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ABSTRACT 

Engineering flight tests of the UH-1B helicopter equipped with 
the XM-16 and XM-21 armament subsystems were conducted by the U. S. 
Army Aviation Test Activity (USAAVNTA). The overall objective was 
to determine the effect of the installation of the subsystems on the 
UH-1B. Specific objectives were to determine the existence of any 
safety-of-flight conditions by evaluation of quantitative stability 
and control and vibration data and to determine any performance losses« 

The USAAVNTA was responsible for preparing test plan, executing 
test, and submitting final report. Tests were conducted at sites in 
Fort Irwin, Bakersfield, and Ec-ards Air Force Base, California. UH-1B/ 
XM-16 tests were conducted from 19 July through 11 August 1965 and 
consisted of 39 flights totalling 35.8 productive flight hours, 
including 13 flights for 7.3 productive hours of weapon firing tests. 
UH-1B/XM-21 tests were conducted from 24 August through 2 September 
1965 and consisted of 14 flights totalling 13.75 productive flight 
hours, including 3 flights for 2.5 productive hours of weapon firing 
tests. 

Performance data showed that both armament subsystems caused an 
appreciable drag increase. The XM-16 caused a greater reduction in 
specific range than the XM-21. Compared with performance of clean 
U11-1B at 8000 pounds gross weight, 5000 feet altitude, and 324 rotor 
rpm, the installation of the XM-16 and XM-21 resulted in specific 
range reductions of 15 percent and 12 percent respectively. 

Compared with clean UH-IB data (Report FTC-TDR-62-13), stability 
and control data showed no appreciable changes in flying character- 
istics of the UH-IB equipped with either armament subsystem. 

Firing tests showed that both armament subsystem could be fired 
safely within the flight envelope established by the contractor. 

Vibration characteristics were satisfactory under all conditions 
tested except for the lateral 4 cycles-per-revolution vibration with 
the XM-21 armament subsystem installed. The vibration level at all 
forward airspeeds slightly exceeded the 0.15-g limitation of MIL-H- 
8501A. 

Hydraulic boost-off tests in hover, takeoff, climb, level 
flight, and landing were investigated. Qualitative pilot comments 
describing the helicopter's flying qualities with the boost off with 
either armament subsystem indicated that collective forces were high 
and could not be maintained for an extended period. The only 
practical method of landing was to execute a run-on landing. 
Attempting to transition to a hover resulted in over control and 
incipient loss of control due to high cyclic forces. 

The performance data generated in this evaluation should be 
incorporated in the Operator's Manual, 
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FOREWORD 

1.     AUTHORITY 

1.1 XM-16/UH-1B Helicopter Armament Subsystem 

a. Letter, AMSTE-BG,  Hq,  U.  S.  Army Test and Evaluation Command 
(USATECOM),   17 October  1963,   subject:    "Directive  for Engineering - 
Service Test of Combination 2.75" FFAR-M~6/U11-1B Helicopter Armament 
System,  USATECOM Project-Task Number 4-4-1531-01,  02,  03." 

b. Letter,  AMSTE-BG,  Hq,  USATECOM,  31 March   1964,  subject; 
"Flight Test of:    a.    Helicopter Armament System XM-16/IJH-1B,  USATECOM 
Project-Task Number 4-4-1532-03; b.    Helicopter Armament System LAIJ3A/A 
and 32A/UH-1B,  USATECOM Project-Task Number 4-4-1542-03." 

1.2 XM-21/UH-1B Helicopter Armament Subsystem 

Letter, AMSTE-BG, Hq, USATECOM, 5 January 1965, subject: "Test 
Directive, USATECOM Project Number 4-5-1535, Integrated Engineering/ 
Service Test of XM-21 Armament Subsystem for UH-1B Helicopter." 

2.     REFERENCES 

A list of references  is  contained in Section 3,  Appendix VI. 
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SELflON   1   -   r.ENIiRAL 

1.1 OBJECTIVES 

1.1.1 Uli-IB Helicopter Equipped with XM-16 Armament Subsystem 

The overall test objective was  to determine the effect of the 
XM-16 armament subsystem on the basic UH-1B helicopter.    The specific 
objectives of the test were to; 

a. Determine the existence of any safety-of-flight conditions 
by the measurement and subsequent analysis of quantitative stability 
and control  and vibration data. 

b. Determine the performance  losses resulting from the 
installation of the XM-16 armament subsystem. 

c. Verify the flight envelope proposed by the airframe 
contractor to be used during armament  firings,, 

1.1.2 UH-1B Helicopter Equipped with XM-21 Armament Subsystem 

The test  objectives for the UH-1B helicopter equipped with 
the XM-21  armament subsystem were the same as those in Paragraph  1.1.1. 

1.2 RESPONSIBILITIES 

The U. S. Army Aviation Test Activity (USAAVNTA) was responsible 
for preparation of test plan, execution of test and submission of 
final report. 

1.3 DESCRIPTION OF MATERIEL 

1.3.1     XM-16 ARMAMENT SUBSYSTEM 

The XM-16 armament subsystem is composed of a combination of 
the M-6 subsystem and the Aero 6D  (LAU-32A/A) ,  7-round,   2.75-inch 
Folding-i^in Aerial  Rocket  (FFAR)   rocket pod.    the M-ö subsystem 
consists of four 7.62-millimeter (mm)  M-60C machine guns,  two 
machine-gun mount assemblies,  and the necessary controls and hardware. 
A gun mount is attached to the rack assembly of the  external stores 
support assembly on each side of the UH-IB helicopter,  and the guns 
are aimed by means of a sighting station at the copilot's position. 
The four machine guns have a total weight of 796 pounds and a 
maximum capacity of 6600 rounds.    Total  lateral deflection is  12 
degrees inboard to 70 degrees outboard and the vertical deflection 
is 9 degrees upward to 66 degrees downward.    When either set of guns 
is traversed to its inboard limit stop, the guns cease firing. 
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The control panel consists of the OFF-SAFK-ARMED switch and 
the gun selector switch.     Both switches are three-position toggle 
type and must be pulled upward to be operated.    The guns  fire only 
when the OFF-SAFC-ARMED switch is in the ARMED position.    The gun 
selector switch enables  the operator to select his  fire power:    with 
the switch in the  LOWER position,  only the  lower guns operate;  in 
the ALL position,  both upper and lower guns  operate;  and in the 
UPPER position, only the upper guns operate. 

The sighting station is  located at the copilot's position and 
provides the means  of remotely aiming the guns.     When the "dead-man" 
switch is depressed,  control  of the guns  is transferred from the 
cyclic control stick firing switches to the controller trigger.    In 
this condition the guns cannot be fired from the cyclic control 
stick.    The movement  of the controller in elevation and deflection 
causes the guns  to follow the controller.    When  the "dead-man" switch 
is released,  the guns  are returned to the "stow" position and can 
then be fired by depressing the fire button on the pilot's cyclic 
control stick. 

Photo 3- M-6 Sighting Station 
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Two LAU-32A/A, 7-round, 2.75-inch FFAR rocket pods, one for each 
side of the helicopter, are suspended from the MA-4A bomb racks and 
are expendable. The launcher attitude is of fixed variable design 
and can be changed in elevation only from the ground. The 2,75-inch 
FFAR'9 can be fired in ripples only and are ignited in pairs, one 
rocket simultaneously from each launcher. Up to 7 pairs of rockets 
may be selected. The number of pairs of rockets may be preset 
before firing and the subsystem is capable of firing 7 pairs of 
rockets forward from a fixed position of the launcher in 1.167 
seconds. The rockets are firod from the same cyclic control stick 
firing switches that are used by the pilot or copilot to fire the 
M-6 machine guns. The trigger switches are located on each cyclic 
control stick. The rockets are aimed by pointing the aircraft and 
using either the M-6 machine guns as spotter rounds or the MK VIII 
sight mounted in the pilot's position. The two rocket pods can be 
jettisoned simultaneously by either electrical or mechanical means. 

The machine guns and rockets rannot be fired simultaneously. 
When the ROCKET-GUN selector switch is placed in ROCKET, the 
copilot may use the controller on the sighting station to aim and 
fire the guns. The instant the pilot depresses the trigger on the 
cyclic control stick, the guns automatically stop firing and the 
rockets are ignited. 

1,3.2 XM-21 ARMAMENT SUBSYSTEM 

The XM-21 armament subsystem consists of a combination of 
7.62-millimeter twin, high-rate-of-fire XM-20 machine guns and 
twin 2.75-inch rocket launchers (LAU-32A/A), The gun mount 
assemblies, which are installed one on each side of the helicopter, 
were originally designed to support two M-60C machine guns. Each 
mount of the test aircraft was modified to install a single, recoil 
mounted, automatic machine gun. 

The XM-20 is an electrically driven, 6-barrel, Gatling-type, 
high-rate-of-fire machine gun. The two guns weigh 100 pounds. The 
weapon is capable of providing fire coverage up to 10 degrees in 
elevation, 90 degrees in depression, 12 degrees inboard, and 70 
degrees outboard at rates of 2000 to 4000 rounds per minute. As with 
the M-6 subsystem the guns cease firing when either weapon traverses to 
its inboard limit. The slew rates are 40 degrees/second in elevation 
and depression and 75 degrees/second in deflection. 

The sighting station, which is located at the copilot's 
position, is identical to the M-6 subsystem sighting station; and the 
operational functions are also the same. When the "dead-man" switch 
is depressed, the gun turrets follow the action of the controller on 
the sighting station and the guns can be fired only by the copilot. 
With the release of the "dead-man" switch, the guns return to the 
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"stow" position, and  both the pilot and copilot can fire the guns 
from the cyclic control sticks. The pilot is capable of firing the 
guns only in the "stow" position and directs the fire by aiming the 
helicopter. 

Each of the XM-20 weapons is fed through a flexible ammunition 
chute supported at the forward side of the pylon. The rounds are fed 
from the right side, and the spent cases are ejected rearward and to 
the left. The links are ejected rearward and to the right by means 
of a rotary-type delinking feeder. The ammunition storage box 
configuration in the aircraft remains the same as that of the M-6 
subsystem. Two forward rows of boxes supply the left-hand gun and 
two aft rows supply the right-hand gun. There is a total of 3000 
rounds for each gun which are linked together to produce a single 
continuous belt through the cartridge drive crossover. The cartridge 
drive crossover enables each gun to be fed from the two rows of 
storage boxes at the dual rate of 2000 and 4000 rounds per minute. 
There is a burst limit time delay of approximately 3 seconds in the 
firing system. 

The control panel is very similar to that of the M-6 subsystem 
except for the gun selector switch. The operator has the choice of 
firing either the left-hand gun only, right-hand gun only, or both guns. 

The rocket launcher is the same LAU-32A/A, 7-round, 2,75--inch 
FFAR rocket pod as that of the XM-16 armament subsystem. The 
capabilities and firing sequences are also identical. Rocket firing 
is primary with the ROCKET-GUN switch in the ROCKET position. The 
number of rocket pairs to be fired per burst is selected on the 
ROCKET PAIR SELECTOR switch. Depressing a cyclic control stick 
trigger causes the preselected number of rocket pairs to fire. The 
circuitry is reset to the original condition whenever the trigger 
is released during a rocket burst so that the full selected number 
of rocket pairs will be fired at the next burst. Should the copilot 
be firing machine guns with the sighting station, depressing the 
pilot's cyclic control stick trigger stops the machine-gun fire and 
causes the rocket pairs to be fired. The pilot directs the rocket 
fire by maneuvering the aircraft and acquires the target through his 
reflex sight. 

A detailed description of the UH-IB helicopter, S/N 60-3589, 
and an additional detailed description of the XM-16 and XM-21 
armament subsystems are contained in Appendix IV. 

1.4 BACKGROUND 

1.4.1 QUALITATIVE MATERIEL REQUIREMENT 

Combat Development Objectives Guide (CDOG) Paragraph 537a(2) 
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states the following: "Armed Helicopter Weapons Systems. A series 
of armament systems capable of rapid mounting and demounting from 
Army observation and utility helicopters. The armament systems may 
consist of weapons and ammunition from current weapons systems of 
advanced design together with synchronized sighting, mounting, and 
firing devices providing for elevation, depression, and traverse 
where required. Specific armament systems required include light 
weapons, point target weapons, and area weapons. The systems will 
be employed in support of the full spectrum of ground combat 
operations from selected observation and utility helicopters in 
flight, at a hover, or on the ground. Weapons systems for 
observation helicopters and those utility helicopters used in the 
troop transport and utility role shall be light and simple to 
avoid degrading required helicopter agility. Selected utility 
helicopters will be armed for the primary mission as weapons 
helicopters and will mount a single-type weapon system. The systems 
will provide for full utilization of new weapons," 

1.4.2 UH-1B HELICOPTER EQUIPPED WITH XM-16 ARMAMENT SUBSYSTEM 

The effectiveness of the UH-1B helicopter equipped with either 
the M-3 (2.75-inch FEAR) or the M-6 (7.62-millimeter M-60C machine 
gun) armament subsystem has been demonstrated.  In many tactical 
situations, however, the combined use of the machine guns and the 
rockets would have significantly increased the degree of mission 
success. The need to incorporate both weapons was recognized and as 
a result the combination of the two armament subsystems was 
fabricated in August 1963. 

1.4.3 UH-1B HELICOPTER EQUIPPED WITH XM-21 ARMAMENT SUBSYSTEM 

UH-1B helicopters are required to act as armed escort for 
troop landing operations or for screening operations.  In addition, 
they make reconnaissance of enemy territory and should be capable 
of protecting themselves if fired upon. Current aircraft are 
equipped with the M-6 armament subsystem. This subsystem is not 
wholly satisfactory because accuracy in tracking and first-round 
hit requires improvements; reliability is low; and rate of fire 
is too low, in certain operations, to exploit fully the maneuver- 
ability of helicopters. An improved subsystem is required that will 
provide increased effectiveness in the destruction and neutralization 
of hostile elements. Employment of the subsystems should require a 
minimum restriction on the maneuverability of the aircraft. The 
heavy components of the subsystem (weapons and/or ammunition) must 
be designed for quick and easy removal from the aircraft. 
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1.4.4 GENERAL 

The Weaponization Project Manager, Hq, U. S. Army Materiel 
Command (USAMC) assigned the engineering-service test of the UH-1B 
helicopter equipped with the XM-16 and XM-21 armament subsystems to 
Hq, U. S. Army Test and Evaluation Command (USATECOM). USATECOM, 
in test directive, 17 October 1963, as amended 31 March 1964, 
requested USAAVNTA to conduct an engineering flight test of the 
UH-1B helicopter equipped with the XM-16 armament subsystem.  In 
Test Directive, 5 January 1965, USATECOM requested USAAVNTA to 
conduct an engineering flight test of the UH-1B equipped with the 
XM-21 armament subsystem. 

The engineering flight tests were conducted at test sites 
in Fort Irwin, Bakersfield, and Edwards Air Force Base, California. 
The UH-1B/XM-16 tests were conducted during the period 19 July 1965 
through 11 August 1965. Thirty-nine flights totalling 35.8 
productive flight hours were required to accomplish this program. 

The UH-1B/XM-21 tests were conducted during the period 24 August 
1965 through 2 September 1965. Fourteen flights totalling 13.75 
productive flight hours were required to accomplish this program. 

A separate report of the UH-1B/XM-16 jettison tests outlined 
in Test Plan (Section 3, Appendix VI, Reference e) was submitted on 
5 May 1965 (Reference n). An interim report on the UH-1B/XM-16 
engineering flight test results was submitted on 13 September 1965 
(Reference o). 

USATECOM authorized USAAVNTA, on 21 August 1965, to 
incorporate the results of the engineering flight tests of the 
UH-1B equipped with the XM-16 and XM-21 armament subsystems in one 
final report. 

1.5 FINDINGS 

1.5.1  PERFORMANCE 

1.5.1.1 Level Flight 

The results of the level flight performance tests indicated 
that the UI1-1B helicopter equipped with either the XM-16 or XM-21 
armament subsystem required more power at the same airspeed than a 
clean helicopter (Reference s). 

At 8000 pounds gross weight, 5000 feet altitude and 324 
rotor rpm, the installation of the XM-16 armament subsystem resulted 
in a specific range reduction of 15 percent. The installation of 



the XM-21 armament subsystem at the same conditions resulted in a 
12-percent reduction in specific range. 

The minimum power required for level flight at a given 
coefficient of thrust (Cx) showed an average increase of approximately 
7 percent for the UH-1B equipped with either armament subsystem. 

1.5.1.2 Autorotation 

The minimum rate of descent in autorotation of the UH-1B 
equipped with the XM-16 armament subsystem at gross weights between 
6300 pounds and 7800 pounds was 1850 feet per minute (fpm) at 54 
knots calibrated airspeed (KCAS). A minimum rate of descent of 
1660 fpm was reported for the clean UH-1B at the same conditions 
CReference s). The UH-1B equipped with the XM-16 and XM-21 exhibited 
the same characteristics in autorotation. 

1.5.2 STABILITY AND CONTROL 

1.5.2.1 Static Longitudinal Stability 

The static longitudinal stability of the UH-1B helicopter 
with either weapon subsystem installed was satisfactory under all 
conditions tested. A comparison of stability with the weapon 
subsystems installed on the UH-1B showed that no appreciable 
difference existed under similar test conditions. As noted in 
earlier UH-1B evaluation (Reference r), instability occurred below 
40 KCAS. This reversal was not objectionable. No appreciable 
difference was observed in the static longitudinal stability 
characteristics of the UH-1B with only one pod or with two pods, 
either full or empty. 

1.5.2.2 Static Directional Stability 

The static directional stability of the armed UH-1B in 
all configurations was satisfactory under all test conditions. 
Lateral control positions indicated less positive dihedral effect 
than in the clean UH-1B helicopter but this was not considered 
objectionable (Reference r). The variation in pedal position 
required for steady sideslips showed no significant change from 
test results of the previous evaluation (Reference r). 

1.5.2.3 Sideward and Rearward Flight 

Flying characteristics of the armed UH-1B in sideward 
and rearward flight were satisfactory and essentially unchanged 
from those of a clean UH-1B. Sufficient control was available to 



fly to the 30 knots true airspeed (KTAS) required by Paragraph 
| 3.2,10 of MIL-H-8501A (Reference p) in both sideward and rearward 

flight. 

1.5.2.4 Dynamic Stability 

Comparison of the dynamic stability test results of the 
armed UH-1B and the clean UH-1B showed no difference in the 
dynamic stability characteristics of the two aircraft. The 1- 
inch control pulse disturbances were well damped about all three 
axes and were acceptable. 

1.5.2.5 Controllability 

The controllability of the armed UH-13 was satisfactory 
about all three axes. The maximum control sensitivity of the 
longitudinal, lateral and pedal responses were 10, 24 and 28 
degrees/second^/inch respectively at calibrated airspeeds of 48 
through 95 knots in level flight. The longitudinal and lateral 
control responses at the identical conditions were 5 and 11 
degrees/second/inch respectively. The directional control 
response was a maximum of 24 degrees/second/inch at 48 knots. 
A slight difference in controllability existed between the 
armed UH-1B and the clean UH-IB but this difference was not 
apparent to the pilot. 

1.5.3 VIBRATION 

1.5.3.1 Non-Firing 

The vibration levels of the UH-1B equipped with the XM-16 
armament subsystem were satisfactory. The vibration levels with 
the XM-21 armament subsystem installed, however, were magnified. 
At a frequency of 4/rev (21.6 cycles/second), the lateral acceler- 
ation exceeded 0.15g, the limit specified in Paragraph 3.7.1(b) of 
MIL-H-8501A (Reference p). This level was recorded from 43.5 KCAS 
to the airspeed limit (100 KCAS). 

1.5.3.2 Firing 

The vibration levels of the armed helicopter with the 
guns firing were within the limits of Paragraph 3.7.1(b) of 
MIL-H-8501A. The highest vibration level (0.15g) was recorded in 
the lateral plane of motion at a 4/rev (21.6 cycles/second) 
frequency. 



1.5.4 FIRINGS 

1.5.4.1 Machine-Gun Firings 

The  firing of the XM-16   (M-60C)   and XM-21   (XM-20) 
machine guns had no significant effects  on the handling qualities 
of the helicopter.     The XM-20 machine guns  created a reaction 
force opposite to the line of fire.    When the controls were held 
fixed,  the helicopter responded in the direction of the resulting 
momen'; but,  as  the guns ceased firing,   returned to the initial 
trim position. 

1.5.4.2 Rocket Firings 

The firing of the 2.75-inch Folding-Fin Aerial Rockets 
(FFAR's) was satisfactory under all conditions tested. With the 
controls of the UH-1B held fixed, a nose-down attitude change of 
4.5 degrees was experienced when a full complement of rockets 
(7 pairs) was fired. The pitching rate was approximately 4.8 
degrees/second and was not considered hazardous. A pilot would 
normally unconsciously correct for this resultant pitch-down 
tendency. 

1.5.5 BOOST-OFF 

The results of these tests indicated that with the boost 
off it was possible to maintain level flight with either weapon 
subsystem installed on the UH-1B helicopter. The collective- 
pitch control had a tendency to creep down at a rate of .5 inches/ 
second (1 second after the hydraulic boost was turned off). 
Collective forces measured were 76 pounds in sustained level 
flight with zero sideslip, and 90 pounds in a climb. Because of 
these forces extended flight with the boost off would be impossible. 
The only practical method of landing with boost off was to execute 
a run-on type of landing because of the high control forces and 
the incipient loss of control that resulted when attempting to 
transition to a hover. 

 ^ ■ 



1.6 Conclusions 
The handling qualities of the UH-1B helicopter with either the 

XM-16 armament subsystem or XM-21 armament subsystem installed 
were essentially the same as those of a clean UH-1B. 

A significant level flight performance penalty was experienced 
with either subsystem installed. The minimum rate of descent 
during autorotational descents with either subsystem installed was 
increased by approximately 200 fpm. 

Results from the firing of both machine guns and rockets 
showed that there were no safety-of-flight limitations within the 
envelope specified by the airframe contractor. 

5i 

1.7 Recommendations 
The performance data generated during this evaluation should 

be incorporated in the Operator's Manual (Reference q). 

': 
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SECTION 2  -  DETAILS OF TESTS 

2.0     INTRODUCTION 

The engineering tests of the UH-IB equipped with the XM-16 
armament subsystem were completed on 11 August  1965.    The XM-21 
armament subsystem was immediately installed and tested.    The 
requirements of Paragraph 2.3.1 of the test plan  (Reference g), 
Machine-Gun Firings of the UH-1B/XM-21, were executed as  outlined. 
Portions  of the other tests were omitted because of experience 
gained during the UH-1B/XM-16 tests.    No problem areas were 
encountered during the XM-16 evaluation and because of the aero- 
dynamic similarity of the XM-16 and the XM-21 only spot-checks of 
the various  flight conditions were required for the XM-21 sub- 
system evaluation. 

The performance portion of the test was  limited to  level- 
flight speed-power and autorotation tests.    The most adverse 
flight conditions were concentrated on in the stability and 
control portion of the test.    These  limitations were imposed by 
the short calendar time allotted for this project. 

Performance tests were conducted in a stabilized condition 
in non-turbulent air.    All stability and control, boost-off,  and 
weapons  firing tests were conducted in non-turbulent atmospheric 
conditions so that test data would not be influenced by 
uncontrolled disturbances. 

The test UH-IB helicopter, Serial Number 60-3589,  crashed 
and burned on 2 September 1965. 

Stability and control data was evaluated on the basis of 
requirements of Military Specification MIL-H-8501A (Reference p), 

The results of the Jettison Tests of the UH-1B/XM-16 
armament subsystem outlined in Test Plan  (Reference e)  were 
reported on 5 May 1965 in Reference n. 

2.1  PERFORMANCE 

2.1.1 LEVEL FLIGHT 

2.1.1.1 Objective 

Tests were conducted to determine airspeed, fuel flow, 
and power required relationships to define the level flight 
performance for any combination of gross weight, altitude and 
rotor rpm. 

11 

itwMwiW 
•■■^■^i-.iE^lf.aftft^ 



2.1.1.2 Method 

Tests were conducted at various combinations of altitude, 
gross weight, and rotor speed in the armed (XM-16 or XM-21) 
configuration. Each speed power was flown at a constant value of 
gross weight divided by density (W/p). This involved increasing 
altitude on successive data points as fuel was consumed. Data 
was recorded in stabilized flight at various airspeeds throughout 
the allowable speed range at approximately 10-knot increments to 
define adequately the particular power required curve.  In 
addition to basic power parameters, fuel-flow data was recorded, 

2.1.1.3 Results 

Test results are presented graphically in Figures 4 
through 15, Section 3, Appendix I, Non-dimensional summary plots 
are presented in Figures 1 through 3, 

2.1.1.4 Analysis 

The effect on power required due to the addition of the 
XM-16 or the XM-21 armament subsystem is illustrated in Figure A, 

FIGURE A 
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20    40    60    80   100    120 
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Compared with  the performance of a clean  IJH-1B  at  the 
conditions  of Figure A,   at  the  airspeed  for normal  rated power, 
the  installation of the  armament subsystems  resulted  in a 13-knot 
airspeed  loss  for the  XM-21  and a  16.5-knot airspeed  loss  for the 
XM-lb. 

The performance penalty in terms  of range performance is 
illustrated in  Figure  '3. 

P 
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FIGURE B 
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Compared with  the performance of a clean UH-IB  at  the 
conditions  of Figure  B,  at  S5ÜÜ  pounds,   the installation  of the 
XM-16   resulted in a  15-percent  decrease and the  installation of 
the  XM-21   resulted in a  12-percent   decrease  in specific  range at 
optimum cruise airspeed.    Compared with performance  of a clean 
Uli-IB,   the  optimum cruise  airspeeds  with the XM-16 or  the  XM-21 
installed,   varied  from a decrease  of  15  knots  at   light  gross 
weights   to  zero knots  at higher  gross weights when optimum cruise 
was  at   the placard airspeed  limit,, 

The  1)11-IB with  the  XM-16  installation showed  a  greater 
reduction  in specific  range  than with  the  XM-21  installation.    This 
difference  can be explained by  the  greater drag surface  of the XM-16. 
This  greater drag surface   resulted  in an increased negative  fuselage 
trim  angle of attack  for the  XM-16 which  in turn   resulted  in 
increased power required and,   therefore,  a greater reduction  in 
specific range.    The difference  in  trim angles  of attack   for the 
XM-16  and  XM-21  is  shown  in  Figure   c. 

FIGURE C 
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2.1.2 AIRSPEED CALIBRATION 

2.1.2.1 Objective 

The objective of these tests was to determine the airspeed 
position error for both the standard and test airspeed systems. 

2.1.2.2 Method 

The calibrated trailing bomb method was used to determine 
the airspeed calibration of the standard and test airspeed systems. 
The aircraft with the XM-16 installed was flown at various airspeeds 
in stabilized level flight at an average gross weight of 6980 pounds. 

2.1.2.3 Results 

Test results are presented graphically in Figures 19 and 20 
Appendix I. 

2.1.2.4 Analysis 

The position error of the test airspeed system was nonlinear. 
This position error varied from +3.0 knots indicated airspeed (KIAS) 
to +4.5 KIAS.  The position error of the standard airspeed system was 
identical to that of the airspeed system of a standard Uli-13 (Reference 
q).  This indicates that the installation of either the XM-16 or XM-21 
had no effect on the ship airspeed system position error. 

2.1.3 AUT0R0TATI0NAL DESCENTS 

2.1.3.1 Objective 

The objective of these tests was to determine the minimum 
rate of descent and the airspeed for minimum rate of descent during 
stabilized autorotations. 

2.1.3.2 Method 

Autorotational descents were conducted at various airspeeds 
throughout the allowable speed range. During the descents, time and 
altitude were recorded to determine the rate of descent.  Stabilized 
descents at various airspeeds between 40 and 88 KCAS were flown to 
determine the airspeed for minimum rate of descent. 

2.1.3.3 Results 

Test results are presented graphically in Figure 21, 
Appendix I. 
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2.1.3.4    Analysis 

The tests to determine the minimum rate of descent and the 
airspeed for minimum rate of descent were conducted with only the 
XM-16 installed on the UH-IB helicopter. Since other tests revealed 
the close similarity of the XM-16 and XM-21 armament subsystems in 
their effect on flight characteristics, autorotational descents 
with the XM-21 armament kit were not accomplished. The minimum rate 
of descent in autorotation of the armed UH-IB at average gross 
weights of 7000 pounds and average density altitudes of 7500 feet 
was 1850 feet per minute (fpm) compared with 1660 fpm for the 
unarmed UH-IB. 

2.2 STABILITY AND CONTROL 

2.2.1 STATIC LONGITUDINAL STABILITY 

2.2.1.1 Objective 

The objective of these tests was to determine the static 
longitudinal speed stability as the airspeed was varied from trim 
during level flight, autorotation, and partial power descents. 

2.2.1.2 Method 

Static longitudinal stability tests with either the XM-16 
or XM-21 installed were conducted in two ways.    The  first method 
consisted of recording the control positions required for various 
stabilized airspeeds during  level flight.    These tests were conducted 
in conjunction with the  level flight tests   (Paragraph 2.1.1). 

The second method of evaluating the static longitudinal 
stability consisted of fixing  the collective stick at  the various 
trim conditions specified in Paragraph 3.2.10 of MIL-H-8501A 
(Reference p).    Once the helicopter was trimmed at a recommended 
airspeed,  the collective stick was  fixed,  the airspeed was changed 
by the movement of the longitudinal cyclic stick and altitude was 
allow to vary. 

2.2.1.3 Results 

Test results are presented graphically in Figures 22 
through 36,  Appendix I. 

2.2.1.4    Analysis 

Static longitudinal stability was positive for all airspeeds 
above 40 knots at all conditions  tested.    No significant difference 
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between the apparent degree of stability of the clean Uli-IB (Reference 
r) and the armed UH-1B was indicated by comparison of the slope of the 
control position versus airspeed curves, 

2.2.2 STATIC DIRECTIONAL STABILITY 

2.2.2.1 Objective 

The objective of these tests was  to evaluate the  lateral- 
directional  flying qualities,  effective dihedral,  and directional 
stability for representative flight conditions. 

2.2.2.2 Method 

Static lateral-directional stability was investigated by 
obtaining the longitudinal, lateral and directional control 
positions necessary to maintain various steady sideslip angles at 
several different airspeeds and altitudes. The flight conditions 
tested were level flight, autorotation, and climb. The center-of- 
gravity (CG.) locations were either forward or mid. Static 
directional stability was determined from the relationship between 
pedal position and angle of sideslip. Effective dihedral was 
determined from the relationship between lateral control and 
sideslip angle. 

2.2.2.3 Results 

Test results are presented graphically in Figures 37 
through 46, Appenlix I. 

2.2.2.4 Analysis 

The armed UH-1B helicopter exhibited strong positive 
static directional stability under all conditions tested. The 
dihedral effect was slightly weaker compared with the clean UH-1B 
evaluation (Reference r). Negative dihedral occurred at high- 
speed level flight and was more noticeable at a forward C.G. than 
at a raid C.G. Although not in accordance with MIL-H-8501A, 
(Reference p), this was not objectionable to the pilot. The angle 
of roll showed no change in attitude with increasing left sideslip; 
this was not a characteristic of a clean UH-1B. This condition was 
not objectionable to the pilot. 

2.2.3 SIDEWARD AND REARWARD FLIGHT 

2.2.3.1 Objective 

The objective of these tests was to determine if sufficient 
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control was available to hover in winds of up to 30 knots. 

2.2.3.2 Method 

The hovering characteristics of the armed UH-1B helicopter 
in crosswind and tailwind were simulated by recording control 
positions in sideward and rearward flight.    The helicopter was 
stabilized at the various rirspeeds by using a calibrated pacer 
ground vehicle. 

2.2.3.3 Results 

Test results are presented graphically in Tigures 47 and 
48, Appendix I. 

2.2.3.4 Analysis 

Sideward and rearward flights were satisfactory with the 
XM-16 installed. A slight difference, however, was noticed with 
the nonsymmetrical armament configuration. With one pod removed, 
the control positions shifted to counter the unbalanced weight 
loading but the flying qualities we1"; still satisfactory. No 
problems were encountered in sideward flight through the speed 
range from zero to 33.5 knots true airspeed (KTAS) in both 
directions. During rearward flight at 23 KTAS, a longitudinal 
cyclic stick control margin of 0.9 inches of aft cyclic travel 
remained. 

2.2.4 DYNAMIC STABILITY 

2.2.4.1 Objective 

The objective of these tests was to determine the 
capability of the armed UH-1B to return to trim following a 
disturbance. 

2.2.4.2 Method 

The armed UH-1B dynamic stability characteristics were 
determined from analysis  of the time histories of the helicopter 
motions resulting from pulse-type control  inputs.    The 
longitudinal,   lateral,  and directional  axes were subjected to 1- 
inch control inputs  and the helicopter's  responses were recorded. 
The tests were conducted in level flight at an average density 
altitude of 4990  feet,  a mid C.G.   (Station  130.9),  a rotor rpm of 
324,  and an average gross weight of 6980 pounds.    A control 
fixture was used to insure precise inputs. 
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2.2.4.3 Results 

Time histories are presented in Figurej 49 through 54, 
Appendix I. 

2.2.4.4 Analysis 

The UH-1B equipped with either the XM-16 or XM-21 showed 
no apparent difference in dynamic stability characteristics from those 
of a clean UH-1B. Following forward and aft longitudinal pulses, the 
aircraft was essentially deadboat in pitch. A residual lateral- 
directional oscillation persisted after the initial disturbance 
damped out.  Following directional or lateral pulse inputs the 
aircraft established a well damped "dutch roll" mode of motion 
which damped out in 4 to 5 cycles. 

2.2.5 CONTROLLABILITY 

2.2.5.1 Objective 

The objective of these tests was to determine the changes 
in controllability of the UH-1B as a result of the installation of 
the armament subsystem. 

2.2.5.2 Method 

The controllability of the UH-1B with the XM-16 installed 
was determined by analyzing the helicopter's response to step-type 
control inputs about all three axes. A control fixture was used to 
insure constant inputs. The data was analyzed in terms of the 
maximum angular accelerations and rates and the time to reach the 
corresponding maximum values. The tests were conducted under the 
same flight conditions listed for the dynamic stability tests 
(Paragraph 2.2.4.2). 

2.2.5.3 Results 

Test results are presented graphically in Figures 55 
through 63, Appendix I. 

2.2.5.4 Analysis 

The control sensitivity and response were determined 
through analysis of the angular accelerations and the angular rates 
respectively.    Differences were found in comparison of the control 
sensitivity and response of the armed and unarmed UH-1B helicopters. 
The following table presents a comparison of the controllability of 
the armed and unarmed helicopters: 

19 



mf^ms^fv^m^mjm!m9e^rT^i >'.'.'" lf»'^p*r?T,'T>r7'pr".: 
.,.,_ _., _.,.,...r_T_r._..: ,._. , ...        ,.,,. 

CONTROL SENSITIVITY 

: Configuration iAxis )f 

.Pitch Fwd 10.5 Aft 10.5 

Sensitivity 
deg/sec2/in 

Clean 

Time to 
Peak 
sec 

,, 

:  0.5 

Armed 

Roll  Lt 23.8 Rt 30.0    0.4 

Yaw   Lt 24.0 Rt 29.9    0.5 

Pitch Fwd 8.4 Aft 10.0    0.5 

Roll  Lt  20.1 Rt 25.3    0.4 

Yaw   Lt 22.3 Rt 28.2    0.6 

CONTROL RESPONSE 

,■■■" • ■' 

Configuration Axis Response 
deg/sec/in 

Time to 
Peak 
sec 

Clean 

Armed 

Pitch Fwd 9.9 Aft 9 »9 
m    »Sä EiÄ ■       ■'  ■ .• 

Roll  Lt 10.2 Rt 15.0 

Yaw Lt  9.9 Rt 13.2 

Pitch Fwd 6.5 Aft 4.9 

Roll  Lt  7.0 Rt 11.4 

Yaw Lt 10.5 Rt 17.1 

2.0 

1.2 

0.9 

1.5 

1.2 

0.9 

NOTE: Comparisons were made in level flight at 
8(^0 KCAS at a gross weight of 7Ü00 pounds. 

The controllability changes irdicated were not significant enough 
to be perceptible to the pilot. 
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The installation of the XM-16 or XM-21 on the UM-1B caused 

a lower than normal vertical CG. and increased the moment of 
inertia about all axes. Controllability increased at a lower C.G. 
and decreased with a larger moment of inertia. This would explain 
the differences between the controllability of the clean UH-1B and 
the armed Uli-IB. 

2.3 VIBRATION 

2.3.1 OBJECTIVE 

The objectives of these tests were to determine the vibrations 
induced by the installation of the armament subsystems and to 
determine the vibrations due to the firing of the guns. 

2.3,2 METHOD 

Vibration tes 
of the program. The 
accelerometers at th 
vertical vibrations, 
test UH-1B helicopte 
vibration characteri 
istics of subsequent 
with those of the cl 

ts were recorded during the entire flying portion 
helicopter was equipped with  two velocity-type 

e passenger station to record  lateral  and 
At the initial phase of the flying program,  the 

r was  flown in the clean configuration and its 
sties were established.    The vibration character- 
flights in the armed configuration were compared 

ean helicopter. 

2.3.3 RESULTS 

Test results are presented graphically in Figures 64 through 
66, Appendix I. 

2.3.4 ANALYSIS 

The armed (XM-16 or XM-21)   UH-1B showed satisfactory 
vibration characteristics during the firing of both subsystems and 
during the non-firing of the XM-16 subsystem.    Durii g  the non- 
firing of the XM-21, however,   the  lateral vibration acceleration 
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exceeded the allowable  level defined in Paragraph  3.7.1 of MIL-H- 
8501A  (Reference p).    The following table gives a comparison of the 
vibrations: 

VIBRATION TEST CONDITIONS 
UH-1B/XM-16 

Vibration 
Frequency   CAS 

S.A.* kt 

1/rev 

2/rev 

4/rev 

97.0 

99.0 

97.0 

99.0 

97.0 

99.0 

Lateral Vertical Flight 
Acceleration    Acceleration    Frequency    C.G. Phase 

g g 

.0225 

.02925 

.077 

,077 

.000 

.000 

VS,A. = Single Amplitude 

.0209 

.0273 

.072 

.072 

.000 

.000 

5.3 131.2 Non-Firing 

5.4 128.3 Firing 

10.6 131.2 Non-Firing 

10.8 128.3 Firing 

21.2 131.2 Non-Firing 

21.6 128.3 Firing 

VIBRATION TEST CONDITIONS 
UH-1B/XM-21 

■ .  ■ . 

Vibration 
Frequency 

S.A. 
CAS 
kt 

Lateral 
Acceleration 

g 

Vertical 
Acceleration 

g 

Frequency C.G. 
Flight 
Phase 

1/rev 101. .0552 .039 5.4 130.7 Non-Firing 

100. .0315 .03315 5.4 126.1 Firing 

2/rev 101. .133 .078 10.8 130.7 Non-Firing 

100. .09 .072 10.8 126.1 Firing 

4/rev 101. .250 .170 21.6 130.7 Non-Firing 

100. .145 .07 21.6 126.1 Firing 
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VIBRATION TEST CONDITIONS 
CLEAN UH-1B 

Vibration Lateral Vertical 
Frequency CAS  Acceleration Acceleration Frequency C.G. 
S.A.*    kt      g g 

Flight 
Phase : 

1/rev 96.5 .0154 .0171 5.3 

2/rev 96.5 .063 ,096 10.6 

4/rev 96.5 .000 .000 21.2 

129.8 Non-Firing 

129.8 Non-Firing 

129.8 Non-Firing 

2.4  FIRINGS 

2.4,1 MACHINE-GUN FIRINGS 

2.4.1.1 Objective 

The  objective  of these  tests was  to evaluate  the  effects 
on stability  and control  of the  UH-IB during  Lhe  gun  firings  at 
various   flight  conditions  and to insure  that  there was no  compromise 
of safety of flight  throughout  the  flight  envelope. 

2.4.1.2 Method 

The  firing  of the machine  guns  of the  XM-16  and XM-21 
armament subsystems was  conducted at  zero KCAS,  48 KCAS,  67 KCAS, 
and 95  KCAS.     Hover  firings were  conducted at  approximately 50  feet 
above the ground,  and  level  flight  firings were  conducted at 500 
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feet above the ground.    Tests  for both weapons were conducted in 
the machine-gun firing positions  listed in  the  following table: 

MACHINE-GUN FIRING  POSITIONS 
XM-16 5 XM-21 

Elevation    Depression   Traverse Rt   Traverse Lt 

\ 

Zero Zero Zero Zero 

Zero Zero Extreme —— 

Zero Zero —— Extreme 

Maximum -_— Zero Zero 

Maximum Extreme —— 

Maximum —_- _—-; Extreme 

—— Maximum Zero Zero 

,—— Maximum Extreme —- 

—- Maximum __— Extreme 

10TE:  1. * indicates "stow" position. 

2, Maximum travel of guns. 

XM-16   XM-21 

Upward: 
Downward: 
Inboard: 
Outboard: 

9° 
66° 
12° 
70° 

10° 
90° 
12° 
70° 

3,     Guns will cease fire when their 
inboard limit is reached. 

2.4.1.3    Results 

Time histories of machine-gun firings are presented in 
Figures 67 through 72, Appendix I. 

2,4.1.4 Analysis 

Firing the M-60C machine guns of the XM-16 subsystem did 
not adversely affect the stability and control of the helicopter 
at any of the conditions  tested.    Firing the XM-20 machine guns of 
the XM-21 produced a reactionary force opposite to the direction of 
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fire.    The helicopter's  reaction can be clearly seen in Figures 67 
through 72,  Appendix I.    The helicopter returned to the original 
trim position after the guns ceased firing.    This condition was not 
objectionable to the pilot. 

2.4.2    ROCKET  FIRINGS 

2.4.2.1 Objective 

The objective of these tests was  to insure that there were 
no adverse  flight  characteristics introduced during the firing of 
the rockets. 

2.4.2.2 Method 

The firing of the 2.75-inch FFAR was conducted at 7300 
pounds gross weight, 324 rotor rpm, and forward C.G. The rockets 
were fired at the conditions listed in the following table: 

Flight 
Condition Airspeed 

KCAS 

Altitude 
Above Ground 

Hover 0 IGE* 

Hover (Left Pod 
Empty) 0 IGE 

Level Flight 48,84,99 500 

Level Flight 
(10° Rt Sideslip) 85 700 

Level Flight 
(10° Lt Sideslip) 85 650 

Level Flight 
(Lt Pod Empty) 85 600 

Climb (400 fpm) 61 700 

Descent (400 fpm) 57 1300 

Autorotation 90 900 

■ 

Maneuvering 
(Rt Pull-up) 95 700 

Maneuvering. 
(Lt Pull-up) 95 700 

* IGE denotes in ground effect 
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For each of the conditions listed, except the one-pod- 
erapty condition, 7 pairs of rockets were fired; for the one-pod- 
erapty condition, 7 single rockets were fired. 

2.4.2.3 Results 

Time histories are presented in Figures 73 through 79, 
Appendix I. 

2.4.2.4    Analysis 

The rocket firing tests were characterized by a nose-down 
pitching motion of the helicopter under all  conditions tested. 
The pitch angle change was approximately 4.5 degrees with a maximum 
angular rate of 4.8 degrees/second.    The rate was so slight that 
the pilot would automatically correct the pitching motion without 
thinking about it.    This pitching motion could be attributed to a 
moment about  the pitch axis resulting from the rocket blast.    The 
sudden loss of weight of the rockets would also add to this motion. 
The rocket pods were  located at an aft C.G.   (Station 136.0),  and 
the firing of 14 rockets   (252 pounds)   in  1.167 seconds would move 
the C.G.   forward. 

2.5    BOOST-OFF FLIGHT 

2.5.1 OBJECTIVE 

The objective of these tests was  to determine if flight was 
feasible with the weapon systems installed and the hydraulic 
control boost inoperative. 

2.5.2 METHOD 

Power-boosted or power-operated control failure was simulated 
by switching off the hydraulic boost system on the armed UH-IB 
helicopter.    The forces necessary to maintain control of the 
helicopter were measured by strain gages  for the  longitudinal and 
lateral forces and a hand-held force indicator for the collective 
force.    Tests were conducted in hover,  climb,   level flight and 
landing.    Paragraph 3.5.8 of MIL-H-8501A  (Reference p) was used as 
a basis for evaluating the results. 

2.5.3 RESULTS 

Time histories are presented in Figures 80 and 81, Appendix I. 
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2.5.4 ANALYSIS 

The longitudinal, lateral, and pedal control forces were 
satisfactory under all conditions tested. The collective position 
force exceeded the maximum limit (25 pounds) stated in Paragraph 
3.5.8, MIL-H-8501A (Reference p). The collective force measured 90 
pounds in a climb and could not be maintained for an extended 
period. A run-on landing was the only practical method of landing. 
Incipient loss of control resulted from over-controlling when 
transitioning to a hover because of the high cyclic forces. 

SECTION 3   Appendices 

Appendix  I 
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FIGURE MO. 24 
COMTROL POSITIOMS IU LEVELFLIGHT 
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FIGURE UO. £7 
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UH IB usA syufco-sseq 
ARMANIEWT   COM t-'ICU«ATlON 

BOTH   PCa   b  FULL't   l_OA0LD 

J 
rf 

2 r. t- 
0 H- i 

J 
H -J 

U3 
2 

2 0 

V 
2 
0 

O 

< U ii 
J f- 1,1. 2.0 

^ 2 
^ 

7 J 
0 $ I 
h 

3 
2 

a 20 

0 
et 

a I O 
j ü S 

0 
oc 
a 

< 2 i- 
o 
UJ 
a 

LL 
20 

Z 
3 

u 
2 
0 J 0 SO 

> h J —• — ~) 
t- t/) Ii 6.0 
ü 0 
u) Q. 3! 
J 
J X Jf 4:0 

u u. 
-J 

2 2 2.0 

Hp fcq&OFT. 

RPty>     324- 
CTAVG,    0044^0 

AVG G W 73 20LS. 

AVG. CG. I30.7 IM, 

*M-2i KIT 

-0-G—ö—©—-® 

LATERAL    STICK  TRAVEL 6,5 IMCHES FROM  kltUTRAL 

cr^" 
-e—e—©—e—e— 

PEDAL   TRAVEL   3.5IUCHES  FROM   UEUTRAL 

^ 

COLLECTIVE.   TRAVEL   12.2 IUCHES   FROM   FULL DOIAIM 

i- 
J u. 20 

J 2 ä 
5^ 

4. 

O 
J 1-   DJ 

6 S  2 
O n 2.0 
K 
Ö 

5£E 
P  2 

2 
0 
J a 

Ü. 

4.o 

fc.O 

o-e- 

uOMGlTUDlkJAL STICK TRAVEL   t.5 IUCHEL^,  FROM K1EUTRAL 

20 40 feO SO ICO 

CALIBRATED   Al R SPEED ^ KWOTS 

120 

55 

i ■    .,L .._...^;r■/; AA^^Wtii^^^iaa«aaft>^jyi^ 
w^^rTf.-M^I •^rrr- 



FiGuRe  Mo   2'9 

GDMTROL POSITVOU«. IU LEVEL FLIGHT 

UH-IB USA am fco-ssa^ 
ARKflAMEMT   COUFIGURATIOW 

BOTH PODS  FULLY LOADED 

5b 

J 

j t uJ ä   20 

* o 3 

t § 2 
^ x <3 

-1    p uJ 

in 3 J 
2.0 

H D       i4SO FT. 

RPM       S24- 

CrftVG .oo4-qoa 

AVG G.W. S580 LB 
AVC5. C.G. 131 O IN. 

)< M-21 KIT 

id—© ö—©-« 
o~e- 

LATERAL STICK TRAVEL  & 5 INCHES  FROM WEUTRAL 

2 
0 

5 o 
2.0 Jl   .P   t tt 

JJ      tt m   2.0 
a      ^ -1 

.©.—-0 0^0- 

PEDAL TRAVEL   3 5 (UCHES   FROM UEÜTRAL 

2 
1 

2 89; 

^   t   ^ 
i- (5 LL 

J  v  0 

0  ^  U.2 

^  2^ 

8.o 

t.O 

4-.0 

2.0 

^—0-©-e 

COLLECTIVE   TRAVEL 12.Z   I UCHES  FROM PULL DOW.M 

J 2 ^ <   zo 

«£ 0 p 

? H ^        o Q .li ^ 
3 n 2 

t g j 
2 ^ 0 Ä ^ oc S p u. 

* jo 
- 2 

Ü.   fe-o 

2.0 

4.0 

O 

LOM&ITUDIMAL   STICK TRAVEL   (b.SI UCHES   FROM UEUT^AL 

20 4-0 60 SO IOC 

CAHBRATED   AIRSPEE-D -w KMOTS 

120 

«tfcr: L ;^i^w-?^i'.^*W»?«»««B&wf;..'-N''<• rr^iMawa^MH4J^wiwwHtflv,iin|i|]iiaaf»ffyilyir^^asBa^^ (^Vii^'tftflfirii 



J 
< 
a. 
v- 
0 

< 
d 

€ 
J 

t 2 

O 
□ 
0 

=   2.0 

0 S 
11 0 
^ ct 
ü u. 

Z.O 
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3    Ä 2       5 I-   0 2 

-  a j 
v3 ^ 0 
2 ü [^   ^ 0   - ^   . 
J  S 2Q 

^ - 3r 
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XM-I<b 

LOUGITUDIUAL   STICK  TRAVEL   (o.SIUCHES   FROM   UEUTRAL 

20 40 SO SO IOO 120 

CAUlBRATED Al RSPEED A-KMOTS 
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FIGURE.   MO. 3-£ 
STATie  LOMGlTUDlKJAL SPEE.D STH31 LITY 

UH-iB USA s/M&o-aseq 

ARMAMEMT    COMF1GUR AT\OU 

AUTOROTATIOK 

TRIM CAS      AVGHy    AVQ GW.     AVQCG      RPM    ARMAMtMT    COWFIG. 
83.0 50TO SSfcO 12fe,5 32.3      XM-21      BOFH PODS FULU 

86.O 5700 7&30 1312 322     XM-EI      BOTH FODS  FULL 
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SHAOCO  SYMBOL« O&UOTE TRIM COW0lT\OW 
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8X3 
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<  0 £ 
2  H = -  L   uJ 

o 
O  (0  2 

?gj ZO 

":     o 
o ^ or. 
2 «J u. 4-,0 

5£? 
Q 

it <i.O 

XM-2ICFW0 Cd) 

O Q ^;ni 

^—-XM-ZlCMlt ^ ^—XM-2lCMlDC&,) 
COLLECTIVE TRAVEL  12.2, IUCHES FROM  FÜLL DOIMW 
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üOWQITüDmAL STICK  TRAVEL G.5 fklCHES   FROM UEUTRAL 

20 40 60 ao lOO 12.0 
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FIGURE MO. -3-5 
STATIC LOMGITUDIMAL SPEED STABILITY 

OH-IB usA -a/MGo-aseq 
ARlViANIEMT   COM PlGURAT\ON 

PARTIAL poi/vieR D&IJCEMT (-"co FT/MIU.. 

("RINA CA'D     AVG Hp 
38.0 4-S&0 

37.Q SSOO 

AVCi Q,.^,      AVG.CG.    RPM    ARMAMEWT   CjDkiFIG 
7685 iZe.Z        3Z4-      XM-lü.  RT. POD ON LY 

7<£.75 I ES.5 SZ,^     XM-Ci BOTH PODS ttvlPTY 

SHADGO SYMBOLS DEUOTE TRIM CONDITION 
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PBDAL DATA   UOT  AVAli_A8L£ 
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■^—-K M -1 fi C60TH PODS EM PTY) 

COLLECTIVE   TRAVEL   12.2, IUCHES   FROM   FULLDOWU 

KW-KiCBOTH  CONFIG.) 

LOUGlTUDlkl^L STICK TRAVEL C.SiUCHEE   FROM  UE0TRA«L 

ao 40 GO BO lOO I20 
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FIGURE WO. JZG 
STATtC LOUGITUDI MAL SPEED STftBIUTY 

UH-1B USA s/ufeo-sseq 

ARMAM&UT    COWFl&UP,ATVOV4 

PAh! n Al   POWtR OESceur (4-00 PT. /Ml ta.) 

TRIM  CA^    AVG H0      AVG&.W.    AV&,C.G      RPM    ARMAMG-UT     CONFI& 
4-Q O 5540 74-lS l2<o.l 324-     X1V1-2I     Born PODS FULL 

S7.0 5S50      7YS5        isi.o        324-    XM-1&    BOTH Poos FULL 

SHADED  SYMBOLS OEUOTE TRIM CONDITION 

XM-21 tXM-ltCBOTH PODS FULL") 

LATERAL  STICK TRAVEL   <ö.S IMCHES   FROM ME.OTRAL 

-XM-2t(BOTH PODS FOLt) 

-©:^ © 

PEDAL TRAVEL 3.5 1UCHES FROM WtUTRAL. 

PEDAL DAT A ( K M - 1&) HOT AVAILABLE 
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I-    •   „ 
J) 2 0 
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LOWG\TUDlMAL   STICK TRAVEL   (o.EIUCHES FROM WEb'TRAL 

20 40 GO SO <00 120 

CALIBRATED    A! R SPEED ~ K WOTS 
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FIGURE KJO 37 
STATIC DIRECTIOWAL STABILITY 

UH-I B    USA   S/WG>0-3SBq 

ARMAMEWT COW PI GURATION 

CLIMB 

SVM      TRIM   CAS       AVG.HD    AVG. G.W     AVG CG    RPM   ARMAMEWT    CDWF1C 
0 ci.o 74-20     (»qqs        iza.a    3Z2.   XM-ZI BOTH RODS PULL 

G öl.O G6IO        T3 1S 12S.&     322    *M-iG    BOTH PODS FULL 

SHADED   SYMBOLS DEMOTE TRIM COMOITIOM 
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UEUTRAL, PEDAL DATA (KM-1&-) UOT AVAILABLX 

. 2 <i: < 

f r H       2 
? i- o 
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L.OWG\rUDIMAU  STICK TRAVEL   <S.5 IMCHE5 FROM MEUTR AL 

SO 

LEFT 

20 IO lO 20 30 
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iMDICATED   AUGLE OP SIDESLIP - DEGREES 
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FIGURE MO. 3& 
STATIC DIRECTIOMAL STABIL»TY 

UH-IB   USA   S/WGO-aäB^ 
ARM Af/IEMT   COW Fi GURATION 

CLl MB 

SVM       TRIM CAS    AVG H0    AVG Cä.W.   AVG CG     RPM ARMAMBWT CDWFIS 
0 c>'o 74-2,0        tqqs     iz&.a    322   AM-2.1 BOTHPoosFua 
0 61.0 6CilO T3IS 12S.G      322,   *M-I<S  BOTHPODSFOU- 

SHADED  aVMBOLS  DEUOTE TR\M COUDlTlOKJ 
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FicuRe klo. 33 
STATIC DI RECTIOWAL STABILITY 

uH-is USA S/M ©o-ase^ 
ARMAME.WT COUF1 CURATlO VJ 

LEVEL FLIGHT 

&Ylv\ TRIM CAS AVG H0 AVG Gi.W. AVG C G> 
O ST.O ^-q^MD         &820 12S.5 

a at.o s3<^o 723o rast- 

er a^.O 5270          7385 130.4- 

RPM ARMAMEkiT     QOUFIG 
323 XM-21 BOTH PODS FULL 

323 X M- 16   BOTH PODS FULL 

323 XM-16  aCTH PODS FULL 

&HAOE.0   SV^IBOLS   DEUOTC TRIM QOMDITIOM 

2^ 
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LATERAL   STICK   TRAVEL    <i.5lMCHe.?.    FROM MEÜTRAL 

3  H  0 

j O 3 £ 

< ?   2 

u- u. m 
-3 
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X(VI-2I 

PEDAL TRAVEL    ^. 5IMCHES   TROW  MEUTRAL 

PEDAL DATA^M-lt,) UOt AVAILABLE 

-I   t      4- 2 < 5 
j o ^ 

2   h D 
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t a 5 
Ü  v Q 
"3  ^ (^ 

iP 2 2 
LOUGiTUDlfUAL   5TICK TRf>>VE.U   &.5 1UCHES   FROM  K1EUTRAL 

30 
LEFT 

20 IO IO 20 30 

RIGHT 

IklDICATED AUGLE OF SIDESLIP ^ DEG 
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FIGURE MO. ^O 
STATIC DIRECTIOUAL STABILITV 

UH-\B USA S/W 60-358^ 

ARMAMEWT COUPIGüRATIOM 

LEVEL FLIGHT 

'M TRIM CAS AVQ. HD AVG G.W. AVVJ.CG PPM 
0 QTO 4^)40 »aao l'2S.S 323 
D 860 SS^o 72i30 12S.4- 323 
cr 84-0 T>%fO 7385 1304- 323 

ARMftMSUT COMFICa. 
XM-31 BOTH PODS FULL 
XM-IG BOTH POOS FULL 

XM-lft BOTH POOS FULL 
SHADED   SYMBOLS DEUCfTE  TRI M COUOITlOU 

J 

O 
ul 
V 

y 
x 
o 
5 

111 
U.    U) 

< 0 a! 

< 
u 

20 

10 

IO 

SO 

.., . .._. 

KM-lfc(FWD) 

<£ Ul 

w < Kj z 
t u u) 

- 3 ' s ,o 

30 
LEFr 

IMDICATEO   AMGLE OF SlDESLI P "^ OEG,. 



FIGURE M0.-5Z-/ 
STATIC D I RECTIOW AV_ 5TAB\UTV 

UH-IB    USA»  S/MCO-SSScr 

ARMAMEMT    COWFI GUR^T\0^^ 

LEVEL   FLIGHT 

SVM       TRIM CAS     ANVGHQ    AVG G..W.    AVG C&     RPM     ARMftMEViT     CONFIG 
O I03.0 SOOO        ^920 12,6.5     2.2Z       lfM-2l   BOTH PODS FULL 

D 960 5030 71 GO I2S.2     323       JfM-IC   BOTHPODSFULL 

Cf 93.0 56.CO        V30S I 30.3     323       )fM-16   BOTHPODSFULL 

SHADED   3VMBOLS   DEUOTE.   TRIM  COkiDlTlON 
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tS 2       2 
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20 10 O IO 20 30 
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IW1DICATED   ANGLE OFSIDESLI P~ DEGREES 
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FIGURE MO. 42 
STATIC   D\RECTIOMAL.   STABILITV 

UH-IS    USA   5/M(bO-358q 

ARMAMEMT   COUP i CU RATIO M 

LEVEL   FLIGHT 

SYM       TRIM   CAS      AVG Hx,    AVGG.W.   AVG.CG     RPM    AKWAMEWT   GOMFIG. 
0 I03.0 SOOO &<920 I2<&.S        SZ-2.    XM-2/   ÖOTH POOS TOLL 

n qco 5o3o       7/so i2s.e     a-za AM-id BOTH PODS FUU. 

rf ^30 SC6O 730S I 30.3       323   XM-16   BOTH POOS PULL 

SHADED   SVMSOLS  OE UOTE T12( M COWOITIOW 
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FIGURE. UO. ^5 
STATIC DIRECTIOMAL STABILITY 

UH-ia   USA   S/WGO-35aS 

ARMAMEMT  COMPICURATIOM 

LEVEL FLIGHT 

SYM    TRmCAS     AVG HD    AVGGW.   AVCCQ     RPM   ARMAM6UT    COMF1 G. 
0 3*I.O 4-090 71 60 12.7.0       S2-4-      )tM-2l   BOfH PODS FUU- 

D 4-B.O SOSO 73IO I2S.S       323      VCM-I€   BOTH PODS FULL 

Cf 4-7.G S320 74-aO I 30 S       323       1CM-14 BOTH PODS FULL 

SHAO£D S^^BOLS  DEMOTE. TRIN\  COWDITIOW 
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§ 
u. 
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■x 
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PEDAL TRAVEL 3.5(UCHG.S FROM 
KJEÜTRAL PEDAL DATACKM-IG} KIOT 
AVAILABLE. 

u ^ o 

0)  2  3 
- u. -4. 

XW-IGCFWD) 
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^-ö«—ö &- -©— 
# Ö- —£f 

LOkjG\TUD\KlAL   STICK TRAVEL   t.5 1UCHES   FROM   WEUTRAL 
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LEFT 
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RIGHT 

IWDICATED AUGLEOF   SIDES LIP—DEGREES 
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FIGURE WO. ^4 
STATIC DIRECTIONAL STABILITY 

UH~\a   USA  5/W feO-SSB«! 
ARMAMENT   COUFlGURATlOW 

LEVEL   FLIGHT 
] 

TRIM CAS     AVG.HD    AVG.ä.W.   AVQ. CQ   RPM ARMAMENT    CDMPICi 
310 <»-aqO -71 GO 17^7,0   324-  HM-2LI  BOTH POOS FUU 

A-a. O £050 73IO !2S.S   323   X M -1G BOTH PCM» FOU. 
4-7.0 B3ao 74«0 130.5   323 XM-IÄ BOTH POPS FULL 

SHADED SVWiBOLS DtVAOTE TKI^ COMDITION 

IKIDICATED   ANGLE OF SltJESU P ^DEGREES 
:. I:;: . .(... 
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FIGURE MO.   V^- 

STATIC DIRECTIOMAL STABIUTV 
UH-lB   USA S/M&0-35e^ 

ABMAMEMT   COW Fl GURATlOM 

AUTO BOTATIOKJ 

TWNV CAS    AVGHD   AVG GW.    AVÖ Cd     RPM    ABMAMEUT    COMP«a 
SS.O CIOO fefl^-S I2.(£,.7        30C      XM-ZI    BOTH PODS FULL 

SS.O GiqO 7^65 I2S.5        324    XM-16   BOTH POOS FUUU 

SHADED  SYMBOLS  DEMOTE TR\M COWOITION 
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RIGHT 

IWDlCATeD   AWGLE OF SIDESLIP '»DEGREES 
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FIGURE. Mo.  ^d" 
STATIC DI RECTIOWAL STABILITY 

UH-IB USA s/wso-asa^ 
ARMAMEUT   COKJF1GURATIOKJ 

AUTO ROTATIOW 

o 
Ü 

TRIM  CAS    AVG.   HD 

SSO falOO 
AYG G.W.    AVG CG   RPM ARMAMEMT   COUFIG 

fe^^S I2C.7     30G   ^M-ai  B0THPO0SPÜU. 
SS.O GIRO 72C5 I2S.S     324-  XM-16  80TKP0DSFUU. 
SHADED   SYMBOt.S   DEMOTE TRIM COUDmOM 
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TIGURE KIo. -^7 
COWTROL P0SITl0^4 IM StDeWARDTuSHT 

U H* I a  U 5 M s/w G>o-3sai 

ARMAtvlEMT   CONFIGURATION 

(U  GROUUD EFFECT 

AVG.HD    AVG.a.W.   AVG  CG     RPM    ARMAMENT   COWFüG, 

5740 TZ+e 125.6        BZ.^     XM-IG      BOTH   POD5 FULLY   
3 5 20 <S9 9S 125.2.        3'24-'   X, M -1 & LOADED 

RT. ROD FULLY LOADED 
f LEFT POD REMOVED 

-j- 

_.r. 

&—' ̂ =S Q- 

■^-BOfH POP5 F 

h-^^Ü B- 
Q-   Q 

BOfH POP5 FUU.\   LOADED 

*-G  
ö tat -z. RIGHT POO FUILV UJADEüttJEFT SOD 
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FIGURE    NO. 4-9 

AFT LONGITUDINAL  PULSE 
UH-IB, U.S.A., S/N 60-3589 

ARMAMENT: XM-16   PODS   FULLY   LOADED 
FULL  LONGITUDINAL  TRAVEL: 13.0 INCHES 
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FIGURE    NO. 50 

AFT LONGITUDINAL PULSE 
UH-1B, U.S.A., S/N60-3589 

ARMAMENT!XM-21    PODS    FULLY   LOADED 

FULL   LONGITUDINAL   TRAVEL;   13.0  INCHES 
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FIGURE    NO. 51 

LEFT  LATERAL   PULSE 
UH-iB, U.S.A.,  S/N  60-3589 

ARMAMENT: XM-16    PODS    FULLY    LOADED 

FULL   LATERAL   TRAVEL:   13.0   INCHES 
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FIGURE    NO.52 

RIGHT LATERAL PULSE 
UH-IB,   U.S.A., S/N 60-3589 
ARMAMENT: XM-21  PODS   FULLY    LOADED 

FULL  LATERAL     TRAVEL:   13.0 INCHES 
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FIGURE     NO.55 

RIGHT   PEDAL   PULSE 
UH-IB,   U.S.A. ,   S/N  60-3589 

ARMAML'Ni:   XM-16    PODS    FULLY     LOADED 

FULL   PEDAL   TRAVEL!   70    INCHES 
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FIGURE    140.54 

RIGHT   PEDAL   PULSE 
UH- IB, USA.,   S/N    60-3589 

ARMAMENT : XM-21    PODS    FULLY   LOADED 

FULL   PEDAL   TRAVEL. 7.0   INCHES 
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SUMMARY OF COWTROL SEMSITIVITY 
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DlRECTVOKJAL   CONTROULABIUTY 
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FIGURE MO. GO 
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TIME HISTORY OF WEAPONS FIRING 
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LONGITUDINAL CG.   LOCATION     I a 5 . 8      IN 
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FIGURb   NO.72 

TIME HISTORY OF WEAPONS FIRING 
UH-IS,  U.S.A., S/N 60-3589 
ARMAMENT: XM-21   GUNS 

CONFIGURATION: BOTH G.NS, ELEV.: ZERO, TRAVERSE : RIGHT 
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FIGURE   NO.73 

TIME HISTORY OF WEAPONS FIRING 
UH-IB, U.S.A., S/N 60-3589 

ARMAMENT; XM-16 ROCKETS 

CONFIGURATION;  BOTH   PODS,   14   ROCKETS 
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AVERAGE   GROSS   WEIGHT:    7380   LBS. 

LONGITUDINAU    CG      LOCATION      129 9      IN 

FLIQHT   CONDITIONS;   HOVER   CIGE) 

DENSITY   ALTITUDE1.   5 9 9 O   FEET 

ROTOR   SPETETD-   PPA   RRM 

. -- ■ 

^ 
'"~ —  -j* -VAvs/ 

.   _. _ _ „ _. _  __ 

ROLL 
- ■_  

—_; ^W*—"^             "   L'                  

 ^ 
pfTCH 

v^   . ^-^—-s^ ^     "^ ^ ^ 
_. 

.  ,-—.     -— ——v^ v „v_ ^  ^ 

* ROLL  AN D     YAW    ANC ULAR    ACCE LEGATION INOPERATIV E 

^(?Otl ^PITCH 

~ ffP——^: -.^—^ 

VAW 

^LONG   Snc K 

■AL DATA   (XM- 16 )   NOT   AVAIL ABLE 

  — _                 -^ 
-L.AT    STIC H^ 

  

e r 
TIME   ~   SECONDS 

lO LI i2    1UÜ 

Ö 



T ? a <• 
h >- at 
0. ul 
u. 
0 z 

•4 

ui 
Of 

Id ••• i.i 
,J J r» 
V J 
2 0 \ 
< a c 

or Z u 
•< 0 u 
J (- w 
3 'T \ 
CJ 

hi 
w 

2 u 
< 
I U 

o 
< 

a: 
u Lii 

D 

u. 
O 

>- -i 

< o 
of er 

0    (A 

Of 

ul 
Q 

J 
< 

u 

i 
0 
d 

oca 
2 W 
0   0 

FIGURE     NO. 74- 

TIME HISTORY OF WEAPONS FIRING 
UH-IB, USA ,   S/N 60-3589 

ARMAMENT; XM-16    ROCKETS 

CONFIGURATION; BOTH   PODS,   14   ROCKETS 
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FIGURE     N0.T5 

TIME HISTORY OF WEAPONS  FIRING 
UH-IB,  U.S.A.,   S/N60-3589 

ARMAMENT   XM-16    ROCKETS 

CONFIGURATION: BOTH    PODS,  14   ROCKETS 
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FIGURE   NO.76 

TIME HISTORY OF WEAPONS FIRING 
ÜH-1B,   USA.,   S/N 60-3589 

ARMAMENT. XM-16   ROCKETS 

CONFIGURATION:   BOTH   PODS, 14 ROCKETS 
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FIGURE    NO. 77 

TIME HISTORY OF WEAPONS FIRING 
UH-IB, U.S.A., S/N 60-3589 

ARMAMENT; XM-16 ROCKETS 

CONFIGURATION: BOTH   PODS,  14   ROCKETS 
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FIGURE  NO.78 

TIME HISTORY OF WEAPONS FIRING 
UH-1E, US A.,  S/N 60-3589 

ARMAMENT    XM-21 ROCKETS 

CONFIGURATION   RIGHT   POD  ONLY,   7 ROCKETS 
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FIGURE     NO. 79 

TIME HISTORY OF WEAPONS FIRING 
UH-IB,  U S.A.,   S/N 60-3589 

ARMAMENT XM-21    ROCKETS 

CONFIGURATION: BOTH PODS,  14 ROCKETS 
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FIGURE   NO. 80 

TIME HISTORY OF BOOST-OFF FLIGHT 
UH-IB, U.S.A., S/N 60-3-589 

ARMAMENT. XM-21 PODS FULLY LOADED 
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FIGURE   NO.81 

TIME HISTORY OF BOOST-OFF  FLIGHT 
UH IB, USA, S/N 60-3589 

ARMAMENT  XM-16 PODS FULLY LOADED 
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APPENDIX    II 

DATA ANALYSIS METHOD 

1.0    GENERAL 

The equations and analysis method used to correct the performance 
of the helicopter to standard-day conditions are briefly described in 
this appendix. 

The non-dimensional parameters used for data analysis are defined 
as follows: 

550 x SHP 

pA (OR)3 

W C-p « 
pA (OR)' 

1.689 Vt 
QR 

where: 

SHP = engine output shaft horsepower 

p « air density, slugs/ft3 

A » total swept rotor disc area, ft 

n = rotor angular velocity, radians/sec 

R " rotor radius, ft 

W = gross weight, lb 

V = true velocity, kt 

This non-dimensional method is useful only where compressibility 
effects are not significant. No significant compressibility effects 
were encountered during the test. 
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1.1  POWER DETERMINATION 

The T53 gas turbine engine incorporates a hydro-mechanical 
torquemeter as an integral part of the reduction gearing on the 
compressor end of the engine. This torquemeter is essentially a 
piston which supplies pressure, in proportion to the output torque, 
on the contained hydraulic oil. To obtain a more accurate 
indication of torque, the pressure of oil vapor behind this piston 
is also measured and the difference between this pressure and the 
hydraulic oil pressure is found. The conversion from torquemeter 
pressure to torque in inch-pound was obtained from the test cell 
run of engine S/N LE-06202. 

The equation from which output shaft horsepower was 
determined from inflight torquemeter and rotor rpm readings was 
derived as fojJows: 

SUP = -5 ll  -_- x N_ x T 
12 x 33,000    E 

where; 

SUP » output shaft horsepower 

Np = output shaft rotational speed 

T  ■ output shaft torque, in-lb 

rpm 

The torquemeter calibration as obtained from engine calibration 
data indicated that torque could be determined as the following 
function of torque pressure: 

T      «= 228.6 AP 

where: AP* torque differential pressure - psi 

Rotor speed was determined from output shaft rotational speed as 
follows: 

Nr 
R   20.37 

where; 

ND    ■ rotor rotational speed - rpm 
K 

110 



.. :....,..-„.,-,.,..,.._,,- 

Combining the above expressions results in the following 
expression for determining output shaft horsepower; 

SHP 2n x 228.6 x 20.37 x NR x AP 
12  x 33,000 

During the test program,  engine characteristics were defined 
by the curve of: 

SHP 

2^      2 

W, 
versus 6tter t2'   T-2 

where: 

SHP = output shaft horsepower 

6      o ratio of compressor inlet total pressure to standard 
2 pressure at sea level 

8      « ratio of compressor inlet total temperature to standard 
2 temperature at sea level 

Compressor inlet pressure or temperature instrumentation was 
not installed in the test aircraft.    Since no pressure  loss was 
noted in FTC-TDR-62-21  (Reference s),  the test ambient pressure 
was taken as  the test compressor inlet pressure.    Also,  since the 
compressor inlet temperature noted in FTC-TDR-62-21 was consistently 
2 degrees  centigrade  (C)  above ambient,  the test compressor inlet 
temperature was taken as 2 degrees C above the test ambient 
temperature. 

Level Flight and Specific Range: 

Level flight speed-power correction was derived from the Cp, 
CT,  u method.    Each speed power was  flown at a pre-determined C™ 
holding rotor speed constant.    To maintain W/p approximately 
constant, altitude was increased as  fuel was consumed. 

Test-day level flight power airspeed data was corrected to 
standard-day conditions by the following method:    The test day 
speed-power point was defined by the dimensionless parameters, 
Cpt, Cxt,  and yt.    Correction of test-day power to standard-day 
conditions was made holding these coefficients constant on the 
standard day.     It follcs from this  that the relationships below 
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are true between test-day and standard-day conditions: 

cpt 'Pc' CTS.     ^t  =  ^s 

From these relationships and definitions of the particular terms 
the following relationships hold: 

Wt/Pt " Ws/Ps. Ps "Pt Cws/Wt) 

This last relationship permits establishing the standard-day 
density, ps, which is required for presenting the test-day data 
at a standard gross weight, Ws. Ws is the weight used in the 
computation of the target Cj  for each individual level flight 
test. 

From the definition of the power coefficient, Cp, the 
following relationships can be derived: 

SHPt/pt « SHPs/ps 

S1IPS = SHPt (Ps/Pt) 

This last relationship then defines the standard-day power 
required for flying at the same thrust, power and speed coefficient 
as on the test day but under standard-day conditions. Each level 
flight speed-power point was corrected in this fashion to standard- 
day conditions at the target gross weight. 

Specific range calculations were performed using the level 
flight performance curves presented in Figures 1 through 3, 
Appendix I and the specification fuel flow characteristics at 5- 
percent conservative presented in Report No. 204-099-712 (Reference 

v). 

NAMPP W, 

where: 

NAMPP 

VT 

nautical miles per pound of fuel 

true airspeed in knots 

fuel flow, pounds per fo*ee 
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APPENDIX  III 

TEST  INSTRUMENTATION 

1,0    Sensitive,  calibrated  instrumentation was  installed and 
maintained  in UH-1B,  S/N 60-3589,  by personnel  of the  Logistics 
Division of USAAVNTA.    The  following parameters were recorded: 

a.     Pilot's Panel 

(1) Boom Airspeed 

(2) Rotor Tachometer 

(3) Angle of Sideslip 

(4) Rate of Climb 

(5) Boom Altitude 

b. Engineer's Panel 

(1) Torquemeter (High and Low) 

(2) Free Air Temperature 

(3) Standard Airspeed 

(4) Standard Altitude 

(5) Fuel Flow (Stepper Motor System) 

(6) Fuel Totalizer 

Oscillograph 

(1) Longitudinal Cyclic Control Position 

(2) Lateral Cyclic Control Position 

(3) Directional Control Position 

(4) Collective Control Position 

(5) Angular Pitch Acceleration 

Photo 4- Engineer's    Panel 

c. 
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(6) Angular Roll Acceleration 

(7) Angular Yaw Acceleration 

(8) Rate of Pitch 

((J} Rate of Roll 

(10) Rate of Yaw 

(11) Angle of Pitch 

(12) Angle of Roll 

(13) Angle of Yaw 

(14) Angle of Attack 

(15) Angle of Sideslip 

(16) Normal C.G, Acceleration 

(17) Vertical Vibration 

(18) Lateral Vibration 

(19) Rotor RPM (Blip) 

(20) Pilot's Lvent Marker 

(21) Engineer's Event Marker 

(22) Voltage Monitor 

(23) Longitudinal Cyclic Force 

(24) Lateral Cyclic Force 

2.0 The aircraft was equipped with an airspeed boom incorporating 
a swiveling pitot-static source and vanes for angle of attack and 
sideslip. 
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APPENDIX   fV 

GENERAL AIRCRAFT  INFORMATION 

1.0    AIRCRAFT PRINCIPAL DIMENSIONS  - MAXIMUM 

a. Length 

(1) Overall (main rotor fore and aft 
and tail rotor horizontal) 52.9 ft 

(2) Overall (main rotor fore and aft 
and tail rotor vertical)to end 
of tail skid 49.8 ft 

(3) Nose of cabin to tail skid 39.5 ft 

(4) Nose of cabin to tail rotor 
horizontal * '- 42.9 ft 

(5) Skid gear 10.8  ft 

b. Width 

(1) Skid gear 8.4 ft 

(2) Synchronized elevator 9.3 ft 

(3) Stabilizer bar 9.0 ft 

c. Height  (to static ground line) 

(1)'    Tip of main rotor forward blade to 
ground 8.4  ft 

(2) Tip of main rotor blade static position    13.2 ft 

(3) Tip of forward main rotor blade, tied 
down position 18.8 ft 

(4) Tip of tail rotor blade, vertical 
position 14.6 ft 

(5) Tail skid to ground 3.9 ft 

(6) Top of cabin 6.8 ft 

(7) Cabin base to ground i.o ft 
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d. Diameters 

(1) Main rotor 44.0 ft 

(2) Tail rotor 8.5 ft 

(3) Stabilizer bar 9.0 ft 

e. Miscellaneous 

(1) Main rotor airfoil NACA 0012 

(2) Main rotor chord 21 in 

2 
(3) Swept disc area 1520.5 ft 

(4) Gear ratio (engine to main rotor) 20.37 to 1 

(5) Gear ratio (engine to tail rotor) 3.97 to 1 

(5) Solidity ratio .0506 

(7) Tail rotor airfoil NACA 0012 

(8) Tail rotor chord 0.7 ft 

2.0 POWER PLANT 

The test aircraft was powered by a T53-L-9A gas turbine engine, 
Serial Number LE-06202. The engine is comprised of an inlet and 
reduction gear section, an axial-contrifugal compressor, an angular 
vaporizing combustor, a' gas producer turbine, a free power turbine, 
and an exhaust diffuser. The compressor consists of five axial 
stages and one centrifugal stage. The engine installation is rated 
to an output torque valve equivalent to 1100 horsepower at 6C00 rpm 
for takeoff and 900 horsepower at 6400 to 6600 rpm for continuous 
operations. 

3.0 OPERATING LIMITS WITH XM-16 AND XM-21 ARMAMENT SUBSYSTEMS 
INSTALLED 

a. Operating instructions were obtained from Technical 
Manual TM 55-1520-211-10. 

b. Maximum airspeed was 100 KCAS. 

c. Engine speeds were 6400 - 6600 rpm. 
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d. Gross weight  limits were 6000 pounds minimum and 8500 
pounds maximum. 

e. C.G.   limits were Fuselage Station  125 maximum forward 
and Station  133 maxin.um aft. 

f. Jettison  limits of the LAU-32A/A rocket pods were 
symmetrical both  left and right and were as  follows: 

Airspeed - KCAS Sideslip Angle - deg 

60 

70 

80 

90 

100 

10.0 

6.5 

5.0 

4.0 

3.5 

4.0 ARMAMENT SUBSYSTEM 

4.1 GENERAL 

The UH-1B airframe can sustain a total   load of 750 pounds on 
each side external  stores mount.    This  occurs at Fuselage Station 
(F.S.)   136 inches, butt  line  (B.L.)   65  inches, water line  (V/.L.3 
21 inches.    The  limit  load factors that may be applied are:   4g 
down,  2g up,   1.5g  lateral,  and 4g forward.     The MA-4A bomb  rack 
has  a maximum  load  capability of 10,000 pounds and can carry a 
load up to  1600 pounds/0A AX^,    LXU-^ 

4.2    DESIGN CRITERIA 

a.    External Stores 

Item XM-16 XM-21 

Gun mount 

Machine guns 

Ammunition chutes 

Rack assemblies 

2 

4 (M-60C) 

4 

2 

2 

2 (XM-20) 

2 

2 
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a. External Stores (Cont'd) 

Item XM-16 XM-21 

Cables 

Rocket  launchers  (LAU-32A/A) 

Rocket  (2.75-inch  FFAR) 

Total Weight   (pounds) 

2 

2 

14 

640.6 

2 

2 

14 

648.3 

b.  Internal Stores 

Item XM-16 XM-21 

Sighting station 1 1 

Control panel 1 1 

Intervalometer 1 1 

Ammunition boxes with covers 12 12 

Ammunition box rack 1 1 

Rounds  of linked ammunition 6Ü0Ü 6000 

Total weight  (pounds) 460.6 523.9 

c. Machine Guns 

Characteristic XM-16 XM-21 

Weight 21,0  lb 50.0  lb 

Length 43.5 in 31.5 in 

Rate 550 rd per min 2000 to 4000 
rd/min 

Maximum depression 66 deg 90 deg 

Maximum elevation +9 deg +10 deg 

Maximum traverse 

Inboard 12 deg 12  deg 

Outboard 70  deg 70 deg 
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d. LAU-32A/A Rocket Launcher 

Characteristic XM-16 anc XM-21 

Diameter 9.8 in 

Length-overall 49.9 in 

Capacity (2.75-in FFAR) 7 

Weight - empty 47o5 lb 

Weight - loaded 170.0 lb 

Suspension 14 in and centered 

e.  2.75-inch FFAR (Rocket) 

Characteristic XM-16 and XM-21 

Length 48.0 in 

Diameter 7.0 in 

Motor length 39.4 in 

Weight 17.5 lb 

Warhead length 8.5 in 

Loaded C.G. 19.5 in. from nose 

First rocket pair fired 200 milliseconds after 
triggers energized 

Ripple fired complement 
time 1.167 sec 

5.0 WEIGHT AND BALANCE 

The test aircraft was weighed and balanced in a closed hangar 
with the armament subsystems installed, A typical service loading 
for the two subsystems was as follows: 

a. XM-16 Armament Subsystem Installed 

Item Weight-lb 

Operating weight 4787 

Pilot and copilot @ 200 lb per man 400 

155 gallons of fuel (fuel weight = 
6.50 lb/gal) 1008 

External and internal components installed 
including 6000 rounds of ammunition and 14 
rockets 1101 

Total Weight 7296 lb 
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b. XM-21 Armament Subsystem Installed 

Item Weight-lb 

Operating weight 4787 

Pilot and copilot @ 200 lb per man 400 

155 gallons of fuel (fuel weight = 
6.50 lb/gal) 1008 

External and internal components installed 
including 6000 rounds of ammunition and 14 
rockets 1172 

Total Weight 7367 lb 
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APPENDIX V 

Symbol 

SHP/shp 

P 

A 

Ü 

R 

W, GW 

V, 

NB 

T 

AP 

N 

6 

e 

w 

R 

f 

KIAS 

KCAS 

KTAS 

NAMPP 

SYMBOLS AND ABBREVIATIONS 

Definition 

Power coefficient 

Thrust coefficient 

Rotor tip speed 

Shaft horsepower 

Air density 

Rotor disc area 

Angular velocity 

Rotoi radius 

Gross weight 

True airspeed 

Output shaft rotational speed 

Output shaft torque 

Torque differential pressure 

Rotor rotational speed 

Pressure ratio 

Temperature ratio 

Puel flow 

Knots indicated airspeed 

Knots calibrated airspeed 

Knots true airspeed 

Nautical air miles per pound 
of fuel 

Units 

non-dimensional 

non-dimensional 

non-dimensional 

ft-lb/min 

slugs/ft3 

ft2 

radians/sec 

ft 

lb 

kt 

rpm 

in-lb 

psi 

rpm 

Ib/hr 

kt 

kt 

kt 
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Symbol 

1/rev 

CG. 

rpm 

V 
NE 

S.A. 

freq 

IGE 

rd/min 

Subscript 

s 

t 

Definition 

Cycles per revolution 

Genter of gravity 

Revolution per minute 

Airspeed not to exceed 

Single amplitude 

Frequency 

In ground effect 

Rounds per minute 

Standard-day conditions 

Test conditions 

Units 

cycles/rev 

in 

rpm 

kt 

g 

cycles/sec 
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