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Dbject of Trials:

1, The objects of the trials conducted by Flight Test on
the model FM-2 airplane in accordance with reference (a)
were to determine the following:

a) Whether or not the performance guarantees were met,

b) Performance and flight characteristics, X

(c) General suitability for service use as a fighter
airplane, ]

Conclusions:

1., All performance guarantees were exceede@ except those of
minimum speed without power at sea level and take-off dis-
tance in a 25 knot wind,

2. The model FM-2 airplanc was found to be satisfactory for
service use as a fighter airplane, 'either carrier or land-
based, exccpt that a number of dAgfeccts were found which are
covered under Recommendations,
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Summary of Results

A. Performance (as a "normal" fighter except as noted)

1, Maximum speed (high blower):

Power Normal iilitary
Brake horsepoWeYeesssssssansns 900, 1{}061
Airplane critical altitude=ft, 19,500 16,600
~ Maximum speed at 4. C. A.=-MPH, 327 528,
2- Ser?iﬂﬁ CEilinE-ftqgnuq---linn ES,DDQ 35’100
3. Maximum rate of climb at sea _ )
10?&1“FPM.-;||.Il-1'-illli' ﬁlﬁﬁJ 360Gl
4, Minimum speed at sea level:
"Wormal"  "Overload"
Fighter Fighter
Clean condition-power on-MPH,. 81.5 86.0
Clean condition-power off-lPH, 85,0 91.0
Ianding condition-powex on-MPH 67.0 T2eD
Landing condition-pawer off-MPH T4.5 78,0

5, Take-off datar \Full Flap)
"Hormal" Fighter

Brake horS®pPONEY cessesessssvses 1300 1350
Hml.l."‘."i-illllllll'lil-ii'lii.' 2600 ETDD
Takeﬂﬁff $PEEﬂ-MPH.--.-------- 7400 74'0
Take-off distance-no wind-ft., 490, 460,
Take=off distance=25 knot wind-
rt‘lilIl'l"l'i.ii'li--‘l‘ll 195- 165-

"Overload" Fighter

Brake hOrSepOWEeY .esescesssssssse 1300 1350
RHﬂiil!l!Ii..i'li'-lliiillllll 2600 ETDD
Take—ﬂff SPEEd—MPH...---.---.- ?505 75;5
Take-off distance-no wind-ft,. 675. 650,
Take-off distance-25 knot wind- : '
ft.-&-;---a--!i!!ll"'i'¢‘-' Egmi EBO.
Y
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BE. Weight and Balance Summary:

"Hormal" "Overload"
Loading Fighter Fighter
Par, from Detail SpeC..isssssss 104a 104b
Grﬂss wt-lbsil-litiil‘!!liiii-t TEBE 5084
Useful 1oad=lbS.cscccsssssssnes 1958. 2760,
Useful load-% £ross Whiceaesoss 2649 g, 4
WEight Empty'lbs-illlliuitillil 5324- 5524‘
Wing loading-lbs., per sq. ft... 28,0 G 4
Take-off power loading-lbs. per ’
BHP...........-------«---»s-- 5*4 EIG
Center pf gravity location-# MAC: '
Wheels UPsissssssssssssnany 2948 29,2
Wheels dOWNesssenssssssnnns 2916 29‘0
Detailed Useful Load: ;
Pilot=1bScassssnnassnannnne EDU' ZDDC
Fuel:
Main-g&l...-....-.-.¢.-.. B i i 117.
Droppable fuel tanks-gal, 116 .
Dil‘gal-..-:----------1011! 91 lli
Trapped fuel and oil-1bS,.. bha 44,
Fixed wing guns installation- ‘ ]
lbs---..-|--iliiliil;1ili 27843 278,35
(4=52 cal.,) (4-50 cal,)
,50 cal, ammupitdon-rds.... 1600 1600
PyrotechnicsS=1b8.ssecsseses 1.9 £e9
Gun camera=I8Seescesosssass DB Je¢ 8
Hadio“lbsl.‘i'tiI'l-li.'ll-"-i. 121; 121;
Navigating equip-1bS.eseses 445 4o5
Life.raft-lbsiitl!.-lilit'. ]-5;0 15'0
Emergency equip.=1bS.ceeess Qed 945
ﬂxygen-lbs"liilillliliili! 2?.5 2?.5
Droppable fuel tanls (2-58 b
Eal}"lbsaqnilci--iiilllti BJID

=
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General Comment

History

l. The second production model FM=-Z2 airplane, procured under
reference (b), No. 15953, was delivered at the Naval Air
Station, Patuxent River, Md., by air from Trenton, New Jersey
on 15 November 1943, Trials were commenced on 18 Novembet
1943 and completed on 4 May 1944. Preliminary perfoxmance
?a?a abt?i?eﬂ during the trials were submitted in references
c) and (d).

Description

1, The model FM-2 airplane is manufactured by the Eastern
Alrcraft Division, Gereral Motors Corporation, Linden, New
Jersey, and is similar to the model XF4P<S5 airplane designed
and constructed by the Grumman Aircraft ‘Engineering Corpora-
tion, Bethpage, New York, The airplane is a single-engine,
single-place, landplane fighter .for use aboard aircraft
carriers and was designed and censtructed in general accord-
ance with reference (e). The model FM-2 airplane is also

very similar to the model Fl-l ‘®irplane manufactured by the
Eastern Aircraft Division under the same contract, the most
important difference being the change from the model R-18%0-
86 to the model R-1820-5( éngine. A Curtiss Electric, constant-
speed, 3-blade propeller of 10'-0" diameter, blade design

No., 109354-12, was instdlled., Airplane No. 15953, which was
used for the performance tests, was & typlcal early production
model FM-2 airplaney The finish condition was average and

all external items specified in reference (e), such as radio
antennae, were installeds Gun blast openings were faired

over with tape,

Flight_pha;acteristicﬂ

1, “Longitudinal stability characteristics were discussed and
center of gravity limits recommended at %ruas weights between
_5480 pounds to 8079 pounds in reference (f) which may be
summarized as follows:

(a) The most forward center of gravity location for
satisfactory landing characteristics was found to
be 26% MAC (wheels extended), With the C, G.
forward of this point, there is not sufficient
elevator control to make a normal landing without
POWET.

. e



CONFIDENTIAL

(b) The most rearward C, G, location beyond which flight
is not safe was determined to be 32% MAC (wheels
retracted), With the C. G. located aft of this
position the airplane is longitudinally unstable in
all flight conditions except the power off glide,
where a slight amount of stabllity remains,

(¢) The most rearward center of gravity location for
reasonably safe operation, assuming the pilot 'is
familiar with the airplanc and the effects of '/
instability was found to be 31% MAC (wheelswrétracted),
With the C, G, at this location the airplane is
longitudinally unstable in the high power "climb
in the clecan condition, barely stable ¥w the high
power climb in the landing conditicns, and posscsses
varying degrees of positive longitudinal stability
in all other flight conditions, ™ ~’ '

(d) The most rearward center of gravity position for
positive longitudinal stability in all flight
conditions was detcrmined.to be 28,5% MAC. With
this C, G. location stability in the clean condition
high power climb is sllghtly pesitive,

2, Directional stability was,found to be positive in all fligh"
conditions as a "normal" fighter. Installation of the droppabl
wing tanks was found to(inerease directional stability slightly
in the clean conditioh and to decrcase stability to a slight
extent in the landing condition., No rudder reversal was found
although there wasralslight decrease in rudder force at full
yaw at low speeds,‘accompanied by rudder shake and ffeting.
Pudder forces ingyeased with speed to the extent that 1t Was
not possible t® apply full rudder in maximum speed flight,
Rudder effectiveness was sufficient to contrcl the strong -
tendency of ‘this airplane to swing to the left on take-off,

3, Lateral stability was found to be positive in all flight
conditions as a "normal" fighter, being slightly greater in
tHe.clean than in the landing condition., Installation of the

. droppable wing tanks was found to have no detrimental effect
'on lateral stability. Aileron control forces and effective-
mess were found to be normal and similar to those found on
previous model F4F airplanes, Rolling velocity tests to
evaluate aileron effectiveness were conducted and are discussed
under Miscellaneous Tests,

=13=
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4., Stalling characteristics were similar to those exhibited

by the models FM-1 and XF4F-8 airplanes. Both with and with-
out droppable wing tanks stalls were gentle but with little or
no warning, the airplane falling off to the right in all
conditions except the power on stall in the landing conditien
where the airplane tended to fall off to the left. Recovery

in all conditions was normal without excessive loss of altitude.
Approximately 200 feet of altitude were loSt when stalls were
entered slowly from unaccelerated flight,

5. All maneuvers expected of a fighter type airplane were
satisfactorily performed except spins. No unusual tendencies
to enter unintentional spins were observed however,

Guarantees

1. The guaranteed weight empty of the model FM-2 airplane as
defined in paragraphs 105a of referenge (e) was given in the
contract as 5268 pounds, The actual“weight empty of model
FM-2 airplane No. 15952 was given in reference (g) as 5312
pounds, At Patuxent River, the actual weight empty of airplane
Fo., 1595% was found to be 5324 pounds.

2. The actual performance of model FM-2 airplane No. 15953
as a normal fighter is compared with the guarantees as follows:

Actual Guaranteed

Maximum speed+at engine military
rated power and at airplane

. eritical al titude (16,600 ft,)-
MPH]-.IIil'l‘"lIII'.II"I.‘!"'.. 328.0 Elﬁiﬂ

Maximum. Speed at engine nommal

ratedpower and at airplane

eritical altitude (19,500 ft.)- :
HEH;-lln-irllitill-lilu-'li'liilll 327in 30210

Minimum speed without power at i
EE& 1evel'—'IEH.-l.|-i-iillliIiI ?4.5 ?EQS

Service ceiling, starting with
normal useful load and with

nﬂ'I'I'II.E-l pmer-ft|-ioililll|llii 55]{}OUI 3212000

Take-off distance in a 25 knot :

wm&-ft'vpiiipln--llnlnpiln--l-itii 185! 15?‘

Initial rate of climb at sea

level using take-of f power-FPM 3730, 3340,
ellm
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3, The performance guarantees were made with the understanding
that the model R-1820-56 engines furnished by the Government,
operated with domestic aviation gasoline Grade 100/130 in
accordance with Specification An-F-28, would deliver the follow.
ing powers:

Normal Rating

1200 BHP at 2500 RPM from S. L. to 5500 ft, alts
900 BHP at 2500 RPM at 18,500 ft. alt. '

Military Rati

1300 BHP at 2600 RPM from S. L. to 4000 ft. alt,
1000 BHP at 2600 RPM at 17,500 ft. alt.

Take-off Rating
1350 BHP at 2700+ RPM,

4. Reference (h) gives the normal and military power critical
altitudes of the engine as determined by dynamometer tests as
17,000 and 14,300 ft., which‘walues are 1,500 and 3,200 1,
lower than the respective“guaranteed engine ceritical altitudes.

Miscellaneous Tests

1, Tests were madé to determine angles of climb and dive at
10,000 ft. altitude using 2600 RIM. The results are plotted
in Figure 4 of Pérformance Charactcristics. Por all runs the
manifold pressure was held at 35 inches Hg. which was the
maximum obtainable at the lowest climbing speed used at
10,000 £%. in low blower, giving approximately 935 brake horse
power.

2.. Make-off tests at 2600 RPM in addition to these at the
normal ratin? of 2700 RPEM were conducted in accordance with
reference (i) and reported on in reference (j)« The results
are included under Performarce,

3, Rates of roll werc measured under various conditions,
The data obtained are summarized below:
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360° Roll
Hate of Roll Stick Force-full
Condition  IAS - Degrees per sec, Deflection - 1lbs,
-MPH Left Right Left Right
Clean 150 62, 65, 19 22
Clean 180 61, 67. 23 25
Clean 200 63. 69, 26 26
Clean 230 62, 69, 29 54
Clean 260 58, 69. -- .
90° Roll
Ratewsf Roll
IAS - Degrees per sec,
Condition ~-MPH Lef's. Right
Landing 100 55. 47.
Clean 100 56. 60,
Clean 125 65, T2.
Clean 150 ' T8. a0,
Clean 175 . 86, 100,
Clean 200 . g0, 120.

Times for the 360° rolls were measured from the instant the
ailerons were deflected in level flight to the time when the
airplane had rolled eompletely over and was again in level
flight., The rateg giVen thus are average for a complete roll
and inglude ths effect of starting a%d stopping the roll.
The 90° rolls wexre started from a GO° bank opposite to the
directicn of #eill. The time was measured from the instant
the gyro horigon passed thru 30° on one side to the time it
passea khryy60° on the opposite., The rates thus measured
represent adbproximately the maximum steady rate of roll at
fullaflerocn deflection,

4.~ Engine temperature surveys were conducted on model Fll=2
airplane No, 15953 and results forwarded to the Bureau of
peronautics by reference (k). Engine cooling characteristics
‘were found to be in general satisfactory. It was found nec-
essary to bypass the oil cooler valve in order to keep the
oil-in temperatures below the limit in the high power climb,
Cowl flaps were full open for climbs and full closed for
level flight, both maximum speed and maximum cruising lean
runs,

16

Archives of M. Williams



CONFIDENTIAL

5. Tests were made using heated fuel to determine whether
or not fuel vaporization and vapor lock would occur during

a elimb to high altitude., At the start of a typical climb
the fuel pressure was 15 to 19 1bs. per sq. inch and fluctu-
ated between these values until the auxiliary fuel pump was
turned on at 14,000 ft. altitude after which the pressure
stayed at 18 psi for the remainder of the climb to 34,100 ft.
altitude, There was no apparent difference in engine powcr
or rate of climb over that obtained on previous unheated fuel
climbs. Temperatures obtained on this flight were as follows:

Take-off 19 .27
Fuel tank outlet-OF.cescene 100.4 3916- 86,0
Fuel line-half way betwecn % )
tank and carburetor-9F.... 100.4 B6,0 84,2
Carturetor entrance-°F..... 98.6/ % B0.6 78.8
Outside air temp.-9Cseesess Of % =45 =47

6. A check of the carburetor ainr temperature rise using
alternatec air surply showed a rige cf 240C over outside air
temperature at 6 000 £t, alt.” Using dircct carburetor air

suppiy the rise was 110C.

7. 0il scaverger pump )padi pressures were mecasured under
various condiions wik%h she following results which represent
averaz: wuluas chrajasd from several tests.

pade Dressare Engine 0il 0il
Condi<im 0 2L R T RPM Pressure Temperaturc
e m N 1bs/sq.in. oC
Startisg ! -——— 80 27
Warm-g N L. 1200 70 60
Level BH.idb® 12 to 14 2000 to 70 5
- J 2600

8. The oil vreraure in 2 push-over dive from level flight
twas found o drop momensarily to approximately 15 lbs. per
sq. in. tron is nowmal value of 70.

9, Excessive carbon monoxide concentrations were found in
the model Fi-2 airplane., Tests made on airplane Ne, 15953
gave the following results which were included in item S
of reference (1).

e, i
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Carbon Monoxide

Concentration

Engine idling at 1000 RPM, headed

into wind, hood OpPeN..cesssssses 052
Same as above, hood closed...esss «05¢
Taxying at 900 RPM, cross wind,

hoold OpPBN.ssesssrsssssssnnsesses 069
TakB-Off, hﬂﬂd apenijqjiounilli'- 1021
Rated power climb at 6000 ft.,

hood clos@d.esssesssssssscssanns .021
Rated power level flight &t :

EDGU ftq, hood cloEEdtilll-llil -ODQ
50% power, level flight at 6000 ft., .

hood CloBeA..eeessosinsesosnnsee . 008
Rated power climb, 10,000 ft,, hood

ﬂlDEE&.-.--...--.-;-....-...... .021
Rated power climb, 15,000 ft., hoeOd,

leSEdanuiinlninivii-llo-iiiii'. IDEE
Glide, low power, hood closed.ds. 012
Glide, low power, hood OPETidase.. .0o8
Carrier approach, hood OPe€f... ... »006

The carbon monoxide concemtration was also rechecked on a
later production airplane, No, 16373, and was again found
to be excessive in mestconditions. A summary of the data
obtained in these tests which was forwarded to the Bureau
of Aeronautics in item 14 of reference (1) is as follows:

Carbon Monoxide
Concentration

‘rf
#0

Engine~idling at 1000 RPM, headed

infﬁ wind, hood OPEBNessssnsnnns 025
Samé as above, hood cloS€d.ecessss .030
Taxying at 900 RPN, cross wind,

hood OPENsesssssassssasessonses 042
Rated power climb at 6000 ft.,

hood closeQesssasersns snnsessas 1020
Rated power level at 6000 ft.,

hood closedecsscsanssssnsnsnsne lD20
Rated power climb at 10,000 f+t.,

hood clogel.aessssnsspasnsssnn 1030
Rated power climb at 15,000 ft.,

hﬂﬂﬂ leEEdl'|$iilliii!!lil'i‘ lOEE
Carrier approach, hood Ope€N...s. .006
Glide, low power, hood OPE€N..s.. . 004

-18-
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From a comparison of the data on the two airplanes, it may
be observed that concentrations in the later production air-
plane are considerably less in the ground conditidns but as
great or greater in the various flight conditions,

10. A night flight was made to check cockpit lighting and
vision from the cockpit. When operating with auto rich mix-
ture the exhaust flames were visible on both sides of ‘the
engine, Shifting to auto lean caused the flames to Qisappear,
Cockpit lighting was not satisfactory, there being no light
on the airspeed indicator, manifold pressure gauge, or oil
tempe rature gauge, Optical qualitities of the windshield
and canopy were satisfactory when these items were thoroughly
cleaned before flight. Formation lights were.found to be
very bright, even when dimmed, and were somewlrt blinding to
the pilot.

1l. The cockpit check-of f list for take-off and landing was
checked for adequacy and an improved revised list was sub=-
mitted in item 5 of reference (1)

12, In accordance with referente (m) carrier accelerated
service operations were condusted aboard the USS Charger

by Composite Squadron Six. A rcpart of these operations
was forwarded by referencé' (n) from vhich the following
conclusion is quoted, "It'is considered that the initial
carrier operating characteristics of the model FM-2 airplane
are highly satisfactory, and that no serious defects are
apprarent judging from the preliminary operations conducted
aboard the USS Chaxger,"

w19
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Recommendations

l., As a result of the trials, changes in the model FM-2
airplane have been recommerdcd in refzrence (1), These and
several additional recommsndations arc summarized below with
responsibility for incorporasiol. indicated as follows:

C - Contractor responsibility
G - Government -~csponsibility

(a) Necessary changes, ~onsidered essential to™obtain
a satisfactory combat airplane. These chenges shoudd he
incorporated on undelivered airplanzs prior to @elivery and
on delivered airplanes as soon as practicable.

1. Properly align tail wheel assembly  te center
line of airplane to prevent shearing lock pin
plunger, \ W -C

2. Make careful inspection of 81) airplanes to
insure that a properly vented plug, Part No.
TFA-155«1, is installed on’'the Thompson fuel

Tump . -C
3. Rercute the alternate air control flexible
cable to prevent . binding. -C

4, Replace the "hﬁil“ type alternate air control
handle by a IT™ type. -C

5, Revise the“take-off and landing check-off
1ists as.putlinedin item 5 of referemce (1). ~C

6. ReviSe landing gear control so that handle
is'in a down position, i.e., 6 o'clock positien,
when the wheels are fully down, -C
7. Provide a reliable fuel quantity gauge. -C
8, Provide a reserve standpipe in the main tank. -C
9, Take steps to reduce the high carbon monoxide
concentrations to acceptable limits and require

pilots to use oxygen whenever possible in air-
planes having the present high concentration, -C

20w
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10,
11,

12,
13,

14,

Increase the clearance between the exhaust
stacks of Nos. 4, 5, 6, and 7 cylinders and
the engine cowling to prevent rubbing,

Provide exhaust stacks, exhaust stack clamps,

and exhaust stack clamp springs that are more
serviceable,

Provide more reliable generator cut-out,
Eliminate binding of the supercharger
flexible control cable against the flexible
cable tubing, Part No, 7150207-2.

Improve cockpit lighting,

(b) Changes required by specifications:

1.

Reduce excessive carburetor air temperature
rise over outside air’temperature to conform

=C

-C
=C

with NAVAER Spec, E=-59C% (in direct air intake)-C

-21le
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