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ABSTRACT 

An engineering flight evaluation to provide an Airworthiness 
Certification of the OV-IC airplane equipped with the QRC-160-1 
Electronic Countermeasure (ECM) was conducted by the U. S. Army 
Aviation Test Activity (USAATA) at Edwards Air Force Base, Cali- 
fornia. A total of 35 flight hours was flown during this evaluation 
between k  January \SSk  and 2^ January 196^. 

Recommendation for Airworthiness Certification was issued by 
the USAATA in Message STEAV--E 29-I-65, 30 January 1964 (Reference I.l.c). 

The QRC-I60-I is an ECM External Store weighing 195 pounds used 
for the protection of aircraft.  For this test, the installation 
was mounted at the drop tank station on the left wing of the OV-IC. 

The (IRC-I60-I can be employed with safety when mounted on the 
left wing of the OV-IC with either a full or an empty 150-gallon drop 
tank mounted on the right wing provided that a restricted flight 
envelope is observed. 

The results of this evaluation concurred with the recommendation 
by the Naval Air Test Center of an airplane center-of-gravity (C.G.) 
limit of 30 percent mean aerodynamic chord (MAC) rather than the 
Operators' Manual limit of 33 percent MAC. 

Additional testing should be conducted to determine whether the 
lateral-directional problems uncovered during this program are 
inherent characteristics of OV-IC aircraft. 

The Operators' Manual for the OV-IC should be updated to include 
single-engine performance and minimum control speeds at altitudes 
above sea level. 
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SECTION GENERAL 

1.1 REFERENCES 

a. Message TT18468, AMSTE-EL, Headquarters, U.S. Army Test 
and Evaluation Command (USATECOM), 2 November 1963, subject: Military 
Potential Test of Electronic Countermeasure (ECM) Equipment QRC-lSO-l. 

b. Message TT19199, AMSTE-EL, Headquarters, USATECOM, 
15 November 1963^ subject:  Flight Certification Tests of the 
Q.RC-I6O-1 Installed on the 0V-1C Airplane. 

c. Message STEAV-E 29-1-65, U. S. Army Aviation Test Activity 
(USAATA), 30 January 1964, subject:  Flight Release of the OV-lCwith 
the (iRC-l60-l External Store Installed. 

d. AFFTC-TN-59-21 , "AFFTC Stability and Control Techniques," U.S. 
Air Force Flight. Test Center (AFFTC), May 1959. 

e. Military Specification MIL-F-8785 (ASG), "Flying Qualities of 
Piloted Airplanes," 1 September 195^. 

f. Technical Manual TM-55-I510-204-10, "Operators' and Crew 
Members' Manual, Army Models 0V-1A, 0V-1B and 0V-1C Aircraft," 
Department of the Army, May 1963. 

g. Report No. 1, NATO 9IS 21238, "Combined Stability and Control 
and Aircraft and Engine Performance Trials of the Model VAO-I Airplane," 
U.S. Naval Air Test Center, )] August i960. 

h.  Military Specification MIL-I-6115A, "Installation of Instrument 
Systems, Pi tot Tube Flush Static Post Operated.," 31 December i960. 

i.  AFFTC-TR-6273, "Flight Test Engineering Manual," AFFTC, 
May 1951. 

1.2 AUTHORITY 

a. Message TT18468,   AMSTE-EL,   Headquarters,   USATECOM,  2  November 
1963,  subject:    Military  Potential   Test of Electronic  Countermeasure 
(ECM)  Equipment (1RC-160-1   (Reference  1.1.a), 

b. Message TTI9199,   AMSTE-EL,   Headquarters,   USATECOM,   15 November 
1963,   subject:     Flight   Certification  Tests of the  (1RC-I60-1   Installed on 
the  OV-IC Airplane   (Reference  l.l.b). 



1.3  TEST OBJECTIVES 

The objective of this test was to provide a recommendation for 
Airworthiness Certification of the ECM QRC-160-1 installed on the 
0V-1C airplane for the Military Potential. Test of the System. 

I.k    RESPONSIBILITIES 

The USAATA was assi9ned as Participating Test Authority in the 
Militan- Potential Test of the ECM QRC-160-1 installed on the OV-IC 
airplane and as such its specific responsibility was to conduct 
Airwortniness Certification Tests for the test program. 

I.5  DESCRIPTION OF MATERIEL 

1.5.1  PHYSICAL CHARACTERISTICS OF THE QRC-160-1 

The only characteristics of the QRC-160-1 pertinent to this 
evaluation (i.e., factors influencing flying qualities) were its 
weight and dimensions.  The QRC-lGO-l mounted on the left wing Aero 
65A rack of   the 0V-1C is shown in Photographs 1 and 2 (Pages vi and 
vii).  The QRC-160-1 mounted at this station did not interfere with 
normal operation of the flight controls. 

follows 
The n^rtinent physical characteristics of the Q.RC-160-1 are as 

a. Weight 195 lb 
b. Mass Moment of Inertia 

about Center of Gravity 
(CG.) 7?-,810 lb/in/ 

c. Length 93 in. 
d. Diameter 10.5 in. 

1.5.2  PHYSICAL CHARACTERISTICS OF THE 0V-1 C 

The QRC-160-1 was installed on a standard production OV-IC.  The 
OV-IC is a two-place, twin-engine turboprop airplane, designed to 
operate from small, unimproved fields for purposes of tactical obser- 
vation.  The airplane is a tricycle-gear, mid-wing, tri-tail type with 
engine nacelles mounted on top of the wings. The primary flight 
controls are unboosted and are operated by mechanical linkages with 
the exception of hydraulically boosted inboard ailerons that actuate 
with the outboard ailerons whenever the flaps are extended.  The 
airplane is powered by two Lycoming T53-L-3 engines rated at 1005 
engine shaft horsepower (ESHP) each. 



The pertinent dimensions of the OV-IC are as follows: 

a. Wing Span k2  ft. 
b. Wing Area 330 ft2 

c. Maximum Length k]   ft 
d. Static Wheel Base 11.7 ft. 
e. Vertical Tail Height 12.7 ft. 

i .5.2.1  Control Surfaces of the 0V-1C 

Pertinent details concerning control surfaces of the 0V-1C are 
as follows: 

Control Surface 

Elevator 

Elevator Trim Tab 

Aileron (Outboard) 

Ai leron Spring Tab 

Ai leron Trim Tab 

Aileron (Inbo-fd) 

Rudders 

Combination Trim and 
Geared Leading Tab on the 
Center Rudder 

Wing Flaps 

Wing Slats 

Speed Brakes 

Deflection 

25 deg Trailing Edge UP (TEU) 
to 15 deg Trai1ing Edge 
Down (TED) 

7 deg TEU to 5 deg TED 

25 deg TEU to 25 deg TED 

15 deg TEU to 15 deg TED 

15 deg TEU to 15 deg TED 

k5  deg TEU from a 23 deg TED 
posi t ion 
No Down travel 

25 deg Right to 25 deg Left 

Trim tab travel 17 deg Right 
and 18 deg Left with zero rudder 
deflection.  Geared leading tab 
(nonlinear) with a maximum 
deflection of 10 deg Right and 
12 deg Left with neutral trim tab 
setting. 

Takeoff 15 deg Down 
Landing kS  deg Down 

'0 percent chord movement 
Forward and 6 percent chord 
movement Down 

0 deg or 60 deg 

^ 

mammB— 



1.6 BACKGROUND 

The  U.S. Army Electronic  Proving  Ground   (USAEPG) was  directed to 
conduct a  Military  Potential   Test on   the QRC-I60-I   ECM  installed on 
the OV-IC airplane.     Prior  to testing,   Airworthiness  Certification for 
the system was  required.     The USAATA was directed to perform such  tests 
as were necessary for  the  Project  Manager to  issue an Airworthiness 
Certificat ion. 

An  OV-1C airplane,   Serial   Number 61-2699, was delivered  to the 
USAATA on 22  November  1963.     Instrumentation was accomplished.     The 
first  flight was  conducted on '-i  January  1964 and the airplane was 
delivered  to the USAEPG at  Fort  Huachuca,  Arizona,  on 28 January  1964, 
for continuation of the QRC-I60-1   Military Potential   Teüt. 

Recommendation for Airworthiness   Certification was  issued by the USAATA  in 
Message  STEAV-E 29-1-65,  30  January   1964   (Reference  1.1.c). 

1.7 FINDINGS 

1.7.1     GENERAL 

The philosophy employed   in   this  evaluation was  to test  the QRC-160-1 
installation  thoroughly  in one configuration  inasmuch as  time considerations 
precluded  the development of a complete flight envelope.     With  this 
objective   in mind,  the decision was made  to test  the airplane with  the 
(iRC-l60-l   on  the  left wing and a full   fuel   drop  tank on  the  right wing. 
This configuration was considered to be the most useful   for  the Military 
Potential   Test of  the system and  the most critical   from a  stabi11ty-and- 
control   viewpoint.     Qualitative  stability and control   tests with  the 
QRC-160-1   on the left wing and no external   stores on  the  right wing verified 
this assumption.     Unless otherwise  stated,  therefore,  all   tests and plots 
refer to  the configuration of the QRC-160-1  on the  left wing and a full 
fuel   drop  tank on the right wing. 

Flight  tests were conducted at  an average density  altitude of 7500 
feet  for all   tests except  the single-engine tests, which were conducted 
at a density altitude  jf 5000 feet.     The average takeoff gross weight for 
these  tests was  approximately  14,300  pounds and  takeoff  C .G.  ranged 
between  23.3  percent mean aerodynamic  chord   (MAC)  and 29.4 percent  MAC. 

All   flight  tests were conducted  using  the  flight  test  procedures 
and  reduction   techniques outlined   in   Reference  1.1.d. 

No jettison  tests were performed  during this evaluation;   therefore, 
if  the system   is  adopted  for  general   Army  use,  jettison  tests  as well   as 
tests  to expand  the  flight envelope  should be conducted.     Until   additional 



■UMIIIH IM 1111111II11 ■HW—WIIIIH I    II ——I ■ 

■ ■     ■        ' ■ ■     " ■■.■.-. 

tests are conducted, the Q.RC-160-1 should be limited to the left wing 
external store station with no other external store installed than a 
drop tank on the right wing. 

The standard of comparison used In this evaluation was MIL-F- 
8785 (ASG), "Flying Qualities of Piloted Airplanes," (Reference I.l.e). 

The following abbreviations are used throughout the report 
when referring to the various airplane configurations tested: 

TABLE 1.  ABBREVIATIONS FOR TESTED CONFIGURATIONS 

Condi tion Symbol Trim Airspeed Flaps Landing  Gear 

Takeoff TO 
'•^stall 15° Down 

Power-Apptoach PA '^  Vsta,l k50 Down 

Cruise  (Clean) CR 177 kts  CAS Up Up 

Level   Flight  at 
Normal   Rated 
Power 

NRP Velocity  for 
Normal   Rated 

Power 

Up Up 

1.7.2 TAXIING, TAKEOFF AND INITIAL CLIMB 

The airplane could be taxied with any amount of fuel in the 
right drop tank and with either or both engines unfeathered.  The wheel 
brakes were effective for directional control and had to be used exten- 
sively when both engines were unfeathered.  Asymmetric power for 
directional control was hazardous; and high yaw rates were encountered, 
particularly when returning from reverse thrust to forward thrust at 
high power.  The rapid brake applications required to overcome these 
yaw rates will cause excessive tire wear.  Feathering one engine during 
taxiing permitted slower taxi speeds and subsequently less brake wear. 
Taxiing In a direct crosswind of 15 knots was satisfactory with either 
engine feathered. 

Control trim settirgsrecommended In the Operators' Manual (Refer- 
ence l.l.f) for takeoff (2 degrees up elevator, 5 degrees right aileron 
and 5 degrees right rudder) were adequate with the QRC-160-1 installed 
on the left wing when the right fuel drop tank was either empty or off 
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the airplane.     Recommended  trim settings  to be used when  the right 
drop  tank  is full   are 0 degrees  islevator,  full-left aileron and 5 
degrees   right  rudder. 

Zero-degree flap  takeoffs were found to be more critical   than 
15-degree flap takeoffs because of  the decreased  lateral   control 
power available when the   inboard ailerons were   inoperative.     No short 
takeoff and  landing   (STOL)  takeoffs were conducted during  this 
evaluation,  and   it   is  recommended  that  no  STOL  takeoffs  be  conducted 
until   further  testing of  the  OV-lCwith  the  QRC-lSO-l   is 
accomplished.     (Paragraph   I.9.1.a) 

Lift-off speed with  the  right drop tank full  was determined 
by  recommended  single-engine  speed.     Lift-off  should  be accomplished 
at   110  knots   indicated airspeed   (KIAS)  and  flaps  should  not  be 
raised until   the airplane has  accelerated to  120 KIAS,   the recommended 
single-engine speed. 

Limited asymmetric power  flight characteristics were 
evaluated.     Flight  conditions  and  airplane configurations were 
chosen  that would  be  typical   of   those encountered  during  the 
Military   Potential   Test at  the  U.  S. Army  Electronic  Proving 
Ground.     Tests were  conducted   in  the  takeoff and  the  cruise 
configurations with  the  (1RC-160-1   pod on  the   left wing  and  both 
a  full   drop  tank on  the right wing and   no drop tank on  the right 
wing.     The minimum control   speeds  are  summarized   in  Table  2. 

TABLE 2   (See  next  page) 
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TABLE 2.  MINIMUM CONTROL SPEEDS FOR TAKEOFF AND CRUISE CONFIGURATIONS] 

Airplane 
Config- 
uration 

External 
Store 
Config- 
uration 

Left Engine Out 
Speed of Minimum 
Control - KIAS 

Right Engine Out    j 
Speed of Minimum 
Control - KIAS      \ 

Propeller 1 
Wi ndmiI 1ing| 

Propeller 
Feathered 

Propel lei 
Windmi11ing 

Propeller 1 
Feathered | 

CR CIRC-160-1 
left wing 
No store 
right wing 98    l 98 88 88    1 

1    CR QRC-160-1 
left wing 
Fu11 d rop 
tank right 
wing 101 96 112 117    1 

1    T0 QRC-160-1 
left wing 
No store 
r i ght wing 80 80 78 78 

1    TC QRC-160-1 
left wing 
Full drop 
tank right 
wing 83 |  80 100 90 

Loss of the left engine was more critical than loss of tht 
right engine with the QRC-160-1 installed and no drop tank on the 
right wing.  A positive rate of climb could be maintained at a gross 
weight of 12,500 pounds and a density altitude of 4000 feet.  The 
minimum control speeds for both the propeller feathered and 
windmilling with the left engine out were 98 KIAS in the cruise 
configuration and 80 KIAS in the takeoff configuration.  The minimum 
control speed was limited by aerodynamic stall, high right pedal 
forces (135 pounds) and lateral control available.  A pedal force of 
135 pounds is less than the 180-pound limit specified in MIL-F-8785 
(ASG), paragraph 3.^.12; however, in the latter case, with full 
lateral control applied, the pedal becomes the primary control to 
keep the wings level and this cannot be satisfactorily accomplished while 
holding a force of 135 pounds.  The same comment applies in the 
following discussions.  The control stick oscillated laterally 
against the stops at the minimum control speed.  The right engine-out 
minimum control speeds with the propeller both feathered and 
windmi11ing were 88 KIAS in the cruise configur?tion and 78 KIAS in the 
takeoff configuration.  The minimum control speed was limited by 

7 
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aerodynamic stall,   left   lateral  control   available and high  left  pedal 
forces   (55 pounds  cruise and  100 pounds   in  the  takeoff configuration). 

Loss of  the  right engine was more critical   than  loss of  the 
left engine with  the  Q.RC-160-1   pod on  the   left wing and a full   drop 
tank on the right wing.     Tests were conducted at  an average gross 
weight of  13,500 pounds and a density altitude of 5000 feet.     The  right 
engine-out  propeller-feathered minimum  control   speed was   117  KIAS   in 
the cruise configuration   (limited by   left   lateral   control  available) 
and 90 KIAS  in  the takeoff configuration   (limited by  left  lateral   control 
available and high   left pedal   forces).     With  the  right propeller wind- 
milling,  the minimum control   speed was   112   KIAS  in  the cruise config- 
uration   (limited by   left   lateral   control   available) and  100 KIAS   in 
the  takeoff configuration   (limited by high   left  pedal   forces).     The 
best climb performance appeared to be   in  the cruise configuration at 
approximately   120 KIAS.     The   left engine-out  minimum control   speed   in 
the  takeoff configuration was  80  KIAS with   the  propeller feathered  and 
83  KIAS with  the  propeller windmilling.     The minimum control   speed was 
determined by  aerodynamic  stall.     The cruise  configuration minimum 
control   speed was 96 KIAS with  the  left  propeller  feathered and  101   KIAS 
with  the propeller windmilling.    The best  climb performance appeared to 
be   in  the cruise  configuration at   120  KIAS.     As will   be noted   in  the 
paragraph on stalls   (1.7.9),  stalls   in  the cruise configuration were 
preceded by an  approximately   10-knot  stall   warning  buffet.     With  the 
left engine out and  the propeller windmilling,   however,  no warning 
preceded  the  stall. 

Single-engine  performance at a gross weight of  13,500 pounds 
and a  density  altitude of  5000 feet was marginal   with  the QRC-160-1 
on  the  left wing and a  full   drop tank on  the  right wing.    The  Operators' 
Manual   (Reference   l.l.f)   for  the  OV-IC  should  be  updated to   include 
single-engine  performance  and minimum control   speeds at altitudes 
to service ceiling.   (Paragraph  1.9.3) 

1.7.3     STATIC  LONGITUDINAL  STABILITY 

The  static   longitudinal   stability,   both  stick-fixed and  stick- 
free,  was evaluated  at   C.G. positions  of  approximately 23.3  percent 
MAC and 30 percent  MAC for  the takeoff,  power-approach,  cruise and 
maximum speed  for   level-flight  trim conditions.     All   tests were 
conducted at  an  average  density altitude of  7500  feet.     The  results  of 
these  tests  are  summarized   in   Figures  No.   1   through  8,   Section  3, 
Appendix   I. 

The  OV-IC   in  the  configuration  tested  and within  the  C.G.  range 
recommended   in  this   report   (30 percent  MAC) meets   the  requirement  of 
MIL-F-8785   (ASG)  that  the stick-free   (paragraph 3.3.1) and stick-fixed 
(paragraph  3.3.2)  neutral   points  be aft of  the most  aft  C.G. under  all 
flight  conditions.     The  neutral   points  obtained  are  summarized   in 
Table  3. 

8 



TABLE  3.     ST ICK-FREE AND STICK-FIXED NEUTRAL POINTS UNDER TESTED FLIGHT 
CONDITIONS 

Trim  Condition 
Stick-Fixed  Neutral   Point 

N0 -   percent  MAC 
Stick-Free  Neutral   Point 

No -  percent MAC 

PA 

TO 

CR 

NRP 

3h 

38 

33 

32.5 

36.8 

M.5                   | 

k].5                   \ 

39.5                   ! 

The aft  C.G.  limit  for  the  OV-IC as  recommended  in the  Operators' 
and   Crew Members'  Manual   is  33 percent MAC.     The  Naval   Air Test  Center 
Stability and  Control   Evaluation   (Reference  1.1.g)  recommended that the 
aft  C.G,  limit should be set at  30 percent MAC.     The   limited results of 
this evaluation  indicate  that  the  latter  is a valid  recommendation.    As 
can be seen from the results   in  Table 3,  stick-fixed neutral   points  for 
the cruise and maximum speed for   level-flight  trim points were forward 
of  the Manual   -  recommended  C.G.  limit.     On the basic  of  these tests 
and  the  limited  testing accomplished,   it   is  recommended that an aft 
C.G.  limit, of 30 percent  MAC be observed with  the (iRC-l60-l 
installation.     (Paragraph   1.9.1.b) 

1.7.4    MANEUVERING STABILITY 

Maneuvering stability  tests were conducted at both a forward 
a,nd an aft C.G, using the steady-turn method.     Tests were conducted  in 
the cruise,  takeoff and power-approach configurations.     Turns were 
conducted at a constant airspeed while stabilizing at various  load 
factors at varying altitudes.     The results of these tests are presented 
in  Figures  No, 9 through   11,   Section 3,  Appendix   I. 

The stick-force and elevator-position gradients as a function of 
normal   load factor were   in all   cases positive.     All   configurations tested 
were  limited by aerodynamic stall.     At forward  C.G/s   in the cruise 
configuration  (I.e.,   forward of 26 percent MAC) as  can be seen from 
Figure No.   10,  the stick force per g was slightly higher  than the 
maximum allowable specified   in  MIL-F-8785   (ASG),   Paragraph 3.3.9.1. 
This was  not considered objectionable.    At  an  aft  C.G,   in  the cruise 
configuration a condition occurred at the higher   load factors  that was 
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described by the pilot as "stick lightening.." This is substantiated by 
test results presented in Figure No, 10 which show the slope of the 
stick force versus g curve decreasing at the higheT g values.  This 
decrease in gradient, however, was within the 50 percent of the average 
gradient allowed by MIL-F-8785 (ASG), Paragraph 3.3.9. This condition is 
acceptable at this C.G. but is indicative of the problems to be expected 
at more aft C.G.'s and previously reported in the Naval Air Test Center 
evaluation (Reference I.l.g),, 

All maneuvering stability neutral points determined during this 
evaluation were aft of the most aft recommended C.G. (30 percent MAC) 
for operating with this system.  Figure No. 9, however, shows a 
stick-free point neutral of 31.8 percent MAC, which is forward of the 
aft C.G. limit recommended by the Operators' and Crew Members' Manual 
Reference l.l.f).  This reinforces the recommendation to limit the aft 
C.G. for OV-lC's to 30 percent MAC, 

The results of this test indicated that the aft C.G. should be 
limited to 30 percent MAC when operating the OV-IC with the Q.RC-160-1 
external store.  (Paragraph 1.9.1.b) 

].7.b     DYNAMIC LONGITUDINAL STABILITY 

Tests were conducted at both forward and aft CG.'s at a density 
altitude of 7500 feet to determine the characteristics of the dynamic 
longitudinal modes of motion of the 0V-1C with the QRC-lSO-l external 
store on the left wing and a full fuel drop tank on the right wing. 
The tests were conducted in the cruise,, takeoff and power-approach 
configurations. 

In the following discussion the short-period mode is the 
periodic motion ov the airplane characterized by a change in angle of 
attack at an essentially constant airspeed.  The period of this 
oscillation is a periodic motion of less than k  seconds duration. 

The short-period longitudinal mode of motion was investigated by 
abruptly displacing the longitudinal stick aft far enough from the 
trim condition to obtain an incremental acceleration of approximately 
1/2 g.  The control was then returned to the initial trim condition and 
the airplane response noted. The short-period response was essentially 
dead beat in all configurations tested. 

The phugoid or long-period longitudinal mode was investigated 
by decreasing the airspeed from trim by approximately 10 knots, using 
the longitudinal control, and then returning the control to the trim 
position. 

The phugoid oscillations in both the takeoff and power-approach 
configurations were lightly damped at the aft C.G. loading and 
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moderately damped at  the forward  C.G.  loading.     The oscillatory period 
was approximately 25  seconds.     In the cruise confinuration at the aft 
C.G. the oscillation was moderately damped, with  heavy damping of the 
oscillation occurring at  the forward  C.G.    The period at these oscillations 
was approximately 20 seconds. 

The damping of  the  phugoid oscillation on  the  0V-1C  in the 
configurations  tested met  the requirements of MIL-F-8785   (ASG), 
Paragraph 3.3.6,  as   there were no objectionable flight characteristics 
attributed  to poor  phugoid  damping. 

1.7.6    STATIC  LATERAL-DIRECTIONAL STABILITY 

The static  lateral-directional   stability of  the  OV-lCwith  the 
O.RC-I6O-I  external   store   installed was evaluated by analyzing the 
control  positions and forces   required to maintain steady,  non-turning, 
constant-airspeed sideslips.     Tests were conducted at both a forward 
and an aft  C.G,  in  the  takeoff,  cruise and  power-approach configurations. 
Results of these tests  are summarized  in  Figures   No.   12  through  17, 
Section 3,  Appendix   I. 

Weak control-free   lateral-directional   stahility was exhibited by 
the  0V-1C in the power-approach and takeoff configurations.    No 
significant change   in   lateral-directional   stability characteristics was 
observed between forward and aft  C.G.  locations  for a given config- 
uration and trim airspeed. 

The power-approach and  the  landing configurations exhibited 
essentially the same  stability characteristics.      In  left sideslips,   the 
variation of rudder  force with sideslip angles     / dFe   \ was essentially 
linear up to about  5  to 7.5 degrees of sideslip.    °^       From 7.5 to 
between  15 and 20 degrees of sideslip,   little or no  increase  in force 
was  required to   increase sideslip angle   (i.e.,  dFe=0  ).     Between  15 and 
20 degrees of  left  sideslip,  a rudder force  revel^al   (i.e.,      d^e      o) 
occurred accompanied by both  rudder and elevator buffet. ^ 
In a  right sideslip,     ^^      was   linear to approximately  10 degrees of 
sideslip,  at which poifrtTa  rudder  force reversal   occurred.    This 
reversal  was accompanied by both rudder and elevator buffet.    MIL-F-8785 
(ASG),   Paragraph  3.^.5,   requires a  linear variation of  rudder force with 
sideslip angle up  to  15  degrees of sideslip.     Left  sideslips were 
characterized by a nose-up pitching moment.     These pitching momenta 
increased quite  rapidly at  the higher sideslip angles at or near  the 
points of rudder  force  reversal.    MIL-F-8785   (ASG),   Paragraph 3.3.20, 
requires  that this   longitudinal   trim change  not  exceed  10 pounds  pull 
or  3  pounds push.     As  can  be seen from  Figures  No.   12  through  17,   Section 
3,   Appendix   I,   the  longitudinal   nose-up  trim change   in   left  sideslip 
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frequently exceeded the 3-pound specification requirement by as much as 
a factor of 3.    Adequate dihedral  effect as  Indicated by the aileron 
force  required to hold a steady sideslip   (    !ja-) was present  in a  left 

sideslip,  and near neutral  dihedral   effect   ( "§'^"" = 0) was present  in 

a  right sideslip,  MJL-F-8785   (ASG),   Paragraph 3.^.7,   requires a positive 
dihedral   effect.     In the cruise configuration no objectionable control- 
free stability characteristics were apparent until  pedal   forces of over 
200 pounds, which   Is higher  than  the MIL-F-8785   (ASG)  requirement, were 
applied.     At  these higher pedal   forces,   there was a tendency  for a force 
reversal.     The dihedral  effect   remained positive and  the   longitudinal 
trim change was negligible at  this  configuration. 

The  control-fixed static  lateral-directional   stability was 
satisfactory   in all   configurations  tested.     Both the elevator and 
aileron positions as a function of  sideslip were positive with no 
reversing  tendencies.     In right  sideslips   in all   configurations  tested 
there was a  tendency for the control-fixed dihedral   effect   (i.e., cf\a 

to decrease,   but   it never approached zero.     The rudder position versus 
sideslip was essentially  linear  to the  limit sideslip angles   in all 
configurations  tested. 

On the basis of these tests,   it   Is  recommended that  notes 
concerning  the problem areas mentioned be  incorporated   in  the  Operators' 
Manual   for  the  OV-lCwhen the  (iRC-J60-l   is  Installed.     (Paragraph  1,9.l,c) 
It   is also recommended that  further  tests be conducted on  standard  OV-l's 
to determine   if the same problems exist.     If present   In all   configurations, 
appropriate notations should be made   in the Operators'   and   Crew Members' 
Manual.     (Paragraph  1.9.2) 

1.7.7     DYNAMIC  LATERAL-DIRECTIONAL  STABILITY 

The dynamic  lateral-directional   stability mode of mot'on was 
evaluated by noting the airplane's  response to a release  from a steady 
non-turning sideslip.    Releases were accomplished by both  rapidly 
neutralizing  the pedals and by  releasing  the pedals.     Tests were accom- 
plished at both a forward  CG.   (23 percent MAC) and  an  uft   CG.   (29.5 
percent  MAC)   in the power-approach,   takeoff and cruise configurations. 

The  lateral-directional   mode   (i.e.,   Dutch  Roll) was  heavily 
damped   In all   configurations  tested.     All   releases ended up   In a slowly 
divergent  spiral.     No objectionable  flight characteristics were attributed 
to  the  lateral-directional   mode of motion. 



1.7.8 AILERON  ROLLS 

The rolling characteristics of  the  OV-lCwere evaluated by 
observing  the airplane  response  to pedal-fixed and coordinated aileron 
rolls.     The  tests were conducted by  rolling  from a bank  in one direction 
through  the   level   flight position to a  corresponding bank   in  the 
opposite direction.     The  rolling performance was evaluated with  the 
QRC-I60-I   installed on  the  left wing  and  both an empty and a  full   fuel 
drop tank on  the  right wing.     Tests were  conducted   in the cruise,   takeoff 
and power-approach  configurations.     The  rolling performance during 
coordinated aileron  rolls   is summarized   in   Figures  Mo.   18 through 20, 
Section 3,   Appendix   I.     The adverse yaw civjracteristics observed during 
pedal-fixed  aileron   rolls  are summarized   ir   Figures  No.  21   through  23, 
Section  3,   Appendix   I.     Representative  aileron  roll   time histories  are 
presented   in   Figures   No.  2k through  27,   Section  3,   Appendix   I. 

The  rollinj  performance of  the   OV-1C   in  the  configurations 
tested met  the  rolling  requirements  of  MlL-F-8785   (ASG),   Paragraph 
3.^.16,  with   the  drop  tank empty.     The   rolling  performance   In  a   left 
roll was poor with a   full   fuel   load   in   the  right drop tank.     Figures  No. 
18  through 20,   Section 3,  Appendix   I,   show  that  the amount of   left 
aileron  required  to  trim the airplane   laterally with a  full   right  drop 
tank  installed was  approximately one-half   the  total   available   left 
lateral   control.     Because of this  reduced   lateral   control,   no abrupt 
lateral   control   displacements  to  me  right or   lateral   control   displacements 
past one-half available stick travel   to  the  right should be attempted. 
The aileron  forces   required  to meet  the rolling  requirements of 
MIL-F-8785   (ASG),   Paragraph 3.^.16.3   (Reference   1.1.e), were excessive. 
The military  specification allows a maximum aileron control   input of 
25 pounds, whereas  the  0V-1C required aileron  forces on the order of 
50 pounds  to achieve specification  rolling  performance   In all   configurations 
tested. 

The adverse yaw exhibited  by   the   OV-1C was  considerably   in 
excess of  the   15-degree maximum specified  by  MIL-F-8785   (ASG), 
Paragraph 3.^.9.     This   large adverse yaw coupled with   its  rather  rapid 
onset made  coordinating  turns  unacceptably  dift'cult.     Full   360-degree 
aileron  rolls  both   right  and   left were  successfully accomplished   in   the 
cruise configuration with  the  right  drop  tank  both  full   and  empty. 

1.7.9 i-TALLS 

Stalls  were   investigated at  both  forward  and  aft   CG,   loadings 
in  both  unaccelerated  and  accelerated  flight.     Configurations   tested 
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included cruise,  takeoff and  power-approach.     The stalling performance 
on  the  OV-lCwith  the  Q.RC-160-1   installed  is  summarized   in  Figure No. 
28,   Section 3,  Appendix   I.     The calibrated airspeed at stall   for several 
gross weights   is  shown   in  Table k. 

TABLE 4,     CALIBRATED AIRSPEED   IN  STALL TESTS 

—  

Configuration 

Calibrated Ai rspeed 
at   Stall   -   Knots 

11,000  lb 13,000   lb 15,000 lb 

PA 64 69.5 74 

1             TO 67.5 74 79 

CR 77 84 90 

There was   little  difference   in  the stalling  characteristics of 
the  0V-1C at  the  forward  and  aft   C .G.  loadings. 

Stalls   in  the  cruise  configuration were  characterized by a very 
noticeable buffet   that  occurred  approximately   10  knots  above  the stall. 
Unaccelerated stalls   in  this  configuration broke  cleanly with  no 
tendency  to drop a wing.     A time history of  an  unaccelerated stall   in 
the  cruise configuration   is  shown   in  Figure  No.   30,   Section  3. 
Appendix   I.     Accelerated  stalls  did not  tend  to  break  clean    but were 
characterized by a  break,   partial   recovery,   then  another break.     The 
airplane,  during  these  stalls,   tended  to roll   out  of  the  turn. 

Stalls   in  the  takeoff  and  power-approach  configurations were 
characterized by a  clean  breaking  stall  with  no  stall   warning.     Time 
histories of an accelerated and an  unaccelerated  stall   in  the power- 
approach  configuration  are  depicted   in  Figures   No,   31   and  32,   Section  3, 
Appendix   I.     Stalls with   inadequate warning are especially dangerous on 
airplanes  that must  be  operated near  the stall   to  achieve  ST0L 
performance.     In  the   takeoff  and power-approach  configurations  the 
0V-1C did  not meet   the  stall   warning  requirements  of  MIL-F-8785   (ASG), 
Paragraph  3.6.3.     MIL-F-8785   (ASG)  requires  aircraft   to have adequate 
stall   warning.     On  the  basis of  the;e  tests,   it   is   recommended  that  an 
adequate  stall  warning  device  be   incorporated on  all   0V-1C series 
airplanes.   (Paragraph   1.9.4)     It   is  further  recommended  that  tests  be 
conducted  to determine  the  feasibility of using  an  angle-of-attack 
indicator on the 0V-1C.   (Paragraph  1.9.5) 

Table 5  summarizes   the maximum  lift  coefficients obtained during 
the  stall   investigations: 
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TABLE 5.     MAXIMUM LIFT COEFFICIENTS  DURING STALL TESTS 

Confiquratlon 
Unaccelers 

Forward  CG. 

Cl* Max (£.   Stall 

3d 
Aft   CG. 

Average 
Cl     Max 

ted 
Aft  CG. 

Acceleratf 
Forward CG. 

Crui se 1.58 1.54 - 1.753 1.66 

Takeoff 2.065 2.22 - 2,16 2.15 

Power-Approach 2.50 2.47 - 2U30 IM 

* Coefficient  of   Lift 

1.7.10 FINAL APPROACH AND LANDING 

The  final   approach and  landing with  the Q.RC-160-1   on  the  left wing 
and  no external   fuel   tank on  the  right wing of  the  OV-IC  should  be  flown 
using  the  procedures and  limitations outlined   in the  Operators'   and  Crew 
Members'   Manual   for  the  standard  OV-IC   (Reference  l.l.f). 

The  following additional   limitations and recommendations  should 
be observed when operating the  OV-IC with  the  Q.RC-16O-I  on  the  left wing  , 
and a  full   fuel   drop  tank on the  right wing: 

a. No maximum performance   landings were conducted during  the 
evaluation and no such  landings  should  be attempted until   further 
testing   is  accomplished. 

b. The  reduced available   lateral   control  due to  the asymmetric 
loading makes  the use of flaps  and  the added  lateral   control   power of 
the   inboard  ailerons advisable during   landing. 

c. When   landing with  fuel   in  the  right wing drop  tank,   the 
control   stick  trim position   is   to  the   left  of  center,  making  a  right 
crosswind  preferable  to a  left  crosswind. 

1.7.11 AIRSPEED CALIBRATION 

The  boom and  standard  ship  airspeed  systems were  calibrated 
for  position  error.     Both  a measured ground  speed course  and  a  pacer 
T-37 with  a  calibrated  airspeed  system were  used  for  this   test.     The 
results  of  this   test  are presented   in   Figure  No.  33,   Section  3, 
Appendix   I. 
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The position error of  the standard  system  is within the  limits 
of MIL-1-6115A     (Reference  l.l.h)   in  all   cases except   in  the high-speed 
flaps-down cases   in  the power-approach and  takeoff configurations   in 
which  the  limit  exceeded  by  approximately   1   knot. 

1.7.12     CONTROL  BREAKOUT  FORCES 

The control   breakout  forces were measured   in a closed hangar 
using  a hand-held  force  gage. 

Table 6 gives  the  results of  this  test: 

TABLE 6.     TEST RESULTS  OF CONTROL BREAKOUT  FORCES 

Elevator Ai leron Rudder 

Forward      Aft Left         Right Left         Right 
lb lb lb 

Measured  OV-IC, 
S/N 61-2699 2           1.75 1.25        1.00 2.5            3.5 

MIL-F-8785 Min -    0.5 Min    -    0.5 Min    -       I 
(ASG)   Limits Max  -     3.0 Max    -    2 Max    •-      7 

All   breakout   forces on the  GV-IC were within the  limits of 
MiL-F-8785   (ASG),   Paragraph  3.2.1.1. 

1.7.13    MISCELLANEOUS  TESTS 

Wing  tip  accelerometers were   installed on  the test  airplane  to 
determine  If  the  Q.RC-160-1   initiated any  flutter  tendencies.     No  flutter 
tendencies were observed  during  the  test  program.     Dives were  conducted 
to  300  KIAS during   the evaluation,   and  prior   to  further  testing,   it   is 
recommended  that  a  300-KIAS airspeed  limit  be observed on all   OV-lC's 
with  the  QRC-I60-I   installed.     (Paragraph   l.g.l.d) 

1.8    CONCLUSIONS 

The  OV-IC with   the  QRC-160-1   External   Store   installed  can  be 
flown with  safety  provided  that  the  limitations  and  procedures  outlined 
in  this  report  are  thoroughly  understood  and  observed by  OV-IC pilots 
during  the Military   Potential   Test. 

Further  testing   (including jettison  tests) will   be  required   if  the 
system  is  to be  adopted  for  general   service  use. 
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The Operators' and Crew Members' Manual (Reference I.l.f) 
should be updated to Include single-engine performance and minimum control 
speeds at altitudes above sea level. 

Additional testing should be conducted to determine whether 
the lateral-directional problems uncovered during this program are 
an inherent characteristic of 0V-1C aircraft. 

The OV-IC has inadequate stall warning in the takeoff and 
power-approach configurations. 

1,9  RECOMMENDATIONS 

1.9.1 If the (1RC-160-1 installation on the OV-IC is adopted for 
service use, jettison tests as well as tests to expand the flight 
envelope should be conducted.  Until this is accomplished, no 
QRC-I60-I external store jettisons should be attempted and the following 
flight limitations and configurations, specified in this report, should 
be observed: 

a. No STOL takeoffs should be attempted with the Q,RC-l60-l 
installed until further tests are conducted (Paragraph 1.7.2, Page 6 ). 

b. An aft C.G. limit of 30 percent MAC should be observed with 
the CIRC-I60-I installed (Paragraph 1.7.3, Page 9 ). 

c. Pilots flying the OV-IC with the QRC-160-1 installed should 
be aware of the lateral-directional stability and control problems 
mentioned in the report (Paragraph 1.7.6, Page 12 ). 

d. Prior to further tests an airspeed limit of 300 KIAS should 
be observed on OV-IC airplanes with the QRC-lSO-l installed 
(Paragraph 1.7.13, Page 16 ). 

1.9.2 Further tests should be conducted to determine if the lateral- 
directiona1 problems observed during this test are characteristic of 
standard OV-lC's.  If they are characteristic, appropriate notation 
should be inserted in the Operators' Manual (Paragraph I.7.61 Page |2 ). 

1.9.3 The OV-IC Operators' Manual should be updated to include single- 
engine performance and minimum control speeds at altitudes above sea 
level (Paragraph 1.7.2, Page 8 ). 

1.9.^ An adequate stall warning system should be incorporated on all 
0V-1C airplanes (Paragraph 1.7.9, Page l^ ). 
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1.9.5 An angle-of-attack indicator should be evaluated on OV-1 series 

airplanes (Paragraph 1.7.9, P«ge I'+K 

18 



■ s:-:v ■.::i.„. 

SECTION 2 -- DETAILS AND RESULTS OF TESTS 

The information and details of test normally presented in this 
section are incorporated in Section 1.7, Findings. 
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SECTION 3 - APPENDICES 

APPENDIX I - TEST DATA 

1-1 



/ysofta? Ab- / 
ÖTAT/C lQMS/rU&/Ml STAß/JL/ry 

C0MS/S(/*/ir/C»f:r*X£~0/r/r       /S * K/iPS        GSAI/i ÖOWAt 

O 
a 

\ 
s 

o 

-5 

/O 

CO 

CG Fteir/o*/ 
% MAC 

23.23 (FMOCGO 
Z9.80 (AF-rc.G) 

Gftosa Wr, 

/2G80 
13 WO 

7S-00 a.s" A/as£ UP 

0.<6° A/OSE l/P 

ST/C/C/-/XfO 

FWO CG. 

/yprc.G 

3./nj<u ßu/£z. o/eop TXA/JC SA&KC^USJI 

eo too /io /4o /eo 
CALta/iATero A//tanxo''/C/wT>a 

/eo aoo 

/6 

/O 

S 

\ 

/o 

/^l 

% i 

C3 B —• 

nva c.G 

0.6 o.e *0 /.£ /.4 A6 

Coerr/c/mr or l/rr~ d 
uwaaeoM.     A/a= 3a%M/)c /ezcoAVucA/Dtt 

/0y    pu/o/./At/r--^^ APTLJM/r- 

s 

o 

/.8 

AFT/./M/r-' 

2.0 

20 K* 24 24, 28 SO 

Cewett er S/tAmv-* "tMAC 

32 

1-3 



±l~.—^äWti-— 

O 

/?&(/#£ fy'ü.   2 

STAT/C /LOm/TUD/tVAL QTABlUjy 
OV-ICs/AfeirZ&99 

C.G. Fosmtw     G/toas/ib      AaiTuoe       Ekemron Tfcm , 
Q/bJtiK. £.£>. rr. TAB fws/r/w~ 0£6, 

23. z a crwa c.cj    /z&eo 
7SaO 0.6* /!/OS£ i//» 

#oT&.smo£o sr/ytßOLS oemre r/Mt /V/A/XS 

zo ZZ Z* Z& ZB 

Ce/*T&t or SffAwrr^ % AfAC 
3C sz 

:         '     : 
.,'.-.!. 

1-4 



r •] -i ,--,v ■' - ! 

sTAT/cicm/mo/mi 5r/m./rr 
0'/-JC YAT 61-2699 

I ■■ 

■ 
  '.l. \ ■ 

V ■ 

Cotf/veufr/mw. CRUJSE - powea FOAjLevez FX/Q/m 

; 
. ;M-;:   .., 

\ 

0 
Q 

I 
I 

I 

* 
^ 

üf 

CG. /^arr/OA/      G/fosa /Vr 

2.3.30 (FWaC.G.)      .'ZB&O 

aa.oo CJQfTC.G.'i    /s&ae 
2&.9S CM/O C.G.)      /3 7/0 

Acmpsoe 

7SOO 
7sao 

TAB />&9/r/tW~&£& _    I        i    ___. 
/.S0A/OS£ OOWA/ 

2.0°A/aS£ oaiVA/ 

j .9* A/ass oaMA/ 

//or£ii.sHfi0£o smaoLS OCNOT/S: r/tm roM/rs 

ST/C/f/7X£D 

MIO C.G. 

^>^^^   j^nvoc.G. 

A/OT£:»MJZC /&6 iA/STfiAlZD lEFT W/A/G. 

3.FI//.JL F-i/SJL 0KOP TANX/A/sr/UlZO 
/e/6/jr w/A/s. 

t40 /60 /BO ZOO 

■■■■  I;, 

-■■! 

.„  .  rT,. 

 ■.' i ■ 

: : 

-FH/OC.O- 
■ ■■■ 

a» 

HAUOBOOX 

/.£ /.4 0.4 0.6 OB /.O 

Co£F/vc/£/vr OFL/FT-CC 

A/o =33% MAC 
RBCOMMEA/0EP .    H/iA/jOBOO*: 

ZZ Z4 24. Z& 

C&tref* OFG/tAV/rr- "/«/MAC ........... 

1-5 



mmm^maBJMaaamam ^g^a^HHBP^^ 

■-•;--r   1 
■   1 

/ysc/zts-/W>. -4 
5TAT/C LOtf&mD/A/M. STAB/UTir l 

CoNrtäoR/rrioff: CRUISE-powzx ra/z jL£pei. F-JLIGMT 

:. .. -i- —• 

C.6./:bs/T/0Af 
SYMBOL teM/K 

30.0a Carrc.G.)   izsaa 
Z<*.9SCMtOC.G.)    J39/a 

@ 

♦ 

IU. /** TAB fi0a/T/OA/*.0£&. 

7s-oo i.s*A/as£ O0wAf ... 
7S-0O 3. O*/I/0S£ OOIA/A/ 

7S-00 /.9'A/0S£ DaWA/     . 

>? 

zo 

/o 

o 

10 

M2fjS_t.sM*D£0 smsous osffcnr T/T/M /w/rrs 

STICK mes 
.,.,,,,. 

y—AFT CG. 
Q^/        y-riA/0 CG- ...                 .       ., !.  ,,:, :.|r.r_ 

X    'f'4^":'<'J'^^D   '^^'lE^—lTl_Ltl| 
^—M/O CG.                                ^~---^^^ 

;' 

zoo /zo MO /so /ao 
CAUDXAT£D Aimafvasx* *• Amrs 

zoo zzo &40 

^ /.o 

^o        O 

O.ö 

L 

0.9 

O.d 

o.z 

o 

AJOT£2.G/ZC i&d /Ä/ST/1MJ.EO AEFT W/A/G. 

3.Fl/je.JL Fi/£2. DROP 774A/M. 

/A/srx?/.Z.£0 R/GJ/r W/A/6. 

M/O C. G. 

AFT CG. 

FW0 C. G. 

OZ 

HAA/DBaOX 

FWD JL/M/T- 

o.4 ae o.a /.o 

CoeFFioeur OF LIFT ~ CL 

/.z /.4 

A/* '='4/.S0S<>M/?e 

"N1 
RECOMMENDED 

AFT JJM/ T- 

I 

HAA/OBaoJZ 

SJFT l/M/T^ ^N 

j  

ZO ZZ ZA ZG Z8 

CefrrcR OF G/tw/rr»- %MAC 
30 SZ 

1-6 



'   /Taufte Ab. S 
smT?c £cw6/rup//ML STA&fL/ry 

Oy~IC VM €1-2699 ■ 

i 

:   ■■■ ■ 

---.■—-... . ... , ,.-- ..j...  .    f  ..........._^..._..-.,-r^„ _™,,j .,i„^*..--~;-„-_^ 

Cort/vsoflAT/o*/'. CLEMA/ A/axMfUL. R/sreo PO&S/i 

■ 

GG.ßxirrrotf      G/teas Wb     AarruDe 

..j... 

smaoL 

o 
%AMC 

; i 

££. 
£iL£mfW* 7km 

23.is- cnvD CG■)   I /zz/a 
Z9.8d> CdFrc.G)      /39aa 

■ 

V'TT 

:    ■ 

7S'aa ■ 

I e 

h 
r 

i 

4 Of 

IO 

5 

0 

■ -   . 

trirfr 

-:-}■...fr-- 

NOTff.sHmso amtooia oenere r/tm PCWTET 

3T/CKm£D 

■•"\     ; ■•     ■  .-rr^- ■ 
.i .... i ... . 

/GO WO ZOO ZZO i<0 £60 zso 3O0 

' "~ 

...1 

:  ■  ■ 

rrc.G. 

WD CG. 

An/JLti rt/£J. 0/laP 77fA/k-/AfS7#JJ.£D 
MtGiVr l*//A/<$. 

.. i. 

. :  . , 
)::■ 

• 

j - 

■      : . -r     i 

■I. 

az 0.4 06 O.Q /.O /.g A4 

Ho^^Z'S-VtM/IC 
HAHOBaOK 
FWO I/MIT—^1 j4rr UM/T- 

2.0 Z4 Z6 Z8 

1-7 



^Bmm^mtsmmmm 

. i 

; 

C0NF/6(/nATt0fif 

5TAT/C JLOA^/rUP/AMLSmff/L/rKL 
ois-ic s/ket-zem 

:; ■ ■ 

C6. Ftameiu      G/toss/Vr      ALTITOOC 

i *" ■ 
!    . 

, .,   .. . 

■ 

■ 

SYMBOL "/•AiAG US. fiT 

7SÖ0   , 

■ißjtmrak 
TAB PO3m0N~D£Q. 

■ 

TktM 

  

'rj 
76-40 ZA A/CSS OOWA/ 

,K rl'.".'! 
Mar sfiK4/j./?3i.£ 

fi/oreisMApeo SYMBOLS oewors r/fm PCVA/TS 

*<j   35 

to 

o 

\ zo 

OS 

0.-5 

^oo 

/o 

0.6 

%" 

O.Z 

0 

5T/CK r/?££ 

/M /BO 200 SSO 240 P.CO zeo ,soo 

'.TTC.G. 

Ji/a T£ZQRC 1^0 JUSrALl£D lEfT W/A/6. 
3.rUU FOSJ. DROP T/3A/M IUSTAJLLED 

RIOHT W/A/a. 

■FW0 C.C. 

az 

H/)MOBOO* 
FtA/0 UMST- 

/.2 0.4- 0.6 ae /.o 
CoSFF/CteMT OF /./FT~- Ci 

/.4 

~x-- 4Fr z/M/r- 

I 

yVFrjL/M/T- 
■N 

SO 2Z 24 Zt* 28 
CeArrefj OF (Zftfiwrr ~ % MAC 

so 32 

1-8 



_i«_Ä id^ 
lltnl iwill»iiniiliirin im wwgriirTTi—i  

5T/ir/c ims/rc/D/NM sma/i/rr 
01/-IC V/r€i'-e69B 

Cour/awAT/w Pow£/i /ipp/zMcs 

O 
B 

CG. fbsmow 

■23.2a Crwoc.Q.') 
SO.SO {AFT CG.} 

G/foss WT. 
LB. 

/2*&0 

J3/SO 

■ff "/TlAP QEflA DOMA/ 

trr. TAB /'es/r/av-aee,, 

7&>a / 2 "A/OSE OP 

7&0& A/OT jQWU/tMtie 

I 

I 

\ 

I* 

JZ 

/o 
a 
6 
<? 

o 
B 

4 

6 

e 
40 

\ Q 

% « 

\ 

4 

S 

h 0 

s 

% \ 
4 

\i 6 

0 

\ 
to 
n 

Q. /4 
^ /& 

■flA/O CG. 

öT/c/cr/xfp 

At4T£-2-0PC '40 /A/STfiAlED JLEPT W/A/O. 

3.Pt//./. Pt/£4. DKaP rAA/K 

/A/Sr/)tA£ü R/GW W/ASG. 

4». FVW£/Z FOR JL£I/£1. möHT. 

1FT C. G. 

/O 

v0 

^ 

SO SO /OO fMO MO 

CAUMtireo Amoperso "-/üvoT'* 
/so /eo 

o.s   o.4   ae 

N/INDBOOK 

FWO ^/M/r- 

O.G      SO      /.B      A4      /.G       A.e      S.O 

Coe^rr/c/sAnr or /jrr ~ Q. 
A/ö 

RECOMMENDED 

I  yQfr Z/MIT 

£.£     g.4     2.6      S.a     S.C 

34- % MAIC 

AMAfOBOOK. 
I I 

-N-- /frr A./AAi/r~^\ 
^ 

ZO 22 2* 26 Z& 

CcAfrepi or 6mwrr~ % MAC 
3S 3Z 

1-9     ) 
'?• 



FsGisfiE A/a 3 
STATIC LONS/TUDWAC   STABIUTT 

Co#F/&u/tArsaA/: Powe/z APPMOACM    -e^r'/TZAPS     <££■## DOuw 

o 
□ 

C. G. Pos/Tfo// 

2-3.28 ffWO CG.) 

3a./a C^trc.G) 

G/foss Itä ALTITUDE £ley/ifron Mm 
U9.                          FT. r/IB  fOS/r/O* "OS'S. 

i2*tao 7faö /.Z'A/OS^ UP 

iBJSO ySOÖ A/OT /9WMABi.£ 

tt0 

I 
^3 

? 
/o 

/o 

K.zo 

/VöTS-LSHAOSO S/MOOLS   D£A/OT/? TWA} /V/AKS 

.A/ars-.i.Q&c /so IA/ST/JJJMD LCFT W/MS. 
l^^        S 3.n/jLl FO£i. OROf TsfAlK 

/A/STa/J.ejJ M/GHT W/Mt. 

Vo/rr CO. CJ 

40 60 BO /QO /ZO /40 
C/tuanATso Am^/vso "-/fmrs 

/60 /BO 

ae 

0.6 

ox 

0 

0.Z     0.4      a&      O.Q      /O      f.*      /.4       16       10      2.0      £.Z      S.4      Z6      £.6     3.0 
Cocfr/aavr or L/rr - Ci 

IVt>'*:3£. d % MAC 

N/UV08aOM. Pi.ECOMMe/J0ED HAMOBOOK 

i 

"•vj 

2ö az z* Z6 :\8 3o 
CEHTEFI OP GrtAWrr*- ^i A7AC 

3Z 

I-J.0 



f/sme /Vo. 9 
MAfJ£UV£HlNG FU6HT CHARACT£MSnCS 

Ol/'JC */* 61-2699 

CoNr/euxAVON: l/ixe- OFF    /S "FM^PS       Ge/)/e DOWA/ 

C.G. FO&TIOA/    Gtioss Wr.   Awt. li     Slewsron Thm        ALTITUOS 
SYMBOL % MAC IB. 

o 

*i   go 
t 

"N      /o 

Z4JCFWOC.G.)     /3300 

\ 
FWD CG 

'/trrc.G. 

/crs       TAB fiatmw-os» 

94 OS"ä/CSS UP 

9s is-'A/asei/p 

rr. 

AI0Tty. SH/)OeO SYAIBOMS OSAMTSTK/M .'VAVr.S. 

Z.QRC /£>0 lfJST/t/.JL£D d-SFT W/A/a. 

S.fr&JU. F'iS&CDJtO'3 TfiJVJi /A/srA<U.£0 

/Q      .Z        .4        J6       .0      2X)     •*■        4 • 

C.G. NORMAL Accecs/tArtoM■*G'B 

■*    3.0 

•3    l/ol 
Ä 
^ 
-< 

^ 30 

20 

/J 

i 
|        SO 

5 

k 
zo 

/6 

r-FWi 

■e    /.0 

WO C.G 

AFT CO 
J.. „,.... 

.B     A    .«    .«    SLO   •*    *    4 
C.G. Afom/ML AccecsRATiON — Gi 

B     3,0      A 
- :... 

>^ 
Ab'%m.ä.&Mac 

■ ' •;■■•" -[IT 

■—-.-:■-. 

.-,':•, .1 

li—      ...    ,..,.-....I ..*-*.**^.«JT. 

■■:,-■-;■     : 

i' 

I- 
:r;V: 

eo 

HMfOBdO* 

FkVff^/M/T 

BZ Z4- Z6 SB 

C£NT£B OF GrtAwrr ~ % /MAC 
30 3S, 

.•• : 

■>i 

S4- 

i 
j 

ÄFF JUMIT- \    AFTZ./Mtr-^ 
I 
I 
I 
I 

• ; 

Äö zs, ?,4 stA BB 

CeHTtft OF GRAVITY ~ % MAC 
so sst- 34 

■ 

:\Lr. 

1-11 



mH£UV£Rm n/GHT CHARACT£R/ar/CS 
OI/'JC *//v 61-2699 

CoNfrnvKAvou' CRUIS£ - poweR FOR jurrs* &L/o//r 
CG.PoamoM    Gm&s l¥i\   Ate. H    £ievATon Thm 

SYMBOL "/oMAC £0. HT4. TAB iev9/r/0A/*'Oea. 
AiTiWDsr 

o 
a 

23ASCFWOCO}    /37Sa /78 
Z9.80(A/rrc.G.)   13400 /77 

^ 
^ 

? 
^ 
% ^ 

to 

to 
■I 

\ 

* 

4 

Z 

Ö 

f.s'AfasJS-oow       7svo 
A/Or /fi07U/?&/.£       7sao 

NOr&t.SM/tDSO SYMBOJL S 
oswora' ra/M PO/ASTS 

/Q    .<     .4     .«    .e    go   .»     .4     A     .0   30   ■*     *     & 
CG. A/ORMAL AcceicftArm' ~G'J      A/öT'&Zo/tc/so/A/STAJM^D 

/.err U//A/4. 

3. FÜXX. Fif£dL D*OS TAAMi 
/A/smuso *Atw mjHk 

 -a o 

rh/D co. 

</rrca. 

.a    /o    ■*     *    *     8    £.0   JL     .4     *    .a    30   •*     •*     * 
C.G. A/OAMAL AccELEftAT/M ~.&a 

A/*'* 36.9 */* MAC 
/iADieArr /tr in. 

M/jc-F-aras- UM/TS Cc^ssm) 

CO z» a.4 zs £6 
Ce/rr£n OF GAAi//rr ^ % At AC 

so a*. s*- 

HAA/OOOO* 
/WOJJAWsA 

I    — 
•%j 

A/^s 39.3 V* MAC 
/UCOMMKMOtO ,   A/AMOOOOK      . 

AFT JL/M/T^^S   APT UAtfT~siS '—^A 

I 

*& tSL- *.4 Z6 Z6 
CENTEX OF GAWTT ~ VoMAC 

so 3Z 34 

1-12 



--..lMi....-.—.-■; ,-i—i_ 

MAMSUtäRlNG n/GHT CHARACT£R/ST/CS 
OI/-JC V//6/-2699 

i 

C.&POJUT/OM    GROSS 14&.   /Jus. l£     £26yAroft TRIM AIT/TUQ£ 

iHtHrr 

sr/AOoc        %AIA0 ca. 

o 
□ 

23 2 Cm'OC. G ■)      J3 300 

3o.zC/rrrc.G)    /zaoo 

KTa.      TAP f>osmou~Di:& 

8*0        o.y* mse UP 
ass        iz'A/oset/p 

/m 
7SCO 

^      10 

o 

MiZE;Ls/j/}DeD SVMBO/.S o£A/ar£ mm PaMTS 
z. QK c /so /AfSTAiiso zs/rr WMG. 

3. Pi/JU. Pi/£M OfUP TXA/XlVSTflJLUrOKlMrW/W 

.B      /X)      &        4       .6      &      ZO     .«       *      .6 

CG. MofHAAl Acc£ieRAT/o#^G's 
~P(VO C.iS. 

»    3.0 

Ü 

iS      I 
Q /o 

•APT CG 

e    a    /,o    *     •■*    •*    &    ZX>   ■*•    *    A 

CG. NORMAL Acc&eRAT/oM ^G's 
3.0     *■ 

% 
5 
\ 

§ $ 

i 
eo *t £4 2 6 20 

C£NTER OF GRAVITY ~ % MAC 
30 32 

^ 

30 

20 

$ IO 

WA/0B<ja*i X.£COMMmX>£D 
Aft * STTS^ »/»MAC | 

! M/}A/£>BOa*£        I 

/)pr x//W/r->J ■ /fPTZ/M/T^ 

to *SL t.4- 2» 2a 

CfMTTR or GjtAVirr ^ %MAO 

so 3t 

SO 
. __^ 

At 's S^.fV« AO^C 

20 —-^__^^ 

10 

n 
^^^^ 

3* 

34 

1-13 



LAT£RAL -DIRKT/ONAL STABILITY 

C0NrHi.U&i7JM> TlWa'-Cf*        /S'FJL/iPS 
,   -      ■ .    . ■   ■' 

■_._■.    c 

■ 

CAS* 96,5Mrs. 
■ ■ i 

RuOOäR   TfilM  TAB POSlTtML 

■.     |'     ■■ ■     ■•  . ■  •    :    .    ...].-, 

I/WA-* t&Mse /Z/a/rr 
O & PosmON : 2.3.2% MAC (wdb 

: .. 

HßTjE: /. SHAOEO SYJytaOjLS0£M0r£ TK/AfiPO/A/7 

H.r&iUjne/SX. OÄOPT/iMAC /A/SrALLGO 

I 

*0 

/s 

/o 

%l 
V 
I 

\ 
i 

/O 

/■s 

20 
30 
lerr 

to /o 0                   M zo 30 

ANSU OF SIO&IUP 
■[ ' ;--: • /t/e/tr 

i 

~aea~ 

1-14 



LI 

til  ~ 

■ 

ftsune A/o. /3 
• STATIC LAT£RM.~OiR£Crm*iL STABfUTY 

OV-JC V*6I-269S 
CoNFtoimATiON! T/)k£:-0rjr       /S'tlAPS        QEAM DOWAf 

CAS--&f.7J<:rs: 
WeieHTt 13.460 Iss. 
/9</o&£fi TmM rA* poaniOM * A/ar/?MM4sxs 
C G. PosmoN '2.9.8 'A AMC (/i/^r) 

ALTITUDE » SSSd fr. 

■■v 

■   ,:.. 

'    H      i ,   , .  .. 
;        : -   ■ 

,  .   ........ 

SYMaOL 

: 

'..' 

\ 

i ' 
i:,   |. 

to 

/a 
■ 

10 

.::. 

6 

ins I    0 (g   ^iT 
■ 5 

it-; 
K 

to 

.;■:  : 

:-■!■ 

Tr^T^" 

... '„.,j 

.jtir';:-:::: liimi;l -   .. ■ . 
■      , 

:' 
K 30O 

i 
zoo 

MO 

too 

5 JOOl 

. 
COW/ OK. ——;  

o eitmro* 

O :        nuooem 

-      > 

■ 

i 

■ 

.■..... i+Ä aaa 

I,ill' , 

**, *m-*■**-ii\\w uwiii^W-«' 

:rl!jifu. 

I 

;   ■ 

: 0 3   to 
^ 

■ i I 
I? 

«0   l 

I 
■ 

-'•■•:• 

/5 

/O 

o 

6 

to 

fS 

3. JVM*. ^ZAEJL DJea/*T/tMi: /A/ST/ZU.£0 

... .   . 30 to 
ierr 

i 

/o to 

ANSLS OF Srotsup ■ -. 

■< 

MfQHr 

I ■ • 

IIS 



k 
«u     *: 

I 
| 

V, si 

i 
5: 

K 
^4 

F/SUKS A/0./4 
STATfC LATSRAL ~DIREC7/0NAL STABILITY 

QV-iC *A6J-2699 
■ ■ 

; 

C(un*wm*mmG*i//s£ - patve/i A-a/s i.Eiss*-/rj./6tfr \ ■ :;-|::::; 

CAS» n7.ak.Ts 
H/£mifr*l39S0jL8S. 
fitUPOen   T/f/M 7A» PGSITie*/ " 0* 
C &. Posmo/v "23.3% MAC Cru/o) 

ALTirutMt »6600^7: 
I,.., ■ I ■        * ■     ■ . . 

;        !   ■• :, 

m 
w'$. 

jto 

/a 

fO 

s 

o 

10 

/s 

to 

«00 

l3      /oo 

i < §      /oo 

coo 

k 
N  300 

^    » 
»L 

I 
u 

i 
I 

/o 

o 

s 

10 

sj   zo 

SYMBOL CONTROL. 
::;-| 

o 
ID 

fierATon 
AiLcnoj*/ 

ni/ooem 

\\ 1 
. :; ■ 

' .   ' 

s/jEMire/z 

/9U£JSaA/ 

fioojoe/z 

:.......... 

//0T£.: 1. SMAOZO SVMS<U.S DssmreTw** pawns 
Ä. QRC J6O JA/ST/tjLZ£/? J^*rr H//A/&. 
3. FVJU. jri/JCL o/ZOP T/9A//e. JA/ST,<)d.L£l> 

£Z£:y/}TÖK. 

30 
ICTT 

so /o /o 

AUSLC OP S/0£SUP 

to 30 
PISMT 

1-16 



■.  ■ ■• : 

Lie* ' 

\:  Fieun* Mo.lS 
ASTATIC LATERAL-D/RECVOmL STAB/UTY 

OV-IC */*€l-Z69e 
COHmutfATioNtCxwsE- Powsx re* level Fi./6Mr 

CAS- /eos krs. ALnrvoe -B39aFr. 
lj      .•-■;'|,:- 

RUDDER T/T/M TAB j»05fTMN - NOT fly/}/ „ABAS 
-1 i 

.. ..... : ... |.. 
srmBou 

C.G. PosmoN = 29.& V*MAC frrfi 

I 

I 

\ 

5. 
I 

15 

io 

is 

is 

o 

6 

/O 

20 

200 

(Ü 100 

\ 

%      m 

200 

I 

I 

M   300 

|    20 

,o 

o 

/Q 

I« 
I 

M    20 
30 

:i ■!:. 

LEFT 

CQHTHOL 

% 

o 
I 

fCSVATOM 

-     .   :r~-r: 

. .   ,..r. 

'■•■ 

;.:i- 

AiLMM 

A/6T&: i. SHADED &¥MBOJ.S OSM0TS TX/M PC/MTS 

Z. QKC /60 //H'Sr/JX^ED l£FT W/ASG 

a.ri/zjL rt/et. o/zar r»//M.MsrAJLLE0 

fUGUT W/AT*.        .      ; .■:..:..i;;;.;.L.! . 

i 

EiEMrea -/f/J.EK.ON 

JtO fO 

AMU OF 3/DESUP 

m v      zo JO 

1-17 



57*: 

■ ■     ■ 

MM z- 

■ 

■-■•■•-'   ■ 

fieune A/6. j£ 

0V-1C V*6I-2699 
COMFMMtATION! PoH/£G flPPROACV    -4S0F£/)PS   6£<9ft POW 

■ 
CAS* 87.2/crs. 
W£lMT*i3.3SOla, 
RUDDER TRIM TAB POSITION * lö'A/ösr K.r. 

Airiwos * 780S- FT. 

CG. 

.     :1c 3 
^ 
fc 

* ^ 

h IM   <J 
H|   N 

I' 

■ . 

I 
■« 

; 

20| 

IS 

IO 

a 

o 

10 

/a 

£0 

.. 

POSITION *Z3.Z'AM/)C (fwD) . :■ 

■ 

100 

SYMBOL        coetmoL 

200 

**   900 

I 
I 
V 
t 
I 

^   to 

^ IS 

10 

£ 

o 

a 

10 

\ ** 

N     BO 

Si-eiSATOR 
AUSRON 
RUODER 

...:•:..: 

zwrotz 

so 
terr 

so 

NOTE: I 5U/JDSO sy/HBOJ-s D£jvar£TWMPOINTS 

X ORC 166 IA/SmjLi£0 JLCPrWWG 
3  PIIJU ^f^ D*tOP TXA/X /fJST/H.J*EO 

ItJGHT WWO 

/9/JLEIZOAI 

IO /O ZO 

Amis OF Sioesup 
~DE6~ 

so 
niOHT 

1-18 



r,<suH£ Mo. 17 
STATIC LATERM -DIRECT/ONAL ÖTABILITr 

CoHF/SiffmiW. PcW£ß/?PP/i0/fCH      -fiT^'i/JPS     G£/7A DaWA/ 

■ 

■ 

Atrirvoe: =6/S4 FT. CAS ■ 8?.* Krs. 

RUDOZR   TRIM  TAB POSITION * A/ffT/7l//W./fS4S 

■ 

30 »O                     10                        O                       /0 
■.■,.;■■ ■■ ■               .                  ,                                     , 

— ■■-■       •           ■      ff^-i ,,                   c  ;    ■        ■   I- /l/ifztjy rye- .^/rurcrJO 

::   , i 
AHSU: OP SIOZSUP 

1-19 



A/öoee AJo. 18 

OI/-/C s/»6/-Z£>99 '■ 
    r—(•-■rrr- 

CoNPJGOßAT/oü: T/iME-orr     /J~ 0&.Afi s     GE.A& DöHSA/ ,, 

O 
□ 

74.5 
9s: s- 

-9ÖZO 
3&O0 

I 
^5 

ZOO 

/oo 

o 

/oo 

ZOO 

./* 

./o 

3 .0^ 

o 
^^N 

1       ^ .OS 

b 
■to 

5 
Nl ./& 

I 

/oo 

so 

o 

so 

/oo 

/3COO 
/zzoa 

1       '   ^„i :-•:.■■ 

/Q/J,ER.ON 

|     [ggglii 

t-PBD/VL - T/iMK EMPTY- 
.. i      .;   ...!... 

; 

NOTE: /. SH/iDEO SVMBOJLS DENOTE 
PEÜ/UL/^OXCES. 

^GRC./6a /A/5TMlEO.JL£rrW/A/G. 
„. i     ■  3.DßOP7jOJVX/MSp?JJj:0JV6HrW/MG. 

D/ZOP TAASK 

PfSIJ Siii 
äM^ 

L../..:. 

r ;-i. 

;i;V     ■;;! 

... -,  ^u   -■&..: ,  
i ,-.T;;: 

:'-;-UTÜ::::t T i-"j-it'      •■■ i   • ■   ■•< 
■■  .ii:::. ■     ..;..;   :,:■.: ;.i:      |.l j  ,..■       , 

|: 
•■ 

" ■ : ■ y ':, 

:;:    ■;•.   .;.: 

D/top r/irtXEMpry  

: 
.   ■■ 

.:     .    ,'.-. •'      [-   ■     H 

X> 2D 
OP 
{2EPT ßlU.) 

/O /O JO 30 
1... i       : 

l£PrA/i££ON DEFLSCr/OM 
:.±..:.:..:£>OIVH\ .■:.-. 

1-20 



■ ■ :■■-      -"  

coo/zo/mrw ML£#OA/ ßous 
OIS-JC % 6/-Z6W 

CbHPf6ueArtOA/:CGUI3S- P0W£& fO/Z LEVEL. FLf&hT 

O 

D 

1  5 

k 
^ 
^ 

zoo 

100 

o 

100 

£00 

.A5 

./O 

.06 

O 

■OS 

■10 

T 

f7&.0 

/77.0     . 
8440 
aesa JEMPTY 

MU-F-&7S£r 

REQ'T 

CLASSm 

i 

A/ore: /. SHADED SVMBOLS osA/ore /=>£D/7/. 
EOflC£S. 

J. DK.OJP T/?AfM fA/ST/fjUSD ^?/A '7" WW6 

\    /0Q 

^     JO 

I 
00 

/oo 
JO 

UP 
(LEFT eou,) 

o^ 
^^ 

OJZOP TANK EMPry 

ao JO /o HO *30 

(er SOLL.) 

1-21 



lEKiaeMwaWK-.rt,^.^ _ 

fiGoee No. 20 

OI/-/C %6/-Z€£9 
CbH&GOeAT/OU: PoW£& /?PPKO/QCH   ^S' '/^APS    G/Zfiß DOW// 

o ar.o 
era 

/iLT/rü£>£^-PT 

87/4 
9/SO 

/3Bao FOJLl. 
/2oao EM pry 

^ 

%% v^ 

^^ 

zoo 

0 

/oo 

./6 

s "^ ■/o 

\t 
.OS 

o 

1 as 

./o 

I 

/oo 

£0 

o 

GO 

-u,- 

Mgrg''/. SM^SMO SYMeOLS 0£A/aT& 

P£0/9JL Pa#C£S. 

s.. Q/zc /6a wsr#/ujz/> JLEJCT UU/A/Q 

3. DROP T/tNK /A/ST/U/jm XJGA/T IA//A/G 
4. paivEM ra*. JLEV&L m/avr 

■ i 

p/i6P T/fA/M EMPTY 

\                                   \ 
:         .      ■                :                '■ 

X~-OR<l>P T/fAfK&i/A* Ä^Sf 

1   : ■ ■;    ■ 

^-DAOPTMA/A: EMpry 

30 
OP 
(LEPT eou.) 

i 

fO /o x> 

lEPT AfLESON CtePLECTiOH 

so 

{/zr eouj 

1-22 



P£OAL m£0 A/UHONAOUS 
OW'JC V*6I-Z6Q9 

..... 

Co/vF/svn/itnoN:inttK£-OFr   /S'SKAPS    GSAR DOWA/ 

öYMBOi. 

O 

El 

I 

I 

ICO 

o 

so 

/oo 

^s- |:< 

...... 

. 
■ 

CAa ~/CKS.       Al.rtTUOE,~i*T ► fvr~-i.o. DtiOPTAA/M U 

■ 

EMPTY 

........ 
n~ i 

S 

\ 

Mors: f. QRc /<&<? ivsrAJjLEO JLEPT W/A/<S 

Z. DROP TPA^Ai WST/fZjLED pfGUT WW<3. 

\ 

\ 

30 

20 

/O 

O 

fO 

ZO 

30 

.; 

vHÄÖ/» 7^/He PPM 

MIJ.-F-87SS 

yjh/ 

•i 

■ 

-DROP T/9A/M. JZMPrV 

K 
^ 

I ■^ 

^ 
w 

/oo 

so 

so 

I0O 
30 

UP 
(tx POLL) 

ZO 

-DROP T/JA/R FVJU. 

DROP TPA/M. EMPTY 

iO ±o 

L£FT AlLtROA/ DfPieCTlOHf 
~ 0£<S ~ 

30 

DOWN 
fflT. POLL) 

1-23 



F/GUREA/O. 22 
P£DAL m£D AUSRONROLLS 

OV-SC V* 61-2699 
■ 

CONFIGURAriOHiC/ZU/SE ■■ POH/EX FOK l£l/£:j. F/JGUT 

SYMBOL CA&~KT3.      ALTtTUOe~.FT:        6A05S  iVT. *-L3.       DROP r/}A/M 
«■■■—i-i.i.    i.—i,_.J.. ■! I   I   ■   ■■ Ml !■ I ——I    111 

O 177. Z 84X0 

'■ •*. 

1 

fe 
m 

/77Z 

I, 

I 

S 

50 

0 

JFO 

100 

r...    . 

30 

20 

to 

d 

to 

20 

.DO 

aeef© 

m 

.      - ■     i      ■.■■:•,-; 

■ 
ivte?. 

■ 

■  ■' ' ■■ 

mt" 

■     : 

■ I- 
I ; 

•   . ■   ■ . 
•    | 

A/om: I. QKC /<s>o JMST/)/.lEI> JLEFT' W/rfG 
S. DROP T/}A/X. WSr/lJ.JLEß #.I6HTW/MS 

s:, .,   . ■   .:\.. .... :.::!..,;..•-.■     , 

' 
) . 

% W'?A '■     ■ ;■;   '.      \'\ 

i 
MIL-F-a7aS 
MflxtMt/m 

■ 

WOP T/VA/AC BWPTy 
ADve/zse YöW 

■ 

: ■; r 

13 
I too 

so 

o 

ao 

too 
30 

:;!■;!■   f 

zo 
C/P> 
(IT KOLL) 

DJZOP T/tAfKZMPry 

JlO JO 

LEFT AtLEmN DEFiEcrtcw 
~ DES~ 

&o 

t,   ■::. 

30 
OOWfif 

(kr. FtOlM ) 

1-24 



■ 

V »-vivM-lB* ^h I ■ 

CoWi6VftATI0NrPOH/£&/?/!>PKÖ/>Ct/      4SC Fl/lPS   &&}ß DoWN 
■ 

I 

■ -   - 

100 

SO 
. ■. ■ 

0 

so 

/GO 

smaoi. 
o 

CAS-ATS,      ALT/TVOe'-FT.        6/iOSS  Wr. ~»£B.    DROP TPA/M 

Q7.3 9/*0 /Z3S-a 
, ■    '       ■ ;  ■ 

'< 

* 

t 

EMPry 
■ 

■   ■ 

■ 

■ ■ 

i 

I 

SO 

20 

to 

0 

IQ 

7..C 

i\0 

j 

MOTE': / QR.C-/66 JAlSTPlAED\L££T W/A/G 
Z. DROP T/fA/A£ /AfSTPJJ.JS'JO R/eiMrW/Mi 
3. P0H/S/2 A2?/e ZÄ^SÜ PZJG/JT 

.1 

; 

r 
MU.-F-a78ir 
M/}X/Ml/M 

/JoyERSE YfiW 

:   . 
. ■ ■      i 

!■::.■ 

-!■ 

TPA/A: £Mpry 

■ 

^ 

? 

^ 

mo 

<ro 

o 

50 

^     ifOO 

■DROP TAA/K Ft/A/. 

30 
C/P 
(LT. PQU) 

ZO 

-DROP ryfNM EMPry 

i ; ,    ■      ;    •      : 

SO O SO ZO 30 

'... 0omf 
LEFT AILERON DEEIECT/O*/ (** BOLL) 

~ DEe.~ 

1-25 



C00#O/mT£0 .4/t£R0fl/ &OUS 

01/-/C s/Af6I'Z€99 

Co/vriGURWo//: TAKE:- OFF   /s'FZ/tfis     Ge^/z Dow// 

WsfSHr. /3C00 LB ALTITUDE- 1000 Fr. 
CAS-   f4SkM6TS 

f. QRC 160 
Z. FVi-L FU£L 

/ASsratjLejD. J.£-F\ 
OMOP TAÜX /*'■ 

 y  
■ASßXMf-1  ACCELERA\ rJOA/ 

^-#.011  ROTE 

/lUDjOfE/Z pasrr/OM 
\ 

V, 

7M1£~S£C. 
2. 3 

R.ULOEß FOACE 

/QUEftob pas/r-jOM 

/HIER. S/V FQjeCES 

1-26 



/7(SORe /Vo. ZS 

OI/-JC s/*6J-2699 
CoAsr/euwr/av. T/jXEr-a/r/r ^js^j./fR    Oe/fA Do WAS 

mwr:izyoo La AirtTUoe.aooo rr 
CAS:  W.SKvors 

If: 

T/MS — Arc. 



. - .: 

COOXD/AMTfO AfLEPOM fiOUS 
OV-IC M€J£699 

Ccwr/st/HAT/m- CLEAN 

CAS- J7& K-HOT* 

AiT/rooe- SSöO fr. 

^ 

b ! lo\ 

q ,0\ 

1 

( 
10 \ 

JO- 

/a 

I 



^ii^ia UAt^aun F^  -v ü 

f/GC/Ht /Vis. *.S 

/JEßAL r/^D A//.£rfiOA/ tfOl/LS 
Co/vr/sumnewCtzAA/ OI/-JC s/v61-2699 
Mfasw/SSM AB Aar/TUD£ ewoFT. 
CA5-  17> M'A/OTS 

1-29 

lis^-^iaies 



.-U^^^-JL-:.-,:;.;..::...— 



F/GUßL A/0.29 

UA/ACCE^£ßAT£ö 
STALL   77M£ ///STO/tK 

OI/-/C ^^1-2699 

Ws/SXT: 13 9aOLB. AcT/TUO*: 8000 AT. 
C/fS <S> ST/ILL ■ 77M:A/ors 

*„. UJ 

1- 
1: Is 

40- 1 PtTCM A /)r£- 

HOTZ : / <?, zc /6a WSTAI .C£0 LEFTW/. VG 

z.ri'ij. res/, oxa/' T/wkr//vsrf 

-R.VOJ3£A FOMCe 

<U.EO fZIGHT iÄ//A/a. 



■1__...-   ■ -^ ir-- -   -  

FIGUB.£. A/ö.30 
UM/tCCEL EßjQT£0 

STAU T/MS MSTOPX 
Cewsi/wtr/a*' CJLZ/QA/      OIS-JC VA/61-2699 
/Vs/srtT; H000 JL3 Air/mos: Booösnr. 
CAS & ör/iLL 69 XA/ars 

I-;J2 TSMS—  S£-C. 

.   -   ■■ 



//A/rfCCELERRTEO 
STALL   T/M£ H/JTO/ry 

Ol/SC V* 61-2C99 
Cow/eo/t/DT/ofif: POWER &ppRo/icu     *?'FLAPS    QEAAOOMN 

Ws/s//r i39aoJ.B dcr/rc/os-:ao 10rr. 

^ so 
46- I. I 

ß o- ^ o 

40- 

m- 

I 

ro* ^z*»- 

so 

/s 

S"*H   ice 

SO- 

i: 
ac- 

ts- 

^ 

1 

its- 

I- 
/oo- 

•f v> 

auDDEH Fajzcc 

AllEAOM P.9&CE 

£iEi//7raz Fames'* > __ 

A/OrE: I. ,?ÄC /<Sö /A/'STtfi.LED JJFFT \A//MG 

z. FMCZ. risej. DP\>P rxvvAf wsTyßtjLSß 

ZLEWTii/t PaS/TfOiS 

T//ui£~- SEC. 1-33 



F/GUJZC A/0.3JL 

#CC£L£/ZAT£D 
STAU  T/M£ M/5TO/?y 

OI/-/C $& 6J-2699 
Ccw/<s<MMT/tw: POWER/tpp/zoACti    ^J-TXAPS    Ge/ifii. Down 

CAS   9 ör/U.t: 94.S-ACA/aTS /?7- /. <ä a s 

$*>■ 

Is,*. 

si 

to 

I so 

10- 

I 
" /o 

L 
\ 

6- 

r 

/o- 

\ 

Z5 

\'3o\ *<IOO- 

to- 

I L ^ 

A: 

fs/o- 

T3- 

N 

/iJo- 

/s- 

\ /o- 

\ 

I. 

/o 

20- 

/S- 

/o- 

5- 

x 

-d. 

i 

P/TCrt RATS 

RO/U-U/tTE 

v/fh/jefire 

r £r/i£-Mqross / -c;>ecr 

-/zi/oorx yo/ics 

— /}/£ E/ZOA/ ro&cE 

3. EUJU. WZL OR 

3. Pi7Ul/£-/e ra/s jLefS/. 

ElEls/irOR POS 

TAJLLEO ET (A/'A/G 

jPTJJA/M. VA/srPjULEO RJÜA} 

E'A/GA"' 

A. 

--An. 
'SX^y- 

-STAJ./. 

IT/OA/ 

-t 

ROOD^/S. POSIT/aw 

: : , ■■•>     os)Tto*A 

T/ME ~ SB ? 

„ s 
.'\*. 

1-34 



(*1 

0 
s! 

Q 
^ 

S O <1 □ 

5^ 

Q 
s? 

o 

Q 
^0 

§ 

§ 

§ s 
§ 

I 

.....-. , i 

I 

W3J.S.-AS   WOOff 

V) «5» «i ? 

S-MO/VTV ~   -ZfOV&J   A/O/J^/SOc/ 

1-35 



APPENDIX   I I 
GENERAL AIRCRAFT   INFORMATION 

Flight   Limitations.   Weight  and  Balance  and   Instrumentation 

1.0     FLIGHT  LIMITATIONS 

The  flight  and operating   limits  enumerated   in  the   Operators'   and 
Crew Members'   Manual    (Reference   l.l.f) were observed  during  this 
evaluation of  the QRC-16C-1   installed on  the   OV-IC. 

The following   limits observed during  the program are of particular 
interest: 

a. Gear  and   Flap   Limits 

(1 )    Maximum airspeed with  gear  and   flaps  extended   is   150  KIAS. 
(2)     Maximum normal   acceleration with  gear  and  flaps extended 

is  2.0  g 's. 

b. Prohibited  Maneuvers 

(1 )  Intent ional sp i ns . 
(2) Rolling pull-outs in turbulent air. 
(3) Abrupt control reversals. 

c. Airspeed Limitations 

Maximum permissible  airspeed with external   stores   is 300 knots 
calibrated  airspeed   (KCAS). 

d. Normal Acceleration Limits 

(1) The maximum positive normal acceleration at 14,000 
pounds gross weight is k,}  g's. 

(2) The maximum negative normal acceleration at 14,000 
pounds gross is -].k  g's. 

(3) Maximum permissible negative load factor varies linearly 
from -1.1 g's at 280 KIAS to 0 g's at maximum airspeed. 

2.0 WEIGHT AND BALANCE 

The test airplane was weighed and balanced in a closed hangar with 
empty fuel, full oil and test instrumentation installed.  The results 
of this weight and balance were: 
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Basic Weight   + Oil 
Centei   of   Gravity   (C.G.) 

10,450   lb 
30,25  % MAC 

The following gear-down, engine-start loading conditions were used 
during this evaluation. All data flights (less ballast) wet loaded as 
f o 1 1 Otis : 

Item Weight  -   lb Arm -   in. 

Basic  Weight   + 01 1 10,450 164.43 

2   Crew 350 61.00 

Full   Main  Tank   Fuel    (297  Gal)* 1,930 161.00 

QRC-160  Left  Wing 196 170.00 

Right   Wing   Drop  Tank 137 162.50 

Full   Fuel   Drop  Tank   (150  gal)* 975 162.50 

*Fuel   weight   computed  6.5   lb/gal 

This   loading   resulted   in  a mid   C.G,  loading of 

Gross  Weight 
Center  of   Gravity 

14,038 lb 
27.3 % MAC 

The aft C.G, was obtained by using the above loadings and adding 
250 pounds of ballast in the aft cargo compartment (Station 318).   This 
resulted in a takeoff loading condition as follows: 

Gross Weight 
Center )f Gravity 

14,288 lb 
29.4 % MAC 

The forward C,G, was obtained by using the basic loading and adding 
34l pounds of ballast in the nose at Station 11.5. This resulted in the 
following takeoff loading condition: 

ütüaS wetgnt 

Center of Gravity 
14,379 lb 
23.3 % MAC 
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The asymmetric lateral moment obtained by loading the (iRC-160-1 on 
the left wing fuel tank rack and a full load of luel in the right wing 
drop tank was 169,^60 in. - lb of right rolling moment.  The 
asymmetric lateral moment obtained by loading the Q.RC-160-1 on the 
left wing fuel tank rack with no external stores on the right wing was 
36,260 in. - lb of left rolling moment. 

3.0 INSTRUMENTATION 

3.1 The following flight test instrumentation was installed and 
maintained in CV-IC, S/N 61-2699, by personnel of the Logistic« 
Division of the USAATA, Edwards AFB, California. 

Recorded on a 50-channel oscillograph were: 

i,  Angle of Attack 
2. Angle of Si des 1 ip 
3. Roil Rdte 
k.     Yaw Rate 
5. Pitch Rate 
6. Longitudinal Stick Force 

Lateral Stick Force 
8. Pedal Force 
9. Elevator   Position 
10. Rudder   Position 
11. Left-Hand   Aileron   Position 
12. Flap   Position 
13. Center-of-Gravity   Normal   Accelerometer 
\k.   Speed   Brake   Position 
15. Pilot's   and   Observers'   Event 
16. Left   and  Right   Power   Lever   Position 
17-   Gear   Extension   Signal 
18. Lef     Wing  Tip   Leading   Edge  Accelerometer 
19. Lef     Wing  Tip   Elastic Axis  Accelerometer 
20. Right   Wing   Tip   Elastic  Axis   Accelerometer 

3.2     The following  sensitive,   -alibrated   instruments were   installed 
in  the cockpit  and  hand-recorded by  an engineering observer: 

a. Boom Ai rspeed 
b. Boom Alt imeter 
c. Standard System Airspeed 
d. Standard System Altimeter 
e. Free Air Temperature 
f. Engine Torque Pressure (Both Engines) 
g. Exhaust Gas Temperature (Both Engines) 
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Engine Nj Speed (Both Eng Ines) 
Engine Inlet Temperatures (Both Engines) 
Vertical Accelerometers 
Oscillograph Counter 
Angle of Sides]ip 
Rudder Pedal Force 

Weight control was maintained by calibrating the standard ship 
fuel quantity indicator. 

Photographs No. k,  5 and 6, Appendix IV, show details of the 
instrumentation installation. 
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Symbol 

KIAS 
KTAS 
KCAS or 
CG. 
MAC 

\ 

//. 

Fe 
Fa 
Fr 

£ 
PA 
TO 
CR 
NRP 

CAS 

APPENDIX I II 
SYMBOLS AND ABBREVIATIONS 

Def ini t ion 

Knots Indicated Airspeed 
Knots True Airspeed 
Knots Calibrated Airspeed 
Center of Gravi ty 
Mean Aerodynamic Chord 
Stick Fixed Neutral Point 
Stick Free Neutral Point 
Lift Coefficient 
Elevator Deflection 
Ai leron Deflect ion 
Rudder Deflection 
Elevator Force 
Ai leron Force 
Rudder Force 
Dynamic Pressure 
Si desli p Angle 
Power  Approach 
Takeoff 
Cruise 
Normal   Rated   Power 

Units 

Kts 
Kts 
Kts 
% MAC 
Jn 
% MAC 
%  HAG 

Ib/sq   ft, 
deg 

MM 



APPENDIX   IV 
PHOTOGRAPHS 
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Photo k -   Instrumentation - Engineer's and Pilot's Panel 
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Photo 5 - Instrumentation Package 

Photo 6 - Instrumentation - Recording Oscillograph 
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AD   Accession  No.  
Final   Report of  USATECOM  Project  No,  6-3-6711-03,   Airworthiness 
Certification  Test of  the  QRC-16Ü-1    Installed on  the   OV-1C 
Airplane,   January   I965,   DA  Project  No.   l-G-6-'+1212-05^+0 
(70  pp,   6  tables,   6  photographs,   33  figures) 
US  Army Aviation Test Autivity  (USAATA)        Unclassified  Report 

The   ORC-160-1   is  an  ECM  External   Store weighing   195  pounds  used 
for   the  protection of  aircraft.     For  this  test,   the   inata1lation 
was  mounted  at   the  drop   tank   station on  the   left  wing  of   tha 
0V-1C.     The  nRC-i60-l   can   be  employed with  safety when mounted 
on   the   left wing of   the   OV-IC with either  a   full   or   an  empty 
150-gallon  drop  tank mounted  on   the  right wing  provided   that  a 
restricted  flight  envelope   is   observed.     The   results  of   this 
evaluation  concurred with   the   recommendation  by   the   Naval   Air 
Test   Center  of  an airplane   centcr-of-gravity   (C.G.)   limit of 
30  percent mean aerodynamic  chord   (MAC)  rather   than   the 
Operators'   Manual    limit  of   33   percent  MAC.     Additional    testing 
should   be  conducted   to  determine whether   the   lateral- 
directional   problems  uncovered  during  this  program  are 
inherent  characteristics  of   OV-1C aircraft.     The   Operators' 
Manuel   for   the   OV-1C should   be  updated   to   include   single-engine 
performance and minimum  control   speeds   at  altitudes   above  sea 
1 eve 1. 

AD Accession  (._.  
Final   Report  of   ÜSÄTEC0M   Project   No.   6-3-6711-03,   Airworthiness 
Certification  Test  of   the  Q.RC-160-1    Installed on  the   OV-1C 
Airplane,   January   1965.   DA   Project   No.    I-G-6-41212-D540 
(70   pp,   6  tables,   6  photographs,   33   figures) 
'JS  Army Aviation Test Activity (USAATA)       Unclassified  Report 

The   O.RC-I6O-I   is  an  ECM  External   Store weighimj   195  pounds  used 
for   the  protection of  aircraft.     For   this   test,   the   installation 
was  mounted at  the drop  tank  station on  the   left wing  of  the 
0V-1C.     The  QRC-I60-I   can  be  employed with  safety when mounted 
on   the   left wing of  the   OV-1C with either  a  full   or   an  empty 
150-gallon drop  tank mounted  on  the  right wing  provided   that  a 
restricted   flight  envelope   is   observed.     The  results  of   this 
evaluation concurred with   the  recommendation by   the   Naval   Air 
Test   Center of  an  airplane  center-of-gravity   (C.G,)   limit of 
30   percent  mean  aerodynamic  chord   (MAC)   rather   than   the 
Operators'   Manual   limit  of  33  percent  MAC.     Additional   testing 
should  be  conducted  to determine whether  the   lateral- 
directional   problems  uncovered  during  this  program are 
inherent  characteristics  of   OV-1C aircraft.     The   Operators' 
Manual   for   the  OV-1C should  be  updated  to   include  single-engine 
performance and minimum  control   speeds  at   altitudes   obuve  sea 
level . 


