
i

HELICOPTER DRIVE SYSTEM LOAD ANALYSIS

Raymond B. Johnson, Jr., et al

Technology, Incorporated

Prepared for:

Army Air Mobility Research and Development
Laboratory

January 1974
CL

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

I l_-



IFI

USAAMRDL TECHNICAL REPORT 73-155

HELICOPTER DRIVE SYSTEM LOAD ANALYSIS

By
Raymond B. Johnson, Jr.

Terry L Cox

January 1974

EUSTIS DIRECTORATE
U. S. ARMY AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY

FORT EUSTIS, VIRGINIA
CONTRACT DAAJ02-73-C-0012

TECHNOLOGY INCORrORATED
DAYTON, OHIO

,~Approved for public release;f distribution unlimited.

:!3

NA1'1 TECHT'WfAd
Tfr0R*.AT!O71.'FV

1,, ] ,+TO 0+.1 P+M' t



DISCLA-MERS

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

Rhen Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsib:lit/ nor any obligation whatsoever; and the fact that the
Governwent mvwy have formulated, furnished, or in any way supplied the
said drawi"ngs, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorse-
ment 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.

IC

.13

IMI Vj1W~~



tUnrl -.s4fi -d
secog1t cassincatim -

DOCUMENT CONTROL DATA. R & D
04Wity EISAiIIEMimI *t gifts. bedf of &&actg And Iad aw"Isi~d, amst he swilt~. e .iyfI 5d 1

I.-O.IGMIATING ACTIVITY (C-1000114 448*00 REdPORT SECURITY CLASSIFICATION

Technology tncorporated rUnclassified
Dayton, Ohio lb. P

r HLICOPER DIVE SYSTEM LOAD ANALYSIS

4- O4SC stp TI V NoTE f ag C f form t and ole.It. dese

Final Report
9. nUPR5~i.ame n Wool115. U81X~m)

Raym~ond. B. Johnson, Jr.
Terry L. Cox

#-X~p9^T 0A cc 7a. TOTAL. NO. or PAGES T. NO0? 1RIKPS
January 1974 64 6

016 CON TRACT t'R GRANT NO. S.. ORIGINATOWS REPORT owumsta1is

DAAJO273-C-O012 USAAMRDL Technical Report 73-105-
16 PNWJCt NO.

Task 1G16Z204AA7201
_9 106~. OTHER REPORT' NOES; (AW. S AIM0111Y 5.1 M SO &.Wwe

IS- 0ISTRIOUTION STATEMENT

Approved for public release; distribution unlimited.

1111 SUPFI.ENENMTARY NOTES 112.SPONSORING MCILITAIRY ACTIVITY

Eustis Directorate
U.S. Atroy Air Mobility R&D laboratory
Fort Eubtfs, Virginia

$0S411YRACI

~To study the overtorque conditions of three Army helicopter types - the
JAf-iG, Uh-l1f, and OH-6A - and the potential effect of such conditions on
the maintenance procedu~res and design criteria for these helicopters was
the prim~e objective of the reported research. To this end, approximatzl)
755 hours of previously documented multichannel oscillogram data, re-
corded un~der combat conditions in the Vietnam theater, were reprocessed
and rearalyzed to invLitigate the extent and significance of engine and
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gories: torque limit exceedances, engine shaft horsepower exceedances,
rapid torque excursions, and engine operating sp;%ctra. Results indi-
cated that each helicopter type exceeded its transmission limits and
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its maximum turbine outlet temperature and consequently its engine
limits when the altitude and temperature conditions increased over those
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ABSTRACT

To study the overtorque conditions of three Army helicopter
types - the AH-IG, UP-IH, and OH-6A - and the potential ef-
fect cf such conditions on the maintenance procedures and
design criteria for these helicopters was the prime objec-
tive of the reported research. Tc this end, approximately
73S hours of previously documented multichannel oscillogram
data, recorded under combat conditions in the Vietnam thea-
ter, were reprocessed and reanalyzed to investigate the ex-
tent and significance of engine and transmision operations
that exceeded specific torque pressure limits for each hel-
icopter type. With each flight recording separated into
five phases - ascent, maneuver, descent, steady state- and
hover - the processed data are presented and analyzed accord-
ing to four primary categories: torque limit exceedances,
engine sl'aft horsepower exceedances, rapid torque excursions,
and engine operating spectra. Results indicated that each
helicopter type exceeded its transmission limits and probably
its engine limits, that each helicopter type likely exceeded
its maximum turbine outlet temperature and consequently its
engine limits when the altitude-and temperature conditions
increased over those at sea-level standards, that the UH-IH
and AH-IG torque excursions and IRP percent-ages were similar:
and that the OH-6A data were more mission dependent than the
UH-IH and AH-IG data.
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FOREWORD

Technology Incorporated, Dayton, Ohio, prepared this report
to document a program designed to provide an insight into
the typical engine operation of the UH-lH, AH-IG, and OH-6A
hz.licopt-rs performing under combat conditior.s. The study
extended from November 1972 to August 1973. This program
was sponsored by the Eustis Directorate, U. S. Army Air
Mobility Reseatch and Development Laboratory, Fort Eustis,
Virginia, under Contract DAAJ02-73-C-0012, Task 1G162204AA7201.
The project monitor for the Army was Mr. LeRoy Burrows.

I Technology Incorporated personnel responsible for this progra'm
were Mr. Ronald 1. Rockafellow, vho directed the data process-
ing, and Mr. Raymond B. Johnson, Jr., project manager, who

1 difected the data analysis and presentation.
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INTRODUCTION

The operating horsepower environment of Army helicopters is
among the major factors to be considered in reviewing and in
verifying engine and transmission operating limi:s, the main-
tenance piocedures, and the design criteria for these helicop-
ters. This environment is particularly significant if over-
torque conditions exist, especially under combat operations,
since such conditions directly relate to the MTBF (mean-time-
between-failures) of the helicopter drive train components.
Consequently, in the continual and progressive study of Army
helicopter operational data, a program was inaugurated :o in-
vestigate the extent and significance of engine and transmis-

°sion operations that exceeded the limits of three helicopter
types, namely, the UH-lH, AH-IG, and OH-6A, while they oper-
ated in the Vietnam theater. To this end, Technology Incor-
porated reprocessed and reanalyzed approximately 755 hours of
multichannel oscillogram data recorded and processed pre-
viously under former contracts. The data consisted of 336
hours from the AF iG, 203 hours from the UH-lH, and 216 hours
from the OH-6A.

As viewed in Figure 1, the AH-lG "Huey Cobra" helicopter is a
highly maneuverable, high-speed gun ship. Deployed as a
ground-support weapons platform, the AH-lG was equipped, dur-
ing its operational survey, with a controllable nose turret
and two external stores pylons. The nose turret contained a
7.62mm minigun and a 40mm grenade launcher, and each of the
pylons carried such armament as the XM-159C, XM-157, XM-18,
and XM-159. The crew consisted of a pilot and a copilot/
gunner. Table I summarizes the characteristics and limita-
tions of the AH-IG during tho operational survey. As listed
in Table II, most of the AH-IG flights conducted during the
operational survey (Reference 1) were combat assault missions.

As shown in Figure 2, the UH-lH "Huey" is a single-engine hel-
icopter designed for front-line troop and equipment transport.
Table I summarizes the characteristics and limitations of the
UH-lH helicopter during the operational survey. Table II in-
dicates that 6. Lng its operational survey (Reference 2),
most of the UH-lH flights were combat support operations ra-
ther than direct combat assaults.

As viewed in Figure 3, the OH-6A is a highly maneuverable,
single-engine helicopter designed for front-line observation-.
Table I summarizes the characteristics of the OH-6A during
the operational survey. As indicated in Table II, the OH-6A
flights were almost equally distributed between combat assault
and combat support missions during the operational survey

i ~l~- _ .- " . .... . ..... ... 1



(Reference 3). During the survey, two primary configurations
were noted: the "lead ship" and the "wing ship," the former
identified by a pilot and two gunners each with an M-60 ma-
chine gun, and the latter by a pilot and one gun with an
.01-27 minigun mounted oa the left side.

In summary, most of the helicopter flights during the respec-
tive operational surveys i-i Vietnam were comLat support and
direct assault missions.

Figure 1. Photograph of AH-IG Helicopter.

Figure 2. Photograph of Ut-11! Helicopter.

2
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Figure 3. Photograph of OH-6A Helicopter.

TABLE I. SUM!%ARY OF AIRCRAFT CHARATFIRISTICS AND LIMITATIONS

UHit-H UII-IG Off - 6A

Engine T53-L-13 TS3-L-13 T63-A-SA

Max Gros W'eight 9500 lb 9500 lb 2163 lb

Max Continuous Power 1250 hp 1250 hp 270 hp
214.5 hp*

Intermediate 1400 hp 1400 hp 317 hp
Rated Power 252.5 hp*

Usable Power 1100 hp 1100 hp 214.5 hp
(transmission torque

I imit)

, Derated to these values for OII-6A operation.

TABLE i. SUK4ARY OF HELICOPTER MISSION ASSIGNMENT

Mission Identification

Combat Combat Command
Number of Assault Support Control Other

Helicopter W;ssions (1) (%) (%) (1)

AH-IG 321 84.7 2.5 3.7 9.1

UH-111 249 16.5 71.1 8.4 4.0

OH-6A 217 46.5 53.5 - J
3



This report defines the recorded and derived parameters, out-
lines the data processing and quality control, explains the
data computations, and finally presents and analyses the pro-
cessed data. The results are presented as cumulative fre-
quency distribution curves and frequency polygons (histograms).
The results are also presented in tables that present occur-
rences, time, and exceedances in ranges. The data presented
were divided into five mission segments: (1) ascent, (2) ma-
neuver., (3) descent, (4) steady state, and (5) hover.

The program objectives were accomplished by establishing spe-
cific torquemeter limits, by processing each helicopter's op-
erational data to find exceedances of these limits, and by
relating these exceedances of torquemeter limits to corres-
ponding values of engine and main rotor shaft horsepower by
analytical calculations. The time in excess of the limits
and the frequency of the occurrences were recorded and tabu-
lated for further analysis. In addition, the rapid torque
excursions were identified as positive or negative values.
To develop an insight into the spectrum of engine operation,
each helicopter's data base was processed by a specialized
computer program. For each instant of recorded data, the
computer program produced an instantaneous engine horsepower
and an ideal intermediate rated power (IRP) limit. The IRP
was derived from tabular data based on density altitude and
outside air temperature (OAT). By ratioing the values of
instantaneous shaft horsepower and IRP, a spectrum of percent
IRP was developed for each helicopter. Finally, in a subsid-
iary task, the spectrum of the vertical acceleration of each
helicopter during landing was developed (see Appendix III).

4



DATA PRESENTATION AND ANAYSIS

GENERAL

For the continual and progressive review and verification of
engine and transmission operating limits, the maintenance pro-
cedures, and the design criteria of the AH-iG, UH-lH, and OHf-6A
helicopters, the previously documented data gathered on these
helicopters were reprocessed and reanalyzed to investigate the
extent and significance of helicopter operations that exceeded
the engine and transmission limits, 1
In presenting the procedures. equations, and data results
and analysis for the current study, this s3ction is divided
into four primary areas: transmission torque limit exceed-
ances, engine shaft horsepower exceedances, rapid torque ex-
cursions, and engine operating spectrun for each helicopter.

The data procesjing procedures in the current study followed
the general procedures in the original processing as reported
in Referenres I through 3. One departure from the past proce-
dures was the addition of a hover aiission segment to supple-
ment the existing four mission segments of ascent, maneuver,
descent, and steady state. This additional segment was to give
greater resolution to the horsepower and torque data. The
processing procedure includes data editing, data digitizing,
quality control, and final accept3nce. During the data edit-
ing phase, each original oscillogram was re-edited according
to new ranges for such parameters as transmission torq~emeter
pressure limit exceedances and rapid torquemeter pressure ex-
cursions. The edited oscillograms were measured on semiauto-
matic oscillogram readeks which transcribed the measurements
from oscillogram data onto piancl- it -'s. The editing and
digitizing procedures were verA a by applying standard qual-
ity control techniques to a printout of th.se cards. Based
upon random data samples, the ; iean and variance of the entire
data base were established; t ., three-standard-deviation (a)
values for main r-tor speed and torquemreter pressure were
±2.4 rpm and ±0.4 psi, respectively. After the data had been
accepted, they were processed through a coimputer program to
convert the data into engineering units ard to calculate the
engine and main rotor shaft horsepower. A final check of
these data was then performed prior to the analysis. All times
shown in the computer printout tables are rounded to the near-
est tenth of a minute. Since in each table the individual
time entries as well as rhe total time were computed and then
rounded, a total may not agree with the sum of the individual
times. All printed range values are represcnted by the lower
limits.
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* TRAINSMISSION TORQUE LIMIT E .ZES

As established by the t A ,"'acturers, each of the three
helicopter types has an . ., - limit fur the main rotor
transmission. This limit we. .ressed as a redl~ne or tirme-
limited band on the pilot's tc -quemaeter pressure indicator. As
the first phase of the study, ;xceedances of these limits were
identified and examined to de dine their frequency of occur-
rence and the percentage of '-  ;peit above these limits.

In establishing the limits to ie used ior the operational usage
data of each helicopter type, the primary emphasis was placed
on existing torquemeter - dline limits nr other engine/
transmission limits; the established limits, taken from
References 4 through 6, are presented in Table 111.

TABLE ll. TRANSMISSION TORQUE I:4ITS

i Aircraft Ist Limit 2nd Limit 30 Wvnit

-lI-IH 45.0 47.5 5O.0

All-IG 45.0 47. S 49.1

011-6A 63.$ 75.0 90 (' |

* All limits in psi.

For the UH-lH helicopter, the torquemeter pressure limits of
45, 47.5, and 50 psi correspond to an arbitrary lower limit,
the usable power (transmission limit), and the maximum allow-
able transmission torque limit (redline), respectively. In-
tended to, aid the data editing, the lower limit allowred gen-
eral 'imits to be used during manual editing without having
to ..ijust for minor variations in the torquemeter transducer
and recording system utput; these differences were accounted
for during the computer processing of the data and allowed
all data above 47.5 psi to be included in that data range.
Without the lower limit, some of the data above 47. psi rwy
have been lost because of minor variations in the .ay--o-day
calibration factor. The same limits were used for the AH-IG
helicopter except for the redline limit; as recommended in
Reference 4, a redline value of 49.1 psi was used. The OH-6A
torque limits of 63.5, 7S, and 90 psi correspond to the trans-
mission maximum c.,ntnuous torque limit, the 5-minute trans-
mission takeoff limit, and the 10-second transmission trans-
ient torque limit, respectively.

6



As 9' result of editing each he-licopter's iperational data, the
number and duration of torque limits wexi. identified and cate-
gorizid. These data are presented in Figures 4 through 8 and
lit Tables VIII through XIII of Appendix 1. In these presenta-
tions, the data are normalized to a common bar3 of 100 flight
hours.

~< Ascent 0
S'L!aflCuver

- I ~-- ~ Steady Sta

_ I

f f
oT

3- T4

tr ~ ~-

UT

7, 2

o ______71

L

0

17.5Lp&SSIE pi

Figure 4. Torque Limit Exceedances per Mission Segment for
the UH-lll.
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The torque limit exceedances per 100 hours by mission segment
ror the AH-IG, UH-IH, and OH-6A helicopters are presented i..
Figures 4 through 6, respectively. For all three helicopters,
the torque limit exceedances tended to diminish quite rapidly
as the higher torque limits were approached. Whereas both the
UHl-1H's and OH-6A's lad most of their excursiors in single
mission segments (ascent and maneuver, respectively), the AH-
iG's had most of their excursions in three segments (maneuver,
hover, and ascent). As evident in Figure 7, which shows the
totai number or torque limit exceedances for each helicopter
type, the curves for the AH-IG and UH-IH are quite similar,
but that for the OH-6A has about 40 times as many exceedances
as the other two helicopt.tr types. The Oll-6A data tend to
follow a straight line, whereas the AH-G and UH-IH data fol-
low a parabolic pattern.

40 U ~ 77 Ascent 0
Maneuver

4 Descent
c adv State S. .... Hover

= _

30

457 0 =+ ~ - -- - _ f -- _ 17

TORQUE£ PRE.SSURE (psi)

Figure 5. Torque Limit Exceedances per Mission Segment forthe AU-16.
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From Tables VIII through XIII of Appendix I, the number 
of

upper limit exceedances for the AH-iG, UH-i, and OH-6A heli-

copters are 8, 11, and 48, respectively, and the times above

the limit are 47.8, 36.6, and 154.8 seconds, respectively.
While the amount of time spent above the upper limit is insig-

nificant when compared with the total flight time of any of

the helicopters (36.6 to 154.8 seconds vs. 203 (3600) to 336

r5600) seconds), the actual exceedances represent damage of

some extent to the main rotor transmission and are, therefore,
imoortant in assessing the usage of any of the helicopters.

1 0 
4  -- I-

0 Ascent
__a !Ianeuvcr

-i 1  Descent
A Steady State

E Rover

- Z 'i' +

- - -- _

102
-4 __ -

-,N

63S 90-0

TdME L (psi)

Figure 6. Toique Limit Exceedances per Mission Segment for
the OH-6A.

9

: -+ "-- -4 :- . . - -:- - - -i.. . '=-ll- . . .. .. =i
= +-

-- +i : -



Because of the wide variation in exceedances per limit by mis-
sion segment, Figure 8 presents a data band for all data of
the UH-1H and AH-IG and for all but the maneuver segment of
the OH-6A. The data band represents the range of collected
data bounded by the highst and lowest number of torque excur-
sions tabulated at the torque pressure limits. The OH-6A ma-
neuver segment is shown as a separate curve.- As apparent, the
OH-6A data band falls between the limits of the other band, and
the OH-6A maneuver segment curve generally exceeds the upper-
most limit. Since the OH-6A had 40 times as many exceedances
as the other two helicopter types and its maneuver segment
curve is generally higher than the other data, the OH-6A drive
system was subjected to more demanding conditions characteris-
tic of an observation helicopter.

At

-I

a) UII-H and Al-lG b) 01-6A

Figure 7. Torque Limit Exceedances per Totals of Mission
Segments for the UH-IH, A1-IG, and I-6A.
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ENGINE SHAFT HORSEPOWER EXCEEDANCES

The assumption that exceedances of engine shvft horsepower are
directly related to exceedances of the torque-eter pressure
limits is not realistic, since horsepower depends on the torque
and rotor speed of either the main rotor or the engine. Cer-
tain cobinaticas of rotor speed and torquereter pressure
could yield an engine shaft horsepower in excess of its limits,
even though the torqueneter pressure is below its upper limit.
Such a situation may exist because of the type of mission flown
by the helicopter. Therefore, to determine whether this is
happening, the engine shaft horsepower was calculated on the
basis of torque limit excursions and coincident main rotor
speed. These data are presented in terns of frequency distri-
butions of both occurrences and tine in various ranges of en-
gine and main rotor shaft norsepower.

A relationship between shaft horsepower and torque is needed
to determine the transmission torque limit exceedances in
terms of engine shaft horsepower. Shaft horsepower is a func-
tion of the transmitted torque and the coincident engine out-
put speed, as shown in Equation (1):

where SHP = engine shaft horsepower
NE =engine output speed (rm)
Q = engine output torque (ft-lb)

On the basis of this general equation, the shaft horsepower
related to specific torqueneter pressure readings was calcu-
lated by using relationships of engine .peed versus rain rotor
speed ama enZine output torque versus torqueneter pressure.
The resulting equations used durirg this study were

SHPE = 3.88 x l03Np(17.76 Qp + 33.33) (2)

for the AH-IG and UH-lH helicoptGrs, and

SHPE = 2.438 x 103 N$iC2.89 Qp - 4.28) (3)

for the OH-6A helicopter,

where UiR = main rotor speed (rpm)
Qp = torquemeter pressure (psi)

These equations are derived in Appendix iI.

12
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Based on the equations for calculating engine shaft horsepower
using torquemeter pressure and main rotor speed data, equa-
tions for calculating main rotor shaft horsepower were derived
to account for various factors such as transmission efficiency
and the varying horsepower required by the tail rotor during
hover and other flight conditions. The derived equations are
based on the propulsion system performance data presented in
Table IV; these data were supplied by the airframe manufactur-
ers. To compute the main rotor shaft horsepower for each hel-
icopter type, one equation was derived for hover and another
equation for all other flight conditions. The equations for
the AH-lG and UH-IH helicopters are

SHPMR = 0.90(0.95 SHPE) for hovering flight (4)

and

SHPMR = 0.95(0.95 SHPE) for all other flight (5)

conditions. For the OH-6A helicopter, Equations (4) and
(5) may be expressed as

SHPMR = 0.875(0.98 SHPE - 5.2) for hovering (6)

flight dad

SHPviPR = 0.94(0.98 SHPE - 5.2) for (7)

all other flight conditions.

As stated before, it is possible to have shaft horsepower
limit excursions and not torq"ereter pressure limit exceedances
for a specific set of conditio. z. Therefore, to provide in-
sight into the correlation of torque limit cxceadances and
horsepower excursions, the data of Tables XlV through XXV will
be plotted several-ways and discussed.

TABLE IV. HELICOPTER PROPULSION SYS' M PERFORIMANCE FACTORS

% SHP to Main Rotor Transmission
Helicopter Hover Flight £fficiency Horsepower Ext.

AH-!G/UH-IH 0.90 0.95 0.95

OH-6A 0.875 0.94 0.98 5.2

4 13



Figures 9 and 10 present the frequency distribution of occur-
rences in ranges of engine shaft horsepower per 100 hours of
flight. Superimposed over the curves of Figure 9 are the lim-
its for usable power and the maximum transmission torque limits
for the AH-lG and UH-IH; over thu curve of Figure 10 are the 5-
minute transmission takeoff limit, the 10-second transmission
transient limit, and the IRP. Figure 9 shows that the AH-IG
and UH-lH curves aTe quite similar and that the UH-lH curve has
more occurrences at higher horsepower ranges. While the AH-lG
curve has relatively few exceedances of the usable po.ver and
maximum transmission torque limit horsepower values, the UH-IH
curve has a substantial number of exceedances for both param-
eters. In marked contrast, the OH-6A curve has approximately
100 times as many exceedances of the 10-second transmission
transient limit and the IRP limit. Since the engine rating of
this helicopter is reduced in this application, it is not sur-
prising that a large number of exceedances of the transmission
limits would occur during the combat operation of an observa-
tion helicopter.

-1 T -i"_ . 1 -1 -! "! !

SI All IG

7,! :4 4o : NIL _T

|-7

lf,

Ii-F' I A, Il I W

Figure~ ~ 9.4 Tota Nubro curne nEgn hf

t? -Fj.
i 1

114

o L~II

TEE'

T7 TV
T LE- FZ

10-00 1050 1100 lisp 1200
SOFWT HORSEPOWER

Figure 9. Total Number of Occurrences in Engine Shaft
Horsepower Ranges for the UH lii and AHl-iG.
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These exceedances and their duration tend to shorten the ser-
vice life of various other system components. Therefore,
time in ranges of engine shaft horsepower for all three hel-
icopters is plotted in Figures 11 and. 12. Once again, vari-
ous limits are suterimposed over each of the figures. While
the AH-IG and UH-lH engines have shaft horsepower exceedances,
the time above the limits are very short, ranging from 0.1 to
0.4 minute per 100 hours of flight. In marked contrast, the
OH-6A spent approximately 30 minutes every 100 hours at the
10-second transmission transient limit and approximately 9
minutes at IRP.
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With the equations derlived for calculating main rotor shaft
horsepower, the torquemater ex. cedance and coincident main
rotor speed were used L&O calculate equivalent main rotor shaft
horsepower. The data Are presented in Tables XV through XXV
of Appendix I.
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RAPID TORQUE EXCURSIONS

There are specific requirements for the acceleration or decel-
eration rate of the engine rotor speed duving throttle bursts
or chops. These requirements are eotablished so that an en-
gine, during its design and test phase, may be substantiatedwith respect to the thermal cycles that these bursts or chops

create; these cycles affect the engine life because of the
associated thermal fatigue and low-cycle fatigue.

Since throttle bursts and chops may be directly related to
shaft horsepower variations and engine thermal cycles, the re-
quirements of the engine specification concerning acceleration
and deceleration rates were trz.slated into various ranges of
torquemeter pressure for various spans of time. These ranges
and spans are shown in Table V.

TABLE V. RAPID TORQUE EXCURSION RANGES

Tie UH-IH & Al-IG O9-6A
(sec) (psi) (psi)

3 20 to 29 ZS to 39

6 30 to 39 40 to S9

9 40 to 59 60 to 90

The original data from the AH-lG, UH-iH, and OH-6A operational
surveys were scanned to identify rapid torquemeter pressure
changes, either increasing or decreasing, within the appropri-
ate time span. In Table XXVI of Appendix I, these e.xcursions
are categorized as having occurred during flight or during a
takeoff or landing. In addition, for each helicopter, the
number of engine starts, the number of flights with and with-
out excursions, and the average altitude and outside air tem-
perature (OAT) during the excursions are listed in Table VI.

TABLE VI. RAPID TORQUE EXCURSION PAP-MAETERS

AII-IG UI-ill O-6A

Total Engine Starts 341 242 242
Total Flights 2S9 249 218
Total Flights with Excursions 142 146 214
Total Flight Time (hr) 33; 203 216
Average Altitude (ft) 2050 1780 2400
Average OAT M°P) 85 84 92
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These rapid torque excursions are not the same as the torque
excursions discussed earlier. Rapid torque excursions are
based on a specific pressure change, either increasing or de-
creasing, within a certain time span. These excursions may
or may not exceed the torque pressure limits. However, each
rapid excursion could affect the engine because of the re-sultant thermal cycle.

These rapid torque excursions are plotted in Figure 13 as the
number of occurrences in 100 hours of flight for the various
ratios of torque excursions shown in Table VII.
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r
shows that the AH-1G and UH-1H exporicmced twice as many ra-
pid decreases as rapid increases. Conversely, the OH-6A had
twice as many rapid increases as rapid decreases. This figure
also shows that the number of torque excursions for the OH-6A
is about 10 times greater than those for the AH-lG and UH-lH.
Within the maximum decreasing range, the AH-1G had three ex-
cursions and the UH-H only one. In contrast, the OH-6A ex-
perienced 77 maximum increasing excursions and 57 maximum de-
creasing excurz-ions.

TABLE VII. RAPID TORQUE EXCURSIO' RATIOS

Pressure Change
Helicopter (psi] Ratio

AH-IG/UH1-1I 20-29 .33

30-39 .50

40-59 .67

01-6A 25-39 .28

40-S9 .44

60-90 .67

ENGINE OPERATING SPECTRUM

Using the operational usage data gathered on each helicopter,
an operating spectrum has developed to better understand how
each engine operated. For each engine, the operating spectra
are represented as time spent in ranges of engine shaft horse-
power and IRP percentages. These spectra were developed by
surveying master magnetic tapes containing the digitized oscil-
logram data for coincident values of altitude, outside air tem-
perature, torquemeter pressure, rotor speed, and time spent at
thcse values; by calculating engine shaft horsepower based on
torquemeter pressure and main rotor speed; by adjusting IRP
based on ambient altitude and temperature conditions; and by
ratioing the calculated engine shaft horsepower to the ad-
justed IRIP valuo.

Engine shaft horsepower for each coincident reading was cal-
culated by using the equations derived in Appendix II. Values
for installed IRP were obtained for the T53-L-13 (UH-IH/AH-lG)
and T63-A-SA (OH-6A) engines by correcting the engine speci-
fication performance for altitude and ambient temperature
readings and for engine installation losses. The installation
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losses, obtained from the airframe manufacturers, were 54, 54,
and 3 shaft horsepower at IRP for the AH-IG, UH-1[, and OH-6A
helicopters, respectively. The ratio of each coincident cal-
culated engine shaft horsepower to adjusted IRP was determined,
and the coincident time was assigned to this ratio nf IRP per-
centage. These coincident times, accumulated at their respec-
tive IRP percent levels, represent the operating spectrum for
each engine installation, and are presented in Table XXVII of
Appendix I. In addition, the cumulated time spent in ranges
of engine shaft horsepower is presented in XXVIII.

For each of the three hr.iicopters, the engine operating spec-
trum as represented by percentage of IRP is presented in Fi-
gare 14. The UH-1H, AH-IG, and OH-6A operated mostly at 701,
60%, and 80% IRP, respectively. The operating load curve for
the UH-l1H helicopter is nearly symmetrical about 70% IRP. The
curve for the AH-1G is skewed to the right of 60% IRP. How-
ever, the net result as depicted by the cumulative curves shows
a difference of less than 5% in the time spent above 70% IRP.

L- --....- ---:--------------:---'-- - . !_-1 . . .

0 10 20 33 410 so 60 70 30 90 100 _1l0 120

Figure 14. Frequency Distributions of Percentage Time versus

Percentage IRP for the UH-1H, AH-1C, and OH-6A.1

Since the AH-IG and UH-1H helicopters share a cordmon engine,
the engine operating curves presented in Figure 14 need to be
examined in greater detail to identify the factor(s) causing
the apparent difference. Reviewing the cumulative frequency
distribution curves of torquemeter pressure and rotor speed

: presented in Reference 2, it can be seen that the distribution
of torqueneter pressure in Figure 15 is nearly identical for
each helicopter; however, the distribution for rotor speed,
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as shown in Figure 16, shows that the UH-lH operates at a
higher average rotor speed. This higher rotor speed requires
higher shaft horsepower, and, consequently, the percentage of
IRP will be higher, as shown in Figure 14 or in the comparison
of the cumulative curves in Figures 18 and 20. Both the AH-lG
and UH-11I helicopters operated in approximately the same en-
vironment, as shown in Table VI.

Finally, cumulative curves of shaft horsepower and percent
IRP are presented in order to have a qualitative feel of shaft
horsepower as compared with percent IRP. In Figures 17 through
22, graphs of the cumulative percentage of time versus shaft
horsepower and the cumulative percentage of time versus the
percentage of IRP are paired for each helicopter type. In ad-
dition, a histogram of percentage of time in ranges of percent-
age of IRP is presented for each helicopter type. These data
ar,. tabulated in Tables XXVII and XXVIII of Appendix I. Since
IRP is a function of shaft horsepower and aWbient conditions,
the shaft horsepower curve would be identical to the percentage
of IRP if the ambient conditions were held constant. The en-
gine snaft horsepower curves for the UH-1H and AH-IG are almost
identical, as are the IRP curves. In Figures 21 and 22, the
OH-6A curves are quito similar to the AH-IG and UH-1H curves,
although the curve scales are different because of the differ-
ent engines. The one major difference is that the curves for
the AH-IG and UH-11f rise more quickly than the OH-6A curve,
thereby indicatiig that the OH-6A spends a greater percentage
of its operatin, tire at higher percentages of IRP. These data
are substantiated by the OH-6A nap-of-the-eaxth, slow-speed
flight which requires more power than nor:l flight operations.
On the basis cf the data presented in Reference 3, approxi-
mately 50% of the OH-6A operation was spent at airspeeds below
75 knots.

Since turbine outlet temperature (TOT) was not measured, this
study assumed a specification engine which in rty is a
minimum engine. An exception would be an engine which has de-
teriorated in performance because of age or environmental ef-
fects. Therefore, when using specification performance as a
baseline, engine temperature limit exceedances cannot be read-
ily ascertained; only transmission limits can be determined.
Accordingly, the data presented above probably represent the
worst case.
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Figure 17. Cumulative Frequency Distribution of Percent Time

in Shaft Horsepower Ranges for the UH-1H.
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Figure 19. Cumulative Frequency Distribution of Perccnt Time
in Shaft Horsepower Ranges for the AH-IG.
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Figure 2. Cumuative Frequency Distribution of Percent Time
in Shaft Horsepower R-nges for the OH-6A.
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Figure 22. Engine Operating Load Spectrun for the OH-6A.
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CONCLUSIONS

r On the basis of the data reprocessed and analyzed during this
program and the comparisons drawn between these data, it is
concluded that:

(1) Since the upper transmission limit for each of the
three helicopter types was exceeded a significant
number of times, the reliability and life of the
main rotcr transmission was reduced.

(2) For all aircrTft,the engine shaft horsepower oc-
currences exceeded the maximum transmission input
limit. The OH-6A exceeded the 10-second transmis-
sion limit and the IRP limit many times.

(3) The OH-6A had approximately ten times as many rapid
torque excursions as the AH-IG and UH-IH helicopters.

(4) The engine operating SHP spectrum for the OH-6A was
considerably more severe than those for the AH-lG
er UH-IH.

(5) The operation ef the OH-6A was mire demanding of its
engine and drive system as evidenced by the rela-
tively large number of engine shaft horsepower ex-
ceedances and rapid torque excursions, and the higher
IRP spectrum.

(6) Since the turbine outlet temperature (TOT' was not
measured, this study assumed a specificatcion engine
which in reality is a minimum engine. Therefore,
when the specification performance is used as ajbaseline, the engine temperature limit exceedances
cannot be readily ascertained; only transmission

I limits can be determined. Accordingly, the data
presented probably represent the worst case.
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RECOMMENDATION

During future operational surveys of Army helicopters, the tur-
bine outlet teiaperature should be monitored to permit a com-F plete assessment of engine operations at or near engine or
transmission limits.
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APPENDIX I
TORQUE AND HORSEPOWER TABULAR DATA

Tables VIII through XXVIII present the torque and horsepower
data extracted from the reprocessed AH-IG, UH-lH, and OH-6A
oscillogram data for the current overtorque study. The two
types of tables used consist of flight time distributed among
the coincident ranges of various parameters and frequency of
exceedances of limits per mission segment. The data presented
in these tables are not normalized to a 100-hour data base.
Also, all printed range values are the lower limits.
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ASEN 11 107
I

~TABLE VIII. TORQUE LIMIT EXCEEDANCES FOR THE UII-lIH

! .egmnt 5 4_._ g TOTAl.

MANEUVER 5 2 7

DESCENT 11 5 3 19

STEADY 6 1 7

STATE

HOVER 33 10 1 44

TOTAL 168 28 11 207

TABLE IX. TIME IN EXCESS OF TOPQUE LIMITS FOR TIlE UH-1tH*

Mission
Segment 47.5 50 TOTAL

ASCENT 14.5 32.1 46.6

MANEUVER 11.5 .s

DESCENT 7.6 4.3 11.9

STEADY 1.4 1.4

STATE

HOVER 13.8 .2 14.0

t TOTAL 48.8 36.6 85.4

* Time in seconds

Total Flight Time - 203 hours
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TABLE X. TORQUE LIMIT EXCEEDANCES FOR THE AH-1G

Mission

Segment 45 47.5 49.1 TOTAL

ASCENT 89 20 2 111

MANEUVER 121 17 5 143

DESCENT 2 1 3

STEADY 16 2 18
STATE

HOVER 96 10 1 107

TOTAL 324 50 8 382

TABLE XI. TTAE IN EXCESS OF TORQUE LIMITS FOR THE AH-1G*

Mission

Segment 47.5 49.1 TOTAL

ASCENT 104.3 12.2 116.5

MANEUVER 90.9 33.6 124.5

DESCENT 2.8 2.8

STEADY S.59 .9
STATE

HOVER 26.7 7.0 28.7

TOTAL 230.6 47.8 278.4

* Time in seconds

Total flight time - 336 hours
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TABLE XII. TORQUE LIMIT EXCEEDANCES FOR TilE OH-6A

| Mission

SSement 63.5 75.Q 90.0 TOTAL

I ASCENT 652 uS 1 768

SMANEUVER 7323 3829 45 11197

DESCENT 291 52 1 345

I STEADY 862 144 1006
I STATE

1 HOVER 143 20 1 164

ITOTAL 9271 4160 48 13479

TABLE XIII. TIME IN EXCESS OF TORQUE LIMITS FOR THE OH-6A*

Mission

Segment 75.0 90.0 TOTAL

ASCENT 482.7 .6 483.3

MANEUVER 13280.4 143.0 13423.4

DESLENT 137.0 2.6 139.6

STEADY 364.6 364.6
STATE

HOVER 41.7 8.6 50.3

TOTAL 14306.4 154.8 14461.2

* Time in seconds

Total flight time - 216 hours
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TABLE XIV. OCCURRENCES IN RANGES OF ENGINE
i SHAFT HIORSEPOWER FOR THE UH-IH

Mission
Semnent 850 900 .950 I000 1050 1100 11S0 1200 TOTAL

ASCENT 1 9 4 3 17-

MANEUVER 2 2

DESCENT i5 2 8

STEADY I I
STATE

HOVER 10 1 11

TOTAL 1 1 27 7 3 39

TABLE XV. OCCURRENCES IN RANGES OF ZAAIN ROTOR
SHtAFT HIORSEPOh*ER FOR THlE UH-111

:fission
Segment 8S0 900 9S0 1000 10S0 1100 1150 1200 TOTAL

ASCENT 2 10 3 2 17

bNEUVER 2 2

DESCENT 1 1 6 8

STEADY I I
STATE

HOVER 1 9 1 1

_:TOTAJ 2 12 20 3 2 39
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TABLE XVI. OCCURRENCES IN RANGES OF ENGINEL X SHAFT HORSEPOWER FOR THE AHl-1G

Mission

Segment ZS0 900 950 1000 10S0 1100 1150 120C TOTAL

ASCENT 17 5 22

MANEUVER Z 14 5 22

DESCENT 1 1

STEADY 2 2
STATE

HOVER 2 8 1 11

TOTAL 5 42 11 58

TABLE XVII. OCCURRENCES IN RANGES OF MLAIN ROTOR
SILAFT HORSEPO'ER FOR THE AH-lG

Mission
Segment 850 900 950 1000 1050 1100 1150 ljO TOTAL

ASCENT 1 20 1 22
MANEUVER 4 15 3 22

DESCENT I

STEADY 2 2
- STATE

H HOVER 3 8 11

TOTAL 3 13 38 4" 58

I
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TABLE XVIII. OCCURRENCES IN RANGE. OF ENGINE
SHAFT HORSEPOWER FOR THE Oll-6A

MissionF 240 252.S 260 280 300 320 TOTAL

ASCENT 93 21 2 167 116

MANEUVER 63 2534 1110 3874

DESCENT 3 41 8 1 53

STEADY 9 113 22 144
STATE

HOVER 2 15 4 21

TOTAL 14 325 2589 1113 167 4808

TABLE XIX. OCCURRENCES IN RA;iGES OF MAIN ROTOR
SHAFT HORSEPOWErc FOR THE OII-6A

i mission
Segment 210 230 252.5 270 290 310 TOTAL

ASCENT 74 10 2 116

MANEUVER 1 2275 1374 224 3874

DESCENT 38 13 2 53

STEADY 115 29 144
STATE

HOVER 15 6 21

TOTAL 16 2508 1456 228 4208
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TABLE XX. TIME IN RANGES OF ENGINE SHtAFT
HORSEPOW'ER FOR THE UH-1Hk

Missifon
Segment 850 900 950 1000 1050 1100 1150 1200 TOTAL
ASCENT 1.2 12.1 19.0 15.3 46.6

-MANEUVER 11.5

DESCENT 1.6 7.0 3.3 11.9

STEADY 1.4 1.4
--TATE

t HOVER 13.8 .2 14.0

I-
TOTAL 1.6 1.2 45.8 21.5 15.3 85.4

*Time in seconds

Total flight time 203 hours

TABLE XXI. TIME IN RANGES OF MAIN ROTOR

I SHAFT HORSEPOWER FOR THE UH-1H*
I .Mission

Segment 850 900 950 1000 1050 1100 1150 1200 TOTAL

ASCENT 3.5 11.2 2.9 4.0 46.6

MANEUVER 11.5 11.5

DESCENT 1.6 1.4 8.9 11.9

t STEADY 1.4 1.4
STATE

HOVER .9 12.9 .2 14.0
M

TOTAL 2.5 17.8 33.2 27.9 4.0 8S.4

* Time in seconds

Total flight time - 203 hours
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TABLE XXII. TIME IN RAJIGES OF ENGINE SHIAFT
HORSEPO%'ER" FOR THE AH-IG*

Mission
Segment 850 900 950 1000 10S0 1100 11S0 1200 TOTAL

ASCENT 94.0 22.5 116.5

MANEUVER 13.1 73.4 38.0 124.5

DESCENT 2.8 2.8

STEADY 5.9 5.9
STATE

HOVER 3.4 24.2 1.1 28.7

TOTAL 16.5 200.3 61.6 278.4

* Time in seconds.

Total flight time - 336 hours

TABLE XXIII. TIME IN RAINGES OF xLAIN ROTOR SHAFT
HORSEPOWER FOR THE Af-lG*

Mission
Segment 850 900 950 COO 1050 1100 1150 1200 TOTAL

ASCENT 10.0 97.5 9.0 116.5

MANEUVER 13.9 79.2 31.4 124.5

DESCENT 2.8 2.8

STEADY S.9 5.9
STATE

HOVER 14.7 14.0 28.7

TOTAL 14.7 37.9 185.4 40.4 278.4

Time in seconds

Total flight time - 336 hours
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TABLE XXIV. TIME IN RANGES OF ENGINE SHAFT
HORSEPOWER FOR THE Oll-6A*

Mission
Segment 240 252.S 260 280 300 320 TOTAL

ASCENT 347.6 122.4 13.3 483.3

MANEUVER 103.2 7311.8 5114.2 894.2 13423.4

DESCENT 2.4 104.4 30.2 2.6 139.6

STEADY 20.1 274.8 69.7 364.6
STATE

HOVER 9.9 25.8 14.6 50.3

TOTAL 32.4 855.8 7548.7 5130.1 894.2 14461.2

* Thne in seconds

Total flight tire - 216 hours

TABLE XX'.. TI4E IN RAIGES OF IMAIN ROTOR
SHAFT iORSEPOWER FOR THE OH-6A*

Mission

Segment 200 210 230 252.5 270 290 TOTAL

AS-ENT 237.2 232.8 13.3 483.3

MANEUVER .S 6065.7 6154.6 1202.6 13423.4

DESCENT 8S.7 49.3 4.6 139.6

STEADY 275.6 89.0 364.6
STATE

HOVER 32.6 17.7 S0.3

TOTAL 33.1 S681.9 6525.7 1220.5 1461.2

Ti3e in seconds

i~t iTotal flight ie -216 hours
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[ TABLE XXVI. RAPID TORqUE EXCURSIONS

INCREASUM DCNASN

Tinm (SE-C) T 0OR 1a 71o OR
HELICOPTER PRESSURE (PSI~ TOTAL Wi 0 ING TOTAL j JA%*DlINj

25-39 2 399 1 15 1637 j 146

0.-6 1 3 671_ _

0i-6A 40-59 10541 l:

60-90 77 32 s A

20-29 1-4--- 74 Ij _______

30-39 _______0 _______ 6_____

9

320-9 ____0____

__ 0___29 _ sa ____4 __ 193 120

AllIC30-39 _______ 1 91 1 4

_______ 4-90 0
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I
TABLE XXVII. TIME IN RANGES OF PERCENT IRP

ll- ill AH-1G OH-6A

CIUMULATIVE CUMULATIVE CUMULATIVE
TRP TIME (MIN) TIME (HIN) TIME 'MIN) TIME (MIN) TIME (IjIN) TIME (MIN)

10 16.6 16.6 41.4 41.4 15.0 1S.0

20 127.5 144.1 52.9 94.2 31.0 45.9

30 413.4 557.S 271.9 366.2 101.6 147.S

40 63j.3 1167.7 812.S 1178.7 217.4 364.9

50 797.8 169S.6 2917.3 4095.9 508.7 873.6

60 2654.4 4619.9 6553.7 20649.7 1258.8 2132.4

70 4392.7 9012.6 5522.4 16172.1 2605.1 4737.6

80 2302.9 11315,6 3047.9 19220.0 3864.4 8602.0

90 763.0 12078.b 808.0 20027.9 2950.3 11552.3

100 80.0 12158.5 124.5 20152.4 1058.7 12611.0

110 3.S 12162.1 3.9 29156.4 308.4 12919.4

120 0.0 12162.1 0.0 20156.4 56.9 12976.3
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TABLE XXVIII. TIME IN RANGES OF SHAFT HORSEPOWER

UH-IH AH-IG OH-6A

CUMULATIVE CUMULATIVE CUMULATIVE

SHP TIME (MIN) TIME (MIN) TIME (MIN)

100 12.9 37.7 323.9

200 87.6 65.5 7816.7

300 349.0 221.3 12977.8

400 842.5 647.2 12983.5

500 1453.4 1734.4 12983.5

600 2408.5 5079.4 12983.5

700 6004.6 11564.3 12983.5

800 95s4.1 16561.4 12983.S

900 11327.2 19281.6 12983.5

1000 12072.3 20058.8 12983.5

1100 12158.8 20154.8 12983.5

1200 12161.8 20156.3 12983.5

1300 12162.1 20156.3 12983.5
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APPENDIX II
SHAFT HORSEPOWER DERIVATION

A relationship between shaft horsepower and torque is needed
to determine transmission torque limit exceedances in terms
of shaft horsepower. Shaft horsepower is a function of the
transmitted torque and coincident engine output speed as
shown in Equation (8).

SHPE = 330-0-)NEQ (8)

V where SHPE = engine output shaft horsepower
NE = engine output (rpm)

Q = engine output torque (ft-lb)

On the basis of this general equation, equations for the
AH-lG, OH-6A, and UH-IH helicopters were derived to calculate
engine output shaft horsepower based on specific torquemeter
pressure and main rotor speed data. The derivations of these
equations are presented below.

UH-IlH and AH-IG Equation Derivation

From Reference 4, the fixed transmission ratio relating the
engine output speed and main rotor speed is given as

NE = 20. 383NR (9)

where

NR = rotor speed (rpm).

The derivation of an equation that relates torquemeter pres-
sure (psi) to s aft horsepower for the UH-lH and AH-lG is
basically a prob-iemn of finding a relationship between torque-
meter pressure and torque. This relationship can be found by
preparing a least-squares-fit curve based on the TS3-L-13 en-
gine characteristics presented in Reference 4 or by deriving
an equation that fits the nomograph in Figure I of Reference
6. However, after both methods were reviewed, it was decided
to use the former procedure based upon the Engineering Flight
Test data of Reference 4, since it was assumed that these
data were more accurate and representative of the engine
characteristics.

From the engine curve presented in Reference 4, a straight
line of the presented data points was obtained by the method
of least squares, as represented by the following equation:

43



Q = 17.27Qp + 62.18 (10)

where

Q = engine output torque (ft-lb)
Qp = torquemeter pressure (psi)

This equation is based only on the data between 60 and 120
inches of mercury, since only this range of torque pressure
is relative to this study.

Combining equations (8), (9), and (10) and rearranging terms
yields the following equation:

SHPE = 3.88 x 10- 3NR(17.27Qp + 62.18) (11)

Table XXIX shows calculated shaft horsepower versus actual
shaft horsepower. In order to obtain more accurate results,
Equation (11) was modified by adjusting the equation-based
curve at the torque pressure of 25 psi. This adjustment was
based on the variances of data at 50.896 inches of-mercury
(25 psi) as presented in Reference 4. By using a calculated
mean of 600 hp at this pressure for the lower bound of the
desired equation and 1158 hp as an intermediate condition, a
set of simultaneous equations of the form

SHPE = 3.88 x 10-3NR($Qp + a) (12)

may be set up and values for a and 3 may be calculated. Equa-
tion (12) then becomes

SHPE = 3.88 X 10-3NR(17.76Qp + 33.33) (13)

TABLE XXIX. SHAFT HORSEPOWER VERSUS TORQUE
PRESSURE FOR THE AH-1G/UH-1H*

Qp(psi) NR(rpm) SHPcal(hP) SHPact(hP) berror(hp)

47.5 324 1109.4 1100 9.4

49.1 324 1144.2 1137 7.2

SO.0 324 1163.7 1158 5.7

25.0 324 620.9 -

Initial SHP Equation.
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Table XXX shows calculated shaft horsepower versus actual
shaft horsepower. Because of the close agreement, Equation
(13) was used in this program. The error of 2.3 hp at 1100
hp is smaller than the error which would result from a torque-
meter or instrumentation inaccuracy.

TABLE XXX. REVISED EQUATION PARAMETERS FOR THE AII-IG/UH-IlH

Q (psi) NR(rpm) SHP (hp) SHP (hp) Aerror(hp)

47.5 324 1102.3 110C 2.3

49.1 324 1138.0 1137 1.0

50.0 324 1158.1 1158 0.:

25.0 324 600.0 600 0.0
(assumed)

* Final SlIP Equation.

OH-6A Equation Derivation

The derivation of the shaft horsepower equation for the OH-6A
is based on the transmission limits for the T63-A-5A engine.
Taken from the OH-6A flight manual (Reference 5), these limits
are listed in Table XXXI.

TABLE XXXI. OH-6A TRANSMISSION LIMITS*

Normal Power Takeoff Power

Engine Speed (rpm) 6000 6000

Torque Pressure (psi) 63.5 75.0

Shaft Horsepower (hp) 214.5 252.5

* See OH-6A Flight Manual.

Knowing that

SHIP 2T 3 NEQ
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and that

NE 12.806NR (14)

IEquations (8) and (141 were combined to yield
I SHP = 2.438 x 10- 3NRQ. (15)

The assumption that a linear relationship exists between
torque, Q, and torque pressure, Qp, yielded the following
equation:

SHP = 2.438 x 10 3-NR(a + OQp) (16)

If the torque pressures and shaft horsepowers in Table XXXI
are substituted in a set of simultaneous equations of the
form given by Equation (16), a and a may be calculated; con-
sequently, Equation (17) assumes the form of

SHP = 2.438 x 10- 3NR(2.89Qp + 4.28) (17)
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[ APPENDIX hI
VERTICAL ACCELERATIONS DURING LANDING

As a subsidiary task of this contract, a spectrum of vertical
accelerations of each of the helicopters during landings was
derived from the original operational usage data. The data

* were acquired from a linear accelerometer mounted at the appro-
priate centerline of the maia rotor shaft of each helicopter.
These spectra were developed because very severe landings can
shorten the lives of the engine, main transmission, and other
dynamic components.

During the editing of the oscillograms fAr torque exceedances,
each vertical accelerometer peak which occ-urred during a land-
ing was identified and measured; the peaks were categorized as
having occurred after a descent or a hover. The vertical ac-
celeration peak was converted to normal load factor, nz, by us
ing the following relationships:

nz = Anz + 1.0 (18)

Anz = az/g (19)

where nz = normal load factor
az = center-of-gravity vertical acceleration
g = acceleration due to gravity

In order to group the derived Anz impact peaks by helicopter
gross weight, aa instantaneous gross weight was computed from
fuel, cargo, and passenger weights at takeoff and landing, as
loggad in supplementary data sheets, and from an assumed fuel
consumption rate.

The frequency distributions of landing impact peaks are pre-
sented in curve form in Figure 23 for each of the three heli-
copter types and in histogram form in Figures 24, 25, and 26
for the UH-IH, AH-lG, and OH-6A, respectively; these figures
are based on tho' data presenteC in Tables XXXII through XXXVII
where the data -,re not normalized to a 100-hour data base. In
each figure, this peaks are separated into landings from hover
and landings fron descent. The OH-6A and AH-IG helicopters
landing from descent tend to have impact peaks of greater mag-
nitude than the UH-IH's. When the aircraft land from hover,
the peaks tend to be of lesser magnitude. As iPiAcated in
these figures, the 'urves for the UH-IH and A;: IG have the
same basic shape and represent approximately the same percent-
age of total number of occurrences; the AH-IG landed twice as
often from a hover as it did from a descent; most of the im-
pact peaks occurred within the 8000-pound gross weight range;
and the UH-lH landed approximately five times as often from a
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hover as from a descent. Whereas the impact peaks after land-
ing from descent were fairly evenly distributed among the
gross weight ranges, most of the peaks after landing from
hover occurred in the 7000-pound gross weight range. In marked
contrast, the OH-6A landed from a descent approximately 6 times
as often as it did from a hover. Since the number of impact
peaks after landing from a descent is so high for the OH-6A,
the OH-6A possibly landed at higher velocities than the UH-lH
and AH-IG.

4
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TABLE XXXII. UII-iI IMPACT PEAKS FROM D-SCEO%'

WEIGHT
PMAGE .00 .0S .10 .1S .20 .25 .30 .35 .40 .45 .S0 .SS .60 .6S .70 TOTAL

6000 6 7 8 4 3 2 1 1 34

7000 1 17 9 1 2 1 43

8000 9 is 15 2 1 3 46

9000 2 S 2 1 10

TOTAL 26 43 34 12 7 3 4 2 1 1 133

WEIGHTTABLE XXXIVI. Ulf-III IPACT PEAKS FRO34 HOERN

RAkGE .00 .GS .10 .1S .20 .25 .30 .35 .40 .4S .50 .55 .60 .65 .70 TOTAL

6000 14 381S 6 1 1 1 76

7000 109 138 66 28 S 12

8000 67 92 20 9 1 191

900 13 10 3 29

TOTAL 203 27 101 18 9 81 643

TABLE MXXIV. AH-10 VPACT PEKS FPW DESC-s
WEIG HTI I
A NiE .00 O0S .10 .IS .20 .2S .30 .3S .40 .4S .SO SS .60 .6S 7 OA

6000 1 1

7000 2 6 3 1 1 1 1 1 16

sc00 14 30 34 19 14 17 7 S 10 1 4 5 159

9000 6 10 6 4 3 29

TOTAL 22 46 43 21 18 13 10 6 11 2 4 3 1 205

S3



TABLE XXXV. All-IG IMPACT PEAKS FRZO4 ROVER

WEIGHT

pnGE .00 .05 .10 .15 .20 .25 .30 .35 .40 .45 .50 .55 .60 _6S -70 TOTAl

6000 1 1 2

7000 5 8 3 5 3 24

8000 79 127 61 26 17 4 4 2 -0

9000 32 44 28 12 6 1 1 2 1 127

TOTAL 116 180 93 43 26 5 5 4 1 473

TABLE X.XXI. 01-6A IMPACT PEAKS FRZ) DESCE%'T

eightRange .00 .05 .10 .IS .20 .25 .30 .35 .40 .45 50 .55 .60 To

Less 1 5 13 9 S # 2 1 4Z
2000 4 12 3C 14 7 6 2 1 77
2200 9 31 46 3.1 I1 S 2 1 1 z I S -

2400 3 10 16 10 3 2 3
2600 1I1

Total 17 SSl lS 66 26 17 9 1 4 1 3 1 5

[ TABLE XXXVII. 0-11-6A IMPACT PEAKS FlZA c-aVE

egntAS
Range .00 .05 .10 .i .20 .25 .30 .35 .40 .45 .D .55 .62 Total

Less 1 S 1 7
2000 1 7
2200 z 7 14 4 2 3 3z
2400 1 9
2600

Tot 1 2 10 3S 4 3 3 57
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