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By Howe& L. Turner and George X. Cooper 

SIJMMARY 

The r8Sd.tS Of limited flight i&StS t0 determfne SCXl8 Of th8 
handling qualities of aGrumman x!?'p--1 aiQ1=8 With a mOdif i8d 
Vertical tail &r8 presented. These reeults are for low altitude 
end normal center-of-gravity conditions only. 

A resume' of the characteristics investfgat8d is given below: 

1. The R-srpl8Xl8 Was found t0 be SatiSfaCtOry With r8Sp8Ct t0 
static longitudinal stability, longitudinal trim changes, static 
d&rectional stability, dynamic lateral stability, znd stickdree 
la.teral stabflity for the condftions tested. 

2. The airplane was considered by the pilots to have good 
stalling characteristics in the configurations and condition8 teated. 

3. The elevator control-force graM8nts were excessive at the 
,center of gravity tested. 

4. The maximum tinetip helix angles developed by maximum 
aileron deflections did not satisfy current requirements. 

INTRODUCTION 

, ‘ 

At the request of the Bureau of Aeronautics, Navy Department, 
handling qualities of the Grumman XFV-1 airplane (Bureau No. 03550) 
were investigated at the Ames Aeronautical I&oratory. The aIrplan 
as tested had a modified vertical tail. The restits of handling 



qualities prosontod heroin are of limftod scope and fncludc only 
the results obtained at low altitude and for the normal center-of- 
gravity position. 

DFSCRIPTION C?F !EtE A.lIRPLANE 

'Ilhe Grmmm XFp-1 airplane is a twin-engim, singlo-eeat, 
high-midwing monoplane fightor equipped tith a fully retractable 
tricycle landing gear. A Uweo-view drating of the airplan with 
pertinent dimensions is presented in figure 1. General spocifica- 
tions of the Grumman XFP-1 afrplano are given in the appendix. 

!L?m vertical tail of the a-lane tested was as modified by 
the Ames h-O- by 8~foot wind turm~l (rcforence 1). Asketch of the 
modification as compared tit& tie orfginal tail is shown in figure 2. 

Standard NACA continuous-fi&recording lnstrumonts w’ere 
used to record airspeed, altitude, control positions and forces, 
angular velocities, angles of sideslip and bank, and normal 
acceleration. 

All values of indicated otispeed given in this report sro 
defined by the usual formula by which standard airspeed meters 
are calibrated and are corrected for position error. 

All tests in this roport wore made at low altitude (an evorage 
altitude of 10,000 ft) and for the normal. ccntor5-of-gravity position 
(25.2 percent M.A.C.). Except where othorwisa notud as pilot's 
opinion, the handling qualities were evaluatsd by comparison with 
the roquirementa of reference 2. 

Longitudinal Stabrlity and Control 

. 
* 

. 

. 
< 

. 
, 

Static longitudinrtl stability.- !7he static longitudinal- 
stabflity characteristics were measured in four test configurations. 
Short steady records were taken in steady straight flight, wings 
level, at various airspeeds. 93x3 voriatfons of elevator angle 

, 
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and control forces with indicated airspeed are gFven in figure 3. 
The results of these tests indicati satisfactory static longituditi 
stability for the test conditions investigated. 

Elevator control power and forces in maneuvering flight.- The 
longi%dinal control characteristics in maneuvering flightwnromeasured 
in steady turns at various no-rmal acceleration factors and two ail- 
speeds. The variations of elevator angle and control force with the 
normal accelemtion factor for the two airspeeds are given in figure 4. 
The elevator control4orce mdient of 13 pounds per g unit was 
excessive for the conditions tested. 

LcngLtudinal trim changes.- The changes in elevator control 
force required to maintain steady straight flight folloting changes 
in flap, gesr, and power settings are given in table I for various 
typical conditions. These results show that tie changes were well 
below the specified maxhum of 35 pounds. 

Directional Stability and Control 

Static directional stability -.. .- The characteristFcs in steady 
sideslips were mea&&d during sdbrt runs in steady straight flight 
at various angies of left and right sideslip witbin the maximum 
range permitted by structural limitations. In the power-on-clean 
condition, steady sideslips were mnde at various airspeeds. In the 
approach, landing, and wave-off conflgurationa, however, sideslips 
were made at one atrsgeed. The variatt_on with sideslip angle of 
elevator and rudder angles, elevatcr and aileron forces, and angle 
of bank are given in figures 5 to 8. The variations of rudder 
angle with sideslip angle show positive directZone stability over 
the sideslip range for all test conditions. Rudder-force data were 
not available for these tests. 

Rudder control power.- Abrupt, aileron-fixed, rudder kicks 
were performed in the power approach and in the power-on-clean cona- 
tions. While the airplane was trircmed in steady, straight, unbanked 
flight, the pilot abruptly deflected the rudder varioue amounts while 
attempting to hold the ailerons in the trimmed position. The varia- 
tione with change in rudder angle of the maximum change in sideslip 
angle, rolling velocity and yawing velocity are shown in figure 9. 



NACA RM no. A7315 

La-bra1 Stability and Control 

?ynsmic lat4ral stability.- Records tzore taken of the motions 
initiated by simultaneous deflection of the ailerons and rudder 
and abrupt release of all controls aft4r asizeable angls of side- 
slip had been reached. Records wore also taken of similar maneuvers 
oxcopt that, after th4 desired eid4slip angles had been reached, 
all controls were rotsmod to neutral and held fixed. The airplano 
was trirmnod in steady, straight, unbank4d flight prior to each of 
th4se m&nouvors, which wer4 performed at several airspeeds in the 
power-on-clsan condition. 

Time historias of typical oscillations aro given in figure 10. 
The damping characteristics, both controls fixed and controls fr4c 
ax4 shown in figure ll. Tho dynamic directional-stability charac,tor- 
istics appoarod to be satisfactory, as the nirplan4 oscillatiorm 
d4mpod to one-half 4mplitudo in less than the specified maximum of 
two cycles. 

Aileron control pow4_r and control forces in aileron rolls.- - .-..- ---- 
Abrupt ruddol-fixed ail&~ rolls wer4 performed at various air- 
spoods with the flap and gear both up and down. While the airplane 
was trimmod in st4ady, straight, unbankod flight, the ailerons wore 
abruptly doflocted and h4ld until the ma.xLm-um rolling velocity was 
attained. Power ~9s varied to maintain 10~41 flight et oack test 
speed. 

The varletion with change in aileron force of the maximum 
change in rolling velocity and maximum change in ting-tip helix 
angle pb/2V is shown in figures 12 and 13. Since no aflerm 
deflection data are available, it was deduced from figures 12 and 
13 that the variation of pb/2V with aileron deflection would be 
smooth snd nearly linear as required. It was also assumed that 
there was an increase in aileron force as the aileron deflections 
approached maximum. The maxMam wing-tip helix angle developed 
with maxhum available aileron deflection does not satisfy the 
requirements for the test conditions at any of the test speeds. 

Stick-free lateral stabile,- Positive stick-free lateral 
stability was indicated by the variation of aileron force tith 
sideslip angles in steady sideslips. (See figs. 5 to 8.) 
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Stalling Characteristics 

Stall8 in straight flight.- Tfme histories of stalls entered --. 
slowly from straight flight in the glide and cruise conditions are 
present4d in figure 14. Stalls were also made from etra'L&t flight 
in the landing and powar+,pproach conditions, but as they do not 
differ appreciably from those made in turning flight (fig. 15) it 
was not felt necessary to include them her4. The only difference 
noted was in the landing condition where the tendency to roll off 
at the stall was present only in turr&g flight, 

The following discussion of the Mine histories includes remarks 
taken from the pilotrs notes: 

c -:i 
Glide condition (ffg. &(a&.- "The stall was preceded by 

a very mild periodic buffeting and was characterized by a very 
mild pitching oscillatfon. The tendency to roll was relatively 
slight. It This stall was similar to the power-apgroach stall 
from turning flight discussed later. 

C~~~~~~conditi~~fig. 14&j).- '?the stall warning occurred pm-- - - 
as moderate buffeting tiMch continued as further attempts were 
made to completely &al.1 tie aircraft. It was vary difficult 
tti distinguish between the wa-rning and ti?a ~taLl.'~ Examina- 
tion of figure 14(b) shows a very mild pitching oscillation 
during the buffeting tith roll-off to the right. 

Stalls in turning flight.- Ti;ne histories of stalls entered ---- 
slowly from turning flight in the landing and power-approach 
conditions are presented in figure 15. Stalls frxa turnirg flight 
were &L&o mada in the glide and cruising conditions, but as they 
did not differ appreciably fromthosemade in straight flight (fig. 14) 
they are not included herein. 

The following discussion of tie time histories includes remarks 
taken from the pilot*8 notes: 

Landing condition (fig. 15(a)).- "The staU warning was good 
and coGkt4d of a mild buffeting. The stdl itself was 
characterized by a lsft roll and a pitch-down." StaUe w4re 
made both from turns to the 14ft and right, but the roll-off 
was always to the left. . 

Fowe-m-oproach condition (fig. 15(b)).- “The stall warning 
was good and consisted of mild buffeting. Thestallwas 

. 
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charactarizod by a pitching oscillation, but thclro was no 
tendency to roll.'* It we,8 noted that the sircraft was still 
controllable during the m-rning period end that incronsod 
elevator daflsction was roquirad for the complota stell. 
During tho one cycle of the pitching oscillation shown Fn 
fim 15(b), a slight amomt of roll WEEI rccordod but no 
appreciable movcmant of tha ailerons was roquirad to control 
it. 

In ganera3, the s-&l1 warning which consisted primarily of 
buffeting and a tild pitching oscillstion wes cons!,derad setisfectory 
for all conditions investigated. Examination of tho time histories 
and tha pilotrs opmions show that even when buffeting did not 
occur prior to the first sttiing motion of tha airplane (es in 
cruise condition, fig. 14(b)), the initial motions in the ste.ll 
wmct so mild as to constitute e warning rather thCan a completely 
or dangerously stalled conditron. Tha st2.318 were chzrectarizod 
by a mild pitch--up followad by a more definite pitch-down. l!ho 
rolling tandency waa smell and inconsistent except fn turning fli&t 
in the landing Condition where the airplcne had a dofinito loft 
rolling tondancy. Recovery could be effactad easily in all condi- 
Mona by normal use of the controls. 

Tha following conclusions, bcsad on the tast results prssonkd 
heroin, pilot's opinion, and tho rsquirementa of reference 2, may 
be drewn with ragard to the flying quelitias of the mcdifiod 
Grufmnen XF'F-1 airplane tasted: 

1. The static longitudinal stability ct the center-of-gravity 
position invastigetad (25.2 percent M.A.C.) WCS considarad satisfactory. 

2. In steady turns, the alovztor control force veried smoothly 
with changa in normal accelarction factor, but the elevator control- 
forca gradient of 13 pounds per g unit was cons:dared excessiva. 

-2 For the conditions testad, the long1tudinel-trim chcngos 
ware U&ll end satisfiad the raqulremants. 

4. Positive direction& stability was obtained over ths sida- 
slip range end test conditions invostigctad. 
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. 
5. The dynamic lztarsl stability was positive and the short- 

period oscillations of the airplana dsmpad to ona-haX amplitude 
in lass then the raquirad -k+o cycles. 

6. Positive stick-free lateral stability ws indicated for 
the conditions tasted. 

7. In abru t rudder-fixed a3leron rolls, the maximum wing-tip 
helix sngla pb 2V for full aileron daflection failed to meet P 
raquiramants. 

8. The stalling characteristics in strtight and turning flight 
in all configurations tasted ware satisfactory. It w&s tha pilot's 
opinion that stalling charactaristicswara good tith all stalls being 
preceded by buffeting, and tha tendency to roll off being nagl<gibla 
fn all configurations except turnztng flight in the landing configuration. 

Ames A~ror&ut&l. Laboratory, 
Nationel Advisory Committee for Aaronautlcs. 

Moffett Field, Calif. 

/4+Q-=i8& 
Howard L. Turner, 

Aaronautlcal Engineer. 

George E. Cooper, 
Engineer TesGPilot. 

Approved: 

Harry J.%oott, 
Aeronautical Engineor. 
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APPENDIX 

Gonoral Spocffications of the Gmmmn XFF-1 Airplano 

AfmlsZla - general 

spm, . . . . . . . . . . . . . . l . . . . . . . . . 

Ovar-elllan&h . . . . . . . . . . . . . . . . . . . 

Weight 

E4npty . . . . . . . . . . . . . l . . . . . . . . . 

Gross . . . . . . . . . . . . . . . . . . . . . . . 

Wing 

Airfoil section 

51.5 ft 

45.4 ft 

15,750 lb 

21,450 lb 

Root ...................... FICLCA 23015 

Tip ....................... mui 230x2 

Totsl area (including ailerons, flaps 
and 37.2 sq ft of fusalw) ............ 455 sq ft 

Root chord at centar line of nirplena ........ 12.17 ft 

Tipchord ....................... 5.83ft 

Maancmrodymmic chord. ................ 9.30ft 

Incidance (at root section to horizontal 
rafaranca line). ...................... 3' 

Dihedral (chordal plane) ................... 6O 

Sweepback ........................ ..O" 

Gamatric aspect ratio ... .' ............... 5.83 

, 

n 

. 

. 
l 

. 
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Ailerons (each) , . . . . . . . . . . . . . . . . . .Frisatype 

Area sft of hinge line . . . . . . . . . . . . . . 11.44 sq ft 

Mean geometric chord aft of hinge line . , . . . . . 1.286 ft 

Average percent chord . . . . . . . . , . . . . . . . . . 16 

span . . . . . . . . . . . . . . ...* . . . . . . 9.0 ft 

Aileron tab 

Left . . . . . . . . . . . Combination spring-loaded and trim 

Right .................... Spring-loaded 

Span (each) ..................... 2.16 ft 

Area (each) ..................... 0.86 ft 

Flaps ..................... Single-slotted 

Total area. ................... 48.5 sq ft 

Span (percent wing span, ova-) ............ 61 

Chord (sft of hinge, constant) ............ 1.67 ft 

Totalchord ..................... 2.08ft 

Horizontal-tail surfaces 

span....................... * . . 22 ft 

Area (Including elavetors and fuselage) . . . . . . 108.8 sq ft 

Incidence (with respect to fuselage reference 
line) . . . . . . . . . . . . . . . . . . . . . . . . . . 2O 

Dihedral.......................... O" 

Leading-edge ting to elevator hinge line 26.17 ft 
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Elevator 

span ........................ 10.06 f-t 

Area (aft oZ hinge line, including tabs) ..... 24.8 sq ft 

Chord (aft of hinge lina). ............. 1.25 ft 

Span of tab (each) .................. 3.42 ft 

Areaoftsbs(totLL) ............... 2.28 sq ft 

Vertical-tail surfeces ............. NACA modificctlon 

spen ......................... 12.3ft 

Area (including rudder} .............. 58.4 sq ft 

Offsat frcrm fuselage center line .............. 0' 

Ruddar 

span ........................ 9.2 ft 

Area (sft of hinge lina, including kb) ...... 20.1 sq ft 

Laading-adga wing to rudder hinge line ....... 28.33 f-t 

Tab 

Tyya ................... Combination geerod 
balance snd trim 

span ........................ 3.26ft 

Area ....................... 2.7sqft 

. 

1 

, 

. 

c 

. 
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Powerplant 

Number of anginas 

Typo . . , . . . . 

DasignakLon . . . 

Superchezgor . . . 

Gaax ratio . . . . 

PrqJallers 

....... 

....... 

....... 

....... 

....... 

.............. 

Pratt & Whitney doubleasp "C" 

........ NavyR-28Oh22W 

....... Tw-paed-internal 

............ 0.45o:l 

Type...... . l . . . . . . Hamilton Stmdard, hydrmatic 

Blade dosign. . . . . . . . . ........... 65016-0 

Numbar of blades . . . . . . . ............. Thraa 

Diameter. . . . . , . . . . . ........... 13.17 ft 

Hub . . . . . . . . . . . . . .......... Modal 33~60 

ll. 

Pitch setting 

Low (fine) ...................... 26’ 

High(comse) ................ .: .. 93' 

Ground clearance (norm& condition) ......... ej$ in. 
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1. Hunton, Lynn W.: An Investigation of the L-peed Diractional- 
and Lateral-Control Charactaristics of the Grumman XIqF-1 
Airplane in the Ames &-by 8MootWind Tunnel (TED 
No. NACA 2346). ZIACA RMR No. A6B28, Mar. 1946. 

2. Anon: Specification for Stability and Control Chsracteristics 
of Airplanes. Spat. No. SR-ll9A, Bur. Aero., Navy Dapt., 
Apr. 7, 1945. 
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Figure l.- i!hree-view drawing of Grumman XFP-1 airplane with a 
modified vertical t&l. 

Figure 2.- Originf3l and modified. vertical tails, G rumma,n XFqT-1 
airplane. 

Figure 3.- Variation of elevator angle and elevator stick force 
with iriafcated airspeed, Grumman XF+j'F-1 airplane. (a) Flap and 
gear down. 

Figure 3.- Concluded. (b) Flap and gear up. 

Figure 4.- Varfation of elevator angle and elevator control force 
with normal acceleration in steady turns, Grumman XF7F-l airplaz33. 

Figure 5.- Characteristics in steady sideslips power approach 
condition, vi = 115 mph, average altitude 10,000 feet, Grumman 
XF7F-1 airplane. 

Figure 6.- Chszacteristics in steaQ~sideslips, landing condition, 
Vi = U5 mh, average altitude 10,000 feet, Grmman XFP-1 afrplane. 

Ffgure 7.- Characteristics in steady sideslfps, wave-off condition, 
vi = 125 mph, average altitude 10,000 feet, Gm XF7F-1 
airplane. 

Figure 8.- Characteristics in steady sideslips, powsr-on-clean 
condition, average altitude 10,000 feet, Grrm?~ne, nXF7FXairplane. 
(4 Vi = 145 mph. 

Figure 8.- Continued. (b) Vi = 200 mph. 

Figure 8.- Concluded. (c) Vi = 285 mph. 

Figure 9.- Characteristics in aileron+fixed rudder kicks, GW 
mp--lairplane. 

Figure lO.- Time history of lateral oscillations, power-cm-clea 
conaftfon. vi = 235 mph, aver-e altitude 10,000 feet, Grumman 
XV/T-1 airplane. (a) Controls free. 'e 

Figure lO.- Concluded. '(b) Controls fixed. 
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Figure XI..- Damping characteristic8 in lateral oscillations. 
Power-on+lean condition, average altitude 10,000 feet, Grumman 
xF7F-1 airplane. 

Figure 12.- Characteristic8 in rudder-fixed aileron rolls at various 
airspeeds. Power-approach condition, average altitude 10,000 
feet, Gmumnan XF7F-l airplane. 

Figure 13.- Characteristics in rudder+ffs39d. aileron rolls at various 
speeds. Cruise condition, average altitude 10,000 feet, Gnmnnan 
XF7F-1 airplane. (a) 130 to 245 mph. 

Figure 13.- Concluded. (b) 290 to 380 mph. 

Figure 14.- Time history of a stall frm straight flight, Gnmnnan 
XF?F-1 airplane. (a) Glide conditfon. 

Figure 14.- Concluded.. (b) Cruise condition. 

Figure 15.- Time history of a stall from turning flight. Grumman 
xF?F--1 airplane. (a) Landing condition. 

Figure 15.- Concluded. (b) Power-approach condition. 
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