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October 15, 1945 EQUIPMENT 04.5801 
04.5813 

the prototype, which was tested for the original certification, m y 
have been made and may be available. Our experience indicates that 
there nay be appreciable differences in the calibration for 
different individual airplanes of the same type* 

04.5801 POWERPLANT INSTRUMENTS AND CONTROLS. (SEE H 04.65Q ABB 04.651.) 

04.5802 FUEL QUANTITY 6AUGE. (SEC I 04.624.) 

04.5803 MAGNETIC COMPASS, THIS IKSTRBMIBT SHALL SI P I O K U T DAMPED AID c o w r a m i 

A B O SHALL BE LOCATES WHERE I T IS LEAST AFFECTED BY ELECTRICAL O t S T S R B A R C E S AID RABBET IG 
IRFLHERCEB. 

04.5804 NAVIGATION INSTRUMENTS. NAVIGATION l a s t t m i E m FOR BSE tr THE PILOT 
SHALL BE 8 0 t I S T A L L E B AS T O RE EASILY VISIBLE TO HIM WITH THE PtlHIHBH P R A C T I C A B L E D E V I A ­

TION FROM HIS RORMAL FOSITIOI ARO LIRE OF VISION WHEN HE IB LOOKIBS OUT AID F O R W A R D 

ALONG THE FLIGHT PATH ARD TREY SHALL ALSO BE VISIBLE TO THE SECOND PILOT. 

04.5805 GYROSCOPIC INSTRUMENTS, ALL GYROSCOPIC INSTRUMENTS SHALL DERIVE THE 11 

ERERBY FROM EHBIHE-ORIYCI PUMPS OR FROM A O X I L t A R Y POWER UNITS, EACH SOURCE O F E R E t B Y 

SUPPLY ARD ITS A T T E H D A H T COHFLETE INSTALLATION SHALL COMPLY WITH THE INSTRUMENT H A R D * 
FACTOHER'S RECOMMERDATIORS FOR SATISFACTORY INSTRUMENT OPERATION. OH MVLTIENGINE 
AIRCRAFT EACH INSTRUMENT SHALL RATE TWO SEPARATE SOURCES OF ERERBY, E I T H E R ORE OF W H I C H 

SHALL IE CAPABLE OF CARRYIRB T H E REQUIRED LOAO, EN6INE""0RIYEH POMPS, WHEN USED, S H A L L 

BE OH SEPARATE EHBIHES. THE IRSTALIATIOR SHALL BE SUCH THAT FAI LORE OF O R E S O U R C E 

OF ERERBY OR BREAKAGE OF ORE LIRE WILL ROT INTERFERE WITH PROPER FBHCTI0HIH8 OF T R t 

IRBTRUHERTS BY HEARS OF THE OTHER SOORCE. 

04.581 SAFETY EQUIPMENT INSTALLATION, 

04.5810 SAFETY BELTS. SAFETY BELTS SHALL BE SO ATTACHED THAT RO PART OF THE 

ATTACHMENT WILL FAIL AT A LOAD LOWER THAR THAT SPECIFIED IR i 04.2640. 

04.5811 FIRE EXTINBUISHERS. THE PORTABLE FIRE EXTINGUISHES SPECIFIES IR 
I 04.510 SMALL BE BO IRSTALLED AS TO BE ACCESSIBLE TO THE PASSENGER*. THE TWO 
PORTABLE FIRE EXTINGUISHERS SPECIFIED IR I 04.530 SHALL BE SO IHSTALLEB THAT O K IS 
REABILY A V A I L A B L E TO TSE CREW ARD THE OTHER IS REAR T H E HAIR E X T E R N A L C A B I I D O O R 

WHERE IT S H A L L B E READILY A V A I L A B L E TO P A B B E H C E R S ARB G R O U R O P E R 8 0 8 R E L . 

04.5812 SAFETY 8ELT SIGNAL. USER A S U R A L OR SISR IS BSEP TO IRRIGATE TO PASSER-* 
SERB THE TIHEB THAT SEAT BELTS SHOULD B E FASTENED, SUCH SIGNAL OR S I G H SHALL B E L O C A T E S 

I B A CONSPICUOUS PLACE ARD B O ARRARGED THAT IT CAR HE OPERATED FROM T H E S E A T O F E I T H E R 

PILOT, 

04.5813 LANDING FLARES. LANDING FLARES SHALL BE RELEASABLE FROM THE PILOT'S 
COMPARTMENT. STRUCTURAL PROVISIOH SHALL BE MADE FOR THE RECOIL LOADS. 
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AIRPLANE AIRWORTHINESS October 15, 1945 

04.5814 0E— 1 C E R S . POSITIVE MEANS SHALL BE PROVICEO FOR THE DEFLATION OF ALL 
Wilt SOOTS. 

During the official type inspection tests, the actual operation 
and affect upon performance and flight characteristics will be observed 
for any de-icing devices provided for wings, tail surfaces, propellers, 
etc. No hazardous effects on flight characteristics shall result 
during their operation. c 

04.582 ELECTS! CALEQU1PHENT I N S T A L L A T I O N . 

04.5820 GENERAL. ELECTRICAL EQUIPMENT SHALL BE INSTALLED it ACCORDANCE WITH 
ACCEPTED PRACTICE ARB SUITABLY PROTECTED FROM FUEL, OIL, WATER AND; OTHER OETRIMEITAL 
SUBSTAXCES. ADEQUATE CLEARANCE SHALL IE PROVIDEO IETVEEN VIRI*« AND FUEL AND OIL TANKS, 
FUEL AND OIL LINES, CARBURETORS, EXHAUST-PI PI HQ AND HOY I MS FARTS. 

04.5821 BATTERY. BATTERY SHALL SE EASILY ACCESSIBLE AND ADEQUATELY ISOLATES 
FROM FUEL, OIL AND I S N l T I O N SYSTEMS.. AoJACENT PARTS OF THE AIRCRAFT STRUCTURE SHALL 
BE PROTECTED WITH A SUITABLE ACIR-PROOF PAINT IF THE BATTERY CONTAINS ACID OR OTHER 
CORROSIVE SUBSTANCE AND IS NOT COMPLETELY ENCLOSED. IF THE BATTERY IS COMPLETELY 
EKCLOSEO, SUITABLE VENTILATION SHALL BE PROVIDED. A l l BATTERIES SHALL BE SO INSTALLED 
THAT SPILLED LIQUID WILL BE SUITABLY U A 1 R E D OR ABSORBED WITHOUT C0HIN8 IN CONTACT WITH 
THE AIRPLANE STRUCTURE. 

Regulations do not specify minimum permissible capacity for 
storage batteries. However, as a general rule, when no generator 
is installed, the battery should be capable of carrying the demand 
electrical load during a period equal to the cruising enduranoe of 
the aircraft without the battery voltage decreasing to less than 
&Q% of normal while under the load; which could be expected to exist 
at the end of the flight. When a generator capable of carrying the 
running load is installed, the above capacity say be reduced to $0% 
of the endurance. 

The battery must be installed in an accessible location and 
adequately isolated from fuel, oily and ignition systems* Adjacent 
structural parts of the aircraft must be protected with a suitable 
acid proof paint if the battery contains acid or other corrosive 
substances and is not completely enclosed. When the battery is com­
pletely enclosed, ventilation must be provided since gases from an 
active battery fom an explosive mixture. A means must also be 
provided whereby spilled liquid is abaorbed or drained without 
coming in contact with the aircraft structure* 

Batteries shouldnot be located in engine compartments unless 
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October 15, I945 EQUIPItiOT :: ' 04.5822 . 
04.5823 

adequate measures are taken.to guard against possible fire hazards 
and the injurious effects on a battery of. excessively high temperatures* 
Battery manufacturers have determined that temperatures of 110°T. -
and higher cause wooden separators to deteriorate rapidly and 
temperatures of 1Z$°T* and higher are injurious to batteries having 
composition separators.' Therefore, the critical temperature specified 
by the battery manufacturers should not be exceeded* Forced ventila­
tion of the battery container or compartment may be necessary to guard 
against excessive battery temperatures. This may be provided by 
means of a tube leading, from the slip stream into the container or 
compartment with a suitable vent tube leading out of it. 

LeaJtproof batteries listed in Product 4 Processes Specification 
Ho. 17 need not be enclosed nor will a drain be required* A suitable 
placard should be installed to prevent the installation of a standard 
battery in such eases. 

04.5822 FUSES. FUSES SHALL BE SO LOCATED THAT THEY CAN READILY BE REPLACES IH 
FLIGHT. THEY SHALL SHEAR THE CURRENT IR A GENERATING SYSTEM AT A SUFFICIENTLY SMALL 
CURREHT PLOW TO ADEQUATELY PROTECT THE LIGHTS, RADIO EQUIPMENT AND OTHER PARTS O F THE 
C I R C U I T . 

A fuse should be provided in each circuit of the electrical system, 
except that no fuse is necessary in the starter main circuit. A 
complete set of spare fuses should be provided* All fuses and spares 
must be accessible to a member of the crew while in flight. The fuse 
block should be marked to show the required amperage and to identify 
-the. circuit* • 

04.5823 GENERATOR, WHEN A GENERATOR IS SPECIFIED IT SHALL HAVE SUFFICICRT CAPACITY 
TO C A R R Y T H E E N T I R E R O H H I H G L O A S . S t t C R G E N E R A T O R SHALL I E E N G I N E T i f t l V E H URLE8S A l 

A P P R O V E D EQUIVALENT S Y S T E M IS PROVIDED. AUXILIARY POWER U N I T S WILL I E APPROVED !» 
L I E U OF BATTERIES A R O E H G I R E - D R I V E R GENERATORS, PROVIOE0 THAT THEY ARE AT LEAST T W O 

I I H O M E R AND THAT THE S U P P L Y SYSTEM IS C A P A B L E OF CARRYING THE ENTIRE RUNNING LOAD 
W I T H A N Y O R E U H I T OUT OF A C T I O R . 

Generators are not listed as certificated items of equipment* 
A generator of any capacity may be installed on aircraft except that 
where a generator is required for a specific operation, such as certain 
air oarrier and Instrument flying operations, it must be of sufficient 
capacity to carry the entire running load and should have sufficient 
additional capacity to recharge the batteries* (See CAR 04*58230*) 

find-driven generators should be so located that the extended 
propeller swept disc does not intersect any portion of the pilot 
or passengers when they are in their respective seats, unless a 
protective strip of metal or other material is placed between the 

121-b 
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AIRPLANE AIRWORTHINESS October 15 , 19*5 

propeller and the person intersected. In addition, if at all possible, 
the twept di» 6f the propeller should not Intersect any fuel» oil 
or hydraulio linee. 

It is reeoosended that a fuse or equiTalent be installed in the 
circuit between generator and battery of all installation*, tiring 
must be protected against wear due to ehafing and against deteriora­
tion due to oil or other subatanees. 

04.58230 RUNNING LOAD. TBC in l ine LAAO QSALL sc BCFIRCO AS TIC EUOTRIC c o s s t M P T t o i 
«r u i LIGHTS, RAOIO COIMPMRT ARS S T I U ttCCTitSAi omoes t X O I P T T M 8 C w i c s - m 
s t s t e s t o c a w r o t o c G A S t o i A i IIURHITVIIT tse. EXAMPUO o r BITiocs RCOARMO AS s m r -
M T T E B T ARC R A R I O S R O A b C A S T t t f l t O O I P M R T , L A R B l t t C L I S S T I ASS E L E C T R I C A L L Y O P E R A T E S 
L A H O I R O SCARS AID W H S PL A P S . RABIO R A I S E C - l O I A l R E C E I V E R S A S S A l l O T K C S IICRTS A R E 
O Q H S I O C M O A P A R T O f T H E M I S T ART W A S . 

04.5824 ANCHOR IISHTS. Tic AISSOR M O S T SPCCIPIEO pes SEAPLARCS ARB AMPHIBIAHS 
S I A U BE S O N S t t T I B A R B 11 S T A l l t l T R A T , W I S T I C A I I P t A I C I S H S O I C S O R H I P T I R S O S T I C 
W A T E R , rr H I U S R S V A V B I T C L l f t t T V I I I S L C POR A T L E A S T T W O M i l * A t l l f S T t f S t l C L C A R 
A T M O S P H E R I C C O H S t T I Q R S . 

04.5825 LANDIN6 LI3ITS. ELECTRIC UISISS i t e m SSALL n so ISSTAUCO es HSLTI-
C R S t H E A I R C R A F T THAT AT L E A S T O R E S H A L L S I ROT L E S S TIAI 10 P C C T T O T«t R I S f T O R UfT 
OP T I C F t S S T P I L O T ' S S C A T A R B S C Y O I O T I C SWEPT R I S K O P T i l O R T S R H O S T P f C F C U C R * Ol 
t t lS tr f l e tM AtietAfT S U C H t l t t H T S S I A U I f S O I I S T A U C O T I A T HO VICIBU f O I T t O K OP TIC 
S W C F T SISK OP T S C P M P C U C R , I P O f T I C T R A C T O R T Y P 1 , I S I L L U I t R A U P T I C R C S T . l l O I V I B O A L 
S H I T O I C I f » S C A S S M O S T S I A U S t P H O T IOCS tl TIC P I L O T ' S O O H P A R T t t l t V 

m-e 



October 15, 1 9 4 5 EQUIPMENT 04.5826 
:.. 04.5827 • 

04.5826 INSTRUMENT LIGHTS. TRSTRUHERT LIWITS SBALL BE SO IBSTALLIS AS TO PROVIDE 
SUFFICIENT ILLUMINATION TO HARE Alt FLIGHT INSTRUMENT* EASILY READABLEAND SHALL:»E 
EQUIPPED WITH RHEOSTAT CONTROL FOR DIMMING UNLESS IT CAN BE SHOWN THAT A NOH"0|HHU« 
LICHT IS SATISFACTORY. 

04.5827 POSITION LIGHT*SHALL BE INSTALLED SO THAT, WITH THE AIRPLANE IN NORMAL 
FLYING POSITION, THE FORWARD RED POSITION LIGHT IS DISPLAYED ON TKE LEFT SIDE ANT> THE 
FORWARD GREEN POSITION LIGHT OR THE RIGHT SIDE, EACH SHOWING UNBROKEN LIGHT BETWEEN 
TWO VERTICAL FLARES WHOSE DIHEDRAL AHCLE IS hq DEGREES WREN' MEASURED TO THE LEFT ARD 
RIGHT, RESPECTIVELY, OF THE AIRPLANE FROM DEAD AHEAD. SUCH FORWARD POSITION LIGHTS 
SHALL BE SPACED LATERALLY AS FAR APART AS PRACTICABLE. ONE REAR POSIT ION LIGHT SHALL 
BE INSTALLED OR THE AIRPLANE AT THE REAR ARO AS FAR AFT AS POSSIBLE ARD SHALL SHOW A 
LICHT VISIBLE AFT THROUGHOUT A OIHEORAL ANGLE OF 140 DEGREES 8ISECTEO BY A VERTICAL 
PLANE THROUGH, THE LONGITUDINAL AXIS OF THE AIRPLANE* SUCH LIGHT SHALL EMIT u) IR THE 
CASE OF A NON-AIR CARRIER AIRPLAHE, EITHER A CONTINUOUS WHITE LIGHT AS SPECIFIED IH 
CAR 15.2014 OR ALTERNATE RIO ARD WHITE FLASHES. AS SPECIFIED IN CAR 15.2015, ARO (s) 

IR THE CASE OF AH AIR CARRIER AIRPLANE, ALTERNATE RED ARB WHITE FLASHES A3 SPECIFIED 
li CAR 15.2015. IR LIEU OF SUCH A SINGLE FLASHING REAR POSITIOR LIGHT, AH AIRPLANE MAY 
CARRY TWO REAR POSITION LIGHTS, ONE RED'AND ORE WHITE, SPACED AS CLOSELf A3 POSSIBLE 
TO EACH OTHER WITH ORE UNIT ABOVE THE OTHER AND IR COMBINATION EMITTING THE BSD ARO; 
WHITE FLASHES SPECIFIED IN CAR 15.2015. 

"Position lights shall be installed so that, with the airplane In 
normal flying position, the forward red position light is displayed 
ort the left side and the forward green position light on the right 
side, each showing unbroken light between two vertical planes whose 
dihedral angle is 110 degrees when measured to the left and right, 
respectively, of the airplane from dead ahead* Such forward position 
lights shall be spaced laterally as far apart as practicable* One 
rear position light shall be installed on the airplane at the rear 
and as far aft as possible and shall show a light visible aft through­
out a dihedral angle of 140 degrees bisected by a vertical plane 
through the longitudinal axis of the airplane. Such light shall 
emit (a) in the case of a non-air carrier airplane, either a continuous 
white light as specified in 15*2014 or alternate red and white flashes 
as specified in 15*2015, and (b) in the case of an air carrier airplane, 
alternate red and white flashes as specified in 15*2015* In lieu of 
such a single flashing rear position light, an airplane may carry 
two rear position lights, one red and one white, spaced as closely 
as possible to each other and in combination emitting the red and 
white flashes specified in 15* 2015* 

•ill wiring must be firmly fixed to the aircraft structure and 
protected against chafing or rapid deterioration* 
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AIRPLAHE AIRWORTHINESS October %$9 if4f 

04 . 5 8 2 S 9tAST€R S W I T C H . ELECTRICAL iw tMUi i^n t « u t ISCORPORATE A MASTER SWITCH 
EASILY ACCESSIBLE T O A MEMBER O F THE CREW. - ' 

All eleetrieal installations Bust incorporate & naster switch* 
A »aster switch is interpreted as b&lsg a switch by weans of vhiah--
all sources of electrical power say normally be disconnected From the 
electrical distribution system of th® airplane and from each other 
at a point in the supply lines ass near as practicable to the • ®o«ree 
of power. la installations which Involve only one circuit, the 
circuit control switch may be considered as a master switch provided 
it is a* near the ungrounded battery teraiaxtl as practicable. 

0 4 . 5 8 9 K I S C t U A N E O O S E Q U I P M E N T I N S T A L L A T I O N . 

0 4 * 5 8 9 0 S E A T S . SEATS OR C B A t R S , E Y E R T H O B W ABJOSTABLE, IS OPES OR CLOSEB A i a ? S.AHES, 
SHALL fit SICSRELY P A S T E R E O I B P L A C E W H E T H E R OR SOT THE SAFETY BELT LCAO (S T R A R 8 M S T T 0 B 

THROUGH THE S E A T . " 

04 . 5881 A C C E S S O R I E S * E R S t R t - t R t Y E H ACCESSORIES OR HULTISBBIRE AIRCRAFT SHALL e s 

D I B T t l S S T S B A H O B t T W O B R M O R E E R S I R E S . 

I t * * 



-Oct. 15, 1945 04.6 POfERPUNT INSTALLATION 0 4» 6 0 

04.61 

04.60 ENGINES. 
ElieilC* SHALL IE OF A TYPE ARB DE8I8R WHICH HAS SEES TYPE CERTIFICATED, OR FODID 

ELIOIBLE FOR USE IN CERTIFICATES AIRCRAFT, IR ACCORDARCE WITH THE REQUIREMENTS OF 
PART 13 OR SHALL RAVE SEER APPROVED AS AIRWORTHY IR ACCORDANCE WITH PREVIOUS R E O O L A T t o s s . 

The required information m y be obtained by observing the engine 
behavior throughout the entire teste. The following suggestions are 
offeredt 

Engine vibration should feel normal at all operating speeds and 
should not result in baneful shaking or vibration of instruments 
or other component parts of the airplane. 

Where installations include flexible mounting and engine movement 
is large, flexible joints, commensurate with engine movement will 
be required in all fuel and oil lines, controls, manifolds, and 
cowling to insure satisfactory service life. 

Consideration must be given to the arrangement and operation of 
engine controls and instruments. All units must be easily operated 
from the pilot's seat and so arranged as to minimise the possibility 
of abrupt or Inadvertent operation. 

04.61 PROPELLERS. 
PROPELLERS SHALL SE OF A TYPE AHO DESIGN WHICH HAS BEEH CERTIFICATED AS AIRWORTHY 

IR ACCORDANCE WITH THE REQUIREMENTS OF PART 14 OR SHALL HAVE SEEN APPROVED AS AIRWORTHY 
II ACCORDANCE WITH PREVIOUS REGULATIONS, EXCEPT THAT WOOD PROPELLERS OF A CONVENTIOHAL 
TYPE TOR UST IN LISHT AIRPLARCS NEED HOT SE CERTIFICATED. |R CERTAIN CASES HAXTHOPI 
ERGIRE BORE LIMITATIONS ARE ALSO ASS IOREO 1 TO PROPELLERS. PROPELLERS HAY BE USED OR ART 
EHOIBE. PROVIDED THAT THE CERTIFIED POWER RATINGS, SPEED RAT I M S , AID BORE OP THE ENGINE 
ARE ROT II EXCESS OF THE LIMITATIONS OF THE PROPELLER AS CERTIFICATED, AND FORTIES PROVIDER 
THAT THE VIBRATION CHARACTERISTICS OF THE COMBINATION ARE SATISFACTORY TO TIE ADMINISTRATOR. 

The propeller as installed on the aircraft must permit the clearance 
provided in 04.611. The •Wnisxum Permissible Diameter" which will 
be listed for propellers on the aircraft specification is that of 
the smallest propeller tested, multiplied by .98. This 2 percent 
margin is arbitrarily ohosenas being the mejdmun permissible reduc­
tion in diameter ef a given propeller which will not noticeably 
reduce performance. It also provides a margin to allow dressing down 
of metal propellers in service. 

Fixed or adjustable pitch propellers.—The Aircraft Specification 
for each newly certificated aircraft equipped with a fixed or adjust­
able pitch propeller will specify the following propeller limitationst 
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0 4 . 6 1 AIRPLANE AIRWORTHINESS October 15, 1«45 

Static rpto at maximum permissible throttle (Not more than ram 
setting. (Hot leee than rpm 

; (Not more than ______ Inches 
Diameter - - - - - - - - - - - - - - - » - ( „ e t l e „ t h a n — l n c n « . 

Normally propellers made from wood will require a different 
range of static rpm limits than metal propellers. The basis for the 
preceding limitations is summarized here for convenient reference. 

Maximum static rrmu--The maximum permissible static rpm will be 
the lower of the two static rpm values determined by the methods 
shown below* 

a. Using the propeller having both the smallest diameter and. 
lowest static rpm with which compliance with-the Steady Rate of 
Climb, Take-ofz' Distance and First I'inute Climb requirements can be 
met t 

Maximum permissible static rpm - Rated engine rpm - (rpm 
at the beet rate of Climb Speed - Lowest Static rpm)• 

b. Using a propeller having both the largest diameter and highest 
static rpm for which approval is desired, thepower-off rpm at placard 
V_ speed must not exceed 110 percent of therated rpm of the engine 
at METO power. 

Minimum static rpm. —The minimum static rpm will be established 
by the propeller having both the smallest diameter and lowest static 
rpm used in demonstrating compliance with the Steady Rate of Climb. 
Take-off Distance, and First Minute Climb requirements. 

Maximum digurnet or.--The maximum diameter will be the smaller of 
the two values determined by the methodsshownbelowt 

a. Uaximum diameter which will permit the clearances specified 
in 04.611* (Landplane 9 inches ground clearance, seaplane 18 inches 
water clearance* At least 1-inch clearance between propeller tips 
and structure*) 

b. Maximum diameter used in placard 7g dive teste described in 
(b), "Maximum Static rpm". 

Minimum diameter. —The minimum diameter will be the diameter ef 
the smallest propeller used to demonstrate compliance with the 
Steady Rate of Climb, Take-off Distance and First Minute Climb 
requirements as described in "Minimum Static rpm" multiplied by a 
factor of 0 .98. 

To demonstrate that the vibration characteristics of the propelle 
are satisfactory In any given installation the blade vibration stress 
should be measured under flight conditions. Past experience has 
indicated that this procedure is necessary with all propellers, 
except wood types* In soma cases it is possible to determine the 
effect of changes or slightly new combination© by ground tests or 
comparisons of previous data, but in most cases flight test* for 
this purpose are necessary. The propeller manufacturers have the 

123-a 



W o b e r 15, 1945 FQWERPLANT INSTALLATION 04.610 
04.611 

stress measuring equipment necessary to accomplish these* tests and 
will furnish the results to the CAA together with their recommendations 
with respect to approval. 

04.610 CONTROLLABLE PITCH. THE CONTROLMECHANISM SHALL BE OESISHED AND EQUIPPED R 

WITH A POSITIVE STOP WHICH SHALL LIMIT THE MINIMUM PITCH SO THAT THE TAKE-OFF CRAHK~ 
SHAFT SPEEO FOR WHICH THE AIRCRAFT IS CERTIFICATES IS HOT EXCEEOEO DURING TAKE-OFF 
VtfH TAKE—DFF POWER UNLESS IT IS NECESSARY TO SO LOCATE THE STOP THAT A RICHER CRANK­
SHAFT 3PEEC HAY BE USE0 IN AN EMERGENCY. THE MEANS PROVIDED FOR CONTROLLING THE PITCH 
SHALL BE SO ARRANGED A3 TO MINIMIZE THE ATTENTION REQUIRED FROM A PILOT TO PREVENT THE 
EK6INES FROM EXCEEDING THEIR CRANKSHAFT SPEED LIMITATIONS UNDER AHY FLIGHT CONDITION. 

Controllable propellers.—The high pitch stop should be such 
that 110 percent of UETO rpa will not be exceeded in power-off 
dives at placard "Never Exceed" speeds. -

Constant speed propellers.—A control stop should be provided 
which will limit the low pitch range to the aaximum permissible 
take-off rpm. 

All stops should, when practicable, be located at the propeller 
governor or hub in order to reduce to a minimum the adjustments 
required in service. 

full feathering .propellers.—Comments regarding requirements 
for control stops on constant speed propellers are also pertinent 
to full feathering propellers. The mechanism should be operated 
in flight to demonstrate satisfactory operation to full feathering 
position.: These checks can usually be made during tests for one 
engine Inoperative performance. 

Add following to "Controllable propellers*!— 
The positive low pitch stop in the hub should be so located that 
the allowable take-off rpm is not exceeded during the take-off 
and initial climb at best rate of climb speed at the maximum 
permissible take-off manifold pressure. 

Substitute for the first sentence after "Constant Speed 
Propellers'* »— 
The positive low pitch stop in the hub should be so located that 
the maximum static rpm of the engine does not exceed the allowable 
take-off rpm with maximum permissible take-off manifold pressure 
and no wind. 

04.611 PROPELLER CLEARANCE. PROPELLERS SHALL HAVE A MINIMUM GROUND CLEARANCE 
OF 9 INCHES WHEN THE AIRPLANE IS IN A HORIZONTAL POSITION WITH THE LANDING GEAR DEFLECTED 
A3 IT WOULD BE UNDER.THE MAXIMUM AUTHORIZED WEIGHT OF THE AIRPLANE. PROPELLERS OR 
SEAPLANES SHALL CLEAR THE WATER BY AT LEAST 18 INCHES WHEN THE SEAPLANE 13 AT REST 
UNDER THE MAXIMUM AUTHORIZED LOAD CONDITION. A CLEARANCE OF AT LEAST 1 INCH SHALL DE 
PROVIDED BETWEEN THE TIPS OF PROPELLERS AND ANY PART OF THE STRUCTURE. 
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AIRPLANE AIRWORTHINESS October 15, 1*45 

If the airplane is so designed that the noma! ground attitude 
is more critical, from the standpoint of decreasing propeller clearance, 
'than the horizontal attitude then the clearance should be measured 
in the normal ground attitude. The location of the center of gravity 
position should be such as to produce the most critical condition 
and shockstruts and tires should be checked for recommended pressures 
before makirg measurements. 

A minimum clearance of l/4-inch between the blade or hub and tha 
cowling is recommended, and if variable pitch propellers are used 
this clearance should exist under the feathered or highest pitch 
condition. 

0 4 . 6 2 F U E L S Y S T E M S . 

0 4 . 6 2 0 C A P A C I T Y AND F E E D . Ttie FUEL CAPACITY s g A L i BE AT LEAST 0 . 1 5 GALLON PER 
M A X I H U H (EXCEPT TAKE"*OFF) HORSEPOWER FOR WHICH THE AIRPLANE 18 CERTIFICATED. A t R -

FRE8SDRE FUEL SYSTEMS SHALL NOT BE USED. ONLY STRAI6HT GRAVITY PEED OR MECHANICAL 
FDMPING OF FUEL I S PERMITTED. THE SYSTEM SHALL BE SO ARRANGED THAT THE ENTIRE FUEL 
S U P P L Y MAY SE UTILIZED IN THE STEEPEST CLIMB AND AT THE S E S T G L I D I N G AHGLE A N D S O T H A T ". / 

THE FEED PORTS WILL HOT B E UNCOVERED OURIHG NORMAL MANEUVERS INVOLVING MODERATE R O L L t R S 

OR SIDE SLIPPING. THE SYSTEM SHALL ALSO FEED FUELS PROMPTLY AFTER O R E . T A N K HAS R Q R 

DRY AND ANOTHER TANK IS TURNEO ON. If A MECHANICAL PUMP IS USED, AN EMERGENCY HARD 
PUMP OF EQUAL CAPACITY SHALL BE INSTALLEO ARO AVAILABLEFOR IMMEDIATE U S E I R CASE OF 
A PUMP FAILURE DURING TAKE-OFF. HAND PUMPS OF SUITABLE CAPACITY MAY ALSO R E U S E D FOR, 
PUMPING FUEL FROM AN AUXILIARY TARR TO A MAIN FUEL TARX. 

The capacity of each tank is to be determined by placing the 
airplane in its normal ground attitude and filling the tank by means 
of a measuring pump or a container of known capacity. The tank 
quantity gauge is to be calibrated with the airplane in the level 
flight attitude. When required, the wobble pump must be so installed 
that its control is immediately available to the.pilot should the 
engine pump fail. The emergency pump pressure relief valve should 
be adjusted to ensure satisfactory fuel pressure and preclude exoessive 
flooding Of the carburetor when the pump is operated. See CAM 04*725 
re flight check of Fuel System Operation. 

0 4 . 6 2 1 T A N K I N S T A L L A T I O N . NO FUEL TANK SHALL BE PLACED CLOSER TO AH E R G I E E THAR 
THE REMOTE SIDE OF A FIREWALL. AT LEAST ORETHAIF IRCH CLEAR AIR SPACE SHALL B E ALLOWED 
BETWEEN THE TANK ARO FIREWALL. SPACES A04ACEKT TO THE SURFACES OF THE T A N K SHALL BE 
VESTUATEO SO THAT FUMES CARROT ACCUMULATE OR REACH THE CREW OR PA8SERGERS I R CASE OF 
LEAKAGE. I F TWO OR MORE TANKS HAVE THEIR OUTLETS INTERCONNECTED THEY SHALL BE CONSIDERED 
AS ONE TANK AND THE AIR SPACE IN THE TANKS SHALL ALSO RE INTERCONNECTED TO PREVENT 
DIFFERENCES I K PRESSBRE AT THE JIIR VENTS OF EACH T A W OF SUFFICIENT MAGNITUDE T O CAUSE 
FUEL FLOW'BETVEEN TANKS. MECHANICAL PUMP SYSTEMS SHALL HOT FEED FROM MORE T H A R O R E 

TANK AT;iTTIME EXCEPT BY. SPECIAL RULING FROM THE ADMIHISTRATOR. 
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Tank supports should be padded to minimise vibration and preclude 
the possibility, of chafing* Materials used for padding should be 
non-absorbent, or treated to prevent the absorption of liquids. The 
attachment to the supporting structure must be secure and sufficiently 
rigid to prevent movement or shifting* 

All fuel tanks in passenger compartments should be enclosed by a 
well ventilated and drained enclosure to prevent fumes from accumulating 
or reaching passengers in the event of leakage* In small aircraft* 
however, tanks of 25 gallons or less, located in the forward position 
of the cabin, ahead of the instrument panel, need not be enclosed if an 
excess of ventilation is provided. 

If special fuels (high octane for take-off) are to be carried in 
the airplane, the filler opening should be properly marked and a suitable 
placard installed at the cockpit fuel valve controls to insure that the 
proper tank will be used during take-off. . 

04.622 TANK CONSTRUCTION. EACH FOEI TASK SHALL BE PHOTIBED WITH EITHER A SUMP 
AMD DBA IB LOCATED AT THE POIHT WHICH tS LOWEST WHEN THE AIRPLANE IS. II A HORMAL POSITION 
OR THE GROUND OR OUTLETS AT THE BOTTOM OF THE TANK PRO VISED WITH LARGE MESH FINGER 
STRAINERS. I? A SUMP IS PROVIDED, THE MAIN. FUEL SUPPLY SHALL NOT BE DRAWN FROM THE 
BOTTOM OF THIS SUMP. IF SO SUMP IS PROVtDED THE SYSTEM DRAIN SHALL BE CONTROLLABLE 
FROM THE PILOT'S COMPARTMENT ABO SHALL ACT A3 A TANK DRAIN. EACH TANK SHALL BE SUITABLY 
TESTES FROM THE TOP PORT 108 OF THE AIR SPACE. SOCH AIR VENTS SHAM BE SO ARRANGED AS 
TO MlitIMIZE THE POSSIBILITY OF STOPPAGE BY DIRT OS ICE FORMATION. WHEN LARGE FUEL 
TANKS ARE USED, THE StZE OF THE VENT TUBES SHOULD BE PROPORTIONED SO AS TO PERMIT 
RAPID CHANGES IN INTERNAL AIR PRESSURE TO OCCUR AND THEREBY PREVENT COLLAPSE OF THE 
TANKS IR A STEEP GLIDE OR DIVE. TANKS OF 10 GALLONS OR MORE CAPACITY SHALL BE PROVtOEO 
WITH INTERNAL BAFFLES UNLESS SUITABLE EXTERNAL SUPPORT IS PROVIDED TO RESIST SURGING. 

Each fuel tank should be designed to incorporate an expansion space 
of at least 2$ of the total tank volume. If possible, the filler neck 
should be so located that this expansion space cannot be inadvertently 
filled while the airplane is in the normal ground attitude. However, 
it will be acceptable to locate the "FULL" mark en the gauge or in the 
filler neck at a point which will provide a 2% expansion space when the 
fuel is at that level. A placard stating that the fuel level should not 
exceed a certain point (which will allow a 2j£ expansion space) is also 
considered sufficient. Each tank should be vented from the top portion 
of the air space in the tank to permit a sufficient flow of air to 
equalize internal and external pressures during rapid changes in 
altitude or the removal of fuel from the tank. 

Vents and vent lines should be suitably arranged to avoid the 
collection of water and should be so designed and installed as to 
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preclude the possibility of their becoming clogged by ice or dirt in 
flight or servicing operations. In the sisal 1 tanks usually installed 
in light airplanes where ventilation is accomplished by pin holes in the 
filler cap, two or more such holes should be provided in the cap for 
safe operation) where the float and rod type fuel quantity gauge is used, 
the clearance hole for the rod is considered adequate venting as this 
type of venting, due to the vibration of the rod, has proved satisfactory 
• in service. 

An airspace balancing line must be provided when tank outlets are 
interconnected, in order that such tanks will not "pump over'* and over­
flow or feed unevenly due to air pressure differentials. 

If a controllable system drain is used for a tank drain it should 
be so arranged as to also permit draining the strainer sump while in 
flight. 

04.623 TANK STRENGTH. FUEL TANKS SHALL BE CAPABLE OF WITHSTANDING M INTERNAL 
TEST PRESSURE OF 3-1/2 FOUH0S PER SQUARE INCH WITHOUT FAILURE OR LEAKAGE. POEL TANKS 
OF LARGE CAPACITY WHICH HATE A_ MAX I MUM FUEL OEPTH GREATER THAN 2 FEET SHALL BE INVESTIGATED 
FOB THE PRESSURE JETILOFEB OUR M O THE MAXIMUM LIMIT ACCELERATION WITH FULL TANKS. 
TANKS SHALL BE SO DESIGNED, AND THE RIVETS ,OR WELOS SO LOCATES, AS TO RESIST VIBRATION 
FAILURES OR LEAKAOE. 
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04.625 

04.624 GAUGE, A satisfactory gauge shall be, so installeo or all air planes'as 
TO INDICATE READILY TO A PILOT OR FLIGHT MECHANIC-THE. QUANTITY.OF FUEL UN EACH :-T*RJt 
WHILE |H FLIGHT. WhER TWO OR MORE TANKS ARE CLOSELY INTERCONNECTED ARD VENTED-, AND: IT.. 
IS IMPOSSIBLE TO FEED FROM EACH ONE SEPARATELY, ONLY ORE FUEL"~LEVEL GAUGE REED RE 
INSTALLEO. IF A CLASS GAUGE IS USED, IT SHALL BE SUITABLY PROTECTED AGAINST BREAKAGE, 

The tank gauge accuracy must be checked by placing the airplane in „ 
its level attitude and filling each tank by adding successively quarters 
(or less) of the tank capacity as determined in 04.620. 

04.625 LINES AND FITTINGS. A l l fuel lines and fittings shall BE of sufficient 
SIZE 30 THAT UNDER THE PRESSURE OF NORMAL OPERATION THE FLOW IS ROT LESS THAN 00UBLE 
THE HORMAL FLOW REQUIRED FOR TAKE""OFF ENGINE POWER. A TEST FOR PROOF OF COMPLIANCE 
WITH, THIS REQUIREMENT SHALL SE MADE, ALL FUEL LINES SHALL BE SO SUPPORTEO AS TO PREVENT 
EXCESSIVE VIBRATION AND SHOULO BE LOCATEO 30 NO STRUCTURAL LOADS CAN BE APPLIED. 
5ER03 OF SMALL RADIUS ARD VERTICAL HUMPS IN THE LINES SHALL BE AVOIDED. COPPER FUEL 
LINES WRICH HAVE SEEN BENT SHALL BE ANNEALED BEFORE INSTALLATION. PARTS OF* THE FUEL : 
SYSTEM ATTACHED TO THE ENGINE AND TO THE PRIMARY STRUCTURE OF THE AIRPLANE SHALL BE 
FLEXIBLY CONHECTEO THERETO. FLEXIBLE HOSE CONVECTIONS AND FUEL LINES SHALL HAVE METAL 
LINERS OR THE EQUIVALENT. FlTTIHGS SHALL BE OF A TYPE SATISFACTORY TO THE ADMINISTRATOR, 

Product and Process Specification No. 3 lists flexible hoses whioh 
have been approved for use in airplanes. (Notes—Uetal liners are not 
now required in flexible hose connections.) The fuel lines should slope 
toward drains so as to form*a downward angle of atleast 3° with the 
airplane in the normal ground attitude* Vertical humps in lines tend 
to form airlocks and should be avoided. Low points in fuel lines should 
also be avoided as they often collect water which freezes at high altitudes 
or when cold air is encountered in flight, thus shutting off the fuel 
supply* Fuel lines should not be routed in close proximity to the 
exhaust unless suitable precautions are taken to preclude possibility 
of fire due to leakage or of vapor lock due to elevated temperatures. 

The ends of all tubes having outside .diameters greater than 3/8" 
used in flexible hose connections should be beaded* A fuel feed line 
size of less than 3/8 O.D. x .032 tubing with corresponding fittings 
should not be used unless properly substantiated. If the combined length 
of the feed lines and fittings from the tank to the carburetor is in 
excess of 10 feet, the size of the line should not be less than l/2 x 
.035 O.D. tubing. 

The fuel flow requirements of this part are interpreted in two ways 
depending upon whether the fuel system is gravity or pump operated. 

Gravity Systems* The normal flow required for take-off power 
is interpreted to be *6 pounds per take-off brake horsepower per 
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hour. Using this figure, it is necessary in order to show compliance 
with the double" flow requirement, that one gallon of fuel shall 
flow at the carburetor inlet or bowl in not more thant 

18,000 
gjjp Seconds, where 

BHP is take-off brake horsepower for one engine. Compliance must 
be demonstrated by test for each tank and with the airplane, if 
a conventional tractor type, either at the normal ground attitude 
or the attitude of best angle of climb, whichever is critical. 
"Critical" in this ease means producing the lower hydrostatic head 
ai the carburetor. 

Pump Systems. In the ease of pump systems, double flow is 
interpreted to mean .9 pounds per take-off brake horsepower per 
hour or 110$ of the take-off specific fuel consumption guaranteed 
by the engine manufacturer, whichever is greater. In order to show 
compliance with the requirement it is necessary that one gallon 
of fuel shall flow at the carburetor inlet or bowl in not more 
•. thant •' 

24,000 » a 

B H p Seconds, or 
•. ..:. . . 21,600- : . , . u ... TS • "•r\"mrsmJi"'j™"."rSr—•a~"yi"u',M|i-M"T/""r seconds, where B.H.P. x 1.1 (T.O. Specific Fuel Consumption) * 

BHP is take-off brake horsepower of the engine or engines fed by 
the tank. Compliance must be demonstrated by tests such as are 
described above for gravity systems. 

Fuel system flow characteristics should be obtained with the 
entire fuel system as installed in the airplane. The ability of 
the lines and fittings to provide sufficient flow is more readily 
determined by this method and separate investigations of each item 
are avoided. Gasoline of the physical properties and octane to be 
used in service should flow at the rate specified above at the 
pressure recommended by the carburetor or engine manufacturer for 
satisfactory operation of the installation involved. In the case 
of gravity systems, the hydrostatic head at the carburetor inlet, 
with the airplane in the critical attitude as regards fuel flow and 
with low fuel(see 04.725) in the tank, should be equal to or greater 
than the minimum pressure so recommended. 

The flow will be measured at the float chamber drain or jet 
drain when possible with float type carburetor and at the inlet 
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wi th other type*• When these drai ns are used they may be restrlcted 
so that the carburetor needle valve will furnish the required pressure 

All systems require official demonstration with flight operating 
conditions duplicated on the ground. This includes gravity, engine 
driven pump and wobble pump systems. For purposes of the ground 
tests, the engine driven pumps may be driven by electric motors 
duplicating the take-off speed of the pump. In some instances, 
however, it may be possible to determine that engine driven pumps 
are satisfactory based upon the manufacturer's data} e.g., when the 
pump rating is greatly in excess of the capacity required. 

The following procedure is recommended in conducting the 
necessary tests* 

Critical Airplane Attitude. For conventional tractor airplanes 
the fuel tanks are all ordinarily aft of the carburetor inlet. 
For this reason conditions grow less favorable for fuel flow the 
further the airplane is rotated in pitch, "nose-up". In order to 
determine the critical attitude in which the flow tests are to be 
conducted, information concerning the attitude of the airplane 
with respeot to the ground while flying at best angle of climb is 
neoeesary. This information can be obtained, after the speed for 
best angle has been obtained from the results of the testing required 
under CAR 04*702, by mounting a protractor in a vertical plane in 
the airplane with its index line perpendicular to the airplane level 
datum, suspending a plumb line from the center of the protractor, 
flying the airplane steadily at best angle of climb and reading the 
angle at the intersection of the plumb line with the scale of the 
protractor. A similar reading may be made with the airplane in the 
normal ground attitude. The greater of the two readings should be 
used for the purpose of the tests. 

Flow Tests. Prior to beginning tests the fuel eystem should be 
completely drained and the feed line to the carburetor disconnected 
at the carburetor inlet* If this connection is made by means of a 
reducing nipple, the nipple should remain attached to the line so 
that the flow will be measured through the nipple. For each tank 
tested, the system should be set to feed from this tank only. 
Measured quantities of fuel should be slowly added to the tank 
until steady flow is established at tire carburetor end of the feed 
line. The total quantity of fuel which has been added to the tank 
should be noted and recorded. Systems requiring an excessive initial 
amount of fuel to produce steady flow are unsatisfactory since they 
tend to airlock. 
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Satisfactory flow should be obtained with low fuel as defined in 
CAM 04.|25- One additional gallon of fuel should be added to the 
tank and the time, in seconds, required for this gallon to flow 
should be observed and recorded* In the ease of pump fed systems, 
the hand pump is to be operated at hot more than 120 strokes (or 
60 cycles) per minute* 

In the case of fuel systems which are symmetrical with respect 
to the plane of symmetry of the airplane, one tank only of each such 
pair of tanks symmetrically located need be tested provided it is 
obvious that the results of such teat will be valid for both tanks. 

Where flowmeters are installed, the system should either supply 
the required fuel flow at the carburetor with the flowmeters in 
operation or in the event the flowmeter imposes sufficient restric­
tion in the syBtern to prevent the attainment of this required flow, 
an adequate by-pass arrangement should be provided to permit the 
fuel to by-pass the fXowmeter at take-off* The system should then 
be placarded to the effect that this by-pass must be opened for all 
take-offs. • 

04.62$ STRAIHERS, ORE OR MORE STRAINERS OF ADEQUATE S U E ; AND DESIGN, ISCORPORATJRG 
A SUITABLE BED INERT TRAP ARD OR AIR, 8 8 ALL EE PROVIDED IR me FUEL LIRE BETWEEN THE TARK 
ARD THE CARBURETOR ARD SHALL BE IHSTALLES IR AR ACCESS ISLE POSITION. TflE SCREEN SHALL 
BE EASILY REMOVABLE FOR CLEARING. 

04.627 VALVES. ORE vor MORE pomivE AHO ««iCR-*CTt»« VALVES THAT WILL SHUT OFF 
ALL FUEL T O EACH ERBIRE SHALL BE WITHIR EAST REACH OF THE FIRST PILOT AHO T H E SECOND 
PILOT OR OF THE FLIBHT MECHANIC. IN THE CASE OP AIRPLANES EMPLOYING MORE THAN ORE 
SOURCE OF FUEL SUPPLY, SUITABLE PROVISION SHALL BE MADE FOR IRDEPENDENT FEEDIRS FROM 
EACH SOURCE. 

Valves which require more than one turn for complete operation 
are not considered satisfactory. A valve is not considered suitable 
or positive unless its on and off positions can be definitely indicated 
at all times,. Notch stops should be such that they may be readily 
felt when operating the valve* 

04.6270 OUHP VALVES. WHEN FUEL TARKB ARE EQUIPPED W I T H D U H P VALVES, THE OPERATIRG 
MECHANISM FOR SUCH VALVES SHALL BE WITHIR CORVERIERT REACH OF THE FIRST PILOT ARD THE 
SECOND PILOT, OR OF THE FLIGHT MECHANIC, O d H * VALVES SHALL BE SO INSTALLED AS TO 
PROVIDE FOR SAFE AND RAPID DISCHARGE OF FUEL, 

04.628 DRAINS, 0«E OR MORE ACCESSIBLE OBAIRS SHALL DE PROVIDED AT THE LOWEST 
POINT OR THE FUEL SYSTEMS TO COMPLETELY DRAIN ALL PARTS OF EACH SYSTEM WHER THE AIRPLANE 
I S I R ITS NORMAL POSITION OR LEVEL GROUND. SuCB DRAINS SHALL DISCHARGE CLEAR OF ALL 
PARTS OF THE AIRPLANE ARD SHALL BE EQUIPPED WITH SUITABLE SAFETY LOCKS TO PREVENT 

••' ACCIDENTAL OPE RING, 
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04.629 M I S C E L L A N E O U S F U E i SYSTEM R E Q U I R E M E N T S . 

04.6290 F I L L E R O P E N I N G S . AIL FILLER OPED INSS ia THE FUEL SYSTEM SHALL BE PLAINLY 
MARKED WITH THE CAPACITY AID WORD "FUEL, 8 PROVISIOH SHALL 8E HADE TO PREVENT ART 
OVERFLOW FROM ENTERING THE WINS OR FU3ELASE. 

The minimum fuel octane number should also be marked at the 
filler opening. 

04.6291 P R E V E N T I O N O F I C E F O R M A T I O N . AN AOEQUATE MEANS SHALL BE PROVIDED FOR 
PREVENT!NB THE"FORMATION OF ICE IN THE ENGINE CARBURETORS. (SEE ALSO 3 04.532 (1).) 

1 . General 

The intake and carburetor passages should be arranged so as* to 
avoid insofar as practical, the formation of ice. A hot air supply 
should be provided which is sufficient to permit safe operation under 
icing conditions, except in the case of diesel or fuel injection 
engines to which special rulings are applied. The use of any screen 
in the hot air system will only be permitted where over 100°F. heat 
rise is available for where a 40°F. heat rise is available together 
with a fluid deicing system is employed and so located that deieing 
provisions on the screen, etc, are effective* A screen may be used 
in the cold air intake provided it can be shown that no.hazard exists 
if^the screen should become clogged. A separate cockpit control is 
necessary for each engine to permit the pilot or flight mechanic 
to vary the carburetor air supply from full cold air to full hot air. 
This does not prevent the use of a two position heat control when 
the heat rise available is comparatively low and a fluid deicing system 
is employed. 

The amount of heat available will be determined by measuring 
the temperature of the air before it enters the carburetor with the 
heat control in the fuel hot position. The heat rise is defined as 
the difference between this temperature and the outside air temperature. 
Care should be exercised that the method of measuring the temperature 
of the air as it enters the carburetor will give an indication of the 
average temperature of the airflow through the intake and not just 
a stratum of air* This can be accomplished by taking temperatures 
at several points in the cross-section of the air intake simultaneously 
and by being assured that the "full heat" condition has fully stabilised 
before recording the reading. Temperature measurements taken beyond 
the venturi are unsatisfactory. Any appreciable power loss due to 
heat or decreased ram should be determined. 

All carburetor air heat rise requirements must be met at an 
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outside air temperature of 30°F. with the airplane la level flight 
at 1$%maximum except take-off power* 

Sea Level Engines With Conventional Yenturi^Carb^etoFs. (Such 
.as sea level engine with St romberg or Marvel circular venturi 
carburetor,) A minimum tcaperaturs rise of 90°F. should be attainable 
unless the intake manifold has design features near the venturi which 
contribute appreciably to raising the mixture temperature or the 
temperature of intake passage. There these features are present, a 
60° rise may be considered satisfactory if based upon service, 
experience under severe icing conditions. 

Altitude, Engines with Conventional Venturi Carburetors. ' A minimum 
temperature rise of 120°, unless service experience with the type 
of aircraft has indicated that 110° is satisfactory for the particular 
operation involved, should be attainable. In such cases, a suitable 
heat indicator shall be provided to guide the pilot in his use of 
intake heat. 

Altitude Engines .Incorporating a Caa Type Venturi or Injection 
System. One of the two following requirements shall be mett 

a. A minimum.teaperaiure rise of 40° from a hot air source 
primarily dependent upon exhaust heat, and an.auxiliary emergency 
deicing system controllable from the cockpit utilising alcohol, or 
other suitable deicing fluid, which is suitably discharged in the 
intake system so as to remove carburetor and adapter ice. The 
emergency system need only be used under extreme conditions, since 
compliance with the 40°F. heat rise available and other design pre­
cautions is intended to prevent the formation of ice. Or, 

b. A minimum temperature rise of 100° with a suitable intake heat 
indicator. The hot air source should be primarily dependent upon 
exhaust heat. 

Method (a) above is considered preferable in view of adverse 
effects on engine reliability and power by the sole use of method 
(b). Method (a) further requires less attention upon the part; of 
the crew. 

2. Test Procedure 

The installation should be ehecked in aeoordance with the 
interpretation above. The propeller used should be one which will 
not exceed 110^ of the UET0 RPM in level flight at maximum permissible 
throttle setting on the particular airplane being tested. 
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The aircraft should be loaded to gross weight withnormal e.g* 
position. It is not necessary to refuel during the test nor to keep 
account of fuel consumed. 

For sea ley el engines with no manifold pressure gauge and with 
any except a constant speed propeller* it will be necessary to obtain 
readings at a minimum of three different altitudes in order to 
interpolate the. heat rise at 75/» power with an outside air temperature 
of 30 • One altitude should be approximately 500 feet above the ground 
another at 8000 feet, and the third approximately the mean between 
these two. In any case, the maximum outside air temperature variation 
should be utilized and a minimum differential of 20° is preferred 
if prevailing air temperatures are 50°- or higher. In the event an 
outside air temperature of 30 °F. is present at an altitude where a 
suitable range of BHP can be attained for establishing the carburetor 
air heat rise at 1$f> KETO power, the flight test need only be 
performed at this altitude. For altitude engines with any type 
propeller. Including constant speed, the same procedure is applicable 
as is described for sea level engines above, exoept that the highest 
altitude should be that at which 7$% of rated power can be attained 
with full throttle. 

For sea level engines, the airplane should be flown in level 
flight on full cold air and maximum permissible throttle setting 
at the first of the chosen altitudes. After steady flight is 
attained, the following data should be recorded) • 

(1) Outside air temperature 
(2) Pressure altitude 
(3) Carburetor Air Temperature 
(4) Indicated airspeed 
(5) Engine RPM 

When this is done, and while maintaining level flight, briskly move 
the carburetor heat control to the full hot position* (The control 
should operate in such a fashion that it will be unnecessary for the 
operator to hold it "full on"*) When the earburetor inlet air tempera­
ture has stabilized, the following data should be recorded. 

(1) Carburetor air temperature 
(2) Indicated airspeed 
(3) Engine RPM 

Next reduce the IAS to 90$ of the value obtained above at full throttle 
on full cold air while continuing in level flight at the earn* altitude. 

125-f 



0 4 . 6 2 9 1 AIRPLANE AIRWORTHINESS October l$t 

The same procedure should be repeated in this condition as above at 
full;throttIe and the same data^ecorded^v -

The same procedure should be repeated at each altitude selected. 

For altitude engines, the same procedure is applicable as for 
sea level engines above, except that manifold pressure is recorded 
in addition to the data specified above. 

3 * Corrections of Flight Data 

The data obtained above may be Completed by means of the sample 
Carburetor Heat Rise Work Sheet shown. A sample graph which illus­
trates the form the data takes when plotted is also shown. 

Notei For supercharged engines equipped with manifold pressure 
gauges and any propeller, the work sheet should be completed 
as explained for sea-level engines, with the exception that 
indicated power, is read directly from the power ourves for 
the engine. 
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F L I G H T D A T A S H E E T F O R C A R B U R E T O R HEAT R I S E 

O B S E R V E D F L I G H T D A T A 

PRESS 
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D IT ION 
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( 1 ) ( 2 ) ( 3 ) ( 5 ) ( 6 ) ( 7 ) ( 8 ) ( 9 ) ( 1 0 ) 

( 1 ) OBS. FLT DATA M O M ABOVE, . ( 6 ) FACTOR PROM S L VS ALT. POWER FIR. i 7 ) 
(2) FROM FIB. 46 (CAM 0 4 ) . ( 7 ) 1 . 0 0 0 ± . 0 0 1 EACH DECREE STO OAT is 

( 3 ) ( 1 H 2 > = DECREES STO OAT is ABOVE (+) ABOVE/BELOW CARB. AIR TEMP. 
OR B E L O W B CARB. AIR TEMP. ( 8 ) 8 H P = ( 5 ) x ( 6 ) x ( 7 ) . 

( 4 ) FROM AIRRPEEO CALIBRATION, ( 9 ) * HP * ( 8 ) * METO HP. 
( 5 ) FT PROM P0WER3CURVE. 90$ FT I 8 H P = ( 1 0 ) HEAT RISE = FULL HEAT CARB. AIR TEMP. 

( R P f 1/RPM F T) x 1 B H P p j . ' MINUS OUT. AIR TEMP. 
GRAPHS: (A) PLOT {9) AND ( 1 0 ) . 

'(B) FROM (A), PLOT HEAT RISE AT 7 5 * HP WITH CORRESPONOINB OUT. AIR TEMP. 
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0 4 , 6 3 5 

04.63 . LDBf i I CATI ON SYSTEMS. . 

04.630 GENERAL, EACH E M I R S .SHALL NAVE AN IRDEPENOENT OIL 'SUPPLY. THE OIL 
CAPACITY OF THE SYSTEM SHALL SE AT LEAST 1 SAL 10II FOR EVERY 25 GALLONS OF FDEL RUT SHALL 
ROT BE LESS THAR ) GALLON FOR EACH 75 MAXIMUM (EXCEPT TAKE-OFF) RATEO HORSEPOWER OF 
THE EHRIRE OR EHOIHES. A SPECIAL RULING CONCERNING THE CAPACITY WILL RE MAOE BY THE 
ADMINISTRATOR WHEN OIL MAY BE TRANSFERRED BETWEEN ENGINES IN FLIGHT OR WREN A SUITARLE 
RESERVE IS PROVIDED. THE SUITABILITY OF THE LUBRICATION SYSTEM SHALL BE DEMONSTRATED 
IN FLIGHT TESTS IN WHICH ERGIRE TEMPERATURE MEASUREMENTS ARE OBTAINED, THE SYSTEM SHALL 
PROVIDE THE ENGINE WITH AH AMPLE QUANTITY OF OIL AT A TEMPERATURE SUITABLE FOR SATISFACTORY 
ENGINE OPERATION, 

The total capacity for each tank should be determined by placing 
the tank in such position that it can be completely filled. The 
expansion space is then the difference between this total capacity 
and the capacity determined with the tank installed in the airplane 
and the airplane in its normal ground attitude. CAR 04.631 requires 
that this difference be not less than 10^ of the total capacity 
(volume) of the tank nor less than 1/2 gallon. One gallon is 
considered the minimum amount of oil satisfactory for engine operation 
with respect to cooling temperatures. 

04.631 TANK INSTALLATION. OIL TASKS SHALL BE SUITABLY VERTEO AND SHALL BE PROVIDED 
WITH AN EXPANSION SPACE WHICH CARROT BE IRADVERTERTLY FILLED WITH OIL. SUCH EXPANSION 
SPACE SHALL BE AT LEAST 10 PERCENT OF THE TOTAL TARK VOLUME, EXCEPT THAT IT SHALL IR 
NO CASE BE LESS THAN ORE-HALF GALLON. 

04.632 TANK STRENGTH. OIL TANKS SHALL BE CAPABLE OF WITHSTANDING AN INTERNAL 
TEST PRESSURE OF 5 POUNDS PER SQUARE INCH WITHOUT FAILURE OR LEAKAGE. TANKS SHALL BE 
SO DESIGNED AND THE RIVETS OR WELDS 3D LOCATED AS TO RESIST VIBRATION FAILURES ARO 
LEAKAGE. 

04.633 GAUGE. A SUITABLE HEARS SHALL BE PROVIDED TO DETERMINE THE AMOUNT OF OIL 

1H THE SYSTEM DURING THE FILLING OPERATION. 

The calibration of the gauge should be made with the airplane 
in the normal ground attitude. 

04.634 PIPING. OIL PIPING SHALL HAVE AN INSIDE DIAMETER MOT LESS THAN THE INSIDE 
DIAMETER OF THE ENGINE INLET OR OUTLET AND SHALL HAVE NO SPLICES BETWEEN CONNECTIONS. 
CONNECTIONS IN THE OIL SYSTEM SHALL BE OF A TYPE SATISFACTORY TO THE ADMINISTRATOR. 

04.635 DRAINS. ONE OR MORE ACCESSIBLE DRAINS SHALL BE PROVIDED AT THE LOWEST 
POINT ON THE .LUBRICATING SYSTEMS TO DRAIN COMPLETELY ALL PARTS OF EACH SYSTEM WHEN THE 
ALFFLAKE IS (fit, ITS NORMAL POSITION ON LEVEL GROUND. SUCH OR A IKS SHALL DISCHARGE CLEAR 
OF ALL PARTS OF THE AIRPLANE AND SHALL SE EQUIPPED WITH SUITABLE SAFETY LOCKS TO PREVENT 
ACCICENTAL OPE hi kg. 
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04.640 ' . 

04.636 OIL TEMPERATURE. A suitable means shall be provided for measuring the 
OIL TEMPERATURE AT THE ENGINE INLET. 

04.637 FILLER OPENINGS, All filler openings in the oil system shall be plainly 

MARKED WITH THE CAPACITY AMD THE WORD "oiL.* 

04,64 COOLING SYSTEMS. 

.04.640 GENERAL. The coons« system shall be of sufficient capacity to maintain . 
EHGl.KE TEMPERATURES WITHIN SAFE OPERATING LIMITS UNDER ALL CONDITIONS OF FLIGHT DURING 
A PERIOD AT LEAST EQUAL TO THAT ESTABLISHED BY THE FUEL CAPACITY.OF THE AIRCRAFT, 
ASSUMING NORMAL ENGINE POWER ADD SPEEDS. COMPLIANCE WITH THIS REQUIREMENT SHALL BE 
OEKOHSTRATED IN FLIGHT TESTS IN WHICH ENGINE TEMPERATURE MEASUREMENTS ARE OBTAINED 
UNDER CRITICAL FL.I6HT CONDITIONS INCLUDING FLIGHT WITH ONE OR MORE ENGINES INOPERATIVE. 
1 . General 

" safe operating limits . " ie interpreted to mean those 
maximum temperatures for which the (engine has been certificated. 
They are listed on the APPROVED ENGINE SPECIFICATIONS. For all 
obsolete engines or those previously certificated for which 
temperature limits have not been established, the following are 
applicable! 

Cylinder Heads 550°F. 
Cylinder Barrel; 300°F. 
Oil Inlet to Enginet 200°F. 

w
[ i m critical conditions w is interpreted to mean VETO power 
on all engines or with one engine inoperative at the corresponding 
speed for best rate of clisib and, in the ease of flying boats only, 
taxiing on the water, all in air having the highest temperature 
likely to be encountered in the life of the airplane. This maximum 
expected outside air temperature has been arbitrarily defined as 
100°F, at sea level and to decrease from this value at the rate of 
3.6°F. per thousand feet of altitude above sea level. 

2. Acceptable Method 

The following procedure should be used in conducting cooling 
testst 

For single engine airplanes stabilize cylinder and oil inlet 
temperatures immediately prior to commencing the test. Take-off at 
full take-off power (reduce to METO power after one minute), climb 
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at best rate of cliufospeed, maintain HETO power (or full throttle 
if above critical altitude) until at least five minutes after the 
first occurrence of the maximum cylinder head, cylinder barrel, or 
oil inlet temperature, whichever occurs last. 

For aultiengine airplanes stabilise cylinder and oil inlet 
temperatures in flight immediately prier to commencing the test* 
At an altitude approximately 1000feet below the critical altitude 
of the first blower stage of the engines or 1000 feet below the 
altitude at which one engine inoperative best rate of climb is $Q 
feet per minute, whichever is lower, stop the coolest running engine 
by cutting off fuel supply and place dead engine propeller in most 
favorable pitch position (high or feathered), Climb at one-engine 
inoperative best rate of Climb speed with operating engine(s) at 
METO power (or full throttle, if above the critical altitude) 
until at least five minutes after the first occurrence of the 
maximum cylinder head, cylinder barrel, or oil inlet temperature; 
whichever occurs last. 

For lone range flying boats, in addition to the climb test 
described above, the following taxiing test should also be , 
conducted. Stabilise cylinder and oil inlet temperatures immediately 
prior to coicmeneing the tests. First, head down wind, accelerate 
to a speed which is below the hump speed by not more than 5 hnote 
and maintain that speed for at least 10 minutes. Second, head down 
wind, accelerate to a speed which is above the hump speed by not more 
than 5 knots and maintain that speed for at least 10 minutes. 

During the above tests, record the following data at one minute 
intervals! 

(1) 
(2) 
(3) 
<*) 
(5) 
(6) 

Consideration should be given to the following items for such tests* 

a. The PROPELLER used during the cooling test must be that 
pereitting the highest RPM for which approval is sought. 

b. ALL INSTRUMENTS used during the cooling test must be calibrated 
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Time (7) Indicated Airspeed 
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Oil Inlet Temp. (10) Air. Temp. Engrg. Carb* 
Outside Air Temp. (11) Mixture Setting 
Pressure Altitude (12) Throttle Setting 
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and all CALIBRATION c u r v e s submltteo with the..apppii«'i«ft>.,- flight 
test report. Calibrations must be made 0? complete units a s installed 
for the official tests and s h a l l be witnessed or accepted by a CAA 
Inspector immediately prior t o or following the o f f i c i a l type tests. 

c. No teste should be conducted under ATMOSPHERIC CONDITIONS 
in which moisture is visible in the air. 

d. The gross WEIGHT at take-off should be the maximuE permissible 
take-off weight­

ed The cylinder hav ing the h o t t e s t spark plug gasket w i l l be 
considered the HOTTEST CYLINDER. The determination of the hottest 
spark plug gasket will be verified by a CAA Inspector. The barrel 
temperatures of the cylinder having the hottest spark plug gasket 
will be used in determining the cylinder barrel temperatures. A 
description of the method of attaching the thermocouple and its 
location on the cylinder barrel shall also accompany the flight test 
report.." * 

f. The manufacturer's recommended SETTINGS of the CARBURETOR 
should not be altered for official tests unless specifically 
approved. 

g. If CHANGES have been mad* in the propeller, cowling, oil 
Cooler or other features of the airplane subsequent to the original 
certification of the airplane such that the cooling characteristics 
may be adversely affected, such changes should be substantiated by 
submittal of data covering the changes and by flight tests, if 
considered necessary, to demonstrate adequate cooling. 

h. The cooling characteristics of the powerplant installation 
w i l l be RECOMMENDED for APPROVAL when the corrected calibrated 
temperatures are equal to or less than the "safe operating limits'? 
as defined under "General1* above. The characteristics will be 
RECOMMENDED for DISAPPROVAL if the corrected temperatures exceed 
these limits by any amount, however small* 

3. Alternate Equivalent Method 

If the c o o l i n g requirements outlined above under paragraph 2 
cannot be met at the specified best rat* of climb airspeed, hut can 
be met at a higher speed, compliance w i th the following alternate 
procedures w i l l be considered t o provide equivalent satisfactory' 
e © © l i n g j ' 
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a. . Normal Oategory 

(1) Single Englne Ai rplanes 

(a) Airspeed Limitation for Cooling Teat. (CAR 04.702) 
The airspeed chosen for cooling must result in 
the slope of the flight bath being equal to or 
greater than that which would result from the 
minimusi required rate of climb specified in 
CAR 04.702 and the speed for best rate of climb. 
This is equivalent to increasing the minimum 
required rate of climb specified in CAR 04.702 
by the ratio of the cooling airspeed to the best 
rate of climb speed and requiring that the rate 
of climb at the cooling speed meet the increased 
minimum rate of climb. : 

(b) Temperature Gauges. 
A cylinder head and/or barrel temperature gauge 
will be installed as required equipment unless 
it has been demonstrated that cylinder temperatures 
meet cooling requirements at the best rate of climb 
speed. The necessary marking indicating the maximum 
permissible limit must be shown by a red radial 
line on the instrument(s). 

(2) liultiengine Airplanes 

(a) Airspeed Limitation for Cooling Test (CAR 04.702) 
The airspeed chosen for the cooling test shall 
not be greater than that which will provide 
compliance with item (1)(a) above with all engines 
operating at METO power. In all respects except 
airspeed, the cooling test must be conducted as 
described under acceptable method in paragraph 2 

. above» 
(b) One-engine Inoperative Performance (CAR 04.723) 

The performance determined in accordance with 
CAR 04.723 will be that obtainable at the alternate 
airspeed so selected for the cooling test* 

(c) Temperature Gauges 
A cylinder head and/or barrel temperature gauge 
will be installed as required equipment unless 
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it hao been demonstrated that cylinder temperatures 
meat the cooling requirement3 at thoj one-engine 
inoperative best rate of climb speed. The necessary 
marxlng(s) indicating the maximum permissible: 
limit(s) must be shown by a red radial line on 
the instrument(s). 

b. Transport Category 

(1) Maximum One-engine-inoperative Altitude (OAR 04.7513^T} 
The airspeed chosen for the cooling test must -provide 
the performance required by CAR04.7513-T and04*750-T(e). 

(2) Temperature Gauges 
Cylinder heads.and/or barrel temperature gauge will 
be required as in item a(2)(e) above. 

4. Corrections of Flight Test.Data 

The observed data should be reduced to a standard which*is 
baaed on approved correction factors and maximum expected outside 
air temperatures. The correction factors and maximum expected 
outside air temperatures must correspond to the respective pressure 
altitudes at which the maximum cylinder head, cylinder barrel, and 
oil inlet temperatures first occur. The following corrections 
and correction methods may be used* (other factors must be satis­
factorily substantiated.) The approved correction faotors for 
cooling air are as followsi 

For correction purposes the outside air temperatures observed at 
the time of the first occurrence of the respective maximum temperatures 
of the hottest cylinder head, the hottest cylinder barrel, and the 
oil inlet to the engine should.be used. 

Examples of applying the corrections are given belowr 

a. Cylinder Head Temperature Correction. 

(1) Cylinder Head - - -
(2) Cylinder Barrel - -
(3) Oil inlet to engine 

1.0 
•0.7 
•1.0 

C orrent ed t emperature 
•) - OAT 
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b. Cylinder Barrel Temperature Correction. 
Corrected Temperature v , -
- Obe. Max. Barrel Temp. + .7 ClOO - 3»* ( î oo ) " •* 

c. Oil Inlet Temperature Correction. 
Corrected Temperature • 
= Obe. Max. Oil Temp. + 100 - 3.6 (0°*t A1**) - OAT 

V 1000 * 
0 4 . 6 4 1 RADIATORS. RADIAT&R* SHALL R E s o KOURTEO AS TO REDUCE VIIRATIOI AID 

ii iHlNATE STRAINS CAUSlai) DISTORTION. 

0 4 . 6 4 2 PifihG, PiFme ta CONNECTIONS SHALL CONFORM TO ACCEPTED STANDARDS ANO 

SHALL NOT TRANSMIT*i l f t*TSOR^TW iHE RADIATOR OR THE STRUCTURE OF THE AIRCRAFT. 
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AIRPLANE AIRWORTHINESS October 1 5 , 1945 

0 4 . 6 4 3 DRAINS. ONE OR MORE ACCESSIBLE:DRAINS SHALL BE PROVIDED AT THE LOWEST ^ ; 
POINTS ON THE COOLI HO SYSTEM TO DRAIN COMPLETELY ALL PARTS OF SUCH SYSTEM WHEN THE 
AIRPLANE IS IN ITS NORMAL POSITION 0« LEVEL GROUND. SUCH DRAINS SHALL OISCHARGE CLEAR 
OF ALL PARTS OF THE AIRPLANE ARO SHALL BE EQUIPPED WITH SUITABLE SAFETY LOCKS TO PREYERT 
ACCIDENTAL OPENING. 

0 4 . 6 4 4 F I L L E R O P E N I N G S . A n FILLER OPENINGS IN THE COOLING SYSTEM S H A L L R E PLAINLY 

MARKED WITH THE CAPACITY OF THE SYSTEM AND THE HAME OF THE PROPER COOLING LIQUID. 

0 4 . 6 5 POWERPLANT INSTRUMENTS, CONTROLS, AND ACCESSORIES, 

0 4 . 6 5 0 INSTRUMENTS. THE ENGINE INSTRUMENTS REQUIRED ARE SPECIFIED IN § 0 4 , 5 . THE 

INSTALLATION REQUIREMENTS FOR NAVIGATION INSTRUMENTS IN 3 0 4 . 5 8 0 4 SHALL APPLY TO TACHOMETERS 
AND MANIFOLD PRESSURE GAUGES. ALL OTHER INSTRUMENTS SHALL SE VISIBLE IR FLIGHT TO THE. 
PILOT ARD CO-PILOT OR TO THE FLIGHT MECHANIC. I f THE MAR1FOLO PRESSURE GAUGES AND 
TACHOMETERS ARE ROT VISIBLE TO THE FLIGHT MECHANIC, HE SHALL SE PROVIDED WITH A DUPLICATE 
SET OF THESE INSTRUMENTS. 

0 4 . 6 5 1 CONTROLS. A n POWERPLANT CONTROLS, INCLUDING THOSE OF THE FUEL SYSTEM, 
SHALL BE PLAINLY HARKED T O SHOW THEIR FUNCTION ARB METHOD OF OPERATION. 

0 4 . 6 5 1 0 THROTTLE CONTROLS. THROTTLE CONTROLS SHALL BE EASILY ACCESSIBLE YO ROTH 
PILOTS ARO SHALL BE SO ARRANGED A3 TO AFFORD A POSITIVE ARB IMMEDIATELY RESPONSIVE 
HEARS OF CORTSOLLIRG ALL ENGINES SEPARATELY OR SIMULTANEOUSLY. FLEXIBLE THROTTLE 
CONTROL SYSTEMS SHALL BE OF A CERTIFICATED TYPE. A FORWARD MOVEMENT SHALL OPER THE 
THROTTLE. 

All powerplant controls must be so designed as to resist .wear' 
and operate with a minimum of backlash. Where cable controls are 
used, provisions must be made for adjustment and suitable pulley 
guards installed. Stops should preferably be installed at the engine 
end of the control, with' safety stops at the cockpit end if necessary, 
so as to minimise adjustment and attention required in service. 
The oontrols must be bo designed that normal engine movement will 
not cause severe loads or "creeping" of the controls. 

Carburetor air intake controls and controls for air shutters 
In the cooling and oil systems should be sufficiently strong to 
permit their operation under icing conditions. 

Throttles should be arranged with a spring in the system at the 
carburetor so that in the event a breakage of the control system 
occurs the throttle will move into a predetermined open position* 
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0 4 . 6 5 1 1 I G N I T I O N S W I T C H E S : J e n i t i o n SWITCHES t n n t i [ EASILY ACCESS IDLE TO SOTH 
P H O T S , A POSITIVE HE*US FOR (JUICKtT:3HUTTING OFF ALL IGNITION OF BULTIENGINE AIRCRAFT, 
BY GROUPING OF SWITCHES OR OTHERWISE, SHALL,BE PROVIDED. 

0 4 . 6 5 1 2 P R O P E L L E R P I T C H C O N T R O L S . SEPARATE PITCH CONTROLS SHALL BE PROVIDED 
FOR EACH PROPELLER. 

0 4 . 6 5 2 A C C E S S O R I E S ( A I R C A R R I E R A I R P L A N E S ) . (SEE I 0 4 . 5 8 9 1 . ) 

0 4 , 6 6 M A N I F O L D I N G , C O W L I N G AND F I R E W A L L . 

0 4 . 6 6 0 G E N E R A L . ALL MANIFOLDS, COWLING AND FIREWALLS SHALL BE SO DESISHED AND 

INSTALLED A3 TO REDUCE TO A MINIMUM THE POSSIBILITY OF FIRE EITHER DURING FLIGHT OR' 
FOLLOWING AN ACCIDENT, AND SHALL THEREFORE COMPLY WITH ACCEPTED PRACTICE IN ALL DETAILS 
OF INSTALLATION ROT HEREINAFTER SPECIFIES. 

0 4 . 6 6 1 t V A H i F O L O S . EXHAUST MANIFOLDS SHALL BE CONSTRUCTED OF SUITABLE MATERIALS, 
SHALL PROVIDE FOR EXPANSION, AND SHALL BE ARRANGED AND COOLED 30 THAT LOCAL HOT POINTS 
00 NOT FORM. GASES SHALL >E DISCHARGED CLEAR OF THE COWLING, AIRPLANE STRUCTURE AND 
FUEL SYSTEM PARTS OF DRAINS. THEY SHALL NOT BLOW BACK OK THE CARBURETOR AIR INTAKE OR 
THE PILOT OR PASSENGERS, NOR CAUSE A GLARE AHEAD OF THE PILOT AT NIGHT. No EXHAUST 
HANIFCLPfHC SHALL BE LOCATED IMMEDIATELY ADJACENT TO OR ORDER THE CARBURETOR OR FUEL 
SYSTEM PARTS LIABLE TO LEAKAGE. 

Exhaust manifolds should be constructed of stainless steel, 
nickel chromium steel, or equivalent when installed on engines of 
approximately 300 HP or over. Low carbon steel has been generally 
satisfactory for use on lower powered engines when wall thicknesses 
not less than .049" for installations above 125 HP and .035" for 
125 HP and utider are used and the manifold is well cooled. 

Manifolds should not be located under the cowling unless isolated 
from the accessory compartment and well ventilated. Any portion of 
the manifold, within the accessory compartment must be shrouded 
except that for installations on low powered engines, (less than 
100 HP) the upper portione need not be shrouded when such portions 
are far from parts of fuel and oil systems and it can be shown 
that a fire hazard does not exist. Shrouds or tunnels on engines 
of over 100 HP should be constructed of stainless steel or equivalent. 

No portion of the manifold, whether located within or outside 
of cowling, should be routed directly below parts of the fuel or 
lubricating system which are likely to leak. 

Exhaust outlets should be so-located that gases will not enter 
pilot or passenger compartments. It should be borne in mind that 
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carbon monoxide, even when mixed with large quantities of fresh air 
as in open cockpit airplanes, is extremely dangerous as this gas 
will accumulate in the body until a dangerous quantity exists. 
The location of the outlets should also be such that there should 
be no glare ahead of the pilot at night. Where outlet* are below 
the engine, the openings should be away from the center line of the 
cowl and pointed outward. A minimum distance of 10 inches laterally 
from the exhaust outlots to the carburetor intake or drain will be 
considered satisfactory* Outlets should not be directly in line 
with fuel system draime nor should the gases result in overheating 
of any part of the aircraft* 

Sufficient cooling must be provided to eliminate local hot spots 
and to maintain temperatures well below the scaling point Of the 
material used. Whan tunnels or shrouds are used to isolate portions 
of the exhaust manifold, positive ventilation must be provided by 
directing air between the shroud and manifold unless it can be shown 
by tests that the most severe operating conditions will not produce 
excessive temperatures. A temperature survey must be made whenever 
a doubt exists as to the adequacy of the ventilation provided. 

Provisions must be made fOr expansion and movement between cylinders 
and between manifold ana extensions* 

(Also see CAM 04.665 re Heating Systems and absence of Carbon 
Monoxide.) 

0 4 . 6 6 2 AIR INTAKES. CARBURETOR AIR IBTARES S H A H BE SUITABLY DRAINED AND SHALL 
OPEN COMPLETELY OUTSIDE THE COWL IBS UNLESS THE EMER6ERCE OP BACK" : I HE PLANES IS POSITIVELY 
FREYEHTED, THE DRAIN SHALL NOT 01SCBARBE FUEL IR THE PATH OF PO.'SISLE EXHAUST FLAMES. 

Intake screens, if used, should be of large mesh £l/2inch or 
over) to minimise the possible accumulation of ice and.snow. 

If a carburetor intake air heater is installed to comply with 
CAR 04.6291, the cockpit control should be so designated as to 
•Pull for Heat" and otherwise be sufficiently rigid to eliminate 
tendenoy to "spring" when operated after ice has started to form. 
In cases, where shrouds over the exhaust manifold are used for 
preheating the carburetor air, the quality and thickness of the 
manifold should be such as to minimize the tendency to burn through. 
Means must also be provided in such installations to ventilate the 
exhaust tubing, or intensifier tubes if used, when carburetor air 
preheat is not being ussd, unless the manufacturer can establish, 
through temperature survey, that critical temperatures are not 
obtained in most severe operating conditions. The assembly must 
be easily disassembled for inspection. 
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04.663 ENGINE C O U l l N O . ALL C O W L t m ARODRO THE POWERPLART AIO ON THE ENGINE OIOE 
OF THE FIREWALL SHALL: 1£ BABE OF METAL AND SHALL BE SO ARRANGED THAT AST AOCOMOLATIOHS 
OF DIRT, WASTE OR FUEL MAT BE OBSERVED WITHOUT COMPLETE REMOVAL OF THE COWLING. IT 
SHALL FIT TICHTLV TO THE FIREWALL, OUT OPENINGS MAY BE PROYIOEO IF THE AIRPLANE SURFACE 
WITH IB 15 INCHES THEREOF IS PROTECTED WITH METAL OR OTHER SUITABLE FIREPROOFINO MATERIAL. 
J H E COWLING SHALL BE COMPLETELY AND SUITABLY DRAINED IK ALL ATTITUDES OF FLIGHT AND ON 
THE GROUND, WITH SEPARATE DRAINS PROVIDED FOR THE PARTS OF THE FUEL SYSTEM LIABLE TO 
LEAKAGE. ALL SUCH DRAINS SHALL BE SO LOCATED AS TO PREVENT FUEL OR Oil FROM ORIPPIRO 
ONTO THE EXHAUST MARtFOLD OR ANY PARTS OF THE AIRCRAFT AND FROM PERMEATING ART MATERIAL 
OF A CELLULAR NATURE,. 

04.664 FIREWALL. A FIREWALL SHALL BE PROVIDED UNLESS THE ENGINE IS MOUNTED IN 
AS ISOLATES NACELLE WITH H O FUEL TANKS. SUCH FIRE BULKHEAD SHALL BE CONSTRUCTED IN 
ORE OF THE FOLLOWING APPROVED MANNERS: (A) A SINGLE SHEET 6F TERNE -PLATE HOT LESS 
THAR 0.028-1 RCH THICK, ( S ) A SINGLE SHEET OF STAINLESS STEEL NOT LESS THAN 0,015—INCH 
THICK, (C) TWO SHEETS OF ALUMINUM OR ALUMINUM ALLOY HOT LESS THAR 0.02—INCH TRICK 
FASTENED TOGETHER AND HAVING BETWEEN THEM AH ASBESTOS PAPER OR ASBESTOS FABRIC SHEET 
AT LEAST 1/8-1 RCH THICK, 

04.6640 THE FIREWALL SHALL COMPLETELY ISOLATE THE ENGINE COMPARTMENT ARD SHALL 
HAVE ALL RECESSART OPERIRGS FITTED WITH CLOSE-FITTING OROHMETS OR BUSHINGS. ABJACENT 
ISFLAMMASTE STRUCTURAL MEMBERS SHALL I E PROTECTED BY ASBESTOS OR AREQUIVALERT INSULATING 
MATERIAL ARD PROVISION SHALL BE MADE FOR PREVENTING FUEL AID OIL FROM PERMEATIRG IT. 

04.665 KEATING SYSTEMS. HEATING SYSTEMS INVOLVING T I E PASSAGE OF CABIN AIR OVER 
OR IN .CLOSE PROXIMITY TO ENGINE EXHAUST HAS IFOLDS SHALL ROT S£ USED UNLESS ADEQUATE , 
PRECASTIORS ARE INCORPORATED IN THE DESIGN TO PREVENT THE INTRODUCTION OF CARBON MONOXIDE 
INTO THE CASIN OR PILOT'S COMPASTMERT. THEYSHALL BE CONSTRUCTED OF SUITABLE MATERIALS, 
BE ADEQUATELY COOLED ARB BE SUSCEPTIBLE TO READY DISASSEMBLY FOR IRSPECTION. 

1. general 

Heaters which utilise exhaust heat must be so designed as to 
reduce to a minimum the possibility of exhaust fumes entering the 
passenger or pilot's compartment. Intensifier tubes, when used, 
must be of stainless or equiralent heat resisting steel. Muff type 
heaters, passing cabin air directly over the exhaust manifold, may 
be used when the manifold is comparatively free from welds and 
expansion joints are well sealed. 

Provision must be made for ventilating the muff or intensifier 
tube when cabin heater is turned "off,* This can usually be best 
accomplished through the use of a bypass valve* 

All parts of the heater unit must be capable of being readily 
disassembled for inspection. 
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During landings, take-offs, taxiing, ate, partieular attention 
should be paid to the following, 

a. Ho undue directional instability. 

b. Satisfactory ability to Bake normal speed taxiing turns 
without undue skidding tendency. 

c. No undue tendency to have the nose of each ski digging in 
during landings or take-offB. 

d. Trimming gear adequate with no danger of damage occurring 
during normal ground handling in taxiing or maneuvering over rough 
enow or drifts. 

e. Ski trim in flight stable and satisfactory for all normal 
flight attitudes including slips and skids. 

f. If braking devices are employed, attention should be given 
to adequacy, effectiveness, and protection during normal operation 
on the ground. Positive action should be required. 

04.71 MODIFIED PERFORMANCE REQUIREMENTS FOR HULTI ENGINE AIRPLANES NOT CERTIFICATED 

IN THE TRANSPORT CATEGORY. 

Tie WEIGHT or AST HOLTIERGIRE A I R P U R E MARUFACTBRED PBRSUART TO A m i C E B T W I C A T I 
ISSUED PRIOR TO JAIVART T, 1941, MAY BE IICBEASED SEYOBD TIE VALUES COBBESPOBOINB T O 
THE LANDI MS SPEED SPECIFIED IB 1 04.700 ARB TAKE-OFF REQUIREMEHTS OF I 04.701, SUBJECT 
TO TBE FOLLOWING COBDITIORS: 

(A) THE INCREASED WEIGHT SHALL BE KHOWR AB THE PROVISIORAL WEISHT (I 04,103). 
THE STARDARO WEISHT (I 04,102) SHALL BE THE MAXIMUM PERMISSIBLE WEIGHT FOR LARDIRG. 
THE PROVISIORAL WE IOAT SHALL BE THE MAXIMBH PERMISSIBLE WEISHT FOR TARE-OFF. 

(B) COMPLIANCE WITS ALL TSE AIRWORTHINESS REQUIREMENTS EXCEPT LAHDIRR SPEEB ABB 
TARE-OFF IB REQBIRED AT THE PROVISIORAL WTTBRT, EXCEPT-THAT TBE PROVISIONAL WEIGHT HAY 
EXCEED THE OESISFL WEIGHT ON WHICH TRE STRUCTURAL LOADS FOR TBE IAHOIHS COROITTOBS 
ARE BA3EB BY AH AMOUNT ROT CHEATER THAR 15 PERCENT, PROVIDED THAT THE AIRPLABE IS SHOWH 
TO SE CAPABLE OF SAFELY WITHSTANDING THE FLROOIB OR WATER SHOCK LOADS I NCIDEBT TO TAKIHG 
OFF AT THE PIIOVTSIORAL WEISBT. 

( C ) THE AJAPLARE SHALL BE PROVIDED WITH SUITABLE HEARS FOR THE SAPID ABO SAFE 
DISCHARGE O F A QBART ITV OF FCEL SUFFICIENT TO REDUCE 1TB WEIGHT FROM THE PROVISIORAL 
WEIGHT T O THE STANDARD WEIGHT. 
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(0) IN NO em SHALL THE PROVISIONAL WEIGHT EXCEED A m»E CORRESPORPIM TO A 
L A N D I N G S P E E D O F 5 M I L E S P E R H O U R IN EXCESS O F T H A T S P E C I F I E D I R I 0 4 . 7 0 0 , A T A R E — O F F 
D I S T A N C E O F 1 , 5 0 0 F E E T I R THE CASE OF L A N O P L A N E S , OR A T A K E - O F F T I M E OF 60 R E C O R D S IH 
T H E C A S E O F S E A P L A N E S ; NOR S H A L L A R T P R O V I S I O N A L W E I G H T AUTHOR I IT 0 I N RES P E O T T O A N Y 
TYPE O F A I R P L A N E A F T E R J A R U A R T 1 , 1 9 4 5 j E X C E E O T H E V A L U E C O R R E 8 P O N 0 I N O T O A R A T E O F 
O L I H S O F A T L E A S T 1 8 0 F E E T P E R M I N V T E AT A N A L T I T U D E O F 5 , 0 0 0 F E E T WITH T H E C R I T I C A L 
E R S I N E I N O P E R A T I V E , I T S P R O P E L L E R W 1 N 0 M T L L I R G WITH T H E P R O P E L L E R C O N T R O L I f A P O S I T I O N 
W H I C H W O U L D A L L O W T H E E N G I N E ( i F O F E R A t l H O N O R M A L L Y A N O W I T H I N A P P R O V E D L I M I T S ) T O 
D E V E L O P A T L E A S T 50 P E B C E R T O F H A X I M U M - E X C E P T - R A K E - « F F E R O I R E S P E E D , A l l O T H E R I N C I S E S 
O P E R A T I N G AT T H E T A K E — O F F P O W E R A V A I L A B L E A T SUCH A L T I T U D E , T H E L A N D I N G S E A S R E T R A C T E D , 
C E N T E R O F G R A V I T Y I N T H E H O S T B K F A V O R A S L E P O S I T I O N P E R M I T T E D F O R T A K E - O F F , A N D T H E 
F L A P S I S T H E T A K E - O F F P O S I T I O N . 
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Correctlons.—Ia case itis considered necessary to use the weight 
or other correction in obtaining the true rate of climb in these 
check climbs, it will be acceptable to sake these corrections at 
outlined in flight Engineering Report Ko. 3* 

2* One Engine Inoperative Performance Teste 

The primary purpose of the requirements of 04.723 is to obtain 
the information necessary to inform the pilot of the one engine 
inoperative performance of the airplane under any condition likely 
to be encountered following an angina failure during the life of tha 
airplane. 

Unless some special reason is involved, "such weights at arc 
necessary" is to be the maximum weight for which eertifleatioa is 
sought. In order to accomplish this purpose it la necessary that 
sawtooth climbs be conducted. The nature and number of these aavtcota 
climbs should be the same as those described under.04*702 for the 
third purpose involved, except that the critical engine m determined 
immediately above is to be inoperative and the airplane is to b# 
otherwise in the condition most favorable to elimb, !•••» flaps 
retracted, inoperative propeller feathered or windmilllng in high 
pitch. Cowl flaps, if present, are to be in the position that la 
used to demonstrate compliance with tha eooling requirements as 
specified in 04.640. 

In the past, the information which has been placed in the hands 
of the pilot concerning the one engine inoperative parformaaee hat 
been limited to a usable calling, i.e., the altitude in standard 
air at which the best rate of climb is JO feat per minute. In order 
to accomplish the above purpose, however, it is obviously necessary 
to go beyond this and it la requested that tha applieant furaiah 
a chart showing the one engine inoperative beet rate of elimb and 
the corresponding true indicated airspeed against altitude at various 
weights cowering tha range of weight at which tha airplane is likely 
to be operated. Provision should be made for keeping the chart, 
one* it is approved, in the airplane at all times in a place con­
veniently accessible to the pilot* 

Acceptable Method.—Same as described under 04.702 except additional 
data will need ta be recorded. 

Oorreetiona .—The corrections necessary to determine the actual 
rate of climb are described in Flight Engineering Report No. 3. 
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04.724 AIRSPEED I N D I C A T O R C A L I B R A T I O N , i s a c c e s s i s a s v t i o l M^9m 

IROtCATOR OF TH E TTFE AIRPtASE S8HS. St CAUSRATCO' JS F U S B T * TSE SETROO OF CA^TMATLOA 
USED SfiAliL 8U8«IECT TSI TCEE APPB9T&L OF TSE 'A0K|flE8"9ATOR» 

04.725 C f f iCK O f F D B . S Y S T E M . T a t oFES&Tios OFtwe M E I SYSTEM S S A U IE CSECEEB 
, IS F U O H T TO O S T E S M K ITS EFFECTIVEKC3S OBBSR. LOW POEl COI0ITIOU AltO AFTER CHABfllSt 
FB9F! ORE SOFFIT TARE TO ANOTHER. (SEE I 0 4 . 5 2 0 . ) FOR SOCB TESTS IOK F B E V IS OEFIHEB 
AS AFPROX IRATELY 15 FltRBTES'. 8BPPLY IR EACH TARS TESTES AT TOJE NAZINOH (EXCEPT TARE" 
OFF) P0WE8 CERTIFIES. 

1* ! General . 

a. The fuel system should be checked in flight to determine 
that,it: will fo©d satisfactorily in climbs at the best.angle of 
climb speed and at the best gliding angle* Moderate rolls, slips 
and skids aa might be made accidentally in the above climbe and glides 
with low fuel should not cause the engine(e) to cut out. The system 
should also feed promptly after one tauk has run dry and the other 
tank is turned on. 

b. Low fuel for the purpose of fuel system tests in flight is 
defined as approximately (METO HP * 40) gallon* in the tank tested* 
Each tank will be tested unless the arrangement of the system indicates 
identical results would be obtained. Special rulings will apply 
in cases of fuel systems with several small tanks which would result 
in an unreasonably large amount of residual fuel. If the fuel 
system has only one tank, the engineering inspector may at his 
discretion during official tests request the installation.of a 
temporary auxiliary fuel tank for low fuel flight tests la order 
to avoid the possibility of a forced landing due to lack of fuel. 

c. Fuel systems of single engine aircraft shall not be considered 
satisfactory if more than 10 seconds elapse after changing over 
from a tank which has run dry in flight, before the engine resumes 
full power operation* 

d. Systems with tank outlet* and vents interconnected and so 
arranged that it is impossible to feed from each tank individually 
should be treated as single tank systems* 

2* Acceptable Method 

Single or individual tank test8.--(1) Flight tests should be 
conducted with fuel arranged in the tanks so that each tank can be 
tested separately with lew fuel but always with a safe amount of 
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fuel in another tank. (2) If the aircraft has only one tank, the 
take-off will be *ade with a safe amount of fuel and the teste 
conducted with low fuel as defined above. (3) The tests should 
be conducted by changing over to the tank with low fuel after a 
safe altitude is reached. Each position or attitude should be 
maintained for a period sufficient to interrupt flow at the carburetor 
should the feed ports be uncovered. (4) Tests should include steady 
climbs with maximum permissible 
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SAFETY REGULATION RELEASE NO. 202 

SUBJECT: Revision of Section 04.43-15 of Civil Aeronautics 
Manual 04, July 1, 1944 Edition 

PREPARED BY: Aircraft and Components Service 

A revision of Section 04.43-15 of Civil Aeronautics Manual 04, "Airplane 
Airworthiness'1, has recently been adopted. 

In order to assist you in bringing your copies of Civil Aeronautics 
Manual 04 up-to-date, there is attached the revised material printed on 
blue paper. 

The table presented supersedes that presently included in Section 04.43-15^ 
and specifies acceptable types of wrap and wire diameters to be used as 
a function of the cable size and/or minimun cable breaking strength. 
In addition, notations covering safetying of swaged terminal parts and 
use of the double wrap procedure in Navy Specification PO-42A, Amendment 
No. 1 , are given. . , 

A. S. Koch 
Assistant Administrator for 
Safety Regulation 

Attachment 
Distribution: 
I,3,4,9a,13,l6,l6a 
40 Tabs ISO, 40V 



CMi 04.43-16. Delete the table shown on pago 108 of CAM 04 dated July 1, 1944, 
and insert the following in lieu thereof* 

IUESBUGKLE S A J E T Y I N G K E Q U I S E M E N ! S 

CABLE 
S I Z E 

MINBiZH CABLE 
BREAKING 

STRENGTH (LBS.) 
TYPE OF DIMETER O P 

SAFETY WISE 
MATERIAL 

(ANNEALED C O N D I T I O N ) F 

l/l6 4 8 0 Single . 0 4 0 Copper, Brass, Galvanized 
or Tinned Steel, or Soft Iron 

3 / 3 2 ' 9 2 0 Single . 0 4 0 Copper, Brass, Galvanized or 
Tinned Steel, or Soft Iron 

1 / 8 2 0 0 0 Single . 0 4 0 Stainless Steel. 

1 / 8 2 0 0 0 Double . 0 4 0 Copper, Brass, Galvanised or 
Tinned Steel, or Soft Iron 

fi/32 & 
greater 

2 8 0 0 & 
greater 

Double . 0 4 0 Galvanised or Tinned Steel, 
Soft Iron, or Stainless Steel 

5 / 3 2 & 
greater 

2 8 0 0 & 
greater 

Double . 0 5 1 Copper, Brass 

30TES: . 

1 . The swaged and unswaged turnbuokle assemblies are covered by 
AN Standard Drawings. 

2 . Certain of the A N Std. swaged terminal parts specify a safety 
wire hole slse of . 0 4 7 in. . This hole may be reamed sufficiently 
to accommodate the . 0 4 0 and . 0 5 1 diameter wires. 

3 . The double wrap procedure given in Navy Specification; P0 - 4 2 A , 
Amendment No. 1 , may be used in lieu of the method shown below. 
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