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S°"`ty ~ Wem39th Street ~n, '°`. 	
AERONAUTICAL 	~p $c~A 

New York City 	 MMENDED PRACTICE 
T+' rIl'ERATURE COPITROL EQUIP;dEATT, 	 Issued 1-1-a3 

AUTOP~iATIC ~ AIRPLANE CABIN 	 Revised ?~-~-4~ 

1. PURPOSE: 

l.l ARP - This identification is ueed for design and dimension etand~sds or 
performance s~eclficatione based on sound enginaering principals arid intendec~ 
as ~uidas for further s~ta,ndard engineering'practicea for the aircraft induatry. 

1.2 This recommended practice is to be considered as being currently applicable 
and~neceasarily sub3ect to revision from time to tims, dus to ra~id developmsnt 
of the aircraft indv.stry. 

1.3 The following recommenda,tions are based on practical engineering requiremant~ 
for t he design a.nd testing of such tqpes of heating and Qentilating equipmynt 
ae aare now used on airpla.aea and for such as may be developed to meet the dema,nd 
imposed in the field of service. 

?,~ 	SCOPE: These recom.^~endationa are written to cover automatic cabin temper¢+~lre 
controls under three classifications, namely: 

2.1 Automati.e Temnerature Controls - Qeneral Reauiremsnta - Applicable to all types 
and usea of cabin temperature control syatema. 

2.? Autonat~c Temnerature Controls - Sveeific Requirements - Dea.ling with nerform- 
ance of components of a cabin tom~~erature control syatem. 

2.3 D~airable Desi~n Featur@s - General recommendatioae for meetin~ the requirements 
of parar~r~.phs 2.1 and 2.?. above. 

3. AUTOA9ATIC TEt~ff'II~ATURE COIdTROLS - GIIJESl1L REQUIREP ~+'~1TS 

3.1 Defini~ion: 

~ syatem of automatically controlling temperature in an aizrolane cabin durin~ 
the Process of heating and cooling. I~ consista of one or more of the 
following parts: 

a. Temperature Seneitive~Elementa 
b. Hegu].atore 
c. La,g De~vicea 
d. Anticipators 
e. Contral Motora or Actuators 
f. Indicating Inatrumente 
g. Valves 
h. Amplifiers 
i. Sensitive Rel~ys 

3.2 Materia].s a.nd Workmanshiv: 

411 units should be conatructed of material.s which are conaidered acceptable for 
the pasticular use, and should be furnished a~ith tlle degree~ uniforraity~, ~.d 
grade of workmanehip generally acceptable in the ~ircraft industry a.nd 
satiafactory to the user. 

CopyriqMy~49 	by Souefy of Automotive Engincers, Inc. 	 r~:~,ftd ~~ u.s.n. 
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3.2.1 De~enaa.bilitv: 

Temperatura regulating a.nd indic~tin~; unite and asaemblies ahould be 
manufactured and assembled with the neceasaxy rigidity to withstand normzl 
vibration, shock and long usage. Prolonged exposure to normal environmental 
conditions encountered in aervice ehr~uld ca.use no permanent malfunctionir~ of 
the system. 

3.2.~ Qgezation: 

Units may be designed for electrical, hYdraulic, or pneumatic o?~eration. 

3.?..3 S~e sitivits: 

3.2.3.1 Control uzits shauld be designed to provide maximwn aensitivity conaistent 
with good temoer~,ture coatrol practice and the recommendatione contained 
herein. 

3.2.3.2 Ssnsitivity as ~pplied to te~erature senaitive elements ehould be ths 
smallest change in air te~rperature to effect a correction. 

3.2.4 Ic~ ,entif ication: The following informa.tion should be legibly and permanently 
marked to the instrument or attached thereto: 

a. Name of instrument (Th~rmostatic Element). 
b. SAE Specification AxP ~91s. 
c. rla,nufac~urer~ s part number. 
~. i~+I,~,,nufact~urer~s seri2l number or date of manufacture. 
e. Manufacturer°e a~.me or trademark. 
f . &~ga . 

~3.2.~ 	T sts: 

Units ahou].d meet satisfactory tests as dstermined betareen supplier a.nd user 
for accvsacy of calibrat~ion, accvracy of reaponse, and accuracy of move~ent. 

~3.2.6 	S~,m~les: 

Samples submitted for test should be repreaentative of the device as regvlarly 
manufactured and maxketed. 

~4. 	AUTOh~A.TIC TF~i•i`?EI~~TUR.E CON~'EOLS _ SpECIFIC $EQUI$Eh~TTS: 

~4;1 ~'em~erature S~nsitive E~.emen~s 

~4.7..1 	Ty~esi 

The following tgpes of sensitive elements are currently being incorpor~,tea in 
the desi~nn of automatic units for temperature control: 

a. Bi-A4eta1 or Differentia2 Expansion 
b. Resistance 
c. Expansible Fluid 
d. AZercury Colur.in 	 : 
e. Tliermocouple 
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4.1.2 PeY'fo ancei 

Representative commerci~.l s~aaples of temper~ture indic~.ting and re~u1.~:.ting 
units should be subjeeted to the following tests for deternination of per- 
fornia.nce and, in addition, a combined huc~id.ity, tem~~er~ture, v~locity, and 
life test should be run. 

4.1.2.1 ~durance: 

T~mperature sensitive elements ahou2d be subjected to from 10,000 to 
500,0~0 cycles of operation under service or aimulated aervice conditione. 
~pon compTetion of thia test, there should be no evidence of inechanical or 
electrical failure or undne burning or pittin~ of ~Iectric contacts ~ahen 
employed and calibration sh~ould rema,in witl:in specification tolerances.. 
Generally the 10,000 cyclea will apply to s~:.fety devicea which will be 
called upon to oper<:,te only in emergency and the 500,000 cycles should 
apply to proportioaing or floating control devices which call for more fre- 
qv.ent operation for ahort duration. - 

4.1.2.2 gccuracv of Scale: 

4.1.2.2.1 Calibration ahould be ma.d.e at the mid poiat of the sca.le a,nd the tem- 
peratvre aensitive element ehould have an end-of-seale accuracy of plus 
or minus 5~ of the acale length or plus or minue 2 F., whiehever ia the 
larger. 

4.1.2.2.2 If the elements are of the resistance, thermocouple or mercury column 
type, the scale referred to should be considered to be the di~1 on the 
range ad~ustment rheostat. 

4.1.2.3 ~euraav of Calibration: 

4.1.2.3.]. C$1lbration of temperature asnsitive units ahould be within plus or minus 

	

2 F. at the mid point af the acale range. 	 ~ 

4.Z.2.3.2 To test, the pointer of the temperature control selector should first be 
set at the mid point of its aca.le ran~e. The temperature sensing element 
ehould then be Placeu in a well-stirred water bath or a blast of air at a 
temper~ture approxiraately 10 F. lower or hi~er thG,n the sc~.le sett~,ng. 
Tamperature readinga should be taken at severa,l locations in the bath 
to assure good distribution. The temperature of the ~~ater or air shoul d 
then be raised or lowered s1owl~ (not ev er 1~2 F. per minute cY~.nge) until 
the unit reacts. The temF,erature (measured by a thermometer in the water 
or air) at which the reaction is noted should agree ~rith the setting on ; 
the scale within the above limita. 

4.1.2.4 ~,iiditv: 

4.]..2.4.1 A,1.1 elementa ahould be designed to withstand the humidity conditiona~ 
encotmtered in normal aervice. 	 ~ 

~ 
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4.1.2,4.2 T~s elements should be placed in an atmoaphere of clear vapor mainta.in,ed 
at 95~n humidity and 122 F, temperature for a period of 48 hours. The 
humidity should be maintained within plua or minus 5~ of 95`~ and the 
temperature within plus or minua 5 degrees of 122 F. The percentage of 
humidity may be lees than the maximum indicated above if the desi~n of the 
unit is such that as~y inherent defects vrill be diacloeed at a lower tem- 
perature or percentage of humidity. During thia test the electrical un.it  
should be energized on a duty cycle of one honr on and one hour off to 
diecloae any moisture penetration or electrolytic action. . 

4.1.2.a.3 All elements located in ~.ir ecoopa and/or ducts aubJect to water should 
be exposed to water spr~,y for 48 hovrs with.out damage. During this test 
the electri~cal unit should be energized on a duty cycle of one hour on 
and one ho~ur off to disclose ar~y moiature penetration or electrolytic 

. 	action. 

4.1.2..5 TemvQratvre: 

4.1.2.5.1 .411 elementa should be aiesi~.ed to withstar ►d te~peratures aa low as minus 
65 F. 

4.1.2.5.2, The ele~nents should be tested by placing in a test chamber at minus 65 F. 
for 72 houxs without damage. 	 ' 

4.Z.2.5.3 Elements used in the ventilating air discha.rge of a heat exchanger should 
be deaigned to withstand a mazimum temnerature of 450 F. for 72 hours 
without damage. 

4.Z.2.5.4 Elements aub~ect primarily to radiated and~or conducted heat from a heat 
egchanger shovl d be designed to withetand a maximum tsmperature of 600 F. 
for 12 hours without c'~.mage. 	 " 

4.?.2.6 CorrQSive AtmQs~here: 

All elements should be de9lgned to stand exposnre to salt laden air such 
as encountered in over ocea.r~.flight. 

4.I.2.7 	Vit~ration: 

4.1.2..7.1 The elemente shauld be designed to withstand norma.Z vibration enconntered 
in aircr~ft. 

4.1.2.7.2 The elements should be vibrated for a period o~ four hours at a frequency 
between 15 and 60 cycles per second, ~~it}i an amplitude and waveform suf- 
ficient to produce a vertical acceleration of lOG. During this peri~d 
of vibration the equipment is to be in operating condition. At the 
termin.~.ti~n of this portion of the test a visual inapection should be 
made, and should disclose no c on~itions produced by the vibration, the 
presence oP, or continua.tion of which would be detrinental to the eatis- 
factory performance of the element. 

" 	~ 
. J 
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T~e.eleme_nt__ehould then be operated over a continuously variable frequency 
raage from 15 to 60 cycles with sufficient amplitude to permit the 
vibration to be easily ~eZt by placing the hand on the vibration table. 
Thie test ia to be of eufficient duration to obaer~e the behavior of all 
co~ponent parts throughout the epecified f'requency range for evidenas of 
resona.nt v~.bration. Parts which ahow such tendencies ehould be redesigned 
or remounted to eliminate the reaonant condition. Where redesigning or 
remounting is not practic~l, it should be demonstrated that the resonant 
vibration of the part will in no manner be detrimental to the.airworthineas 
of the unit. The uee of ahock mounts should not be permitted during the 
integral part of the desi~ of the unit~ or the equipment ia placarded to 
indicate that it ehould not be uaed unless mounted on a ahock mount 
equivalent to that ueed in the test. 

Strobotac or other eatisfactory atroboscopic device should be used for 
obaerving the equipmeat under vibration. 

Eqnipment incorporating instrumenta as an integra], part of the design 
ahould be snb~eated to the full 10t3 acceleration during the test, altho~zgh 
an individual inatrvment need only be sub~ected to acceleration of 5t~, 
pro4lded that emmetere eub~ected to_an acceleration test of on:Ry 5G are 
eqttipped with a ahunt havin~ euffici~ent current carrying capacity to 
carry the f1~11 load current of the circuit in which the inetrument is 
intended to be used. This provision will prevent equipment failtarea 
~esulting from failures of the instrument itself. The failure of a volt- 
meter will not normally render inoperative ths equipment with which it is 
used. Since the sprin~-loaded mo4ing coil of the instrwnent movement$ ie 
ix~erently a mecbaniaall~ reeonant circuit, auch reaona.nce will not be 
coneidsred uneatiefactory~ an~3 no redesign af such a syatem will be required 
nor will the equipment be aecesearily o~~erated at the resonant frequency 
of ~he in~~rument movement. 	~ 

1.2.8 Pressure Teat: 

The element ehould be operated in a preesure chamber urider variable nresauros 
from a9.92 to 7.036 inches of inercury (sea level to 35,000 feet altitud.e). 
The period oP obaervation at the reduced preasures ehoiild be of suffia~.ent 
dtaration to discloae ar~y defects which ma`y be ~ggravated by the reduced. 
presavxe. Ths elements ehould operate satiefactorily throughout tha pressure 
range epecified. 

.1.2.9 Control Cabinets: 

. 	If the temperature control eyatem conaiste of additlonal equipme~t sv.ch as 
resietora~ condenaers, relays, ete., movnted in a coatrol cabinet,~the control 
cabinet ehould be sub~ected to the eame tests as the elements where applica- 
ble. 

.2.10 ~lethod of Determin~n~- gat? of Ees~,,,o~s~: 

Bate of reeponse ahould be maasured by determining the time required to 
reapond to 63~ of the temperature cha,nge. 
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4.2 &e atore~ La,e D~yj,ces And Antici~ators: 

If the te~nperature control aystem includes regu7.a,tors, lag devices or anticipa;- 
tora, theee units should be aubjected to the aprlicable Portions of tests 
specified for elements. 

4.3 Control hlotors Or Actuators: 

4.3.1. 	Tsvee: 

These include the following: 

4.~.T.1 Electric 

4.3.1.2 gir 

4.3.1.3 $ydraulic 

,4.3.2 Performance: 

4.3.2.1 All control motors shoulci conform to requirementa ae set forth in applicable 
SAE Specificatione covering the particular t;~e of motor. 

4. 3. 2.2 E~dvran.ce t 	 ~ 

When used with tempera,ture sensitive elements, all motors,should be capable 
of enduring from 10,000 to 50,000 operations under normal condibions of 
service. When the motor is uaed in an ON-OFF control syaten, an operation 
should neCessaxily require that the control motor move fron one limiting 
position to the other. When the motor ia used in any other type of control 
syetem, an o~eration ahould be at least 10~ of tre oper~ting stroke. All 
tests will be conducted at sea level ;~ressure. 

4.3.2.3 . 	iditv: 

4.3.2.3.1 A7.1 motore sliould be desi~ed to withstand the humidity condition g  encount°I 
ered in normal service. 

4.3.2.3.2 The control motors should be pl~.ced in an atmoephere of clear vapor main- 
tained a.t 95~i hvmidity and 122 F, temperature for a period of 48 houre. 
The hunidity should be naintained L:~ithir, plus or minus 5~ of 95~ and the 
tempera.ture :-:ithin plus or minua 5 degreea of 1~2 F. 

4.3.2.4 Tem~erature: 

4.3.2.~.1 Al.l motors should be desi~ned to opera.te ~,t temperatures as lovr as minus 
65 F. and as high ae 160 F. 

4.3.2.4.2 The motors should be tes~ed "oy pl:acing in a test chamber at minue 65 F. 
for 72 hours and at 160 F, for '72 hours. 

,- - 
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