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r SUMMARY 

:. 

Engineering tests of the Q1-37B were conducted to detendne 
the effect of the changes fron the CH-37A configuration on the 
performance and stability and control characteristics of the 
helicopter. 

This report presents the results of 
evaluation conducted during the period 5 
through 27 May 1963. 

a 29 hour flight test 
Septenber 1962 

The test vehicle OJ. S. Array S/N 54-0998) had been reraanu- ' 
factured from a ai-37A into a ai-37B by the incorporation of the 
following major changes: 

(1) Installation of Automatic Stabilization Equipment (ASE). 

(2) Relocation of the horizontal stabilizer to a position 
opposite the tail rotor. 

(3) Installation of larger capacity oil tanks. 

(4) Replacement of the split cargo door with a sliding cargo 
door. 

The performance data obtained during this test was conpared 
with that presented in "Limited Evaluation of the H-37A Equipped 
With Wide Chord Blades'* (AFFTC-TR-59-14) and the stability and 
control conparison is made with the "II-37A, Limited Stability and 
Control Evaluation" report (AFFTC-TR-öO-iS).    Perfonnance data 
comparison revealed that no significant differences exist which 
would make necessary revisions of the Operator's Handbook.   This 
conclusion was based on level flight tests. 

Not considering the ASE modification, the maior stability 
and Control difference is experienced in the longitudinal axis. 
A larger degree of danping is present, and the short period 
oscillations of the ai-37B are approximately one-half those of 
the ai-37A.   This change is attributed to the relocation of the 
horizontal stabilizer. 

Laterally and directionally, there is no appreciable 
difference.    Directional control response in a hover remains 
excessive. 

r 
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The ASE inproves the handling qualities of the helicopter 
to the extent that täte responses and attitude changes ate 
subject to increased damping.   This is accoaplished without 
a reduction in control sensitivity. 

The addition of the Automatic Stabilization Equipment 
is a definite iaqprovement and inproves the controllability of 
the aircraft while reducing pilot fatigue. 

(. »» 
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ATA-TR-64-S 

USATEOOM PBPJEgf M6. 4-4-0180-01 
 J^CINEUHINÜ PLlttff TBT  
 Wim  

01-57B 
5 Sep 62 toT7 ftey 63 

GENERAL 

A. REFERENCES 

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

B. AWHOMTY 

This program was authorizeu on 11 May 1962 by the Comnding 
General, U. S. Any Aviation and Surface Materiel Comnand, St. Louis, 
Missouri, by means of an electrical message nunbered TCMAC-EH-37- 
050-01249.   Ihe Directive, in part, stated, "By Reference l", 
(Message TOM)-AB-5-28-2 fron DA, dated 8 May 62), "authority has 
been received to conduct a twenty (20) flying hour program on H-37B, 
S/N 54-998, to evaluate stability, control and Performance changes 
resulting from changes incorporated during the H-37 remanufacturing 
program." 

C. DESCRIPTION OF MATERIEL 

1, The ai-37B is a twin-engine, single lifting rotor, all- 
metal transport helicopter manufactured by Sikorsky Aircraft, 
Division of United Aircraft Corporation, Stratford, Connecticut. 

2. This model aircraft results fit» a modification of the CH-37A. 
The following items outline the major changes incorporated in this 
program. 

(a) Automatic Stabilization Equipment (ASE). 

This equipment was designed and installed to inprovu 
the handling characteristics of the helicopter. 

(b) Fixed Stabilizer. 

The adjustable stabilizer located on the sides of 
the fuselage have been replaced with a fixed stabilizer located on 
the right side of the tail rotor pylon.   * 
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s 
(c) Cargo Door. 

A two section sliding door replates the three section 
swing-out door of the ai-37A. 

(d) Oil Tank. 

A larger, rigid tank replaces the bladder-type 
tank of the C11-37A. 

3.   A detailed description of the CH-37B is presented in 
Annex D, Part III. 

D.    BACKGROUND 

The CH-37A, S/N 54-998, arrived at Edwards Air Force Base, 
California, on 30 January 1957.    It was returned to Sikorsky 
for modification and reraanufacture on 17 October 1960.   Major 
changes included the addition of Lear Automatic Stabilization 
Equipment and repositioning of the horizontal stabilizer. 

On 14 July 1961, it was returned for testing to Edwards Air 
Force Base as a "B" Model of the 01-37.   The U. S. Air Force 
Flight Test Center (AFFTC), Edwards AFB, California was requested 
to conduct an evaluation of changes due to modification in 
stability, control and performance characteristics of the "B" 
model.   The aircraft, however, was reassigned to the U. S. Army 
Aviation Test Activity (formerly TMCATO) for testing after five 
hours of flight rime conducted by the AFFTC. 

Flight testing began on S Sep 1962 at Edwards AFB, California. 
Subsequent testing to 27 May 1963 was conducted at Meadows Field 
Airport, Bakersfield, California and Edwards AFB. 

E.    TEST OBJECTIVES 

This test program was initiated for the purpose of evaluating 
the stability, control and performance differences resulting from 
changes incorporated during the H-37 remanufacturing program. 
This is as stated in the directive quoted in part in Section B. 

( 

F.    FINDINGS 

1.   Performance 

Level flight power required as a function of airspeed 
was determined at density altitudes fron 5035 feet to 10,130 feet. 
Gross weights ranged to 24,290 pounds to 30,820 pouids and engine 
and rotor speeds were maintained at 2600 and 185.5 rpm respectively. 

1.3 
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Individual .test results are presented in Figures No, 3 
through 6t Part II.   Ncndimnsional siawtry plots are presented 
in Figures No. 1 and 21 Part II.    The CH-37B fuel consuaption 
versus shaft horsepower curves are presented in Figure No. 77, 
Fart II.   The manufacturer's engine performance curves are 
presented in Figures No. 78 and 79, Part III. 

A coofwrison of the CH-37B test results with the findings 
in the report AFFrC-TR-59-14, "Limited Evaluation of the H-37A 
Equipped with Wide Chord Blades"., indicates a small difference in 
level flight performance.   The shapes of the Q1-37B speed-power 
curves are similar to those of the C11-37A.   However, there is a 
displaoemen • of the curve as illustrated in Figure A. 

FIGURE A 

( See next page ) 

The QI-37B apparently required greater power at high airspeeds 
and less power at low airspeeds than the CH-37A,   The displacement 
of the curve may be attributed to any or all of the following: 

. (a)   Airspeed Calibration.   The airspeed calibrations used 
during the two test programs differed.   The ai-37A 
airspeed data were obtained from the standard ship's 
system while the Q1-37B was evaluated with airspeeds 
obtained from a test (aoom) system.   The different 
position errors from tie calibrations resulted in 
CH-37A calibrated airspeeds which were generally 1 
to 2 knots higher. 

(b) Fuel Flow.   The CH-37B evaluation was conducted with 
relatively high time engines Capproximately 150 and 
350 hours), and carburetors winch had not been flow 
checked.   An analysis of the fuel flow data shows 
that for the same horsepower output, these engines 
required a much greater fuel flow than the engines 
used in -the CH-37A test aircraft. 

(c) Method of Measuring fggjjt.   The engine power data for 
this report was obtained by using the manufacturers 
engine performance curves (power chart).    The 01-37A 
power was determined fron torquemeter data. 

Cd)   Drag. Drag, while probably the least likely cause of 
the power-airspeed differential, should nevertheless 
be considered.   The external configuration changes 
node to the CH-37A which could create a difference in 
drag are: 

(.       i The method utilized in obtaining coapr: itive values is outlined 
in "Data Analysis Methods and Test Techniques", Annex B, Part III. 

1.4 
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(1) Relocation of the aft horizontal stabilizer 

(2) Conversion of the side door 

The frontal area of the H-37B horizontal stabilizer was 
reduced approximately one-half while the new sliding 
door protruded slightly into the aimream and nay have 
added a small amount of drag.   Thus, it appears that 
the drag difference between the two aircraft would be 
so small as to have little or no effect on the power re- 
quired. 

Consideration of the above indicates that the actual performance 
difference between the two configurations if less than S percent. 
Thus, no changes in the Operator's Manual are necessary, (Reference 
MIL-M-7700A, Paragraph 3.1.2.12.2; changes will be necessary if 
alternate configurations result in a performance variation of more 
than S percent). 

2.    Static Stability 

a.   General 

The static longitudinal speed stability of the ai-37B 
was evaluated by recording the longitudinal, lateral and rudder pedal 
control positions required to vary airspeed about given trim conditions. 
These control positions were recorded during clinfc, level flight, 
and autorotation.   The test conditions are presented in the following 
Table: 

TABLE I 

FLiarr 
REGIME 

DENSITY 
ALTITUDE 

-FT 

GROSS 
wEiarr 

-LB 

30,710 

ROTOR 
SPEED 
-RPM 

192 

CG. 
LOCATION 

242 (AFT) 

TRIM 
AIRSPEED 

-KNOTS* 

Clinb 6290 65 

Level Fit 4430 31,320 186 242 (AFT) 35,80,99 

Autoro- 
tation 

6290 30,710 200 242 (AFT) 65,90 

* All airspeeds in the Stability and Control Sections of this report 
are calibrated airspeeds unless otherwise noted. 

Test results are presented in Figures No. 7 and 8, Part II. 

( 1.6 
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Static directional stability tests were conducted to detemine 
the amount of pedal and lateral control required to maintain a stabilized 
angle of sideslip.   Level flight and autorotation test results are 
presented and compared to CH-37A test results (Reference AFFTC-TR- 60-15 
"li-llk Limited Stability and Control Evaluation") in Figures No. y 
through 14, Part II.   The test level flight trim airspeeds were 45 
and 85 knots.   The average density altitude was 5360 feet, the average 
gross weight was 30,770 pounds, the test rotor rpm was 186, and the 
center-of-gravity was located aft at Station 242 (C.G. limits of the 
CH-37B are from Station 228 forward to Station 245.1 aft).   During 
autorotation the rotor speed was increased to 191 rpm and the test trim 
airspeeds were 42, 53 and 57 knots calibrated airspeed. 

Low speed forward and rearward flight in-ground-effect was 
conducted to obtain data for analysis of the hovering characteristics 
during headwinds or tailwinds.   Sideward flight tests were not conducted 
because there were no configuration differences which would indicate a 
change in characteristics for this flight regime.   The tests were con- 
ducted at a wheel height of approximately 50 feet, a density altitude 
of 1900 feet, a rotor speed of 193 rpm, an engine speed of 2700 rpm, 
a e.g. at Station 236.5 (mid), and a gross weight of 30,020 pounds. 

b. Static Longitudinal Speed Stability 

Longitudinal speed stability was determined to be positive 
for all airspeeds above 45 knots at all flight conditions.   There were 
no objectionable discontinuities and the speed stability became more 
positive as airspeed was increased.   Qualitative pilot comments in- 
dicated that the static speed stability characteristics were the 
same with the Automatic Stabilization Equipment (ASE) both "on" and 
"off.    Figure B conpares the CH-37A and ai-37B longitudinal control 
positions as a function of calibrated airspeed. 

FIGURE B 

( see next page ) 

The CH-37B required an average of seven percent more forward longitudinal 
cyclic control and the speed stability gradient became more positive as 
the airspeed was increased.   This forward control position and the more 
positive stability was attributed to the greater moment created by the 
new stabilizer location.   Qualitatively, there was no detectable 
difference in static longitudinal stability between the CH-37A and the 
CH-37B. 

c. < Static Directional Stability 

The CH-37B exhibited positive static directional stability 
in level flight.   The tests results indicated increasing positive 
stability gradients as airspeed was increased.   ASE operation did not 

■ 
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have a significant influence on the static directional stability.    Extrap- 
olation of the test data indicated that at least a ten percent control 
position margin existed for stabilized sideslip angles of 45 degrees at 
ION speeds and 15 degrees at high speeds. 

The static directional stability in autorotation was determined 
to be weakly positive for airspeeds of 42 to 57 knots with only 0.16 indies 
of pedal input required to change the sideslip argle from 15 degrees left 
to 15 degrees right.   Maintaining a stabilized sideslip angle in autoro- 
tation was extremely difficult.   A "wallowing" motion was experienced and 
directional control inputs had little effect on yaw attitude.   These tests 
results were similar to those reported during the CH-37A tests.   As in the 
level flight case, no significant difference was noted between the ASE 
"on" and "off data, however, qualitative pilot comnents indicated that 
stability was iirproved with the ASE operative and the directional flying 
qualities were better.    Sufficient directional control was available to 
produce sideslip angles similar to those obtained in level flight. 

Dihedral effect, as indicated by lateral control positions 
during steady sideslip, was positive at all speeds in level flight and in 
autorotation above 50 knots.    During level flight, dihedral effect in- 
creased with airspeed and was the sane with the ASE both "on" and "off. 
This positive dihedral effect-, coupled with the strong static directional 
stability, gave the helicopter good pedal fixed maneuvering capability 
in level flight.   During autorotation, the dihedral effect was weakly 
positive for airspeeds above 50 knots and was neutral or negative below 
50 knots.   The rotor rpm ranged from 190 to 192.   This weak or neutral 
dihedral effect, in addition to the marginal static directional stability, 
made it extremely difficult to maneuver or maintain yaw attitudes during 
autorotational descents.   Turbulence increases the pilot effort and 
might prevent adequate maneuvering required for a safe autorotational 
landing. 

d. Control Positions in Forward and Rearward Flight 

Forward and rearward flight test results are illustrated in 
Figure No. IS, Part II.   Notable differences were found between the 
CH-37A and ai-37b collective and pedal positions.    This was mainly 
attributed to the CH-37A tests being conducted at a rotor rpm of 186 
as compared to 193 for the CH-37B.   Some variation was also attributed 
to the change in the1 location of the horizontal stabilizer.   More than 
30 percent of the aft longitudinal stick travel remained at 30 knots in 
rearward flight.   There wtre no unusual lateral or directional control 
requirements as rearward flight speed increased up to 30 knots, TAS. 

e. Miscellaneous 

It should be noted that the data for the report AFFTC-TR- 
60-15, H-37A Limited Stability and Control Evaluation, were obtained 
from ÜI-37A, S/N 54-0998, while that helicopter was fitted with wide 
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chord plates, but still rigged for narmw chord blades. In essence 
this means the comparative CH-37A control position curves presented 
en the static stability plots in this report may vary somewhat from 
curves that would have resulted had the blades been rigged in the 
wide chord configuration as they were in the ai-37B test aircraft. 
Static longitudinal speed stability, static directional stability, 
and control positions in forward and rearward flight are the plots 
affected. Performance data and dynamic stability plots are not 
influenced by this rigging difference. The blade pitch variations 
are as follows: 

TABLE II 

BLADE READINGS 

A - Narrow B - Wide 

Left -4° t 1* -7# 48« * 1° 

Right 20* ♦ 1° 16° 12» t 1° 

Pwd. -6° t 1° -9° 48« ♦ 30' 

Aft. 20° ♦ 1* 16° 12« t 30' 

The different rigging configurations are presented in 
the accompanying sketch. Figure C, for conparative purposes. 

FIGURE C 

(See next page) 

• 
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FIGURE C 

atr- 

PO«WÄ«D 

RiG4-rr 

i_EP-r 

A—Blade pitch variation of the CH-37A 
b—Blade pitch variation of the 01-376 
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3.   Dynndc Stability 

a.   General 

The ai-37B dynaadc stability characteristics were detendned 
by analyzing the time histories of the helicopter notions resulting 
from pulse type control inputs.   This analysis considered damping, control 
lag, curve shape, and qualitative pilot coanents.   Typical time histories 
are presented in Figures No. 16 through 33, Part II. 

Tests were conducted in hover and level flight about the 
longitudinal,,lateral and directional axes with the ASE both "an" and 
"off".   Hovering dynamic stability tests were conducted in calA air 
at an average density altitude of 1S00 feet, a odd oenter-of-gravity 
location (Station 236.5), a rotor rpm of 194 and an average gross weight 
of 30,000 pounds. 

Level flight tests were conducted at 6000 feet average density 
altitude, aft center-of-gravity location (Station 242), average rotor speed 
of 186 rpm, and an average gross weight of 30,000 pounds.   Tests were con- 
ducted at both low and cruise airspeeds. 

b. Longitudinal Dynamic Stability 

The initial aircraft motion following a longitudinal pulse control 
input was in the proper direction.   In all cases with the ASE "oft", daaping 
decreased as the airspeed increased.   At cruise airspeeds the short period 
pitching motion was divergent.   Pulse inputs at low airspeeds and in 
hovering flight resulted in an oscillatory divergent motion that required 
pilot recovery during the second half of the cycle. 

The longitudinal motions with the ASE "off" in both low and 
cruise speed flight had oscillation periods which were approximately one- 
half those recorded for the CH-37A in the report, AFFTOTR-60-15.   The 
relocation of the horizontal stabilizer apparently provided greater 
dancing in pitch during forward flight. 

Longitudinal dynamic stability was improved considerably 
by the addition of the ASE.   All pitching oscillations were damped in 
less than one cycle.   Damping was higher at low airspeeds than in 
hovering flight and some reactions exhibited dead-beat characteristics. 

c. Lateral Dynndc Stability 

In all cases initial helicopter motion following a lateral 
pulse input was in the direction of the control input.   Dealing was 
greatest in hovering flight and at low airspeeds.   With the ASE in- 
operative pilot recovery was necessary because of divergent lateral 
oscillations.    Pitching motions and lateral-directional coupling were 
present in all flight regimes and in a hover the ym motion 
was divergent. 

1 Henceforth, in this report low airspeed denotes approximately 45 knots 
CAS and cruise airspeed denotes approximately 85 knots CAS. 

1.12 
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d.   Directional Dynamic Stability 

The helicopter yawed in the s 
control input, in all cases. 

direction as the pulse 

: 

Little difference in dynaadc stability was noted between 
the CH-37A and the CH-37B with the ASE "off*.    In all flight regiaes 
a right pedal input resulted in a tym to the right with an oscillation 
about the yaw axis while left pedal pulses created an oscillation 
about the tria axis with no heading change.   Yaw rates froa the oscilla- 
tions were high but the relatively long time required to reach —d— 
allowed the pilot to recover without difficulty.    The high tail rotor 
location resulted in an initial small adverse lateral-directional coupling 
caused by changes in the tail rotor thrust.   This coupling was prevalent 
at both low and high airspeeds.   An initial nose-up pitching motion 
followed a left pedal pulse during hovering flight.   In all other condi- 
tions, the helicopter pitched nose-down after the directional input. 
Ground effect and translation influenced notion about the pitch axis 
when conducting hovering stability tests. 

With the ASE "on" all oscillations danped to zero within 
one cycle.   Attitude returned to trim and there was a small opposite 
roll contributed by the tail rotor moment about the roll axis.    Charac- 
teristics are similar for all airspeeds tested, including hover. 

4.   Controllability 

Controllability tests were conducted to determine the heli- 
copter response characteristics to control inputs.   Step control inputs 
were used to evaluate these characteristics.   The analysis of the data 
included control lag, maximum values, time to reach maximia» values, 
discontinuities in the Carves, and the resulting helicopter attitudes. 
The time histories are presented in Figures No. 40 through 59. 

Hovering flight tests were conducted in-ground-effect at S00 
to 1,000 foot density altitudes'with average gross weights varying from 
30,150 to 31,025 pounds.   The oenter-of-gravity was at Station 236.5 (mid) 
and rotor speeds utilized were from 192 to 195 rpm.   All tests were 
conducted in a stabilized hover. 

The level flight tests were conducted within a density altitude 
range of 4000 to 6000 feet and with average gross weights between 30,000 
and 31,000 pouids.   The oenter-of-gravity was maintained at Station 242 
(aft of mid), and the rotor speed was 186 rpm.    Characteristics in 
forward flight were evaluated at speeds of 45 and 85 knots CAS. 

a.   Control Sensitivity 

The control sensitivity was detendned by analyzing the 
angular accelerations resulting from step-type control inputs.   No 
significant differences were found when catering ASE "on" and ASE "off 
data.   The naxinim values obtained mid characteristic shapes of the 
acceleration curves are approximately the same. 

1.13 

^  



Maxinu» angular acceleration versus control displacement 
are presented in Figures No. 34, 35 and 36, Part II.   These plots 
indicate that sensitivity is non-linear at higher airspeeds in the 
lateral and directional axes.   This non-linearity is not objectionable 
since the large control inputs required to reach the non-linearity 
condition are seldom required during normal operations. 

Table III provides a control sensitivity conparison between 
the ai-37A and the CH-37B. 

TABLE III 

CONTROL SENSITIVm OOWARISON BETWEEN Cli-37B ^ ai-37A 
(Sensitivity is measured in degrees per second^) 

Flight Conditions: 

ai-37A; refer to AFFrC-TR-60-15 
ai-37B; refer to Figures No. 34 through 36 . 

Longitudinal Lateral Directional              1 

Fwd. Aft. Left Ri^it Left Right    | 

Hovering(OGE) 

CH-37B 
1  CH-37A 

8.0   ■ 
S.5 

8.0 
6.8 

16.3 
29.5 

16.3 
29.5, 

25.0 
22.5 

21.5 
19.2    j 

Low Airspeed 
45 Knots CAS 

(«-37L 
j   CH-37A 

8.0 
S.5 

8.0 
6.8 

14.3 
22.0 

14.3 
22.0 

25.0 
22.5 

21.5 
19.2    j 

Cruise Airspeed 
85 Knots CAS 

9.8 
8.0 

9.8 
9.0 

13.0 
28.0 

19.0 
28.0 

32.5 
27.0 

32.5 
22.5 

1   CH-37B 
CH-37A 

( 

b.   Control Response 

(1)    Longitudinal response (Reference Figure No. 17, Part II). 

The naxinum longitudinal angular velocities recorded 
in hover and at low airspeed without ASE were 8.5 degrees 
per second per inch of longitudinal cyclic input in 
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either direction.    The tine required to achieve 
the maxi nun values of angular velocity averaged 
2.8 seconds in a hover and 2.9 seconds at low air- 
speeds.   Time histories of attitude indicate a 
pure divergence in both directions.   However, the 
requirements of MIL-11-8501A, paragraph 3.2.11.1 
are net.   The long periods of the rate oscillations 
and the tendency for the angular acceleration to 
remain above zero also bear this out.   During low 
speed flight the trim airspeed had changed only one 
to three knots at the time of recovery.    At cruise 
airspeeds the pitch angular velocity increased to 
a value of 11.5 degrees per second for a one inch 
control input in either direction.   This maximum 
was achieved approximately 2.S seconds after the 
initial control deflection.   The e.g. normal accel- 
eration changed approximately 0.3g's in just over 
two seconds.   No significant differences in control 
response existed between the Q1-37A and the Q1-37B 
at cruise airspeed. 

With the ASE operative during hover and low airspeed 
flight, the control response was 4.5 degrees per 
second per inch of forward or aft cyclic movement. 
Maximum rates were reached in approximately 1.3 
seconds in a hover and 1.2 seconds at low airspeeds. 
The helicopter pitched according to the direction of 
the control input and returned approximately to the 
initial trim attitude within 8 seconds.    When trinmed 
at 45 knots an aft step caused the calibrated air- 
speed to steadily decrease to approximately 25 
knots.   The calibrated airspeed increased fron 45 
knots to approximately 70 knots in 7 seconds after 
a forward step, and e.g. normal acceleration slowly 
decreased to O.Sg's.   The very slight adverse 
lateral-directional coupling which resulted fron an 
aft step was not objectionable.    At cruise airspeeds 
the control response was 5.5 degrees per second per 
inch of control input and tine required to reach 
this value averaged 1.1 second.    These values were 
the sane for both forward and aft inputs.   The heli- 
copter restabilized in an attitude several degrees 
from trim and the airspeed change was IS or 20 knots 
within 10 seconds.    The e.g. normal acceleration 
varied approximately O.Sg's depending on the 
direction of input. 

(2)   Lateral Response (Reference Figure No. 38, Part II). 

During hover and low airspeed flight with the ASE 
"off, a lateral, cyclic step input produced a rolling 
velocity of 12.5 degrees per second per inch of 
control displacement in approximately 2 seconds. 
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. 
Aircraft notion following a right step input was 
right roll, right yaw and pitch nose-down.   A 
left cyclic stick input resulted in a left roll, 
an initial right yaw, and a pitch nose-up.   The 
right yaw changed to left yaw after several seconds, 
and developed into a coordinated left turn.   A 
right lateral step at cruise airspeed resulted in 
a roll angular velocity of 20 degrees per second 
while the rate response to the left was only 11.5 
degrees per second.   In general, the helicopter 
rolled and turned in the direction of lateral cyclic 
control input.   The CH-37A exhibited similar charac- 
teristics (Reference AFFTC-TR-öO-lS). 

Lateral cyclic movements in hovering or during low 
airspeed flight with the ASE "on" resulted in an 
angular rolling velocity of 6,6 degrees per second 
to the left and 7.3 degrees per second to the right. 
Maximum values occurred 1.1 seconds after control 
input.    In hovering flight, the maneuvers caused 
loss of altitude and early recoveries were necessary 
because of the close proximity to the ground.   At 
low airspeeds some bank attitudes reached 30 degrees 
before recovery was initiated, but the roll rate v 
damped to approximately 5 degrees per second. 
Response to left and right lateral cyclic inputs at 
cruise airspeeds with the ASE operative resulted in 
average ■BOM roll rates of 7.S and 11.5 degrees 
per second respectively.   These naxinum values 
were attained in approximately 1 second.   The pitch 
and y&   attitude changes encountered previously 
were not present during operation of the ASE. 

(3)   Directional Response (Reference Figure No. 39, Part II). 

With the ASE "off directional step inputs provided 
by abrupt pedal movements in a hover resulted in 
uuiMm control responses of 41.0 and 62.0 degrees 
fer second per inch of control input for left and 
right inputs respectively.   These maxiiaum values were 
reached in 3.7 seconds.   At low airspeed the —d— 
rates dropped to. 18 degrees per second for inputs in 
either direction and peaked in 1.8 seconds.   These yaw 
rates are excessive, especially in a hover, however, 
pilot recovery is not difficult because of the time 
required to reach the maximum value.    Although rates 
differed considerably between the two, flight conditions, 
the helicopter attitude changes were timilar.   A 
right pedal input made the helicopter yaw right, 
roll right, and pitch down.    Inputs to the left 
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initiated a left yaw, a slight right roll 
followed by a left roll, and a slight pitch 
up.   T e ai>37A had essentially the same re- 
sponse characteristics (Reference AFFTC-TR- 
60-15).    At cruise airspeed the maxinwm 
control response increased to 17.8 degrees 
per second which was achieved in 1.4 seconds 
after the initial input.   Pedal inputs in either 
direction resulted in coordinated oscillating 
turns.    The helicopter pitched nose down slightly 
after a right pedal step and slightly nose up 
after a left input.   The CH-37A exhibited similar 
responses. 

Maximum yaw rates attained during hover with the 
ASE "an", were 15.0 degrees per second in either 
direction and reached maxinun in approximately 0.9 
seconds.   At low airspeeds the helicopter entered 
a turn with a small oscillation about the yaw axis. 
Control responses were 9.0 degrees per second 
attained in 1.3 seconds after control input.    At 
cruise airspeed the maxiBum angular velocity re- 
sulting from one inch pedal inputs with the ASE "on" 
was 9 degrees per second attained in 1.1 seconds. 
Motions with ASE "on" were similar to those with 
the stability system inoperative.   The high danping 
provided by the ASL does not prevent adequate 
maneuvering cappbility. 

5.    Automatic Stabilization Equipment Malfunctions 

Tests were conducted to determine the aircraft's reaction to 
an ASE failure and the pilot effort required to control this reaction. 
The two types of failures analyzed were hard-overs and feedback circuit 
failures (oscillating hard-overs).   A remote panel was provided by the 
aircraft manufacturer for the purpose of simulating the desired type 
of failure.   This simulator panel is illustrated in Figure D. (Page 1.18) 

Two types of pilot response were utilized for this test: 

1, The controls were held fixed until recovery was necessary 

2, An iamediate recovery attempt upon sensing an ASE failure, 

a.   Ilardovers 

ASE serve hard-overs nay result from any of the following 
equipment malfunctions; 
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(1) A broken feedback link or pilot valve. 

(2) Loss of adjusfment of » connecting linkage or 
pilot valve. 

(3) Inproper action of the feedback linkage preventing 
proper servo follow-up. 

In the first two types of malftnctions t the power piston 
of the affected channel is driven to its extreae position.   In the 
third case a constant force drives the cyclic control stick to its 
extreme position. 

An actual system hard-over is generated by a step-type 
ASE control input which has the magnitude of the Mad— authority 
(20 percent) of the ASE system.   The aircraft motion should be simlar 
to that resulting from * pilot-induced, step-type control input of 
the same mapiitude with the ASE inoperative,    \nalysis of the data 
indicates that the remote simulator panel dio. not provide true hard- 
overs during this test.   The inputs generated by the panel were 
initially of the proper magnitude, but slovüy returned to the trim 
position after approximately 1 second.   The helicopter reaction was 
similar to that resulting from a 10 percent cyclic or a 20 percent 
pedal pulse input, instead of the step-type control uovement.   There- 
fore, in order to properly evaluate the resulting motions of the Qi-37B 
to ASE failures which result in hard-overs, it was necessary to 
analyze both the simulator panel results and the results from the 
pilot-induced step-type control inputs. 

From the simulator panel results it was found that the 
initial motion was in the same direction as the control nawent 
which resulted from the failure.   With the controls fixed the re- 
action was usually a long period, lightly damped oscillation.   The 
only time it was necessary for the pilot to initiate immediate re- 
covery was following a forward cyclic failure at high speed.    In 
this case the motion was a divergent pitch down and recovery was 
initiated two and one-half seconds after the failure.   Recovery was 
accomplished without ^xotssive control inputs and before extreme 
attitudes resulted.   When an imnediate recovery was initiated the 
trim attitude could be maintained with only small corrections. 
Time histor/ illustrations of these results are presented in 
Figures No, 60 through 68, Part II. 

For a pilot induced hard-over, which was a one-inch 
step ir^iut with the ASE inoperative, imaediate corrective action 
was required to prevent excessive rates and extreme attitudes fron 
developing.   A complete discussion of this aircraft motion can be 
found in Section 4.b, Part I, and the time histories are presented 
in Figures No. 40 through 59, Part II. 
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b. ASE Feedback Circuit Failures (Referen J Figures No. 
6t throu^i 73, Part II).    m 

The helicopter responded to a feedback circuit failure 
by oscillating about the failure axis.    Rates and angular accelerations 
vere large in all cases, however, the directions reversed too quickly 
to allow large attitude variations.   A feedback circuit failure in 
the directional channel resulted in rates and accelerations that were 
of sufficient magnitude to create personal discomfort and concern 
about the structural integrity of the aircraft. 

Pilot attempts to override the control inputs and maintain 
attitude results in aaplification of the helicopter motions.   This was 
apparently caused by closed loop control response due to pilot re- 
action time.   The best pilot reaction to a feedback circuit failure 
is to hold the control fixed and iaaediately turn off the ASE. 

c. Three-axis Hard-overs. 

The helicopter reaction to a three-axis hard-over was in- 
vestigated by actuating the two-position "Override Check" switch 
during flight.   This resulted in a combined nose-down, left roll, and 
left yaw maneuver (presented as a time history in Figure No. 74. Part 
II).   Actuation of the switch in the opposite direction resulted in 
a conbined nose-iq>, rijjht roll, and right yaw maneuver. 

d. Actual Malfunctions 

Several actual vibrational distuxbanoes, one of which is 
presented as a time history in Figure No. 75, Part II, were encountered 
during testing.   The malfunction that caused these distuxbanoes was 
never determined except that it probably was in the ASE.   It was not 
possible to detenLie whether the malfunction was peculiar to this 
installation or is inherent in all CH-37B helicopters. 

6.   Control Forces 

Tests were conducted to determine the force gradient and 
friction forces present in the control system.   These tests were 
performed with the helicopter on the ground with the rotor stationary. 
During the tests, the utility hydraulic system, the main servos, «id 
the ASE servos were operated in a manner which simulates various 
normal flight emergency conditions.   The results of these tests are 
presented in the following Table: 

TABLE IV 

(See next page) 
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TABLE IV 

Utility 
HydTkulic 
System 

Main 
Servos 

ASE 
Servos 

Longitudinal 
Stick Force 

-pounds 

Lateral 
Stick Force 

- pounds 

Directional 
Stick Force 

-pounds 

Off On Off 5.5 6.5 - 

On On Off 3.5 4.5 35.0 

On On On 1.5 2.5 20.0 

Longitudinal and lateral breakout forces are satisfactory and there 
is no apparent dead-band region.    Incorporation of the ASE servo in 
the 01-37B reduced the forces and is a decided inprovement over the CH-37A 
with all systems operating.   With the stick trim turned "off and all 
servos operating, less than one pound of force was required to move the 
cyclic control stick through full travel. 

The high directional control friction forces are unsatisfactory. 
The values recorded for the CH-37B are greater than those reported for 
the CH-37A in the report AFFTC-TR-60-15.   These high pedal forces in 
addition to the high sensitivity increase the tendency for the pilot to 
overcontrol and ma!.s precision flying difficult especially while 
hovering. 

7.   Jdrspeed Calibration (Reference Figure No. 75, Part II). 

The sensitive airspeed system fitted to the test aircraft 
was calibrated by the ground speed course method.   The helicopter was 
flown in OGE level flight at each airspeed on reciprocal headings 
to nullify wind effects.   The engines were operated at normal mixture 
and 2600 rpm.   The average gross weight was 26,000 pounds and the 
center-of-gravity was located at Station 236.5 (mid).   There were no 
external stores and the landing gear was down. 

G. CONCLUSIONS 

The limited Performance tests conducted during this program did 
not determine that there were any required changes in the Operator's 
Manual.   However, significant variations in level flight maxinura 
airspeed, fuel flow characteristics, powei required, and power available 
were found during the evaluation.   These variations ««ere not considered 
to be a result of the change in the horizontal stabilizer location 
or the side door conversion.   The variation is attributed to differences 
in the engine characteristics «id power measuring techniques employed 
in the different tests.   Analysis of the test results do not indicate 
sufficient justification for changing the performance data presented in 
Operator's Manual. 
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Static longitudinal speed stability is satisfactory and was 
found to be slightly more positive than that reported for the ai-37A. 
This increase in positive stability is attributed to greater pitching 
moments from the relocated horizontal stabilizer. Static longitudinal 
stability was not affected by the ASE. 

For all flight conditions other than low airspeed autorotation, 
the static directional stability is satisfactory and dihedral effect 
is positive. The helicopter has good pedal fixed maneuvering 
capability in level flight. IXiring low speed autorotation a "wallowing" 
notion is prevalent and directional control inputs have little effect 
on yaw attitude. 

Forward and rearward flight tests indicate that more than 30 
percent of the aft longitudinal stick travel remains at airspeeds 
up to 30 knots TAS in rearward flight. 

With the exception of longitudinal motion, no significant changes 
in the dynamic stability are apparent between the CH-37A and ai-37B 
with the ASE "off. With the ASE "on" the dynamic stability is inproved 
considerably in all cases. Relocation of the horizontal stabilizer 
apparently provides greater longitudinal damping in forward flight. 

Control sensitivity is essentially the same for the ai-37B as 
for the CH-37A, and is not significantly affected by operation of the 
ASE. 

Control response about the longitudinal and lateral axes is 
satisfactory with the ASE "off and is conparable to the ai-37A test 
results. The directional control response is excessive, and, combined 
with the high pedal forces, causes frequent overcontrolling in 
hovering flight. For all axes, operation with the ASE "on" lowers 
the control response and provides better flying qualities, particularly 
during precision hovering. 

ASE failures which result in maximum authority control inputs 
are controllable if recoveries are initiated within a reasonable 
time period. Excessive delay results in extreme aircraft attitudes. 
The helicopter responds to an ASE feedback circuit failure (oscillating 
full authority control inputs) by oscillating about the failure axis. 
The best pilot technique for recovery is to fix the control and 
iranediately turn off the ASE. 

( 
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■      » H.    RBCOfCNIATIONS 

It is recoanended that acaaplishuent of the following iteas be 
given consideration: 

1.   No changes should be made to the Operator* s Manual based on 
the perfonunce data in this report. 

2. AutosMtic Stabilization Eauipaent should be installed in all 
01-37 aircraft to improve the handling qualities. 

3. A study should be conducted to verify the structural integrity 
of the tail rotor pylon.    Rapid yaw movements resulting from large 
pedal inputs or directional hard-overt may be of sufficient magnitude 
to allow the forces to exceed the structural limits of the aircraft. 

4. A note should be added to the Operator's Manual (TM55-1520-203-10) 
briefly describing the helicopter's response to ASE failures in the 
various modes and the best method of recovering fron each. 

RICHARD J. KENNEDY, JR. 
Lieutenant Colonel, TC 
Corananding 

( 
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DYNAMIC STABILITY 

(See"Pulse" Time Histories) 

Figures No, 16 - 33 Inclusive 

: 
2.17 through 2.34 
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(See "Step" Time Histroies) 

Figures No. 40 - 59 Inclusive 
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ASE FAILURES 

(See Time Histories) 

Figures No. 69 - 75 Inclusive 
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ANNEX A 

REFERENCES 

Information pertinent to this report was taken fron the following 
list of references: 

1. Flight Test 
Revised Jan 

Engineering Manual. AF Technical Report No. 6273 

2. IjeUcopter Flying and Ground Handling Qualitiair General 
Spec,  for MIL-H-8501 and MIL-H-8501A. 

3. Limited Stability and Control Evaluation. H-37A. AFFTC-TR- 
60-15, June 1960. 

4. Limited Evaluation of the 11-37A Equipped With Wide Chord Blades. 
AmU-TH-Sy-M, Wiy 1955. AffTlA Document No. AD-214ÖÖ5.  

5. The Effect of Gear Extension on Level Fliaht Performance of 
, feTIA fjoamentlJÖT the U-S7A. EFFICTreyTT; October 1958 

AD-2Ö372B. 

I-37A 6. Operator's and Crew Menber's Instructions: Army Model H- 
md H-37» Helicopters ^ikorslyj. TO S5-lg20-20S«10.  

7. Flying Qualities of the ii-37B Helicopter With a lliah Pylon 
btabiliier. [S1509-ZD00J. SiKorslcy Aircraft Report No. SER-S6161. 

8. Performance of H-37B with Lear ASE Installation: Sikorsky Aircraft 
Serial No. 5ER-56154, Jwe 27, 1561.  
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ANNEX B 

I.    TEST TECHNIQUES AND DATA ANALYSIS ICIHODS 

A. General 

A brief description of testing techniques. Methods of analysis, 
and the equations used in the correction of perfomanoe and stability 
and control data to Standard-Day conditions are outlined in this 
section. 

B. Perfonwnce 

The non-dimensional paraneters used in the data analysis of 
the major item affecting helicopter performance are defined as follows: 

Cp   -     BHPt x S50 

AA CaR)3 

CT   ■ 

^   - 

Ä. 
AAjaR)2 

-OR 

mere: 

Cp   - •   Power Coefficient 

Cr   • ■   Thrust Coefficient 

f   ' ■   Rotor Tip Speed Ratio 

BHP   • ■   Brake Horsepower - 33,000 ft.-lb/min 

Z0    " ■   Air Density - slugs/ft.3 

A     • *   Rotor Disc Area - sq. ft. 

A   • •   Angular Velocity - radians/sec. 

R     • •   Rotor Radius - ft. 

W     • •   Aircraft Gross Weight - lb. 

VT   • •   True Airspeed - Knots 

/.• 3.3 
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adscripts used in this report axe as follows: 

s   ■   standard 

t   -   test 

This nondinensional method assumes that there are no sipiificant 
conpressibility or blade stall effects on the rotor* 

Constant w/o ratios corresponding to approximate density altitudes 
of 5000 feet and 10,000 feet were maintained during the level flight 
tests. 

Torque meters, driven by the two main drive shafts, were found to 
produce data with excessive scatter, therefore brake horsepower was 
derived from the engine manufacturer's power chart illustrated in 
Figures No. 78 and 79, Part III. The manufacturer's ratings of power 
required to drive the engine cooling fan and generator (95 and 0.8 
percent engine BHP respectively at 2600 engine rpm) were then sub- 
tracted to find shaft horsepower.   The equation: 

SHPs SllPt 

was then used to correct test power to Standard-Day conditions. 

True Speed was calculated using the following equation: 

Vt ■   vcalibrated 

In order to compare CH-37A and CH-37B performance data, the 
following wa& acconplished: 

(1)   Values of Cp, Cr, anduwere fomd for the CH-37A (from AFFTC- 
TR-59-14) at the same test conditions as the ai-37B. 

ry plots (2) CH-37B Gp md^i values were then obtained from the s 
(Figures No. 1 and 2, Part II) at the ai-37A Or values. 

(3) The Cp and p. values for both aircraft were converted to SHP 
and VT terns and then plotted at the cooman Or values. 

The resulting plots provided a coaparison between the two heli- 
copters as illustrated in Figure A, Part I. 

Fuel flow data was reduced to specific range (nautical miles per 
pound of fuel) by the following method: 

Specific range - Vr / W£8 
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Where: 

wf ■ fuel flow 

Fuel flow values found inder test conditions were corrected to 
standard conditions by use of the SHPt versus Wft at each altitude. 
The plot was entered at test conditions, and, by moving parallel to 
the curve, a standard fuel flow corresponding to a BHPs was determined. 

C.   Stability and Control 

Static and dynamic stability and controllability of the 
aircraft was determined from an analysis of the helicopter motion 
resulting from pulse and step type control inputs.   Tests were con- 
ducted for both ASE "off* and ASE "on" conditions. 

Pulse inputs were obtained by rapidly displacing the control 
from trim position, holdu.g the new position for a period of approx- 
imately 1 second, then returning the control to trim and maintaining 
this position until recovery was necessary.   The linearity of the 
stability and controllability characteristics were determined by 
various size control inputs up to a msximum of more than one inch. 

Precise inputs were insured by use of a control j ig which 
was operated by the copilot.   Each axis was investigated separately 
and all other controls were held fixed during the maneuver. 

The effect of the Automatic Stabilization Equipment (ASE) 
on the total input was recorded through use of a picktp located 
directly behind the ASE system.   This instrumentation feature made 
it possible to isolate the total input (which includes the ASE input) 
from the pilot input.   A sinplified illustration of this is 
presented in Figure E. 

FIGURE E 

PHjOT 
CONTWX. I«'       .      .,   V 

I . 

^ I 

1 CMlaor mmmit» in ccntrol position that«» not evident from the total 
input position pickup can be attributed to "slopT* in the mechanical and 
electrical linkages located between the control position pido* and the 
total input pickup.) 
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ANNEX C 

DESQUFTION OF M/TORIEL 
* 

1.    General 

The ai-37B is a twin-engine, all-metal cargo/transport manu- 
factured by Sikorsky Aircraft, Division of United Aircraft Corporation, 
Stratford, Connecticut. 

a. Power - Power is provided by two Pratt and Whitney R2800- 
54, 18 cylinder, twin-row, radial engines, each equipped with a single 
stage, single speed supercharger. Each engine is rated at 2100 BilP 
maximum power (5 minute limit) and 1900 BHP normal rated power 
(maximum continuous). The engines are mounted in nacelles at the ends 
of short wings ^hich riant downward from the fuselage at an approximate 
12.S degree angle. 

(1) Carburetion. Lach engine has a rectangular barrel, 
pressure type, down draft carburetor equipped with 
automatic mixture control. TWo carburetor air 
levers, moulted on the engine control quadrant, 
mechanically actuate doors in the carburetor air 
intake duct by means of control cables and linkages. 
Mixture control rs available in three stages: rich, 
normal, and idle cut-off. The fuel priming system • 
is an integral part of the carburetor. Fuel is 
directed to discharge nozzles up stream of the 
ispeller section of theeigines for starting the 
engine. 

(2) lyution. A low-tension type ignition system is 
provided for each engines. Direct current flows 
from titie circuit breaker to the starter relay, to 
the induction vibrators, and then to the ignition 
switch. After the engine is started, the magneto 
supplies the power for firing the plugs. 

(3) Cooliny. Air is forced over the engines by engine- 
driven fans. Cooling air is necessary as ram air 
is not available during hovering and ground operations. 

(4) ftiel Svütem. A main fuel system and an auxiliary 
fuel system are provided for each engine. These 
systems are interconnected to permit use of all 
systems with one engine in case of an emergency. 
This also perrits conpensation for different fuel 
consumption rates between engines. 

( » 3.9 
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(a) Main Tmks.    The two main tanks consist of two 
interconnected bladder-type fuel alls each, 
one located in the wing section and the other 
in the nacelle.   Electrically operated sunp- 
mounted booster punps in each wing cell supply 
fuel under pressure to the system.   Fuel 
flows from the tank through strainers and 
valves to the engine-driven fuel,punps «id 
then to the carburetors. 

(b) The Auxiliary Fuel System.   This system con- 
sists ot eltner two 150 gallon or two 300 
gallon capacity drop tanks positioned approx- 
imately at cabin floor level and extending 
slightly forward of the wings.   Auxiliary 
tanks were not used during this evaluation. 

b.   Transmission. 

(1) Engine Drive Shafts. These shafts slant inboard 
and forward at approximately 10 degrees and are each splined to a 
hydro-mechanical rotor clutch. 

(2) Clutches. The clutches are connected to the main gear 
box. 

(3) Main Gear Box.   This unit, containing a two-stage 
planetary gear system, reduces engine rpm at a 
ratio of 14.01:1. 

(4) Tail Rotor Drive Shaft. Extending aft from the 
main gear box,this shaft drives the intermediate 
gear box. 

(5) Rotor Brake. The rotor brake is located on the tail 
rotor drive shaft just aft of the main gear box. 

(6) Intermediate Gear Box. Located at the base of the 
tail rotor pyion, this gear box changes the 
direction of the torque transmission to the tail 
rotor, and provides a disconnect point for 
folding the tail rotor pyl'n. 

(7) Tail Gear Boac. The tail gear box located at the 
top ot the pylon contains a right-angle bevel gear 
reduction drive system to transmit engine torque 
to the tail rotor. 

3.10 
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c. Rotor System 

This sytern consists of the main rotor system and the 
tail rotor system, which are driven through the transmission system 
and tcntrolled by the flight control system. 

(1) Main Rotor System« The main rotor head and the 
live main rotor blades make up the main rotor 
system. 

(a) Main Rotor Head. The main rotor head supports 
the five main rotor blades and provides means 
for transmitting the movements of the flight 
controls to the blades.   The following items 
conprise the main rotor head: the main rotor 
hub, which consists of an upper and lower plate, 
hinge asseuälies, sleeve-spindle assemblies, 
and five danpers; the star assenbly, which 
consists of a rotating star and a stationary 
star; restrainers; rods and assemblies; scissors; 
and locks. 

(b) Main Rotor Bladf. The five all-metal main 
rotor blades are'constructed of aluminum alloy 
except for steel cuffs at the root ends.   The 
chord length is 23.6S indies.   The blade hinging 
is fully articulated.    Restrainers and stops 
limit the motions.   The leading edge of each 
blade is a hollow extruded spar; the trailing 
edge consists of individual pockets of honey- 
comb ribbed core construction bonded to the 
leading edge s^r. 

(2) Tail Rotor System.    Four all-metal blades, a rotor 
assenfcly, and a pitch change mechanism make up the 
tail rotor system.   The blades are fully aiticulated. 
The tail rotor drive shaft is hollow to facilitate 
the blade pitch changing mechanism. 

d. Fliajht Control System.   This system consists of a main 
control system, the cyclic stick trim syster, the tail rotor flight 
control system, the flight control servo hycraulic system, and the 
automatic stabilization equipment (ASE). 

(1)   Main Rotor Flight Control System. This system 
provides longitudinal, lateral and vertical control 
by mechanical and hydraulic means.   The cyclic 
stick changes the pitch of the main rotor blades 
to create lift as they rotate, thus effectively 
tilting the tip path plane and providing 
horizontal as well as vertical thrust.    Hydraulically 
operated flight control servos assist the mechanical 
linkage. 

3.11 



(2) Cyclic Tri» System.    The cyclic trim system permits 
trimming of tne cyclic stick by means of the two 
spring loaded struts connected to magnetic brakes. 

(3) Tail Rotor Flight Control System.   This control 
system compensates for main rotor torque and permits 
directional control.   Control action is assisted 
by hydraulically operated flight control servos. 
Dangers prevent abrupt movements. 

(4) Flight Control Servo Hydraulic System. Tbe servo 
nyafmuic system eliminates RJJv stick forces and 
because of nonreverseability, reduces the main rotor 
vibratory loads. 

(5) Automatic Stabilization Equipment fASE^.   See 
Section C.Z.a. for description. 

2»   Major Differences Between the ai-37B «d the Q1-37A. 

Listed below are the items which might have had an effect 
on the performance, stability, or control of the ai-37B.   These items 
are either changes or additions, as noted, to the CH-37A. 

a. Automatic Stabilization Equipment CASE) fAdditionall. 

The purpose of the ASE is to inprove the handling char- 
acteristics of the helicopter to permit automatic cruising flight and 
hands-off hovering.   The ASE provides inproved dynamic stability 
within the center-of-gravity limitations of the helicopter.   The ASE 
incorporates four control channels:   pitch, roll, yaw, and altitude. 
In each channel an appropriate electrical displacement signal is 
initiated, modified, and anplified to provide a control voltage for 
the servo motor assembly.   The servo motor assenbly actuates the 
helicopter's flight control system in such a manner as to danpen the 
helicopter's motion.   The control action of the ASE is limited to 
approximately 25 percent of the range of the helicopter flight control 
system authority.   An ASE block diagram is presented in Figure F, 
Part III. 

b. Fixed Stabilizer.  (Change) 

The adjustable stabilizer located on each side of the 
aft fuselage section of the CH-37A was removed and a fixed stabilizer 
was attached on the QI-37B to the top right-hand side of the pylon 
opposite the tail rotor.   The fixed stabilizer is installed with a 10 
degree dihedral angle and a zero degree incidence setting. 

) 3.12 
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c. Carw Door CChanae).    The ai-37B has a sliding cargo 

door located in the att section ot tne cabin on the rig^t hand side 
of the fuselage.   The door consists of forward and aft sections that 
ride en tracks above and below the door.   This iaproved door replaces 
the 3-section ai-37A door. 

d. Oil Tank CQumge).   A rigid fiberglass oil tank 
with a normal capacity of SO gallons replaces the bladder-type oil 
tank of 13.3 gallons normal capacity which was incorporated in the 
ai-37A. . 

3.   Dimensions and Design Data. 

a. Main Rotor Disc Diameter 72 ft. 

b. Tail Rotor Disc Diameter IS ft. 

c. Width (overall) 

(1) Maxinum (with rotors stationary) 

- - - (approx) 68 ft. 5.75 in. 

(2) MininuB (with rotors stationary) 

- - - (approx) 65 ft. 1.5 in. 

(3) Mininum (with main rotor blades folded or removed) 

27 ft. 4.0 in. 

(4) Width (at tail cone) 
1^ ft. 10 in. 

d.    Length (overall) 

(1) Maxinum (both rotors at extreme position) 

88 ft. 

(2) Mininum 

(a) (Both rotors at minimum positions) 

79 ft. 6.64 in. 

(b) (Main rotor at minimuro; tail rotor at extreme) 

- - -(approx) 81 ft. 4.35 in. 

3.14 
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• 
(c)    (Main rotor at extreme; tail rotor at minimum) 

- • -(approx)      85 ft. 11.61 in. 

(3)    Minimum (blades and pylon folded) 

55 ft. 8.0 in. 

e.    Height (overall) 

(1) Maximum (tail rotor at high position) 

22 ft. 

(2) Minimum (tail rotor at low position) 

20 ft. 0.23 in. 

(3) Height (pylon folded at tail cone) 

(rotor at 35.75 degrees) 

15 ft. 1 in. 

2.   Main Rotor Blades 

a. Number of Blades 5 

b. Weight    (approx) 350 lb. 

c. Airfoil Section (curve identification) - NACA 0010.9 

d. Total Blade Area (five blades) 

........    287.5 sq. ft. 

e. Area Per Blade -.-....-     57,5 sq. ft, 

f. Area of Rotation (rotor Disc area) 

  4071.5 sq. ft. 

g. Blade Radius        --    36 ft. 

h. Chord at Root       -...-...  23.65 in. 

i. Chord at Tip        -•..-...  23.65 in. 

3.15 
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j.   Disc Loading (at normal gross weight) 

 - -(Appro«) 7,228 lb/s<v ft. 

k.    Rotary Solidarity Ratio (effective) 

  0.0865 

1.   Angle of Incidence in Neutral (all blades) 

.-..---10 deg. 33 ndn, at root 

-..->..6 deg, 48 min. at 75* chord 

ra. Ground Clearance (rotating) 

Minimum     ——    (approx) 14 ft. 4 in. 

n.    Crowd Clearance (static) 

 (apfrrox) 12 ft. 

3. Tail Rotor Blades 

a. Nunber of Blades -..--••   4 

b. Airfoil Section  NACA 0012 (modified) 

c. Tail Blade Area (4 blades) 31.35 sq. ft. 

d. Area Per Blade  7.8375 sq. ft. 

e. Area of Rotation (rotor disc area) - - -    176.71 sq. ft. 

f. Blade radius  7 ft. 6 in. 

g. .Chord at Root --.--.-    13,5 in. 

h.   Chord at Tip  13.5 in. 

i.   Rotor Solidarity Ratio (total blade area 
divided by disc area) 
  0.1774 

j. Ground Clearance (rotating) ------ 7 ft, 0.23 in. 

k. Ground Clearance (static)     7 ft. 0,23 in, 

4, Wing 

a.   Total Area, Including:   250,6 sq, ft, 

(1)    Biselage   51,2 sq, ft, 
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(2)   Nacelles (both)           187.2 sq. ft. 

b. Chord at Root (aircraft oenterline)- S ft. 8 in. 

c. Chord at Tip (theoretical extended 5 ft. 8 in, 
section) 

5. Horizontal Stabilizer (Fixed) 

a. Area              ..-•-- 24.5 sq. ft. 

b. Span               -•-.-- 6 ft. 5 in. 

c. Chord at Root                     ----.- 46.44 in. 

d. Chord at Tip                        46.44 in. 

e. Dihedral                               10 deg. 

f. Airfoil at Root                   NACA 14 0.0015 (M3D.) 

g. Airfoil at Tip                     NACA 16 0.0009 (MOD.) 

h.   Angle of Incidence            — - - - - o deg. 

6. Fuselage (without Main and Tail Rotor Blades) 

a. Maximum Width (to outside of nacelles) 

  27 ft. 4 in. 

b. Maximum Length                     64 ft. 10.69 in. 

c. Height - Maximun (without landing gear) 

  15 ft. 2.78 in. 

Maximum (with* landing gear) 

  17 ft. 2 in. 

d. Height of Door Level Above Ground (Static) 

------ 2 ft. 11.4 in. 

e. Door Dimensions (cargo) 

(1) Width            5 ft. 9.8 in. 

(2) Height           6 ft. 

>-                             f.   Total Cubic Feet of Cargo Space   - - 1252.7 cu. ft. 
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ANNEX C 

H.    TEST INSTRIÄCNTATION - Oi-STB 

Sensitive instrumentation to Measure the following parameters 
was supplied, installed, and maintained by the Instrumentation Branch 
of the Logistics Division, U. S. Army Aviation Test Activity.   Ml 
of the instrumentation listed below was calibrated by the Air Force 
Flight Test Center with the exception of the items marked with an 
asterisk (*), which were calibrated by the USAAIA. 

A. Pilot's Panel 

1. Airspeed (Boom) 

2. Altitude (Boon) 

3. Airspeed (SID) 

*4. Free Air Temperature 

5. Rate of Clint) (Boom) 

*6. Angle of Sideslip 

7. Engine Speed (left and right engine) 

8. Manifold Pressure (left and right engine) 

*9. Carburetor Air Temperature (left and right engine) 

10. Main Rotor Speed 

11. Torque (left and right engine) 

12. Total fuel Used (left and right engine) 

13. Fuel Flow (left and right engine) 

B. Oscillograph (illustrated in Figure H, Part III) 

*1.   Longitudinal Control Position 

*2.   Lateral Control Position 

•3.   Pedal Position 

*4.   Collective Pitch Position 

*S.   Angle of Attack 

•6.   Angle of Sideslip 

3.19 

 I 
- --_ i 



dt 



7. Angle of Pitch 

8. Angle of Roll 

9. Angle of Yw 

10. Rate of Pitch 

11. Rate of Roll 

12. Rate of Yaw 
13. Angular Acceleration in Pitch 

14. Angular Acceleration in Roll 

15. Angular Acceleration in Yaw 

16. Normal Acceleration at the C.G. 

*17. Boom Airspeed 

18. Boom Altitude 

19. Rotor RPM (linear) 

*20.    Total Longitudinal Control Input 

•21     Total Lateral Control Input 
1 

*22.   Total Directional Control Input 

/ i «„tt.1 p-ltl- »1- *. «Pecti« ASE pciti«. 
fotal input is 
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ANNEX C 

in.   wEiarr AND BALANCE 

The following loadings were used during the Performance, stability 
and control evaluation of the CH-37B: 

A.    26,500 lb Mid C.G. 

Basic Weight (Pull Oil, 50 Gal) 23,259 lb 

Crew (4) 800 

Fuel 2,100 

Ballast 541 
76,700 lb 

B.    28.500 lb Mid C.G. 

Basic Weight (Pull Oil, SO Gal) 23,259 lb 

Crew (4) 800 

Fuel 2,351 

Ballast 2.090 
T^ISOO lb 

C.    30,500 lb Mid C.G. > 

Basic Wei0\t (Full Oil, 50 Gal) 23,259 lb 

Crew (4) 800 

Fuel 2,351 

Ballast 4.090 
501500 lb 

D.    31.500 lb Mid C.G. and Aft C.G. 

Basic Weight (Full Oil, 50 Gal) 23,259 lb 

Crew (4) 800 

Riel 2,351 

Ballast 5.090 
511500' lb 

In all cases, the ballast was distributed in the cargo area to 
provide the desired C.G. location. 
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PART III 

ANNEX D - PHOTOGRAPH 
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V, 

PAKT IV 

DISTRIBimON LIST 

(Will be added at a later date) 
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