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EUSTIS DIRECTORATE POSITION STATEMENT

In addition to the conventional four mission segments of data processing, the contractor has
developed and incorporated a seven-mission-segment analysis which provides the design
engineer with better insight into the parametric values and related maneuvers affecting struc-
tural integrity.

This report is published to define the operational use of the UH-1H in the arctic environ-
ment of Alaska as an engineering aid in the design and development of improved aircraft.

Mr. William T. Alexander, Jr.,of the Technology Applications Division served as project

engineer for this effort.
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DISCLAIMERS

The findings in this report are not to be construed as an official Depertmant of the Army position unless so
designated by other authorized documents.

When Government drawings, specificstions, or other data are used for any purpose other than in connection
with s definitely related Government procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and ths fact that the Government may have formuiated, furnished,
or in any way supplied the ssid drawings, specifications, or other data is not to bs regsrded by implication or
otherwise as in sny manner licensing the holder or any other person or corporation, or conveying sny rights or
permission, to menufacture, use, or sell any pstented invention that may in any way be related thereto.

Trade names cited in this report do not constitute an official endorsement or approval of the use of such
commercial hardware or software.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the originator.

I T £



P e M e

i
E,.
I3
b

TAMEE A

i

ssified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
REPORT DOCUMENTATION PAGE BEFOKE COMPLETING FORM
1. REPORT NUMBER 2. 30VT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
USAAMRDL-TR-74- 65 00R,

4. TITLE (and Subtitle)

OPERATIONAL USE OF THE UH-1H HELICOPTERY
IN ARCTIC ENVIRONMENT

8. € OF REPORT & PERIOD COVERED

Final Report
§ Oct 72 - 15 Feb 74

€. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s)
Raymond B. Johnson, Jr., and
Ruth E. Meyers

8. CONTRACT OR GRANT NUMBER(s)

DAAJ02-73-C-00..4

9. PERFORMING ORGANIZATION NAME AND ADDRESS

Technology Incorporated
Dayton, Ohio 45431

10. PROGRAM ELEMENT, PRCJECT, TASK
AREA & WORK UNIT NUMJIERS

Task 1F162208A1'9001

11. CONTROLLING OFFICE N.«\ME AND ADDRESS
Eustis Directorate,

12. REPORT DATE

U.S. Army Air Mobility Research and

13. NUMBER OF PAGES

' Develogment Lab., Fort Eustis, Va. 23604
| . MONITORING AGENCY NAME & ADDRESS(! dﬁioml from Controlling Ottice)

18. SECURITY CLASS. (of thie report)
Unclassified

18a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

7. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES
Reproducsd by

NATIONAL TECHNICAL
INFORMATION SERVICE

US Department of Commerce
Springlield, VA. 2215t

9. KEY WORDS (Continue on reverse aide if 'y and identify by block ber)

flight spectrum, helicopter operations

UH-1H helicopters, Arctic environment, flight loads,
multichannel data, aircraft structures, operational airloads,

20. ABSTRACYT (Continue on reverse alde If neceseary and identify by block number)

From operational usage parameter measurements on two UH-1H
helicopters, 88 hours of valid multichannel flight data were
recorded between December 1972 and April 1973 while the
helicopters operated from Fort Greely, Alaska.
processed and analyzed by two different techniques:
Four Mission Segment technique which processed the data
according to four flight phases, or mission segments, namely,

Data were
(1) the

(=

DD | 3385 173

EDITION OF 1 NOV 68 IS OBSOLETE

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)



S ug et ki aled o cciian i Lins AR AR A S s TEPTomT | T

P S ———— s v v e o .

| Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

20.

ascent, maneuver, descent, and steady state; and (2) the
Flight Condition Recognition (FCR) technique, which pro-
cessed the data according to the occurrence of 20 different
flight conditions within seven mission segments, namely,
ground operation, hover, ascent, level flight, descent,
transition, and autorotation. Data are presented in the
form of time and occurrence tables, cumulative frequency
distribution curves, and exceedance curves. In the compari-
son of the Alaskan UH-1H data with previous Southeast Asia
(SEA) UH-1H data, both processed by the Four Mission Segment
technique, the Alaskan data had greater amounts of time at
the higher values of airspeed, gross weight, and engine
torque but lesser amounts of time at equivalent rates of
climb and descent. In the general comparison of the Alaskan
data processed by the two techniques, the FCR data provided
better resolution of the operational usage data, better
identification of significant fatigue-damage manreuvers, and
better definition of the mzneuver-induced normal load fac-
tors. In addition, the FCR technique proved to be practical
as well as capable of yielding more meaningful fatigue-
damage information.

-

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

e S



| i e e R e b A s o T

. A Botrer s AAd SR Y A e s 2

PREFACE
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INTRODUCTION

For the continued study of Army helicopter operations, a multi-
channel operational usage data program was conducted on two
UH-1H helicopters flying assorted missions in the arctic en-
vironment from December 1972 to April 1973. During this period,
88 hours of valid in-flight data were recorded and processed

for each of 15 time-related parameters. These parameters were
selected to reflect the operational usage of the helicopters.
Two techniques, the Four Mission Segment and the Flight Condi-
tion Recognition (FCR) methods, were used in processing and
analyzing the data.

The program objectives were to acquire operational usage data

of the UH-1H operation in the arctic environment; to develop an
improved method for acquiring and processing operational usage
data; and to analyze these data in an effort to improve the fa-
tigue analyst's understanding of the operational flight spectrum
of U.S. Army helicopters and its effect in defining reliable
design criteria for helicopters.

The UH-1H is an all-metal, single-engine helicopter. A single,
two-bladed, semirigid teetering main rotor provides 1lift, and a
two-bladed, semirigid, delta-hinged tail rotor provides anti-
torque and directional control. Figure 1 presents a photograph
and a summary of the characteristics and limitations of the UH-14
helicopter. An oscillograph-type recording system was used to
measure the following 15 in-flight parameters: airspeed; aliti-
tude; vertical, lateral, and longitudinal acceleration at the
helicopter's center of gravity; outside air temperature; main
rotor speed; engine torque; longitudinal cyclic boost tube,
lateral cyclic boost tube, and collective cyclic boost tube
loads; and longitudinal control, lateral control, collective
control, and rudder pedal positions--all related to time. Field
personnel logged additional information to permit the computer
processing of the in-flight recordings. Such supplementary data
consisted of time, fuel, and load at takeoff and landing: base
pressure and temperature at takeoff; and mission type. The data
processing derived additional parameters: specifically, the in-
stantaneous weight, the rotor tip speed ratio, and the ratio of
the thrust coefficient to the rotor solidity.

As previously used and documented in USAAMRDL TR-73-15', the

! Johnson, Raymond B., Clay, Larry E., and Meyers, Ruth E.,
OPERATIONAL USE OF UH-1H HELICOPTERS IN SOUTHEAST ASIA,
Technology Incorporated, Dayton, Ohio; USAAMRDL Technical
Report 73-15, U.S. Army Air Mobility Research and Develop-
ment Laboratory, Fort Eustis, Virginia, May 1973, AD 764 260.



Four Mission Segment technique divides the operational usage
data into four categories or mission segments: ascent, maneu-
ver, descent, and steady state. The first three segments are
transient, or unsteady, vegimes of flight and are distinguished
from the steady-state segment by the variations in the control
boost tube load, airspeed, and altitude parameters. As devel-
oped during this program, the FCR technique segregates the data
into 24 distinct flight conditions, such as left or right turn,
collective pull-up or pushover, and takeoff or landing, occur-
ring in any one of seven mission segments. The seven mission
segments are ground operation, hover, ascent, level flight, de-
scent, transition, and autorotation.

.,‘.‘ «t & . A
Characteristics Limitations
rotor diameter 18 ft normal rated power 1250 hp
rotor solidity 0.0464 military rated power 1400 hp
ngine Lycoming T-53-L-13 usable power (trans-
1gn max gross wt 1500 1t mission limit) 1100 hp
empty weight (avg) 1920 1b 1005 peed 324 rpn
X a peed 120 kn

Figure 1. UH-1H Helicopter.

This report describes the recording system and its installation
in each of the two UH-1H helicopters, details the data collec-

tion defines the recorded and derived parameters. outlines the
data processing and quality control, explains the data computa-
tions, and finally presents and analyzes the processed data.
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INSTRUMENTATION

To obtain the required operational usage data, oscillographic
recording systems were installed in two UH-1H helicopters as-
signed to the Arctic Test Center at Fort Greeley, Alaska. Iden-
tified by serial numbers 66-16969 and 67-17686, these aircraft
participated in the entire data acquisition effort from December
1972 to April 1973.

DESCRIPTION OF RECORDING SYSTEM COMPONENTS

Four Century Model 409B oscillograph recorders, each with 14 data
channels and capable of recording 12 dynamic parameters on 3-5/8-
inch-wide photosensitive paper, were used in this program because
of their inherent design to withstand severe shock and vibration
and extreme environmental conditions. In this program two re-
corders were installed on each aircraft to record 15 channels of
in-flight variables, several of which were recorded on both re-
corders to expedite the data reduction. On each recorder, one
channel was used to monitor the supply voltages, a second to de-
lineate a time pattern reflecting a l-minute cyciing, which was
used to correlate the data, and a third to trace a static line
for measurement reference.

Two Technology Incorporated Model 49776 signal conditioning units
were used on each aircraft to regulate the voltage signals from
the various transducers. These units were modified to amplify
the boost tube strain, airspeed, and altitude trace deflections.

To derive airspeed, a Statham Model PM96TC-.5-350 (0 to 0.5 psid)
pressure transducer was used to measure the dynamic pressure. To
derive altitude, a Statham Model P96-15A-350 (0 to 15 psia) pres-
sure transducer was used to measure the ambient static pressure.

For the three linear acceleration measurements, a Statham Model
A3-5-350 (#5g) accelerometer was used to sense vertical accel-
eration, and two Statham Model A3-1.5-350 (+1.5g) accelerometers
were used to sense lateral acceleration and longitudinal accel-
eration.

A frequency-to-voltage converter and associated circuitry were
incorporated in the recording system to measure the rotor speed
by sensing the frequency of the rotor tachometer generator.

A Minco Model S-6B resistance thermal ribbon was used to measure
the outside air temperature.

To measure the engine torque pressure, a Viatron Model PTB103

(0 to 100 psig) pressure transducer was connected in parallel
with each helicopter's torque pressure transmitter.

3



PRI

T bt e

Micro-Measurements Corporation Model EA-13-250B[-350 strain gages
were installed on the longitudinal cyclic, lateral cyclic, and
collective boost tubes to measure the strains in these component:
resulting from control and rotor motions. Two sets of gages were
mounted side-by-side on each boost tube, and each set was wired
into a Wheatstone bridge with two active arms and two inactive
arms for temperature compensation. One set of gages was desig-
nated as 'primary" and the other as a '"spare." After their in-
stallation on the boost tubes, both the primary and the spare
bridges were calibrated to provide a relationship between the
bridge output in volts and the boost tube axial load in pounds.

Collective control stick and rudder pedal positions were mea-
sured by utilizing Transducer Controls Corporation Model TCC-
PT101-15B position transducers; and the longitudinal and lat-
eral control stick positions were measured with Markite Model
2094 infinite-resolution potentiometers.

The block diagram in Figure 2 illustrates the functional in-
tegration of the components making up the recording system.

MODEL 2094 COLLECTIVE
ATRSPEED 0 | ALTITUDE 0-13 L L L LATERAL CYCLIC CONTROL STICK
:gn STATHAN FSIA STATHAM STATHAM + 1.5g STATHAM ¢+ Sg CONTROL STICK POSITION
$TC .5-350 P69 154 350 A3-1.5-350 POSITION

LoC
a1 s 350 MARRITE POT. MODEL WRE-150

0 100 PSID TACHOMETER TEMPERA "URF. ACCELERATION POSITION
VIATRAN GENERATOR MINCO STATHAM ¢ 1.5g
S oh

ENGINE TORIE ROTOR RPM OUTSIDE AIR LATERAL RUDDER PEDAL
FYR R

LOCKHEED
PTB 103 auTPUT WODEL WRS-153

SIGNAL CONDITIONING UN' T NO. | SICNAL CONDITIONING UNIT NO. 2

; ‘ {ONGITUDINAL CYCLIC
COLLECTIVE LEFT €YCLIC RIGHT CYCLIC CoNTROL STICK

BOOST TUBE WONST TUBFE BOOST TUBE POSITION

AX[AL ATIAL AXTAL
. MARKITE POT
STRALN GAGE STRAIN GAGE STRAIN GAGE MODEL 2098

20 vhC

DUSS |

L CENTURY
MODEL 409
CSCTLLOGRAPH RECORDERS

Figure 2. Functional Block Diagram of Oscillograph Recording
System Installed in UH-1H Helicopters.

INSTALLATION OF RECORDING SYSTEM

The two Century 409 recorders, the two signal conditioning
units, and the external 30-second timer were located just for-
ward of the transmission housing. These units were mounted to
a flat plate which was secured to the floor of the aircraft by
using the existing floorboard mounting holes.

rouii, S02



Figure 3 is an outline drawing of the UH-1lH helicopter showing
the recording system component locations.

]

Recorder Signa! Cunditiontay i
OAT Ribbon

Torque Transducer

Nyx. Ny. and N; Aczelerometers
Rotor RPM Connect Puint
Airspeed and Altitud” Transdece: -
Longitudinz: Cvcli. Tontrol Tt
Lateral Cyclic Control Tube
Collective Cyclic Control Tube

L4

PENowE W -

3 Figure 3. Multiview Drawing of UH-1H Helicopter with
Locations of Major Recording System Components.

The three accelerometers were mounted close to the aircratt cg
on a special bracket which was attached to the aircraft struc-
ture to the left side and just forward of the rotor shaft. The
engine torque transducer was mounted to the right forward fire-
wall. Two spare hose clamps were removed from this area to
provide the clamp mounting holes for this installation. High-
pressure hose assemblies were installed in parallel to the air-
craft torque transmitter. The airspeed and altitude transducers
were mounted in the nose compartment by using existing holes

in the aircraft. Low-pressure hose assemblies were installed
to sense the aircraft's pitot and static pressure systems.

PR ———

The input load for rotor rpm was connected to pin No. 2 of

terminal board No. 1 to sense the output of the rotor tack gen-
erator. The OAT ribbon was attached to the bottom of the air-
i E craft just to the left of the aft searchlight. The wires from
i i the OAT ribbon were routed into the aircraft through existing

ot
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drain holes. lhe e¢xisting three boost tubes were removed from
the aircraft und replaced by the three instrumented boost tubes.
The collective stick and rudder pedal position potentiometers
were nounted to a special bracket beneath the floor board.
The actuatcr arrs were connected to the "floating' bell crank
as-cmbly.,

D.C. power was acquired by installing a circuit breaker in the
overhead circuit breaker panel and connecting it to the D.C.
buss. A.C. power was acquired by installing a fuse holder in
the A.C. circuit breaker panel on the right side of the center
console and connecting it to the A.C. power source.
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DATA COLLECTION

During the data collection period from December 1972 to April
1973, 88 hours of in-flight data were recorded. All 88 houis
of data were processed by the Four Mission Segment technique
and 36 hours of these data were processed by the FCR technique.
Since the data acquisition under Arctic conditions was severely
limited because of unusually warm weather during the recording
period, some oscillograms of recordings made during the low-
temperature flights were used to increase the size of the data
sample even though there were data traces in these recordings
that were considered invalid. Table I lists the validlv record
ed data hours for the 11 in-flight parameters processed for the
final data presentation. The processed data represent 10 en-
gine starts and 156 touchdowns.

TABLE I. HOURS OF VALID DATA RECORDED FOR ELEVEN IN-
FLIGHT PARAMETERS
Flight tiours
Parameter of Vaiid Data
Airspeed 88.5
Altitude 88.5
Outside Air Temperature 88.5
Vertical Acceleration 88.5
Lateral Acceleration 79.4
Longitudinal Acceleration 67.1
Rotor Speed 59.5
Engine Torque 87.4
Longitudinal Cyclic Boost Tube Load 65.9
Lateral Cvclic Boost Tube Load 65.9
Collective Boost Tube Load 65.9

After each recorded flight, the field technician filled out a
special form to log the supplemental data needed to process the
oscillograms. This additional data included the following:
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flight date; mission type; base elevation; barometric pressure
and temperature at takeoff; base location, time, and fuel, pas-
senger, and cargo weights at takeoff and landing; and airspeed
and rotor speed at various check points. The field technician
also logged the serial number of each transducer so that the
calibration data could be correlated with the recorded data dur-
ing the data processing. In addition, upon developing the os-
cillograms and observing any trace anomalies, the technician
took remedial action as soon as possible.

N
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DATA DEFINITIONS

RECORDED PARAMETERS

0f the 15 recorded in-flight parameters, the following 11 were
to be processed for final data presentation: (1) airspeed,
(2) altitude, (3) outside air temperature, (4) c.g. vertical
acceleration, (5) c.g. lateral acceleration, (6) c.g. longi-
tudinal acceleration, (7) rotor speed, (8) engine torque, (9)
longitudinal cyclic boost tube load, (10) lateral cyclic boost
tube load, and (11) collective boost tube load. For each of
these parameters and the computed parameters presented below,
Table II 1lists the ranges selected for the data blocks.

COMPUTED PARAMETERS

From the fuel, cargo, and passenger weights at takeoff and land-
ing, as logged on the supplemental data sheets, the gross weight
was computed for the start and end of each mission. A constant
rate of fuel consumption was assumed to obtain the average
weight-loss rate that was used to compute the instantaneous
gross weight. Weight gains or losses because of cargo or pas-
senger changes were introduced at times noted on the supple-
mental data sheets.

Since the pitot-static position error was judged to be negli-
gible in the range of interest, only indicated airspeeds were
considered. Rotor speed and outside air temperature were com-
puted by applying the calibrations to the trace measurements.
On the basis of the average slope of pressure altitude derived
from the static pressure trace, the rate of climb was computed
continuously during each mission segment. Engine torque was
calibrated in units of psi as taken from the cockpit indicator.

To cbtain the boost tube loads, the measured trace displacements
of these loads from their hovering mean were converted to pounds
of force.

Each peak of c.g. vertical acceleration, a;, was measured di-
rectly from the oscillogram trace. To obtain the normal load
factor, n,, and the incremental normal load factor, Anz, for

each vertical acceleration, the following relationships were

used:

az
Anz=_.

n, = Anz + 1.0
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E TABLE II. DATA PROCESSING RANGES FOR RECORDED AND ,
|
Recorded Parameters ; |
{ Longitudinal, Lateral, % |
! and Collective Stick L& {
ny and ny (8)  Airspeed (kn) Boost Tube Load (1b) n. (g) 0AT_(°F) : 3
L 4
0.40 <40 <-450 <0.2 <-100 \‘ q
-0.40 to -0.35 40 to 60 -450 to -400 0.2 to 0.4 -100 to -80 §
0.35 to -0.30 60 to 70 -400 to -350 0.4 to 0.5 - 80 to -60 1
0.30 to -0.25 70 to 75 -350 to -300 0.5 to 0.6 - 60 to -40 b q
-0.25 to -0.20 75 to 80 -300 to -250 0.6 to 0.7 - 40 to -20 ‘4 |
-0.20 to -0.15 80 to 85 -250 to -200 0.7 to 0.8 - 20 to O ;
-0.15 to -0.10 85 to 90 -200 to -150 0.8 to 1.2 0 to 20 4
i 20.10 to 0.10 90 to 95 -150 to -100 1.2 to 1.3 20 to 40 1
| -
i 0.10 to 0.15 95 to 100 -100 to 100 1.3 to 1.4 >40 ‘;
0.15 12 0.20 100 to 105 100 to 150 1.4 to 1.5
~ Rotor Speed (rpm 3
0.20 to 0.25 105 to 110 150 to 200 1.5 to 1.6 g
<274 i
0.25 to 9.30 110 to 115 200 to 250 1.6 to 1.7 |
274 to 284 é
0.30 to 0.35 115 to 120 250 to 300 1.7 to 1.8 3
284 to 294 y
0.35 te 0.40 120 to 125 300 to 350 1.8 to 2.0 it '}
4 04 ;-
>0.40 >125 350 to 400 2.0 to 2.2 294 to i i
304 to 31 "
100 to 350 2.2 to 2.4 ° 4
>150 >2.4 314 to 324
324 to 334 Rt
>334 4
3
v
Computed Parameters j
i Rotor Tip Engine 3
nze (g) Climb Rate (ft/min) Speed Ratio (u) Gross Weight (1b) Torque (psi)
<0.2 <-2100 <0.05 <6000 <10 ’a
>
0.2 to 0.4 -2100 to -1800 0.05 to 0.10 6000 to 7000 10 to 20 4
0.4 to 0.5 -1800 to -1500 0.10 to 0.15 7000 to 8000 20 to 30 %
0.5 to 0.6 -1500 to -1200 0.15 to 0.20 8000 to 9000 30 to 40
0.6 to 0.7 -1200 to -900 0.20 to 0.25 29000 40 to 50 -
0.7 to 0.8 -900 to -600 0.25 to 0.30 S0 to 60 1
0.8 to 1.2 -600 to  -300 20.30 60 to 70 J
1.2 'to 1.3 -300 to 300 >70 ¥
e
1.3 to 1.4 300 to 600
| 1.1 to 1.5 600 to 900
1.5 to 1.6 900 to 1200 Thrust Coef./Rotoy Solidity Density
(Cp/o) Altitude (ft)
3 1.6 to 1.8 1200 to 1500
<0.02 <-6000
1.8 to 2.0 1500 to 1800 g
5 2 § -6000 -3000
3 2.0 to 2.2 1800 to 2100 9.02 'to: 0:04 SO o :
. £ § .06 -3000 to 0
; 3 2.2 to 2.3 52100 0:04,_to 0.0
i 0.06 to 0.08 0 to 3000 p
3 § 2.4 to 2.6
{ >0.08 3000 to 6000
i »2.6 2
§ 26000 |
3' ]
i b
B 4 B
£
;
: 10 !
E 3
i




For each of the normal load factors, the equivalent normal
load factor, nz,, was computed according to the following re-
lationship:

nz, = n Wi

z = —_—

e zwD

where n; = normal load factor for vertical acceleration peak
Wi = instantaneous weight at time of acceleration peak
Wp = design gross weight, 6600 1b

For each data reading point, three derived parameters were
added: the rotor tip speed ratio, the ratio of thrust coef-
fient to the rotor solidity, and the density altitude.

The rotor tip speed ratio, u, was comnuted bv the following
equation:

we VY
QR
where V = airspeed, ft/sec
8 = rotor angular velocity, rad/sec
R = rotor radius, 24.0 ft

The following equation was used to compute the ratio of thrust
coefficient to the rotor solidity, that is, Ct/c:

W

Cr/e = TRy 7S

where Cr = thrust coefficient
W = gross weight (instantaneous), 1b
p = air density at altitude, slugs/ft’
o = rotor solidity = 0.0464

The following equation? was used to compute the density alti-
tude, hd, since this parameter is normally used in describing
helicopter performance:

518.4 Pa )] 0.235

figh= 139 2500 [ 1 - (3557708 + 460)

static pressure, inches of mercury

where P4
outside air temperature, °F

OAT

2 von Mises, Richard, THEORY OF FLIGHT, McGraw Hill Book
Company, Inc., New York, 1945, p. 11.
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DATA PROCESSING

INTRODUCTION
The acquired data were processed by two different methods:
the Four Mission Segment and the Flight Condition Recognition
("CR) techniques. The first technique was originally devel-
oped to gain better insight into the operation of U.S. Army s
helicopters and thereby to improve the design criteria for

future helicopters. Recent attempts of prime helicopter manu-
facturers to relate the Four Mission Segment data directly to :
a fatigue spectrum, and hence to component fatijue analyses, R
have not been entirely successful as documented in USAAMRDL
TR-73-40%, TR-73-39*, and TR-73-41°, Consequently, as an im-

proved technique, the FCR technique was implemented during

the current program. This technique is an outgrowth of an

Air Force-conducted study,® which investigated and formulated

new techniques in acquiring and processing operational usage

data for the purpose of defining fatigue spectra.

3 Herskovitz, A., and Steinmann, H., CH-47A DESIGN AND
OPERATIONAL FLIGHT LOADS SURVEY, Boeing-Vertol Division,
Boeing Company, Philadelphia, Pennsylvania; USAAMRDL Tech-
nical Report 73-40, U.S. Army Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia, November
1973, AD 772 949.

* Mongillo, A.L., and Johnson, 3.M., CH-54A DESIGN AND
OPERATIONAL FLIGHT LOADS STUDY, Sikorsky Aircraft Division,
United Aircraft Corporation, Stratford, Connecticut;
USAAMRDL Technical Report 73-39, U.S. Army Air Mobility
Research and Development Laboratory, Fort Eustis, Virginia,
November 1973, AD 777 551.

5 Glass, Marc E., Kidd, David L., and Norvell, John P.,
AH-1G DESIGN AND OPERATIONAL FLIGHT LOADS STUDY, Bell
Helicopter Company, Fort Worth, Texas; USAAMRDL Techni-
cal Report 72-41, U.S. Army Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia, January
1974,

¢ Johnson, Roy E., and Silcott, Charles J., METHODS TO
DETERMINE THE SERVICE USAGE SPECTRUM OF THE UH-1F
HELICOPTER, Technology Incorporated, Dayton, Ohio;
Technology Incorporated Report 43220-72-1, Aircraft
Systems Engineering Branch, Warner Robins Air Materiel
Area, Robins Air Force Base, Georgia, March 1972,

12
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The FCR technique implemented during this program was developed
so that fatigue analysts could easily understand and interpret
the processed data. The various general methods of identifying
typical helicopter flight conditions were reviewed, refined,
and integrated into a single method. The major factors which
influenced this development were costs, availability of trans-
ducers, and ease in establishing recognition patterns of the
various flight conditions. Consequently, the FCR technique
presented in this report is only one of a number of technically
practical techniques.

In addition to the parameters previously recorded on the UH-1H
(Reference 1), four parameters--longitudinal and lateral con-
trol positions, collective position, and rudder pedal posi-
tion--were required to process the data by the FCR technique.

Seven mission segments and twenty-four distinct flight condi-
tions were defined, and editing criteria based on various com-
binations of these were formulated. In a brief flight test pro-
gram to verify or improve instrumentation sensitivities and ed-
iting criteria, various maneuvers, such as left and right turns,
were performed in level flight and during hover.

The following paragraphs discuss the principles and procedures

to edit, read, check, and accept the oscillogram data processed
by both the Four Mission Segment and the FCR technique.

FOUR MISSION SEGMENT DATA PROCESSING

As in previous programs to process helicopter operational usage
data (Reference 1), the oscillogram data for each flight were
separated into four mission segments: (1) ascent, (2) maneuver,
(3) descent, and (4) steady state. The first three segments

are the transient, or unsteady, regimes of flight and were dis-
tinguished from the steady-state segment by the variations in
the stick boost tube load, airspeed, and altitude traces. The
segments were identified and defined as follows: ascent in-
cluded both the takeoff and climb to the initial cruise altitude
and all other unsteady ascents to other altitudes; maneuver in-
cluded flight sections where ascents and descents were too short
to be classified as such and were characterized by activity in
the airspeed, altitude, and stick boost tube traces; descent
included the unsteady part of flare and landing and all other
unsteady descents; and steady state included cruise, hover,
steady ascent (after the initial climb), and steady descent.
Flare and landing initiated from hover was included in steady
state. Such steady-state sections were identified by minimal
fluctuation of the stick boost tube traces about mean values

and the constancy or smooth change of the airspeed and altitude
traces.
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Preparatory to the data reading, data processing editors ex-
amined each oscillogram for evidence of any instrumentation
anomaly such as improper sensitivity. The editors timed all
flights and demarcated the four mission segments in each flight
according to the foregoing criteria.

After demarcating the flights into mission segments, the edi-

tors marked the traces to govern the data reading. The verti- ‘
cal acceleration trace was marked wherever a peak met the fol- .
lowing two conditions: (1) the peak fell outside prescribed

threshold levels (*0.2g about the 1.0g mean), and (2) the peak

had a rise and a fall (or fall and rise) that were each 50 per- .
cent of the primary peak value or 0.2g, whichever was greater. X
Although the prescribed thresholds were 0.8g and 1.2g, the edi-

tors used levels of 0.84g and 1.16g to ensure the inclusion

of all valid peaks. However, any of the peaks read within the

fixed threshold levels of 0.8g and 1.2g were eliminated during

the processing. In addition, the editors identified each peak

as being maneuver- or gust-induced. To determine whether a

peak was induced by a maneuver or a gust, the editors noted the
behavior of the vertical acceleration (n;) and airspeed traces.

An n; peak was coded as being gust-induced if the airspeed

trace had a jagged pattern and the n; peak had a short duration

and an exponential decay. All other peaks were coded as ma-

neuvers.

The editors marked primary peaks on the lateral and longitudi-
nal acceleration traces wherever they deflected outside the
prescribed threshold of #0.1g. These peaks were not identified
as being maneuver- or gust-induced. As befcre, to ensure the
inclusion of all valid peaks, the editors used levels of $0.097g
instead of 0.1g. Again, however, any peaks read within the pre-
scribed threshold of *0.1g were eliminated during the computer
processing.

In editing the three control stick boost tube load traces, the
editors marked (1) those peaks that fell outside the threshold
of +100 pounds and (2) those peaks that had a rise and a fall
that were each 50 percent of the primary peak value or 100
pounds, whichever was greater. Ths normal value used was de-
pendent on the mission segment; for the steady-state mission
segment, the normal used was the steady value of the boost
tube traces just before and after the peak load was encoun-
tered. For the three transient mission segments, a set of
mean values was chosen to approximate the boost tube loads
during hover. These mean values were used as the zero values
for all boost tube load calculations.

At each vertical acceleration peak, the traces were measured
for values of c.g. normal load factor, nz; c.g. longitudinal
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load factor, nyx; and c.g. lateral load factor, ny. At each
primary longitudinal acceleration peak, the traces were mea-
sured for values of ny, nx, nz, and longitudinal cyclic boost
tube load. At each primary lateral acceleration peak, the
traces were measured for values of ny, ny, n, and the lateral
cyclic boost tube load. Also, the boost’ tube load traces,
along with the airspeed, altitude, rotor speed, and engine
torque traces, were marked for sufficient points to permit an
adequate representation of the flight profile.

The peak values of the three linear accelerations were mea-
sured from the normal (static) positions of the .espective
traces. These positions were defined when the traces indi-
cated that the helicopter was in a cruise¢ condition. The
positive sense of ny is acceleration forward, and the posi-
tive sense of ny is acceleration to the right.

Following the editing of each oscillogram, the data were mea-
sured on semiautomatic oscillogram readers, and the measure-
ments were converted into engineering units. These operations
are discussed in later paragraphs.

FLIGHT CONDITION RECOGNITION DATA PROCESSING

In the Flight Condition Recognition (FCR) data processing,

the oscillogram data for each flight were separated into seven
mission segments: (1) ground operation, (2) hover, (3) ascent,
(4) level flight, (5) descent, (6) transition, and (7) auto-
rotation. Ground operation was identified by unvarying airspeed
and altitude at ground values; engine torque and rotor speed
above specified minimums but below values required for hover;
and vertical acceleration (n;) characteristics in ground opera-
tion. Hover was identified by airspeed at approximately zero;
steady altitude; engine torque pressure of approximately 35 psi:
and the longitudinal and the lateral cyciic control movement

and the vertical acceleration choppy about a steady mean. Ascent
was identified by altitude increasing at a rate greater than ap-
proximately 300 feet per minute and a higher than average torque
pressure. Level flight was iden’ _fied by relatively constant
control positions, rotor speed, engine torque pressure, and al-
titude. Descent was identified by altitude decreasing at a rate
greater than approximately 300 feet per minute. Transition was
identified by large torque pressure gradients before and after
the autorotation segment. Autorotation was identified by de-
creasing altitude, a high rate of descent, and a low engine
torque pressure.

In editing the oscillograms, the data processing editors ex-
amined each oscillogram for evidence of any instrumentation

15



anomaly: The editors timed all flight: and demarcated the
seven mission segments in each flight according to the fore-
going criteria,

After demarcating the flights into mission segments, the
editors identified the various flight conditions in each of
the mission segments. For this program, 25 flight conditions
were tentatively established. As noted in Table III, 24
flight conditions were finally defined and used; one of the
initially proposed conditions, No. 10 in the table listing,
was later omitted. All 25 numbers, however, were retained

in the data processing. Also identified in Table III are

the mission segments in which the flight condition could
occur, the time limit on the flight condition, and the basic
characteristics of each flight condition. Two examples of
the editing technique of identifying mission segments and
flight conditions are shown in Figures 4 and 5. The first
example, Figure 4, illustrates a collective pull-up during
the level flight mission segment. Gusty conditions had
caused a slight descent and the collective pull-up was used
to initiate a slight ascent as a correction. The pull-up was
identified by the increase in collective control, the increase
in torque pressure, and the occurrence of a positive vertical
acceleration peak. In this example, the recovery from the
collective pull-up was a collective pushover. The second
example, Figure 5, illustrates a flare during the descent
mission segment. A steady-state descent was in progress as
indicated by the decrease in altitude and the low engine
terque pressure at the extreme left of the figure. The flare
begins with the application of engine torque and the decrease
in the rate of descent. The flare terminates in a steady-
state hover, followed by a touchdown.

Following the identification of the various flight conditions
in each mission segment, the editors marked the traces to
govern the data reading. Except for two differences, the pro-
cedures for the FCR technique were the same as those for the
Four Mission Segment technique. Both of these differences in-
volved the vertical acceleration trace. First, the thresholds
of 0.8¢g and 1.2g (actually 0.84g and 1.16g for reading) were
used for all flight conditions except for left and right turns;
for turns, the thresholds were 0.9g and 1.1g (actually 0.94g
and 1.06g for reading). This reduced threshold was used to
counter the apparent reduction of vertical accelerations due to
helicopter fuselage banking during the turn. The second differ-
ence was the measure of the duration of the vertical accelera-
tion trace above the threshold values. All other procedures
previously discussed in the Four Mission Segment Data Process-
ing paragraph were also used during the FCR processing.
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TABLE III. FLIGHT CONDITIONS USED IN THE FCR TECHNIQUE

Flight Mission Duration

Condition No. Segment (Min.) Characteristics

Rotor 1 1 0.0 Torque and rotor rpm increa‘e

Start from below minimums.

Steady 2 1,2, >, 1 Torque, rpm, sticks, and A/S

State 3,4,5,7 >.2 are steady or varying slightly
about a steady mean.

Transient 3 1,6 S Period of rapidly varying torque
and rpm.

Takeoff 4 2,3 S N; change from ground to air;
torque increasing.

Collective 5 2,3,4,5 o Collective decrease to termi-

Pushover nate or reduce ascent or to
initiate or increase descent;
torque decrease; negative n; peak.

Collective 6 2,3,4,5,7 - Collective increase to initiate

Pull-up level flight or ascent or to de-
crease rate of descent; torque
increase; positive n; peak.

Flare 7 4,5,7 DIt Same as a collective pull-up
but occurring in ground effect
immediately before landing or
hover.

Touchdown 8 2,4,5,7 0.0 Nz changes from flight to ground
characteristics.

Rotor 9 1 0.0 Torque and rotor speed decrease

Stop to below minimums.

(10) (Allocated for a flight condition
not used which was later omitted.)

Left 11 2 >.1 Lateral stick moves left at

Turn 3,4,5,7 >.2 entry and returns to mean, but
moves right at recovery and
returns to mean; rudder deflects
left at initiation and returns to
mean at termination; varying
torque and/or A/S may affect the
lateral and rudder characteris-
tics; during a hover expect to
see only the rudder characteristic.

Right 12 2 >.1 Lateral stick moves right at

Turn 3,4,5,7 >.2 entry and returns to mean, but

moves left at recovery and re-
turns to mean; rudder deflects
right at initiation and returns
to mean at termination; vary-

ing torque and/or A/S may affect
the lateral and rudder character-
istics; during a hover expect

to see only the rudder charac-
teristic.
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TABLE III - Concluded
Flight Mission Duration
Condition No. Segment (Min.) Characteristics
Cyclic 13 2,3,4,5 S Forward longitudinal cyclic to
Pushover terminate or reduce ascent or
to initiate descent while in
flight; negative nz peak.
Cyclic 14 2,3,4,5 - Aft longitudinal cyclic to ini-
Pull-up tiate ascent while in flight or
to terminate or decrease rate of
descent; A/S decrease and/or
torque increase; positive ngz
peak.
Longitu- 15 2,3,4,5,7 «<.1 Longitudinal stick position peak
dinal exceeding 10% full stick deflec-
Reversal tion and not related to another
flight condition,
Lateral 16 2,3,4,5,7 <.1 Lateral stick position peak ex-
Reversal ceeding 10% full stick deflec-
tion and not related to another
flight condition.
Rudder 17 2,3,4,5,7 <.1 Rudder position peak exceeding
Reversal 10% full rudder deflection and
not related to another flight
condition.
Left- 18 2 >.1 Lateral stick deflects to left
Sideward and returns; collective and
Flight torque may increase slightly.
Right- 19 2 >.1 Lateral stick deflects to right
Sideward and returns; collective and
Flight torque may increase slightly.
Rear- 20 2 >.1 Longitudinal stick deflects aft
ward and returns; collective and
Flight torque may increase slightly.
Ground 21 1 - N; will not be characteristic of
Taxi ground conditions, but A/C is
on the ground.
Initia- 22 2,3 = Collective input; torque increase;
tion of and positive n; peak.
Ascent
End in 23 1,2,3,4, 0.0 Recorder ran out of paper or
Flight 5,6,7 malfunctioned.
Mission 24 3,4,5 0.0 No obvious pull-up or pushover
Segment between mission segments.
Variation
Begin in 25 1,2,3,4, 0.0 Recorder started in middle of
Fllght 5|6|7 fllght.
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Following the editing of each oscillogram, the data were mea-
sured on semiautomatic oscillogram readers and the measurements
were converted into engineering units. These operations are
discussed in the following paragraphs.

DATA READING AND QUALITY CONTROL

All data points selected during the editing for each data pro- s
cessing technique were measured on semiautomatic oscillogram

readers which transcribed the measurements directly onto punched
cards. When all data were extracted from a flight, a printout .
of the cards was given to the quality control personnel for pre- 5
liminary data checking. Using standard quality control tech-

niques, these personnel manually remeasured points constituting

an adequate random sample and compared the measurements with

those produced on the semiautomatic readers. The differences
obtained between the two sets of readings were used to estab-

lish the mean and standard deviations as a control of the de-

sired accuracy. The flights whose measurements did not meet

the accuracy standard so established were reread on the semi-
automatic readers. In addition to obtaining accurate values,

this procedure ensured a uniform interpretation and measurement

of the traces.

When all data had been processed, the mean and the standard
deviation were calculated for the entire data sample. Assum-
ing a normal distributicr. of reading errors, 99.7 percent of
the readings should be within three standard deviations of
the true values. Based on average calibration values, Table
IV shows the three-standard-deviation variation for each

parameter.

FINAL DATA ACCEPTANCE

As the data for each flight were found acceptable by quality
control, the data were processed on the CDC 6600 computer at
Wright-Patterson Air Force Base. During the continuing data
processing, the printouts of the processed data were compared
with the corresponding oscillograms and supplementary data
sheets to check extreme values and parameter distributions.
If any errors in the data were detected, they were corrected
and the entire flight was reprocessed through the computer.

After flights were found acceptable following either the ini-
tial printout review or the subsequent correction, their data
were filed on a master tape containing the data from previously
accepted flights. This procedure was repeated until the data
for all flights were merged on the master tape. This tape
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was then used to produce the various tapes needed to generate

the tables presented in this report.

TABLE IV. DATA READING VARIATIONS FOR EACH PARAMETER

3o Variation
FCR "Four Mission

Parameter Data Segment Data
Altitude (at 2000 feet) t 92 ft t 136 ft
Airspeed (at 90 knots) + 1.5 kn + 3.0 kn
Ny + 0.01g + 0.02¢g

n + 0.02g t 0.04g
ny + 0.02g +0.04g
OAT * 1.4°F + 2.1°F
Rotor rpm + 1.5 rpm + 2.0 rpm
Engine Torque * 0.5 psi + 0.7 psi
Collective Boost Tube t 34 1b t 43 1b
Cyclic Lateral Boost Tube + 19 1b + 25 1b
Cyclic Longitudinal Boost Tube * 26 1b + 32 1b
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DATA PRESENTATION AND ANALYSIS

INTRODUCTION

This section presents and analyzes separately the two groups of
processed data: those processed by the Four Mission Segment
technique and those processed by the FCR technique. In general,
these data are compared with the flight spectra for the UH-1H
helicopters flying in SEA; with the flight spectra data ot-
tained for similar types of helicopters; with the empirical fa-
tigue spectrum initially used to establish the preliminary com-
ponent service lives; and with the empirical spectrum defined »
in the Civil Aeronautics Manual 6, Appendix A.

This data presentation and analysis covers 88 hours processed by
the Four Mission Segment technique and 36 hours processed by the
FCR technique. Fewer hours could be processed by the FCR tech-
nique because of the malfunctioning of the transducers for the
required additional parameters, insufficient system sensitivity,
and aircraft vibrational problems. Because of the great differ-
ences in the two data processing techniques, no data analysis
was based on the direct comparison of the data processed by one
technique with those processed by the other technique.

The data presented in this report consist of two types of fig-
ures and two types of tables. The two graphical presentations
are cumulative frequency distribution curves of the percentage
of time within various parameters such as airspeed, rotor speed,
and engine torque; and '"exceedance' curves, that is, curves of
the number of flight hours required for a parameter, such as
Anz, rate of climb, and boost tube load, to reach or exceed
given levels (or curves of the cumulative number of parameter
values at a given level per 1000 hours of flight). The two
tabular formats are (1) flight time distributed among the co-
incident ranges of two or more parameters, and (2) frequency
of acceleration peaks and incremental boost tube load peaks
distributed among the coincident ranges of the peaking param-
eter and other variables. All times shown were rounded to

the nearest tenth of a minute. Since in each subtable the
total under the time column was computed and then rounded. a
total may not agree with the sum of the rounded times in each
line. Times between 0 and 0.05 minute were printed as ".0",
and times equal to zero were printed as ''0.0". Tables having
neither points nor time were not printed. Table headings are
arranged so that the first-mentioned variable refers to the
horizontal ranges at the top of the table and the second-men-
tioned variable refers to the vertical ranges at the left of
the table. Where a third or a fourth variable is given. it is
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followed by its range in the heading. As an example, the head-
ing "MINUTES FOR ALTITUDE VS AIRSPEED BY WEIGHT 6000 BY MISSION

SEG. ASCENT" indicates the time spent in the coincident ranges
of altitude and airspeed at a weight between 6000 and 7000
pounds during the ascent mission segment. All printed range
values are the lower limits.

Sample oscillograms are presented throughout this section to
show various occurrences of maximum values of selected param-
eters. For each example, the values for rotor speed. indicated
airspeed (Vj), density altitude, gross weight, u, Cr/0, outside
air temperature (OAT), rate of climb, and engine torque were
calculated at a time splice near the n; peak and written on a
reproduction of the oscillogram section containing the maneuver.

Then the recorded traces were identified by the parameter name:

the reference lines for torque = 0 psi, n, = 1.0g, rotor speed

= 0.0 rpm, and V; = 0.0 knot were indicated; and the calibration

slopes (parameter change for “ J-inch trace deflection) for
torque, n;, rotor speed, an‘ were noted. The following list
gives the sign convention f¢ .hec UH-1H oscillograph recording
system:
(1) Airspeed moves up the chart as airspeed increases.
(2) Altitude moves down the chart as altitude increases.
(3) Rotor speed moves down the chart as rpm increases.
(4) Torque moves down the chart as torque increases.

(5) Nx, Ny movement up the chart is positive and down
is negative.

(6) N, movement up the chart is negative and down is
positive.

(7) Longitudinal control movement up the chart is
forward movement. .

(8) Lateral control movement up the chart is left movement.

(9) Collective cont<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>