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FLIGHT TEST EVALUATION OF OH-58A
TAILBOOM FAILURE DURING AUTOROTATION
LANDINGS

SUMMARY

A flight test program was initiated in September 1971, under Contract
No. DAAJO01-70-C-0057(2E) and Product Improvement Task No. 69-45, to
1nvest1gate the cause(s) of the Model OH-58A tailboom failures occur-
ring in service and to explore methods of eliminating this type of
failure.

A three phase company investigation was initiated and consisted of . (1)
a mathematical analysis and associated computer runs, (2) a series of
ground vibration tests, and (3) a ground tiedown and fllght test. The
results of the flight evaluation, phase 3, are presented in this report.

Two Model OH-58A Helicopters, S/N's 41080 and 41155, were utilized dur-
ing the evaluation.

With a telemetry capability of monitoring critical parameters, a series
of tests were conducted and data obtained. Analysis of the data that
were recorded during autorotations showed that when touchdowns were made
at abnormally high speeds and at abnormally low rotor rpm, aft fuselage
wrinkling and failure of the tailboom occurred. This damage occurred
when loads were introduced into the fuselage at the pylon spike stops
via the main rotor flapping stops. This was demonstrated during the
evaluation when a tailboom failure was duplicated to study the influ-
ential circumstances associated with the failure.

Results of this test indicate that autorotation touchdown airspeeds in
excess of 30 knots should be avoided and upon ground contact the col-
lective should be smoothly reduced as soon as touchdown conditions per-
mit., Also, tests conducted with the collective range reduced by
approximately 20 percent showed a substantial reduction in main rotor
flapping and pylon behavior.

From the results of this test, it is concluded that the tailboom fail-
ures experienced by the Army (which caused initiation of this test pro-
gram) would not have occurred had proper autorotative techniques been
observed. That is to say that primarily cyclic control should be
utilized to flare the helicopter so as to arrest forward airspeed and
initial rate of descent. Application of collective thereafter should
occur and only in close proximity to the ground to arrest rate of
descent for the last few feet of altitude until ground contact is made.
Upon ground contact, collective should be smoothly reduced as soon as
practlcal not increased. This technique is recognized by helicopter
pilots throughout the world as the safe and proper method of making a
full autorotative landing. Conversely, a technique of flylng the heli-
copter to the ground, primarily by the use of collective, is improper
in that (1) it is inherently unsafe (miscalculation by the pilot can

206-~194-134 vi
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SUMMARY - (cont)

result in the helicopter being too high off the ground with no arrest-
ing capabilities remaining), and (2) it results in abnormally high

touchdown speeds and abnormally low rotor rpm.

Other types of rotor

systems for other helicopters flown in this manner are equally unfor-

giving.

Tests were conducted at the Bell Helicopter Company (BHC) Flight

Research Center, Arlington, Texas.
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FLIGHT TEST EVALUATION OF OH-58A
TAILBOOM FAILURE DURING AUTOROTAT ION
LANDINGS

INTRODUCT ION

A flight test program was initiated to 1nvest1gate U. S. Army reported
OH-58A tailboom failures during autorotation touchdown landings. The
intent of the investigation was to explore methods or techniques of
eliminating these failures and make appropriate recommendations.

A standard Model OH-58A Helicopter, S/N thSO; was instrumented and
several hypotheses were to be investigated. Test emphasis was
directed towards the following ground and possible flight evaluations.

A. Ground Run Tiedown Evaluation of

1.

2.

3.

L"u
S.

Baseline pylon stability.

Effect of first and second drive system torsional mode on
pylon damping.

Blade chord natural frequency and feedback at high collective
pitch.

Damping of pylon fore and aft, lateral mode.

Coriolis Force Excitation.

B. Possible Flight Evaluation of

X,

S.

Blndlng of the main rotor flapping bearlngs under high collece-
tive pitch and low rotor speed resulting in an unstable rigid
rotor effect producing pylon whirl and pylon stop contact.

Rotor blade resonant amplification (chord and/or beam) which
could produce large pylon motions and high control loads.

The effect of significant rotor out-of-balance resulting in
excessive pylon response and possible contact of the pylon
stops as pylon modes are transitioned.

Pylon whirl induced by pylon stop contact with high rotor con-
ing, sustained and amplified by symmetric chordwise deflection
of the rotor blades.

High main rotor one-per-rev hub forces produced by Coriolis
agcelerations resulting from cyclic inputs in the presence of
high rotor coning.

Additional tests were conducted on the Model OH-58A Helicopter, S/N

41155,

to evaluate a reduction in the available collective range.

206-194-134 1
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INTRODUCTION - (cont)

Flights were performed at the BHC Flight Research Center, Arlington,
Texas. The first ground run was conducted on 20 September 1971 and
the last flight was completed 24 November 1971,

The dynamic characteristics of the rotor, pylon, drive train, fuselage,
and skid gear were evaluated in detail by the Dynamic Group and results
are on file but not presented in this report.

206-194-134 2
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INSTRUMENTAT ION

The airborne data acquisition system installed in the Model OH-58A
Helicopter, S/N 41080, consisted of an oscillograph recorder and a
telemetry package.

The oscillograph was a standard 18 channel Consolidated Electrodynamics
Corporation Model S-114-P3 recorder with galvanowmeters. A calibrate
equivalent was used to correlate the initial calibration with the data
obtained.

The telemetry package consisted of BHC designed signal conditioning
modules, vector voltage controlled oscillators, Model TL40O7, and a
conic "L'" band telemetry transmitter. The telemetry link had a maxi-
mum capacity of 13 data channels. The signal conditioning modules
are the passive type, and insert a calibration signal at the end of
each data point. The incoming telemetry multiplex signal includes a
system status and reference signal which is recorded on magnetic tape
in the Ground Data Center. Brush charts are used for real time dis-
play allowing data parameters to be reproduced as they occur.

Calibrations

Standard procedures were used by the BHC Standards and Calibration
Laboratory to instrument the test helicopters. Table I presents a
list of calibrated items and their respective calibration numbers.

Flight Log

A log of all ground runs and flights, listing the date, flight and/or
ground run numbers, duration time and configuration, is shown in
Table II.

206~194~134
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TEST HELICOPTER

The test helicopters used during this test program were the Model
OH-58A Bell S/N's 41080 and 41155.

S/N 41080: Prior to the test flight the aircraft was leveled and the
following rigging measurements were obtained.

Main Rotor Mast 59 forward, 1° left
Swashplate
F/A Cyclic (full throw) +17.5° forward, +8.0° aft
Lateral Cyclic (full throw) +5,5° right, +8.0° left
Collective Pitch (full throw) -0.5° down, +16.6° up

S/N 41155: Aircraft was received, inspected, and instrumented. The
collective pitch was measured at the main rotor hub and the minimum
blade angle was +0.4 degrees and the maximum blade angle was +17.7
degrees.

206-194-134 B
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RESULTS AND DISCUSSION

Ground Run Results

The aircraft was placed on tiedown and a series of ground runs were
conducted. Cyclic inputs at approximately 1.0, 2.5, and 5.0 cps were
made to obtain baseline pylon stability information and to determine
the effect of first and second drive system torsional mode on pylon
damping. During the evaluation, main rotor thrust was varied from
zero to approximately 2410 pounds.

At a main rotor speed of 200 rpm and with 91 percent collective, the
maximum main rotor blade chord excitation was *13,500 inch-pounds.
Efforts to determine the blade natural frequency were unsuccessful.

The lateral pylon stops could be contacted with a cyclic input at a
main rotor rpm of 180 and 91 percent collective. Mast bumping could
be induced with 100 percent collective and at a main rotor rpm of 240.
Pylon contact or mast bumping did not reflect any unusual loads in the
main rotor or fuselage. A maximum tailboom stress of only 4000 psi,
which is a nominal load, was generated with a cyclic input of approxi-
mately 5.0 cps with a main rotor rpm of 270 and collective at 86 per-
ent., To evaluate the Coriolis effect, cyclic inputs were made during
a main rotor rpm sweep with a blade root collective of 10 degrees.

Results obtained during the ground runs did not offer any insight or
peculiarities that might suggest tendencies that could result in high
tailboom stresses. Also, it was very difficult to determine fuselage
natural frequencies while the aircraft was secured during grcund run.
As a result, the decision was made to proceed to the flight evaluation.

Flight Results

Since the tiedown results were inconclusive, investigation efforts

were directed towards duplicating the tailboom failures reported by

the Army., With a telemetry capability of monitoring critical para-
meters, a series of hoverlng throttle chops and touchdown autorotations
were conducted. During a variety of autorotational landlngs, various
technlques of cyclic and collective application at a disparity of main
rotor rpm's were investigated. Many of the basic hypotheses became
inconsequential due to the following.

1. Pylon stop contact with high main rotor conlng did not indicate
pylon whirl tendencies. Lateral pylon spike contact could be
obtained without too much dlfflculty, however, no unusual loads
or peculiar tendencies were evident. Fore and aft pylon spike
contact was very difficult to obtain.

2. At conditions of high collective pltch and low rotor speed, there
was no evidence of binding in the main rotor flapping bearing.

3. There was no evidence of rotor blade resonant amplification that
could result in large pylon motions and high control loads.

206~194~134 5
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RESULTS AND DISCUSSION - (cont)

Flight Results - (cont)

4, Cyclic inputs during conditions of high main rotor coning did not
appear to influence main rotor hub forces.

A total of 36 touchdown autorotation landings and 10 throttle chops
were flown to obtain data. Analysis of autorotation data began to
suggest certain trends of maximum main rotor flapping with high touch-
down airspeeds at low main rotor speeds of 200 rpm or less, sece
Figures 1 through 10. During the third flight, a tailboom failure was
duplicated to study the influential circumstances associated with the
failure.

Tailboom Failure Evaluation

A review of the recorded data suggested that several factors contri-
buted to the tailboom failure and the absence or reduction of any one
factor was sufficient to prevent failure. The characteristics asso-
ciated with the tailboom failure can be summarized as follows:

1. Prior to or at aircraft touchdown, the collective must be raised
to the full up mechanical stop and allowed to remain at the up
stop until the main rotor rpm decays to approximately 200 or less.

2. Touchdown airspeed must be sufficient to provide considerable rotor
inflow.

3. Main rotor blade coning and flapping must be sufficient to produce
fore and aft pylon stop contact.

The combinations of the above results in sufficient rotor-fuseclage
inertia to produce damaging fuselage stress loading.

Comparison of Figure 11, a time history of a normal touchdown autoro-
tation, and Figure 12, a time history of the touchdown autorotation
when the tailboom failure occurred, tend to substantiate the influence
of main rotor flapping with collective position, main rotor speed, and
pylon behavior associated with the failure.

Figure 13 shows aircraft ground contact and subsequent ground roll,

and Figures 14 through 20 are photographs depicting test vehicle damage
that occurred during the evaluation. Figures 21 and 22 depict the
extent of the pylon motion during the failure.

Main rotor control and blade loads were normal during the autorotation
landlngs and only increased after onset of the tailboom failure condi-
tion.

A vertlcal and roll acceleration of considerable amplltude, in excess

of two g's, was observed in the cabin. At the conclusion of the land-
ing, there was '» doubt by the flight crew that damage of one form or

206~194-134 6
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RESULTS AND DISCUSSION - (cont)

Tailboom Failure Evaluation - (cont)

another had been sustained. It is the further opinion of the flight
crew that a pilot of even minimal experience would recognize that the
aircraft had experienced an abnormal situation and would conduct an
exterior safety of flight inspection prior to a takeoff.

Options Available for Failure Reduction: After careful review of

available data, the following items were evaluated and considered as
possible methods of eliminating or reducing the possibility of a failure.

1. Determine the technique the U. S. Army is using in the training
of new and transition pilots, and the rationale for their
techniques. Also, recommend modifications of existing techniques

if deemed appropriate.

2. Provide cockpit indicator to indicate warning of excessively hard
landings and potentially damaging tailboom vibrations.

3. Reduce the available collective range to avoid excessive dynamic
loading and yet maintain adequate height-velocity margins.

4, Consider basic structural modifications to stiffen the critical
areas, reduce stress levels, and/or produce changes in dynamic
response characteristics and system coupling. i

5. Provide mechanical fixes, such as pylon viscous or friction dampers,
and fuselage impact and/or friction dampers.

Reduced Collective Evaluation: After reviewing the options available,
indications were the best solution to the problem was that improper
autorotative techniques needed revising. However, in the event the ship
were landed improperly it was Jjudged that a reduction of the collective
range would be beneficial. As a result, a Model 0il-58A Helicopter, S/N
41155, was instrumented ana a series of tests were begun to determine
the feasibility of limiting the available collective pitch during auto-
rotation landings (Option 3)., This reduction was accomplished by attach-
ing an adjustable cable on the copilot collective stick that physically
limited the maximum up position of the collective, see Figure 23, Fig-
ure 24 shows the results of a hangar calibration of collective stick
position versus main rotor blade angle. A series of hovering throttle
chops, slide on landings, and autorotation touchdowns at various per-
cent of collective reduction were evaluated to determine if a reduc-
tion in the available collective would prohibit maintaining adequate
height-velocity margins. During the hovering throttle chops at a gross
welght (GW) of 3000 pounds, there was a definite change in the charac-
ter of main rotor blade stall when the available collective blade angle
was reduced to 75 percent; however, time airborne, which is an indicator
of rotor capability, was also reduced. At 80 percent available collec-
tive the time airborne after throttle chop was adequate, 3.6 seconds,
and pylon motion and main rotor flapping were greatly reduced,

206-194-~134
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RESULTS AND DISCUSSION - (cont)

Tailboom Failure Evaluation - (cont)

Reduced Collective Evaluation - (cont)
Six autorotation landings were accomplished with the available collec-
tive pitch reduced by approximately 20 percent, and Figures 25 through

30 present the data obtained by using the Federal Aviation Administra-
tion (FAA) Runk Grid Camera. Touchdown calibrated airspeed varied

from 24 knots to 41 knots. Table III presents important oscillograph 4
parameters recorded during the autorotation landings. 3

Test results indicate that the probability of tailboom failure, with
the available collective range reduced by approximately 20 percent,
is greatly decreased due to a reduction in main rotor flapping.

A mathematical analysis and associated computer study were conducted
to evaluate the tailboom failure problem. The study was concentrated
in the area of main rotor flapping versus main rotor blade angle and
main rotor inflow during autorotation touchdown. Synopsis of the
evaluation concluded that main rotor flapping benefits derived by the 3
reduction of the main rotor blade angle can be reduced by an increase :
in rotor inflow. However, the touchdown airspeeds required to produce
the mandatory rotor inflow are considered excessive and unrealistic
for normal autorotation touchdowns. An autorotative touchdown in ex-
cess of 4O kts coupled with improper landing technlques is judged to
be outside the reasonable and mandatory operating envelope of the
helicopter. As a result, it can be concluded that the probability of
a tailboom failure would be greatly reduced by improving autorotation
techniques to avoid high speed touchdowns with high main rotor blade
angles.

U. S. Army Aviation Systems Test Activity (USAASTA) Test Results

A flight evaluation of the Model OH-58A Helicopter, S/N 41155, with a
reduced collective blade angle was conducted by an Army test team at
the BHC Flight Research Center, Arlington, Texas, on 23 and 24 Novem-
ber 1971.

During the USAASTA evaluation the helicopter was first flown in the
standard OH-58A configuration. The adjustable cable on the copilot
collectlve stick was installed prior to the second flight to limit
the maximum up position of the collective to 80 percent (13.6 degrees
main rotor blade angle at the hub).

A series of touchdown landlngs were made utlllzlng techniques that had
produced tailboom failures in the past. Flgure 31 presents a time i
hlstory of an autorotation touchdown landlng that produced a consider-
ably high level of vertical tailboom excitation with a near damaging
stress of 17,586 psi. The pllot reported the touchdown airspeed was
probably in excess of 40 knots indicated airspeed (KIAS). Visible

airframe damage was limited to minor pylon upper cowling contact and

206-194~134 8
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RESULTS AND DISCUSSION - (cont)

USAASTA Test Results - (cont)

cracked fiberglass fairing at the tailboom connection area. Aircraft
damage was considered minor and tests continued. This documented auto-
rotation landing incident is an additional substantiation of the com-
puter study results.

The Army test team also conducted tests to determine if the present
height-velocity margins could be maintained when the available collec-
tive range was reduced to avoid excessive dynamic loading. Data were
obtained by using the FAA Runk Grid Camera and results are presented
in Figures 32 through 34. Table IV presents the height-velocity time
history data. Figure 35 shows the runway gradient at the test site.
Maximum available collective was limited to 85 percent. Results of

. the evaluation indicated that the maximum collective utilized during
the autorotation was 70 percent and as a result, shows that adequate
collective is available to maintain present height-velocity margins
at the altitude the test was conducted.

206-194-134 a
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CONCLUSIONS

A flight test program to investigate OH-58A tailboom failures during

autorotation landings and explore methods of eliminating these fail-

ures has been completed.

The following conclusions are made on the basis of the subject flight

test program.

: 1. The results obtained during the ground run were inconclusive.

] 2. Efforts to duplicate a tailboom failure were successful and as a
result, many of the original hypotheses to be investigated became
inconsequential.

3. The combination of maximum main rotor blade angle and flapping,
low rotor rpm, rotor inflow, and pylon contact (fore and aft)
has sufficient rotor-fuselage inertia to produce damaging fuse-
lage stress loading.

4. With the available collective range reduced by approximately 20
percent, test results indicate that the probability of tailboom
failure, resulting from improper autorotation techniques, is

; greatly reduced due to the reduction in main rotor flapping.

5. The probability of tailboom failure would be eliminated by ob-
serving proper autorotation techniques, thereby avoiding high speed
touchdowns with high main rotor blade angles.
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CHECKED

201 482

BELL HELICOPTER compPany

POST QFIICE

FORT woRTH

L TEIAS

RPT

mooeL OH-SLA pace__¢9
Q06-/94-/3%

TABLE

T

OSCILLOGRAPH PARAMETERS

S/N: 41155 MopeL: OH-58A  FLIGHT: SB DATE: 220CT. 7|

GROUND LEVEL Hp I380 FT.
GROUND LEVEL AMBIENT TEMP. 20°C

RUN|CTR |GROUND [COLLECTIVE |F/ACYCLIC| Np & Np @ %o OF % OF
NO. | NO. [CONTACT | POSITION | POSITION [CONTACT| LOWERED | FLAPPING | FLAPPING
GROUND | @ CONTACT |@ CONTACT COLLECTIVE |@CONTACT|@ LOWERED
SPEED COLLECTIVE
~ LTS ~ /s ~ °/o ~ RPM ~ RPM ~ °/o ~ %o
10 |924 I8.53 ST 31.9 258 144 t 32.0 *t 6.2
1l 1925 2B.10 51.1 41.3 264 |13& *32.0 £IT.6
12 |926| 2546 8o.4 s2.8 228 186 *64.8 *(3.5
13 (927 29.30 70.1 54.5 228 198 +62.2 *18.9
14 |928| 1853 20.4 a4.6 225 {32 +62.2 *21.6
1S |929| 32.26 8.3 53,7 240 132 + 62,1 £x2.4
OTHER INFORMATION :
GROSS WEIGHT 2936 To 2891 LBS. DURING RUNS 10-15

-




e
: BY MODEL 7= CED pace_ 5O
BELL HELICOPTER company |
: ' CHECKED x POL ORIICYH 01 4n: . FoNt wiate | TEEAS Sy &06_/9‘#—__ /3", i
: e i
TABLE TV , (SHEET ) or_ 3 )

FAA GRID CAMERA DATA

[ rake ofr pistance ] LanDiNG DisTANCE X HEIGHT _VELOC!TY

E BELL S/N £ // 5~ LOCATION : Ler/06 7o, FTEXAS
4 M. O @ 5 © @ L
; i OBS. DISTANCE Il verticat 'on CORR. DISTANCE
FLT. | RUN ‘.' oss. _MHWN! -
NO. | HO. | TIME fyeey. |uomz. ’oﬂAglsm':‘) VERT. | HORIZ. | pepapxs
NOTE: 2
.(S‘%‘;%r‘) @ Q (, 'wrz 2]
| i FT. e *
Zé’/fz’
4
b |
_ L
! , [ 7 . z 3 !
| 20.45 re¢. L057 £.C/ Za 209 | Ligur Tl |
; |]__i1_/-/n I_@{Df ,_’:‘:‘j')' - 4 f7-.) P& o
R A £O9 b FTPET ¢ 22 FIu o I Ll .
f 323.,0 F2a V£F0x ) 283 722 £92 3
aftso | 43 $a4y | £22 | #4707 | 82 2 d
i_dumy | ## i 7 ";f As.4 | ¢#/ i
pemy] 7 N\ Be. 4| 32 |S703 | 2rw” | 023 [ 400 | €79 4 |

el

NOTE: (1) CORRECTION OF READING (MAST) TO GROUND (SKID-GEAR ): ?J 1.
PLUS PUNWAY GRADIENT CORRECTION (FIG.. ) US'Ng THE
TOUCHDOWN POINT FOR HEIGHT VELOCITY AND LANDING AND THE

: HOVER POINT FOR TAKE - OFF.

[2) CORRECTED TIME ZFRO AND HORIZONTAL DISTANCE ZERO TO BE START OF :
TAKE-OFF RUN, APPROX. 1 SEC. PRIOP TO THROTTLE CHOP FOR HY. VELOCITY, l
AND ANY TIME PRICR TO 50 FT. HEIGHT FOR LANDING. .

A 5 d-G. =A%/




ST e

e —————

BY

—

MODELCY <Pl pAGE_ 5/

CHECKED

BELL HIOLICOPTER compmany

LERRN DURRS N RN M . FORI wIETw L TRRAS RPI &06_/7¥-/3+

D TAKE

TABLE JW (SHEET A _OfF 3 )
FAA GRID CAMEFRA DATA

OFF DISTANCE D LANDING DISTANCE % HEICHT VEIOCITY

BELL S/N <~ // S5 LOCATION : S€c G 7ot , 7E¥Ar
o @ ©) @) ©) © [©)
s | o <
e RUNy Ogs | OBS. DISTANCE g,]“::iylc:ol cons. [CORR. DISTANCE
NO. | NO. | TIME I yverr |uoriz. ek O €L vert. |HORIZ. | ppparks
ADIENT! goTE: 2 Q) €
hi0TE: 1) @+® (note: 2)

FT. AP et B0 RS L SR N T
T 27~ | dire | 2o0 | wi2el F | 750 §
2o Lareaz i £2.27) &£ ;A7 oo ]
| 2a.e | 532 | 2 2.2 B 7EF = 1Y,
Nuess N 2p " [ rtoel 0 | 222 |Licwr Our |

Sof [L_ /9705 A3
: Seaz | /¢ -OF 7y S7o0p |

h_ I

F | so.¢o 62£L || 2z 0 ‘7 o I |

A . éo cLZE & /00 2 e &
T | sz i 200 | w; | a3 | 3
L L ts2ar ] cets | Fe g ] 287 | |
S Cr I —{
v

\ i = ‘

Alrrmy & i _2¢.32 Juor /4773 743 ST’ B
i

:1 —

R R T T T T e e s

SIS

e —

NOTE: (1)

g

(2)

CORRECTION OF READING (MAST) TO GROUND ( SKID-GEAR): - S~  FT
PLUS RUNWAY GRADIENT CORRECTION (FIG. ) USING THE
TOUCHDOWN  POINT FOR HEIGHT VELOCITY AND LANDING AND THE
HOVER POINT FOR TAKE - OFF. :
CORRECTED TIME 2ERO AND HORIZONTAL DISTANCE ZERO TO BE START OF |
TAKE-OFF RUN, APPROX. 1| SEC. PRIOR TO THROTTLE CHOP FOR HT. VELOCITY, |
AND ANY TIME PRIOR TO 50 FT. HEIGHT FOR LANDING.

J B 2= 5V




BY | MmoDe\ 87 -5%4 pace S5 2 _

Bl HELICOPPTER comimaNy

CHECKED LR L LR B T YT B . POMT wIATH | (fRAl Rp]—‘&9~4“'A/-2f£:..£“3_%—_____ :
b TABLE TIC (sMrey 3 or 3 ] |
' FAA GRID CAMFRA DATA Ruwivdy GERAO/-#T

DTAKE OFF DISTANCE E] LANDING DISTANCE M HEIGHT VE'OCITY
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