation: The i n s t m n t  s h a l l  be sukjected t o  the 
applicable low ambient temperature l i s ted  i n  Column A of Paragraph 3.3.1 f o r  
a period of f ive hours without operating. 
jected t o  at t h a t  teinperature, a scale error  tes% and Vne scale errors of 
direct  reading instruments sha l l  not exceed the values i n  Table I by more 
thaui .t. 0.3 inch of mercury for the  75 inch range o r  4- 0.4 inch of rnercury 
fo r  tge 100 inch range. The scale error  of transmitFers shai l  not exceed 
the values i n  Table II. The scale error of rermte indicators sha l l  not 
exceed - 4- l.O$ of the f u l l  scale value. 

The instnment sha l l  be sub- 

TABU II 
Pressurc ïhches & 

10 
20 
30 

40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
9s 
100 

Low and High Temerature Scale 
Error ?-Bchei of lkrcury 

75 J.nc1.i Fbnge 100 inch Range 

0.8 
0.6 
0.4 

0.9 
0.7 
0.6 

0.4 
O. 4 
O. 5 
O. 5 
O. 6 
0.6 
0.8 
0.6 

0.6 
0.7 
0.7 
0.8 
0.8 
0.8 
0.9 
0.9 
1.0 
1.1 
1.1 
1.2 
1.2 
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7.1.2 

7.1.3 

7.1.4 

High Temperatux= Operation: The instrument shal l  be subjected t o  the 
applicable high anibient teniperature listed i n  Column A of Paragraph 3.3.1 
for a period of five hours without operating. (Electrical equipmnt sha l l  
be energized). The instmuiient shall be subjected to ,  at tha t  temperature, 
a scale error test  and the scale errors OB direct xeading i n s t m n t s  
shal l  not exceed $he values i n  Table I by more than 3. 0.3 inch of m e r c Ú r y  
for the 75 inch range or $. 0.4 inch of mercury f o r  the 100 inch range. The 
scde error of t m s & t t e ~ s  shall not exceed the values i n  Table II. The 
scale errors  of remote indicators sha l l  not exceed f L O $  of the fùi.1 
scale value. 

- 
Ekbrem !!kmperatu= masure: 
applicable low and high temperatuxes l i s t ed  i n  Column 33 of Paragraph 3.3.1 
for ô. period of 2h hours at each ext;rere tempemlxre, without operating. 
&%er a delay of three hours at room temperature, the instrwnent shall 
met the  cpplicable individuaï per?”o&ce t e s t s  (Section 6, except 6.1) 
at  roml teiqperatuxe. 
exposure t o  the extmw texpwatures specified. 

The instrwiient shal l  be exposed t o  the  

There shail be no evidence of damage as a result of 

Altitude: 
znd pressure l i s ted  i n  Pamgraph 3.3.2 fo r  a period of three hours while 
cpemting. The instrumenZ; shal l  meet the requiEments of Paragraphs ’7.1.1 
a d  7.1.2 while at these cond5.tions. 
aiternately t o  TU inches I&. absolute a d  three inches u. sbsolute, 
nonoserating. The ins%nm?nt shdl  thefi rieet the applicable individual 
-5.rZmm.nce tests (Section 6, except 6.1) a t  atmospheric pressure foliowing 
t h i s  %est. 

!Eie instrwent  shal l  be subjected t o  the aníbient tempemture 

Eie inst,rurrient sha ï lbe  exposed 
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