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ABSTRACT 

This report presents the results of a stability and control 
evaluation of the 0H-13H helicopter with gross weight increases up 
to 27S0 pounds and XM-1 anaaent kit installation. The prograa was 
conducted by the U. S. Arey Aviation Test Activity, Edwards Air 
Force Base, California. Authorization for the prograa was contained 
in DF TCMAC-BH-13 from Transportatidh Materiel Coeaand, St. Louis, 
Missouri, dated 11 May 1962. The priaary purpose of this evaluation 
was the flight certification of the OH-1311 equipped with the XM-1 
araaaent kit. 

In general over the flight envelope tested, the installation of 
the XM-1 araaaent kit and the corresponding increase in gross weight 
does not adversely affect the handling qualities of the OH-13 heli- 
copter. Control response and control sensitivity are slightly 
increased with an increase in gross weight. 

At higher gross weights, the range of C.G. travel should be 
reduced froa the present liaits of 82.0 inches forward and 89.0 
inches aft to 83.0 inches forward and 85.75 inches aft. Nith a for- 
ward C.G. location of 83.0 inches and a gross weight of 2750 pounds, 
rearward flight is liaited to 10 knots and the sideward flight to 
20 knots. 

A nose-up pitching aoaent is experienced during takeoff, when 
power available, weight and altitude coabinations are such that 
hovering skid height is liaited to one foot or less. This pitch-up 
occurs at the point of transition and requires full forward cyclic 
control to prevent the aircraft froa settling and striking the 
ground. 

A divergent longitudinal oscillation exists during cliab at the 
gross weights and configurations tested. The period of this oscil- 
lation is approxiaately 14 - 16 seconds and is not objectionable to 
the pilot. It is relatively easy to aaintain best cliab speed and 
no unusual control position or aoveaent is required to daap this 
oscillation. 
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The overall results of level flight gun firing show *hat there 
is very little tendency for the helicopter to deviate fr « stabil- 
ized flight. 

Relocating the ground handling wheels to the front of the land- 
ing gear skid tubes proved to be a valuable safety feature. Taxi- 
ing, takeoffs and especially autorotational landings were perforaed 
with a greater degree of safety. 

Design of the araaaent control box, located on the collective 
pitch control head, is unsatisfactory. It should be redesigned, so 
that in left sideward flight, lateral control is not restricted by 
"pinching" the pilot's left leg between the control box and the 
cyclic stick. 

■ 
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FINAL REPORT OF 
ENGINEERING TEST OF THE 

STABILITY AND CONTROL CHARACTERISTICS 
OF THE 

OH-13H EQUIPPED WITH THE XM-1 ARMAMENT KIT 

PART I - GENERAL 

A. REFERENCES 

A list of references «ill be found in Annex A, Part III. 

B. AUTHORITY 

1. Authorization for this progran was contained in DF TCMAC- 
EH-13 fro» the U. S. Amy Transportation Materiel Coaaand, St. Louis, 

Missouri, dated 11 May 1962. 

2. The primary purpose of this evaluation was the flight cert- 
ification of the OH-13 series helicopters equipped with the XM-1 

anaaent kit, 

C. DESCRIPTION OF TEST MATERIEL 

1. The XM-1 anaaent kit is designed for use on the 0H-13F, 
0H-13G and 0H-13H helicopters. It consists of the following coa- 

ponents: 

a. TWo 30 caliber aachine guns 

b. Machine gun aounts 

FOR OFFICIAL USE ONLY 
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c. Pneumatic gun charging asseablies 

d. Sight assembly 

e. Anaaent Controls 

The interchangeable aachine guns are installed on the heli- 
copter landing gear cross tubes and can be quickly reaoved fro« the 
■cunts. The pneuaatic charger asseablies control the charging and 
safetying operation of the guns. Solenoids are utilized to actuate 
the triggers. Each aount asseably contains a buffer asseably to 
reduce recoil and counter-recoi1. Gun elevation is controlled by 
an electrically operated elevating a^chanisa that contains liait 
switches that permit gun elevation froa zero degrees to a positive 
9 degrees. Aaaunition is carried in a box attached to the forward 
end of each gun aount. 

2. The 0H-13H is a three-place, single-rotor helicopter with a 
conventional tail rotor and is aanufactured by Bell Helicopter Corp- 
oration. It is powered by a Lycoaing 0-435-23 reciprocating engine 
derated to 240 brake horsepower at 3200 engine rpa (takeoff power 
limited to five ainutes) and 220 brake horsepower at 3100 engine rpa 
for aaxiaua continuous power. 

D.  BACKGROUND 

1. The XM-1 araaaent kit was developed by the Department of the 
Aray to provide observation-type helicopters with fire suppression 
capability against eneay ground fire. Installation of the XM-1 ara- 
aaent kit on the 0H-13H helicopter results in a aaxiaua gross weight 
requireaent of 2750 pounds, which is an increase of 200 pounds above 
the previous aaxiaua gross weight of 2550 pounds. 

2. The flight certification of the 0H-13H/XH-1 combination was 
performed in two phases. The first phase was a performance evalu- 
ation conducted at the higher gross weight with and without the XM-1 
araaaent kit installed. The results of the performance evaluation 
are presented in Reference 10, Annex A, Part III. The second phase 
was the stability and control evaluation presented in this report. 
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3. A structural investigation «as conducted at the increased 

gross weight by Bell Helicopter Coepany, under Contract AF 33(600) 
36104. The results of this investigation are presented in Refer- 
ence 9, Annex A, Part III. 

E. TEST OBJECTIVES 

The test objectives were as outlined in Section B.2, Part I. 

F. FINDINGS 

1. General 

Because of a lack of data for the stability and control 
characteristics of the 0H-13H, it «as necessary to first evaluate 
the basic QH-13 helicopter in a clean configuration at a gross 
weight of 2SS0 pounds to obtain base line data. Then the XM-1 a 
aaent kit was installed and the helicopter was re-evaluated at a 
gross weight of 27S0 pounds. 

2. Hovering, Sideward and Rearward Flight 

Control positions were recorded in hover, sideward, rearward 
and forward flight in ground effect. These tests were conducted 
with the XM-1 kit installed and also in a clean configuration. All 
in-ground-effect flights were at 355 rotor rpa and at a forward C.G. 
(Station 81.45 and 83.32) location. A truck, with a calibrated 
speedoaeter, was used as a pace vehicle. These results are presented 
as a function of true airspeed in Figures 1 through 4, Part II. 

During lift-off to a hover, the directional control change 
requires the noraal left pedal input. Lateral and longitudinal 
cyclic control position aoveaent and forces are satisfactory. The 
collective pitch control is not boosted and rigging balance causes 
an undesirable down-force during the initial portion of the lift-off. 
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Engine rp« control is very difficult when full throttle is 
required for lift-off and during hover. The twist grip will turn 
epproxiMtely 10 degrees after the carburetor butterfly valve is 
fully open. This condition gives the pilot a false iapression that 
there is aore power available when actually full power has already 
been obtained. 

In sideward flight, lateral control displaceaent is non- 
linear with change in airspeed. The position gradient shows a 
tendency to flatten and this is aost pronounced above 20 knots. 

The aircraft has sufficient lateral control to achieve 30 
knots sideward flight. However, with a forward C.G. of 83.0 inches 
and within the speed range of 20 - 30 knots sideward flight, only 
marginal aft longitudinal control remains. A 10 percent margin of 
control effectiveness is required for maneuvering and control of the 
aircraft in gusty conditions (Reference MIL-H-8501, paragraph 3.3.4), 
This requirement limits sideward flight to 20 knots. 

During left sideward flight in the 10 - 15 knot range, a 
rapid right pedal displacement is required to maintain stabilized 
left sideward flight. No unusual pedal displacement is required in 
right sideward flight. For this reason, the aircraft is easier to 
fly to the right than to the left. 

As shown in Figure E, Annex E, the areament control box is 
mounted on the collective pitch stick. In left sideward flight it 
is possible to "pinch" the pilot's left leg between the control box 
and the lateral cyclic control, and thereby limit available left 
lateral control. This is especially true when the pilot is wearing 
a parachute and must sit forward in the seat. 

Longitudinal control displacement within the speed range of 
20 knots true airspeed forward to 20 knots TAS rearward is non- 
linear. With a forward C.G. of 83.0 inches, rearward flight is lim- 
ited to 20 knots TAS by full aft longitudinal control displacement. 
Airspeed in rearward flight is reduced to 10 knots TAS when maintain- 
ing the required 10 percent margin (reference MIL-H-8501A, paragraph 
3.2.1) of aft longitudinal control effectiveness. 

• FOR OFFICIAL USE ONLY 
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L 
Control positions fro« hover to transition are satisfactory 

except at gross weight-altitude coabinations where the hovering skid 
height is limited by power available to one foot or less. Under 
these conditions at a aid CG, location, full forward cyclic is 
required to coapensate for the pitch-up encountered on passing 
through translational lift. Occasionally, full forward cyclic was 
insufficient to prevent the helicopter fro« slowing, settling and 
contacting the ground. This condition does not necessarily represent 
an adverse handling quality, but increases the difficulty of achiev- 
ing Mxiaua takeoff perforaance. 

3, Cliab, Level Flight and Autorotation 

Control positions were recorded during cliab, level flight 
and autorotation. These tests were conducted with a forward and a 
aid C.G. location both with the XM-1 kit installed and in a clean 
configuration. All tests were conducted at 344 rotor rpa. The 
results are presented as a function of calibrated airspeed in Fig- 
ures No. 5 through 10, Part II. 

Longitudinal control displaceaent with change in airspeed is 
non-linear. This is aost pronounced near the extreaes of the level 
flight envelope. This condition exists at heavy gross weight with 
the XM-1 kit installed and also at a light gross weight in a clean 
configuration. The longitudinal control gradients, however, gener- 
ally coaply with the requireaents of MIL-H-8501A, paragraph 3.2.10. 

Hiniaua safe airspeed in autorotation with a forward C.G. 
of 83.0 inches is 22 knots calibrated airspeed. At this airspeed, 
only 10 percent of aft longitudinal control displaceaent reaains to 
aaneuver or control the aircraft. 

Directional control effectiveness is adequate in low speed 
autorotation. 

4. Control Positions During Gun Firing 

Control positions were recorded during gun firing at the 
following test conditions: 

( FOR OFFICIAL USE ONLY 
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a. Hover 

b. Left and right sideward flight 

c. Takeoff at point of translational  lift 

d. Level flight at various arispeeds 

•• Landing approach 

Hovering gun firing tests were flown at an average density 
altitude of 3050 feet, average gross weight of 2620 pounds, aid C.G, 
location and 355 rotor rpa.    All other gun firing tests were flown 
at an average gross weight of 2660 pounds and 344 rotor rpa. 

In the search for the aost critical gun firing condition, 
the left and right gun were fired separately at zero and 9 degrees 
elevation.    This was done at all conditions listed abovf, except 
during takeoff and landing.    Qualitative gun firing flights were 
conducted that included firing the left or right gun in left and 
right sideslip  flight at various airspeeds.    Quantitative results 
are presented as control position tiae histories in Figures No.  13 
through 27, Part II. 

The aost critical firing condition experienced occurred 
while firing the right gun at zero degrees elevation in hovering 
flight.    This is not a notaal condition and would be experienced 
only when the left gun jaaaed.    In this condition, the helicopter 
yawed right, developing into a yawing right turn with a tendency 
for the nose to pitch down.    In all hovering conditions, firing the 
guns at 9 degrees elevrlion produced less nose-down pitching than 
firing at zero degree., «levation. 

The results of firing single guns at various speeds in 
level and sideslip flight did not produce any unusual results. 
There was a slight tendency fcr the helicopter to yaw in the direc- 
tion of the gun that was firing. 

Nith both guns firing, there was only a slight and easily 
controllable tendency for the helicopter to pitch nose oown.    The 
overall results of level flight gun firing show that there is very 
little tendency for the helicopter to deviate froa stabilized flight. 
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An increased vibration was noted at all gun firing data 
points. This vibration was felt throughout the airfraae, but it 
was not objectionable. 

5. Static Longitudinal Stability 

a. Clitb 

Static longitudinal stability in a cliab was detemined 
by recording control position with a change in airspeed fro« a tri» 
cliab speed of 45 knots.    After stabilizing in a 4S-knot cliab, 
airspeed was increased and decreased froa trie by forward and aft 
displaceaent of the longitudinal cyclic control.    It was the intent 
to vary airspeed with collective pitch fixed; however,  in the light 
weight cliab, collective pitch was increased slightly in order to 
maintain 344 rotor rpa at the higher speeds.   These tests were con» 
ducted both with the XM-1 anaaent kit installed and in a clean 
configuration at a aid CG. location and 344 rotor rpa. 

The results of these tests are presented in Figures No. 
28 and 29, Part II.    The static longitudinal stability in a cliab 
is positive with the position gradients becoaing neutral at approx- 
iaately 20 knots IAS above and below the trie airspeed. 

b. Level Flight 

Static longitudinal stability in level flight was eval- 
uated at two tria speeds, 3S and 65 knots calibrated airspeed. 
These tests were conducted at the saae conditions as listed above. 
The results, presented in Figures No. 30 through 33, Part II, show 
that level flight static longitudinal stability is positive within 
the speed range tested, except for normal reversal during translation. 

The static longitudinal speed stability control position 
gradients generally coaply with the requirements of M1L-H-8501A, 
paragraph 3.1.10. 

c. Autorotation 

Static longitudinal stability was evaluated in autoro- 
tation at a tria calibrated airspeed of 55 knots. These tests were 
conducted at the saae conditions as listed in the climb section. 
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The results, presented in Figures No. 34 and 35, Part II, show that 
autorotational static longitudinal stability is positive and gener- 
ally in coarpllance with the requirements of MIL-H-8501A. 

6.    Longitudinal Stability and Controllability 

a.    Longitudinal Dynamic Stability 

Dynaaic stability parameters, as indicated by the res- 
ponse to a longitudinal pulse-type control displacement, were deter- 
mined at zero, 35, 45 and 65 knots calibrated airspeed.    These tests 
were conducted in hover, climb, level and autorotational flight con- 
ditions with the XM-1 kit installed and in a clean configuration. 
Hovering flight tests were conducted in ground effect at 355 rotor 
rpm and a mid C.G.  location.    All other flight conditions were at 
an average density altitude of 5000 feet, 344 rotor rpa and a aid 
C.G.  location.    Pulse inputs were made using a removable control 
stop and were approximately 2 inches in magnitude and held approxi- 
mately one-half second.    Typical time histories of these tests are 
presented in Figures No. 36 through 45, Part II. 

In climbing flight, the oscillations that follow a dis- 
turbance are divergent.    This disturbance can be an external source 
(gust)  or an intentional control deflection as described above. 

As shown in Figures No. 11,   12 and 36 through 39,  Part II, 
the period is approximately 14 seconds and the amplitude is aore 
than doubled in this time.    This characteristic does not coaply with 
the requirements of MIL-H-8501A, paragraph 3.2.1(c).    It is, however, 
relatively easy to maintain best climb speed, and no unusual control 
position or movement is required to control this oscillation. 

This divergent oscillation was first discovered while 
recording fixed control positions in a climb.    Nith controls fixed, 
the first indication of the start of this oscillation is a plus or 
minus one knot variation in airspeed.    This variation in airspeed 
becomes progressively greater with time as the oscillation becomes 
divergent. 

FOR OFFICIAL USE ONLY 
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Figures No.   11 and 12, Part II, are time histories of 
longitudinal oscillations in a cliab that were excited by an exter- 
nal source (gust) with controls fixed.    The period «as not greatly 
affected by changes in airspeed, gross weight or C.C.  location. 
The period is sufficiently long so as not to be objectionable to 
the pilot during norul flight conditions. 

During level flight, an aft longitudinal pulse produces 
an oscillation that is neutral or lightly daaped.    A forward long» 
itudinal pulse produces a divergent oscillation.    In both cases, 
the oscillation has a period of approxiaately 14 - 16 seconds and 
is easy to daap out with noraal control aoveaents and the require- 
■ents of MIL-H-8501A are generally »et. 

During autorotation, a forward longitudinal pulse pro- 
duces an oscillation that is neutral to slightly daaped with a per- 
iod of approximately 14 - 16 seconds.    An aft longitudinal pulse 
produces a divergent oscillation with a period of approxiaately 10 
- 12 seconds and the requirements of MIL-H-850IA are generally met» 

During hovering flight, in ground effect, forward and 
aft pulses produce divergent oscillations with a period of approx- 
iaately 10 seconds. 

b.    Longitudinal Control Sensitivity 

Control sensitivity as used in the report is defined as 
the aaxiauB angular acceleration obtained per inch of control dis- 
placement.    Longitudinal sensitivity was obtained by measuring the 
maximum angular acceleration resulting from longitudinal step control 
displacements of various aagnitudes.    These tests were conducted in 
a hover and at various airspeeds while in climb, level and autorota- 
tional flight conditions with the XM-1 kit installed and in a clean 
configuration.    Hovering flight testing was conducted in ground 
effect, with a mid CG.  location at 35S rotor rpm. 

Longitudinal control sensitivity data obtained during 
hovering and level flight is suamarized in Figure No. 47, Part II. 
Climb,   level and autorotational flight test conditions were at aver- 
age density altitudes of 5000 and 9000 feet, forward and aid C.C. 
location, all at 344 rotor rpa. 
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Longitudinal control sensitivity is satisfactory.    As 
shown in th« suaaary plot,  longitudinal control sensitivity is 
affected by power (as a function of blade angle), altitude and 
direction of control displaceaent.   At a given altitude, control 
sensitivity is greater at high power settings, high blade angles, 
and drops to a niniaua at low power settings (approxiaately 35 
knots calibrated airspeed).    Longitudinal control sensitivity is 
also greater at the heavy gross weight, with the XM-1 kit installed, 
than at the light gross weight and clean configuration.    At a light 
gross weight, an increase in altitude increases the control sensi- 
tivity.    The opposite is true at a heavy gross weight where an in» 
crease in altitude decreases the control sensitivity.    At a light 
gross weight, greater longitudinal control sensitivity is obtained 
with an aft control displaceaent than with a forward control dis- 
placeaent.    Tiae required to reach aaxiaua pitching'acceleration, 
a^ter control displaceaent, varied froa 0.37 to 0.48 seconds and 
generally aet the requireaents of MIL-H-8501A. 

c.    Longitudinal Control Response 

The aaxiaua rate response per inch of control displace- 
aent is a aeasure of the aaneuvering characteristics.    The aaxiaua 
pitch rate response to longitudinal control displaceaents of various 
aagnitudes was obtained under the saae conditions as described for 
control sensitivity.    Data obtained in level flight is suaaarized 
in Figure No. 46, Part II. 

The longitudinal control response of the 0H-13H is sat- 
isfactory.    As shown in the suaaary plot, longitudinal control res- 
ponse it affected priaarily by power and altitude.    At 5000 feet, 
the response is greater at high power settings and is a ainiaua at 
approxiaately 35 knots calibrated airspeed.    Also, pitch response 
is greater at heavy gross weights than at light gross weights.    At 
light gross weights, an increase in altitude increases longitudinal 
control response.    The opposite is true at heavy gross weights 
where an increase in altitude decreases longitudinal control res- 
ponse.    The tiae required to reach aaxiaua pitch rates after con- 
trol displaceaent varied froa 1.00 to 1.96 seconds. 
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7.    Lateral Stability and Controllability 

a. Lateral Dynaaic Stability 

Dynamic stability paraaeters, as indicated by the res* 
ponse to a lateral pulse-type control input, were determined at 
zero, 35, 45 and 6 5 knots calibrated airspeed.    These tests «ere 
conducted in hover, cliab,  level and autorotational flight conditions 
with the XM-1 kit installed and also in a clean configuration.   Hov- 
ering flight testing was conducted in ground effect at 355 rotor 
rpa and a aid C.G.  location.    All other flight conditions were at in 
average density altitude of 5000 feet, 344 rotor rpm and a aid C.G. 
location.    Lateral cyclic pulse inputs were aade using a reaovable 
control stop and were approximately 2 inches in magnitude and held 
approximately one-half to three-fourths second.    Typical time his- 
tories of these tests are presented in Figures No. 66 through 69, 
Part II. 

The lateral dynamic stability is satisfactory.    Lateral 
disturbances produce a slow divergent longitudinal oscillation 
coupled with a well damped lateral oscillation.    An increase in alt- 
itude at all gross weights and C.G. loadings tested decreased the 
damping, but the dynamic stability «as satisfactory at all conditions 
tested. 

b. Lateral Control Sensitivity 

The lateral control sensitivity of the 0H-13H was ob-    - — 
tained by measuring the maximum angular acceleration resulting from 
lateral step control displacements of different magnitudes.   These 
tests were conducted at a hover and at various airspeeds while in 
climb, level and autorotational flight with XM-1 kit installed, and 
in a clean configuration.    Hovering flight testing was conducted in 
ground effect with a mid C.G. location and 355 rotor rpm.    Climb, 
level and autorotational test conditions were:    density altitudes 
of 5000 and 9000 feet, forward and mid C.G.  location, and 344 rotor 
rpm.    The level flight lateral control sensitivity data is summer- 
ited in Figure No. 71, Part II. 

Lateral control sensitivity is considered to be satis- 
factory.    As shown in the summary plot,  lateral control sensitivity 
is affected by power, density altitude and direction of control dis- 
placement.    Control sensitivity is greater at high power settings 
and is a minimum at approximately 35 knots calibrated airspeed. 
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Also, Uteral control sensitivity is greater «t the heevy gross 
weights with XM-1 kit installed than at the light gross weight» 
and in the clean configuration. 

At the light gross weights, an increase in altitude 
increases lateral control sensitivity. The opposite is true at 
the heavy gross weights, where an increase in altitude decreases 
lateral control sensitivity. At an altitude of S000 feet, 
greater lateral control sensitivity is obtained with a right 
control displaceaant than with a left control displaceaent. The 
opposite is true, however, at 9000 feet where greater control 
sensitivity is obtained with a left lateral control displaceaent 
than with a right lateral displaceaent.  * 

The tiae required to reach aaxiaua rolling accelera- 
tions varies froa 0.32 to 0.42 seconds. 

c. Lateral Control Response 

( 

The aaxiaua roll rate response to lateral control 
displaceaents of various nagnitudes was obtained under the saae 
conditions as described for lateral control sensitivity.    Data 
obtained in level flight is suaaarixed in Figure No. 70, Part II. 

The lateral control response of the OH-13 is satis- 
factory.    As shown in the suaaary plot, lateral control response 
is affected by power (as a function of blade angle), altitude 
and direction of control displaceaent.    Lateral control response 
is greater at high power settinp and is a ainiaua at approx- 
iaately 35 knots calibrated airspeed.    At the light gross 
weight and clean configuration, an increase in altitude increases 
the lateral control response.   At the heavy gross weight, an 
increase in altitude decreases lateral control response 
slightly.    A right lateral control displaceaent produces a 
slightly greater lateral control response than a left lateral 
control displaceaent.    The tiae to reach aaxiaua roll rate varies 
froa 0.82 to 1.30 seconds. 

8.    Static Lateral-Directional Stability 

a.    Static lateral-directional stability was investigated 
by deteraining the pedal position and lateral stick position 
required to aaintain various sideslip angles.    These tests were con- 
ducted at a heavy gross weight with the XM-1 kit installed and at a 
light gross weight in a clean configuratian.    All cliabs and autoro- 
tations were perforaed at 45 knots calibrated airspeed, 344 rotor rpa and 
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■id C.G.  location.    Level flight tests «ere conducted at 35 and 65 
knots calibrated airspeed, 344 rotor rpa and aid C.G.  location. 
The results are presented in Figures No. 90 through 97, Part II. 

b.    The OH-1JH helicopter possesses positive, control-fixed, 
directional stability and positive effective dihedral in both 
powered and autorotative flight.   The only unusual control position 
occurred in clieb at a heavy gross ««eight where an excessive aaount 
of forward cyclic control was necessary to Maintain a stabilised 45 
knot cliwb,  (reference Figure No. 90, Part II).    This longitudinal 
trie change, plus the normal lateral tria change required, tends to 
give the pilot the false iepression that static lateral stability 
becoaes neutral at large sideslip angles. 

, 

9.    Directional Stability and Controllability 

a. Directional Dynaaic Stability 

Stability paraaeters, as indicated by the response to a 
directional pulse-type control input, were deterained at zero, 35, 
45 and 65 knots calibrated airspeed.    These tests were conducted in 
hovering, diabing, level and autorotational flight conditions with 
the XM-1 kit installed and in a clean configuration.    Hovering flight 
testing was conducted in ground effect at 355 rotor rpa and aid C.G. 
location.    All other flight conditions were at aa average density 
altitude of 5400 feet, 344 rotor rpa and aid C.G.  location.    Direc- 
tional control pulse inputs were aade using a reaovable control stop 
and were approxiaately one inch in aagnitude and held approxiaately 
one-half second.    Typical tiae histories of these tests are pre- 
sented in Figures No. 98 through 101, Part II. 

The directional dynaaic stability of the OH-ISH heli- 
copter is satisfactory.    The oscillations that follow a disturbance 
were daaped in less than, two cycles with only a slight couple in 
pitch and roll. 

b. Direction«! ontrol Sensitivity 

Directional control sensitivity was evaluated by aeasur- 
ing the aaxiaua angular acceleration resulting froa directional con- 
trol displaceaents of various aagnitudes.    These tests were conducted at 
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• hover and at various airspeeds while in cliab, level and autorota- 
tional flight with the XM-l kit installed and in a clean configur- 
ation.    Hovering tests were conducted in ground effect fith a aid 
C.G. location and 3S5 rotor rpa.    Cliab, level and autorotational 
flight conditions were at average density altitudes of 5000 and 
9000 feet, forward and mid C.G. locations, and 344 rotor rpa.    Level 
flight directional control sensitivity data is suaaarized in Figure 
103, Part II. 

The directional control sensitivity of the 0H-13H is 
satisfactory and aeets the requireaents of MIL-H-8501, paragraph 
3.3.S.    As shown in the suaaary plot, control sensitivity to the 
right is nearly constant, whereas the control sensitivity to the 
left varies with airspeed.    In a hover, greater control sensitivity 
is obtained with a left pedal displaceaent than with a right pedal 
displaceaent.    Left directional control sensitivity decreases with 
an increase in forward velocity.    Above 20 knots calibrated air« 
speed directional control sensitivity is greater to the right than 
to the left. 

c.    Directional Control Response 

The aaxiaua yaw rate response to directional control 
displaceaents of different aagnitudes, was obtained under the si 
conditions as described for directional control sensitivity.    Data 
obtained in level flight is suaaarized in Figure No. 102, Part II. 

Directional control response is satisfactory.    As shown 
in the suaaary plot, directional control response varies with air- 
speed.    Naxiaua control response is obtained in a hover and decreases 
with an increase in forward velocity.    Greater control response is 
obtained with a right pedal displaceaent than with a left pedal dis- 
placeaent of the saae aagnitude.   The tiae required to reach aaxii 
yaw rate varies froa approxiaately 1.0 second in forward flight to 
approxiaately 3.0 seconds in hovering flight. 
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G.    CONCLUSIONS 

In general, the installation of the XM-1 araaaent kit, with the 
corresponding increase in gross weight, does not adversely affect 
the handling qualities of the OH-13 series helicopter.    Control 
response and control sensitivity are increased with an increase in 
gross weight. 

At gross weights above 25S0 pounds, the range of C.G. travel 
should be reduced fro« the present Halts of 82.0 inches forward and 
89.0 inches aft to 83.0 inches forward and 85.75 inches aft.    At a 
fo.ward C.G.  location of 83.0 inches and a gross weight of 27S0 
pounds, rearward flight is United to 10 knots and sideward flight 
to 20 knots.    The aft liait is based upon the aost aft C.G. attain- 
able using practical loading conditions with the araaaent kit 
installed.    This value was the aost aft condition that could be 
attained during testing. 

A nose-up pitching aoaent is experienced during takeoff when 
power available, weight and altitude coabinations are such that hov- 
ering skid height is Halted to one foot or less.    This pitch-up 
occurs at the point of transition and requires full forward cyclic 
control to prevent the aircraft's settling and striking the ground. 

A divergent longitudinal oscillation exists during cliab at the 
gross weights and configurations tested.    The period of this oscil- 
lation, however, is approxinately 14 - 16 seconds and, therefore, is 
not objectionable to the pilot.    It is relatively easy to naintain 
best cliab speed, and no unusual control position or aovenent is 
required to daap this oscillation or naintain best cliab speed. 

The results of stability tests conducted during gun firing re- 
vealed that there is very little tendency for the helicopter to 
deviate fro« stabilized flight.    The aost critical gun firing con« 
dition occurred while firing the right gun at zero degrees elevation 
in hovering flight.    This is not a noraal condition and would be ex- 
perienced only when the left gun jaaaed.    In this condition the heli- 
copter yawed to the right, developing into a yawing right turn with 
the nose pitching down.    In all hovering conditions, firing the guns 
at aaxiaui elevation (9 degrees) produced less nose down pitching 
than at zero degrees elevation. 

Design of the araaaent control box, located on the collective 
pitch control, is unsatisfactory.    It should be redesigned so that 
in left sideward flight,  lateral control displaceaent is not restric- 
ted by "pinching" the pilot's left leg between the control box and 
the cyclic stick. 
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H.    REOOUCNDATIONS 

As a result of the Engineering Tests discussed in this report» 
the follotfing recoaeendations are aade concerning the OH-13H with 
the XM-1 arnanent kit installed: 

1.    The allowable range of center-of-gravity travel should be 
changed fron the present Units of 82.0 inches forward, 89.0 inches 
«ft to 83.0 inches forward, 85.75 inches «ft. 

2.    Because of the resultant increase in gross weight with the 
kit installed and the decrease in perfonuuice in ground effect, the 
helicopter should be Modified so that the ground handling wheels 
nay be nounted on the forward end of the skid tubes to assist during 
running takeoff». 

3. The «rnaaent control box, located on the collective pitch 
control, should be redesigned so that full lateral cyclic control 
is available. 

4.    A warning should be included in the Operator's Manual to 
alert the pilot:    («)  to the characteristic large nose-up pitching 
■onent that is experienced during takeoffs under conditions of high 
gross weight and limited excess power; and (b)  to the fact that 
when using full throttle approxiaately 10 degrees of throttle twist 
grip is available. 
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I 
ANNEX A 

REFERENCES 

1. Manual No. TM 55-1520-204-10, "H-IS ^_ Helicopter Operator's 
Manual," revised September 1960. 

2. Military Specification, MIL-H-8S01JV, "General Specification 
for Helicopter Flying and Ground Handling Qualities," 5 Nov- 
eaber 1952. 

3. AFFTC-TN-59-21, "AFFTC Stability and Control Techniques," by 
Major Nelson D. Flack, USAF. 

4. Air Force Technical Report No. 6273, "Flight Test Engineering 
Manual," by Major R. M. Herrington and Captain P. E. Shocaacher, 
May 1951, revised January 19S3. 

5. AFFTC-TR-57-12, "H-^H Phase IV Performance Test.' 

6. "Final Report of Test, Project Nr. Avn 1457, Evaluation of the 
Relocated Ground-Handling Wheels on the H-13-type Helicopter," 
DDC No. 209-733. 

7. Technical Bulletin 55-1520-204-10/1, "Araaaent Data for H-13E, 
1I-13G and H.13H Helicopters," 12 July 1962. 

8. "Introduction to Rotary Ming Stability and Control," by N. A. 
Swope, U. S. Army Aviation Test Office. 

9.  Bell Helicopter Report No. 57-030-102, 

10.  ATA-TR-63-1 "0H-13H Gross Neight Increase/XM-l Armament Kit 
Performance Test." 
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ANNEX    B 
» 

TEST  INSTRUMENTATION 

The test instnnent^rion was installed and maintained by the 
Instrumentation Branch of the U. S. Any Aviation Test Activity. 
This instrumentation was calibrated by the Instrumentation Branch 
of the U. S. Air Force Flight Test Center, Edwards Air Force Base, 
California.    A swivel-type pitot-static head was installed on a 
boom located on the right side of the helicopter. 

The following sensitive instruments were installed in the 
instrument panel: 

a. Airspeed Indicator (Boom System) 

b. Altimeter (Boom System) 

c. Rotor Tachometer 

d. Manifold Pressure 

e. Free Air Temperature 

f. Carbruetor Air Temperature 

g. Fuel Totalizer 

The following parameters were recorded on a CEC 14-channel 
oscillograph: 

a. Collective Stick Position 

b. C.G. Normal Acceleration 

c. Angle of Sideslip 

d. Yaw Rate 

e. Roll Rate 

f. Roll Angle 
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g. Pitch Rate 

h. Pitch Angle 

i. Pedal Position 

j. Longitudinal Cyclic Stick Position 

k. Lateral Cyclic Stick Position 

1. Battery Monitor and Engineer's Event Mark 

a. Pilot's Event Mark 
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. 
ANNEX    C 

MEIGHT AND BALANCE 

The test aircraft Mas weighed 

Basic Test Weight 
(Includes instruaentation, 

ground handling wheels, 
full oil and trapped fuel) 

prior to initial test flight. 

1948 lb 

Maxiau« Overload Gross 

Basic Test Weight 

Guns 
Crew (2) with chutes 

Ballast • STA 113.0 

Ballast 9 STA 152.0 

Fuel, 20 Gal • 6.0 lb/gal 

Weight at Takeoff. MidC.G.. (STA 85.7): 

1948 lb 

114 

400 

150 

50 

120 

2782 lb 

mMtmm cr.o^ cro.. -Uht .t T*-ft. ™ CO., (ST» .3..): 

Basic Test Weight 

Guns 

Crew (2) with chutes 

Ballast 9  STA 69.4 

Fuel, 41 Gal • 6.0 lb/gal 

2758 lb 

( 
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Design Gross Weight at Takeoff, Mid CG., (STA 84.7): 

Basic Test Vfeight 1948 lb 

Crew (2) with chutes 400 

Ballast 9  STA 152.0 SO 

Ballast § STA 285.0 5 

Fuel. 18 Gal t 6.0 lb/gal 108 

Wheels Re»oved 

2511 lb 

- 22 

2489 lb 

Design Gross Weight at Takeoff, Fwd G.G., (STA 82.4) 

Basic Test Weight 1948 lb 

Crew (2) with chutes 

Ballast 9  SI A 50 

Fuel,  21 Gal I 6.0 lb/gal 

400 

15 

126 

2489  lb 

i FOR OFFICIAL USE ONLY 
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ANNEX     D 

AIRCRAFT DIMENSIONS  AND DESIGN DATA 

idescriptive data and design infomation were obtained froa 
the Model H-I3II "Detail Specification for Three Place, Single Engine, 
Two-Bladed Helicopter," Bell Helicopter Report No.  47-947-036. dated 
1 March  1955. 

Fuselage Group; 

Fuselage Length to Tail Rotor Hub 

Fuselage Width (Tread) 

Height  (To Rotor Hub) 

Length  (Blades Turning) 

Design Gross Weight 

Maxiaua Overload Gross Weight 

27 ft 4 in 

7 ft 6 in 

9 ft 3-5/16 in 

41 ft 4-3/4 in 

2350 lb 

2750  lb 

Main Rotor Group: 

Airfoil Root and Tip 

Chord Root and Tip 

Rotor Diaaeter 

Blade Area 

Disc Area 

Vertical Distance froa Rotor Head 
to Bottoa of Skid Tube 

NACA 00 IS 

11 in 

35 ft 1-1/2 in 

32.2 sq  ft 

968.5 sq  ft 

8 ft 3-S/32 in 

Tail  Rotor Group: 

Airfoil, Root 
Tip 

Chord,   Root 
Tip 

Rotor Diaaeter 

Disc Area 

NACA 23018 
NACA 23011 

STA 12.5, 5.375 in 
STA 34.0, 4.125 in 

5 ft 8-1/2 in 

25.58 sq ft 
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Transaission Ratios; 

Engine to Hain Rotor 9:1 

Engine to Tail Rotor .833:1 

Aircraft Flight LUits: 

Rotor Speed (RPM) 

Power ON 

Haxiaua Continuous 
Takeoff (S ainutes) 

322-344 
344-355 

Power OFF 310-370 

Limit Flight Load Factor 9  2350 lb 

Positive 
Negative 
Landing 

2.5 
.S 

3.75 

Center of Gravity Liait: 

Forward STA 82 

Aft STA 89 

Center of Main Rotor Mast STA 87 

V never exceed                                                     1 )7   kt   froa S. 

Engine Liaits in Flight: 

1. Maxiaua Carburetor Air Teap 

2. Oil Pressure 

3. Engine Oil Teap 

4. Cylinder Head Teap 

5. Transaission Oil Teap 

Decrease 3.0 kt per 1000 ft 
after 1400 ft. 

40'C 

40-60 psi 

40-110,C 

100-224#C 

40-130,C 
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Miscellaneous Inforaation: 

Fuel 115/14S 

Fuel Capacity 43 gal 

Fuel Usable 41.6 gal 

Oil Capacity 8.0 qt 
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I, 
ANNEX E 

XM-1 ARMAMENT KIT 

1. Description 

The XM-1 armament kit is designed for use on the OII-13F, 
0H-13G and 0H-131I U. S. Any helicopters. It consists of two 30- 
caliber machine guns, machine gun mounts, sight assembly, pneumatic 
charger assemblies and armament controls. 

The machine guns are interchangeable and can be quickly 
detatched from the mounts. The pneumatic charger assemblies con- 
trol the charging and safetying operation and solenoids are util- 
ized to actuate the triggers. Each mount assembly contains a 
buffer assembly to reduce recoil and counter-recoil. Gun elevation 
is controlled by electrically operated elevating mechanisms and 
elevating limit switches contained in the mount. The ammunition 
box is also attached to the mount. 

2. Operation 

The preflight inspection by the pilot consists of a visual 
check of the weapon system preparatory to firing, as prescribed in 
a. and b. below: 

a. Exterior Cabin 

(1) Make sure that mounting pins of both guns and 
mount assemblies are properly installed. 

(2) Observe that electrical connectors are connected 
to mating receptacies. 

(3) Make sure air hoses of chargers are connected to 
air bottles. 

(4) Be sure pneumatic valves on air bottles are open, 
bolts are held to the rear by the chargers, and red indicators on 
bottles are not visible, indicating sufficient air pressure. 

(5) Check ammunition for full load and proper type. 

(6) Insure that the "P' position on the gun trigger 
safety is visible. 
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b. Cockpit 

(1) Make sure that the an/safe switch is in the "OFF" 
position and that both indicator lights on the console are off. 

(2) Note that sight frame is adjusted to eye level 
height. If not properly adjusted, slide sight fraae vertically 
until axis zero degree tube is at eye level when seated in normal 
operating position. 

3.  In-flight Operation 

a. Firing the Machine Guns 

(1) Move the arm/safe switch of the collective pitch 
control to the "SAFE" position. This will permit elevation/depres- 
sion of the guns through the activation of the elevation/depression 
switch located on the cyclic control handgrip and also illuminated 
the green "SAFE" light on the left side of the control console. 

(2) Place the arm/safe switch in the "ARM" position. 
The chargers will permit the bolts to go forward, chambering a 
round in the guns. The green "SAFE" light will go out, and the red 
"ARM" light will illuminate. 

(3) Locate target through the sight assembly, noting 
degree of frame in which it appears. 

(4) Operate elevation/depression switch until elevation 
indicator on the guns corresponds with the degree of frame noted in 
(3) above. 

(5) Depress the gun trigger switch to fire the guns. 

WARNING: Prior to operating machine guns (firing and/or changing 

elexationj, turn off muff heater blowers to prevent possible elec« 

trical overload. After gun operation, turn heater blowers on. 
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b. Safetying the Machine Guns 

(1) Switch the arm/safe switch to the "SAFE" position. 
"SAFE" indicator light will illuminate green. Elevation or depres- 
sion aay be accoaplished with switch in the "SAFE" position. 

(2) Switch am/safe switch to the "OFF" position. 
Indicator lights will go off. 

(3) Before landing or leaving the helicopter, visually 
check to insure that gui bolts are in the retracted (rearward) posi- 
tion. 

WARNING:  If am/safe switch is in the "SAFE" position and the pin 

bolts are in the forward (firing) position due to insufficient 

pressure in the charger systea. exertise extrene caution in Reaving 

the helicopter, as the weapon «ay be arwed. Keep weapon directed 

away fro« personnel and notify organizational «aintenance to take 

necessary corrective action. 

If a gun stoppage occurs during firing, move the am/safe 
switch to the "OFP' position, then back to "ARM" position. This 
action will chamber a new cartridge in both guns. Depress gun trigger 
switch. If gun(s) still fail to fire, place arm/safe switch in "OFF* 
position. 
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i. ANNEX    F 

RELOCATION OF GROUND HANDLING WHEELS 

The 0H-13H helicopter rocks forward on the skid tubes following 
a hard landing with forward velocity.    Controllability of this action 
requires aft displacement of the cyclic stick.    Rapid or excessive 
aft aoveaent of the cyclic control nay cause the following one of 
two probleas or possibly both:    (a) The rotor blades may strike the 
tail section;    (b) The dynamic stops in the main rotor may be snap« 
ped.    To aid in alleviating this characteristic, the original 0H-13H 
wheel brackets were used.    These brackets enable the mounting of the 
ground handling wheels on the forward end of the skid tubes.    The 
brackets were mounted as outlined in AFFTC-TR-57-12, Page 7.    This 
unique installation is mandatory at the higher maximum gross weight 
(27SO pounds).    It aids pilots in three phases of flying:    Landing, 
takeoff and taxiing.    This forward wheel mounting becomes particu- 
larly useful where maximum power is required for taxiing.    This 
feature also enables a pilot to make a ground running takeoff. 
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