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ABSTRACT

From a structural flight loads program on four CH-47A cargo and trans-
port helicopters, 235. 76 hours of valid multichannel flight data were
recorded as the helicopters operated from air bases in Southeast Asia.
Data were processed and analyzed according to four distinct flight phases,
termed mission segments: (1) takeoff and ascent; (2) maneuver; (3) de-
scent, {lare, and landing; and (4) steady state. Data are presented in the
form of time and occurrence tables, histograms, and exceedance curves.
These data indicate the time spent in the mission segments and param-
eter ranges; the number of peak parameter values occurrir, in the ranges
of the given parameter, during each of the mission segments, and in the
ranges of one or more related parameters; and the time to reach or ex-
ceed given maneuver and gust normal load factors. The largest‘normal
load factor was 1.628, which occurred at a 93-knot airspeed and with a
22, 100-pound gross weight. In contrast to a concurrent study of armed
CH-47A's whose activity was mostly under maneuvering conditions, the
cargo and transport CH-47A's spent over 65 percent of their time in the
steady-state mission segment.
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FOREWORD

Technology Incorporated, Dayton, Ohio, prepared this report to cover
its effort on a flight loads program to collect, process, and analyze 200
hours of valid flight data from four CH-47A cargo and transport heli-
copters operating in Southeast Asia. This flight loads program was an
integral part of a comprehensive CH-47A program which also included
data collected from three armed and armored CH-47A's. This program
was sponsored by the U.S. Army Aviation Materiel Laboratories, Fort
Eustis, Virginia, under Contract DA 44-177-AMC-363(T). The Army
project monitor for all programs was Mr. William T. Alexander.

The prime Technology Incorjorated personnel engaged in this program
were as follows: Mr. Joseépl F Braun, project engineer, who directed

the installation and operation of the data recording systems; Mr. John F.

Nash, who directed the data processing; Mr. William E. Morrin, who
wrote the computer programs for the data processing; and Messrs.
Larry E. Clay and F. Joseph Giessler, who analyzed and compiled
the data.
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INTRODUCTION

Under contract to the U.S. Army Aviation Materiel Laboratories, Fort
Eustis, Virginia, Technology Incorporated conducted a multichannel
flight loads program on the cargo and transport CH-47A helicopter. To
acquire the desired data, three helicopters assigned to the Ist Air
Cavalry Division, 228th ASHB, were each instrumented with flight loads
recording systems. A fourth helicopter was instrumented midway in the
program to ensure that the required number of hours of valid flight data
were recorded. All recordings were made between January 1966 and
May 1967 while the helicopters operated in Southeast Asia. The data
were processed, analyzed, and detailed graphically and tabularly for

their presentation in this report.

With normal acceleration separated into maneuver- and gust-induced
categories, most of the data presentation consists of time and occurrence
tables. Most of the tables are broken down into ranges of a third variable
or of a third and a fourth variable for cross-correlation purposes. Sig-
nificant aspects of the time tables are presented as histograms, and the
occurrence data for normal accelerations are presented as exceedance

curves.



DATA RECORDING AND PROCESSING

DATA RECORDING

An oscillograph recording system was installed in each of the CH-47A
helicopters. The functional block diagram in Figure | illustrates the
operation and integration of the components comprising the recording
systern. Fourteen parameters were recorded on the oscillogram: (1)
airspeed, (2) altitude, (3) normal acceleration, (4) No. 1 engine torque,
(5) No. 2 engine torque, (6) longitudinal cyclic control stick position,
(7) collective control stick position, (8) rotor rpm, (9) outside air tem-
perature, (10) time, (11) No. 1 gas producer rpm, (12) Nb. 2 gas pro-
ducer rpm, (13) No. 1 exhaust gas temperature, and (14) No. 2 exhaust
gas temperature. Between January 1966 and May 1967, 477 hours of
flight data were recorded. Of these hours, 235 proved to be valid. The
valid data represented 1081 flights and 395 engine starts.

DATA PROCESSING

The processing of the recorded data was shared by Technology Incor-
porated and the U.S. Army Aviation Materiel Laboratories, Technology
Incorporated received the recorded data, checked all oscillograms for
evidence of any instrumentation malfunction, removed the faulty data
while reporting it to the company's Instrumentation Section, and then
timed the acceptable records. The oscillograms were then sent to the
U.S. Army Aviation Materiel Laboratories where they were edited and
reduced. Upon the receipt of the reduced data and the return of the os-
cillograms, Technology Incorporated performed the quality control check
and directed the computer processing of the reduced data. The data
processing procedures are described without further identification of the
responsible organization. ‘

DATA EDITING

The data editors demarcated the following four mission segments in each
flight: (1) takeoff and ascent; (2) maneuver; (3) descent, flare, and land-
ing; and (4) steady state. The criteria used to distinguish the mission
segments in each flight were as follows: During the first three mission
segments, which comprised the transient parts of flight, the stick position
traces showed no steady values from which they seemed to deviate, and
the airspeed and altitude traces changed frequently. Mission Segment 1
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(takeoff and ascent) included both the takeoff and the climb to the initial
steady-flight altitude and the unsteady ascents to other steady-flight
altitudes. Mission Segment 2 (maneuver) consisted of those transient
parts of flight whose characteristics differed from those of Mission Seg-
ments | and 3. During maneuvering, the normal acceleration trace was
usually very active. In addition to the unsteady part of flare and landing,
Mission Segment 3 (descent, flare, and landing) included the unsteady
part of any descent, whether intended for a new steady-flight altitude or
for landing. Mission Segment 4 (steady state) included those parts of

the flight where the stick position traces were relatively steady and where

the airspeed and altitude traces were steady or changing smoothly. Such
characteristics prevailed during cruise, hover, and steady ascent and
descent.

After demarcating the flights into mission scgments, the editors marked
the traces as follows to govern the data reading: The normal accelera-
tion trace was marked wherever a peak met the following two conditions:
(1) the peak fell outside prescribed threshold levels, and (2) the peak had
a rise and fall (or fall and rise), each of which was 50 percent of the peak
value or 0.2g, whichever was greater. Whereas the prescribed thresh-
olds were 0.8 and 1.2g, the editors used slightly smaller levels to en-
sure that all valid peaks were included. However, any peaks read within
the fixed threshold levels were eliminated during the computer process-

ing. In addition, the editors identified each selected peak as being maneu-

ver- or gust-induced. To determine whether a peak was induced by a

maneuver or a gust, editors noted the behavior of the stick position traces.

Whenever the peak was the result of maneuvering, one or both of these
traces always deflected just before the peak and in the same sen = as the
peak. Confirmation of the fact that gust was the cause of the peak re-
quired either that both stick position traces were steady or that anymove-
ment of these traces just before the peak was in the direction opposite to
that of the peak.

In treating the two stick position traces, the editors marked those peaks
whose rise or fall was 10 percent of the full stick travel and at least 10
percent of the normal value. Each normal value depended on the mission
segment. For the steady-state mission segment, the normal values were

the steady values of the stick positions just before and after the peak. For

the three transient mission segments (wh:are no '"'steady" stick positions
prevailed), an arbitrary set of normal values was chosen to approximate
the stick positions during hover. The selected values are listed by air-
craft serial number in Table I.

]
§
4
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TABLE I
STICK POSITION SELECTED VALUES

Aircraft Long. Cyclic Normal Collective Normal
No. (%) (%)
914 49.0 48.6
908 53.8 52. 2
121 44.6 45.9

In each of the three transient mission segments, all traces except those

for the steady stick positions were marked at each instant that the accel-
eration or stick position traces peaked. Because of the unsteady state
prevailing during the three transient mission sesments, no elapsed time
was associated with the readings at these markings. The traces marked
here were read only to provide corresponding parameter values in tabu-
lations of the peak values. During the steady-state mission segment,
however, all traces except that for acceleration were marked at critical
points to permit an adequate time-history representation of the parameters.

DATA READING AND QUALITY CONTROL

All data points selected during the editing were measured on semi-
automatic oscillogram readers, and the measurements were transcribed
directly to punched cards. When all data were extracted from a flight, a
printout of the cards was given to the Quality Control Section for pre-
liminary data checking. Using standard quality control techniques, this
section manually remeasured random points comprising an adequate sample
and compared the measurements with those produced by the semiautomatic
readers. From the differences between the two sets of readings, this
section established the mean and standard deviations to determine and con-
trol the desired reading accuracy. Any flights whose measurements did
not meet the accuracy standard were reread by the semiautomatic readers.
In addition to obtaining accurate values, this procedure ensured a uniform
interpretation and measurement of the traces.

When all the data had been processed, the mean and standard deviations
were calculated for the entire data sample. Assuming a normal distri-
bution of reading errors, 99. 7 percent of the readings should be within
three standard deviations of the true values. Based on average cali-
bration values, Table II shows the mean deviation and the three standard
deviations for each parameter.



TABLE UI
QUALITY CONTROL VALUES FOR EACH PARAMETER

Three Standard Deviations

Parameter Mean Deviation (99, 7% Accuracy Limit)
Normal acceleration n,, g -.0002 + .03
Airspeed, knots* -.04 + 1.1
Altitude, feet*x* -3.1 + 104
Outside air temperature, °F = + 3.6
Rotor, rpm -. 13 + 4.3
Longitudinal cyclic stick, percent -. (2 + 2.5
Collective stick, percent -.02 + 2.8

* Computed at a 90-knot indicated airspeed
*% Computed at a 1000-foot density altitude and standard temperature

DATA COMPUTATIONS

The load factor nz for each normal acceleration peak was measured
directly from the oscilloyyram trace. However, to present load factors
for positive and negative peaks conveniently, an incremental normal

load factor, 4n,, was derived from each n, value by using the relationship

dnz = n; - 1.9

The following equation (see Retcrence 2) was used to compute the altitude,
since density altitude is normally used in describing helicopter perfor-
mance:

518. 4 Pa )0_235..

hy = 145, 300 [1 - ( 29.92 (OAT + 460) /
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Only indicated airspeeds are presented in this report since the correction

to calibrated airspeeds would not have appreciably changed the distribu-
tions. At level flight, where most of the flight time was spent, the cor-
rection is normally less than 4. 6 knots for airspeeds below 110 knots.
Although the correction may exceed 10 knotas during extreme conditions

of climb or autorotation, where the rotor thrust affects the performance

of the airspeed transducer, such large correcticns would be for minimal
periods and therefore would not be significantly evident in the data summary.

Rotor rpm and outside air temperature were computed by applying linear
calibrations to the trace measuresments. With the displacements of the
stick position traces representing the deflections of the longitudinal cyclic
stick from the full-forward position and the deflections of the collective
stick from the full-down position, the respective stick positions were com-
puted from the trace measurements in units of percent of full deflection.
By an approximate differentiation of the altitude trace, the rate of climb
was computed continuously during the steady-state mission segment and

at each position of stick or acceleration peak during the three transient
mission segments. At the same timc that the rate of climb was computed,
the '"longitudinal acceleration, ' or rate of change of airspeed, was derived
by an approximate differentiation of the airspeed trace.

Through the following expressions, the rotor tip speed ratio (u) and the
ratio of the thrust coefficient (Cp) to the rotor solidity (0) were each cal-
culated as nondimensional parameters. With a consistent system of units
employed, the ratiou was calculated by

\
M=

(R

and the ratio C/0 was calculated by

w
o1 R2 (GR

Cr/0c =
T )gs



DATA RESULTS

The final computer printout in the form of time tables and parameter
peak-count tables constitutes most of the data presentation. In addition,
histograms showing the percentage of time spent in given ranges of the
recorded parameters summarize the time tables, and exceedance curves
indicating the hours to reach or exceed given incremental load factors
summarize the normal acceleration peak-count tables. Because of the
bulk of these tables and figures, they are presented in the appendixes.
All these data relate to flight loads. None of the engine data, therefore,
are presented in this report.

As shown in Figure 2, the total flight time is distributed among the
mission segments. Characteristic of the cargo-transport helicopters,
the reported helicopters spent more than 65 percent of their flight time
in the steady-state mission segment. Figure 3 further breaks down the
data in Figure 2 by distributing the total flight time among weight ranges
as well as among the mission segments, and Figure 4 distributes the
total flight time among weight ranges only. As is apparent, nearly 75
percent of the total flight time was spent at weights between 20, 000 and
26,000 pounds. The maximum weight of 37, 071 pounds was reached when
a helicopter carried a 16, 000-pound sling load during a 39-minute flight.

Because of the high elevation of the flight terrain and the relatively high
prevailing temperatures, more than 96 percent of the steady-state time
was spent at density altitudes above 2000 feet. Figure 5 distributes the
total flight time among the altitude ranges.

The histogram in Figure 6 distributes the total flight time among rotor
rpm ranges. As is evident, more than 80 percent of the time was flown at

rotor rpm's between 230 and 240. In comparison with the handbook values
of 230 rpm for normal operation, 233 rpm for maximum power-on, and
261 for maximum power-off, this percentage appears excessive. How-
ever, a review of the detailed computer printout after the computer group-
ing of data within the prescribed rpm ranges revealed that the rotor rpm
was below 235 most of the time. As indicated, little time was spent at
rpm's over 250. The maximum recorded rotor rpm of 252 lasted briefly.

Figure 7, reflecting the tropical atmosphere, gives the percentages of
steady-state flight time in the ranges of outside air temperature. As

evidenced here, most of the time was spent at temperatures above 70°F.

With the steady-state flight time distributed among rate-of-climb ranges,
Figure 8 shows that more than 90 percent of this flight time was at rates

8



between 500 feet per minute and that more than 97 percent of this flight
time was at rates between + 1000 feet per minute. Such rates are typical
of cargo-type helicopters.

Figure 9 distributes the total flight time among airspeed ranges. Fig-
ures 10 through 17 further break down the data in Figure 9 by distributing
the time among weight and altitude ranges as well as among airspeed
ranges. As seen in Figure 9, more than 84 percent of the time was at
airspeeds below 100 knots. The maximum recorded airspeed of 130.2
knots was reached at a weight of 25, 763 pounds.

Figures 18 through 20 present exceedance curves of the incremental
normal load factor for the maneuver-induced accelerations. The data
in these three figures are summarized in Figure 21. This figure is a
plot and tabulation of the number of maneuv:r load factor peaks occur-
ring in the combined ranges of load factor, nz, and tip speed ratio, u.
The load factor range from 0. 8g to 1.2g defines the threshold within
which no peaks were measured. The same types of curves in Figures
18 through 20 are presented in Figures 22 through 24 for the gust-
induced accelerations. Figure 25, summarizing the gust-induced load
factor peaks, presents a plot and tabulation of the number of gust load
factor peaks occurring in the combined ranges of load factor and indi-
cated airspeed. Here again, the load factor range from 0. 8g to 1.2¢g
defines the threshold within which no peaks were measured.

To compare the data in Figure 20, Figures 26 and 27 give the exceedance
curves for the maneuver-induced accelerations as taken, respectively,
from Reference 3 (report on the cargo-transport CH-47A's operating
from Continental Air Force Bases) and Reference 4 (report on the armed
CH-47A's). The comparisons show that the maneuver loads sustained by
the cargo-transport helicopters 1n Southeast Asia were slightly less than
those encountered by the helicopters in the United States and definitely
less than those met by the armed CH-47A's. Then tc compare the data in
Figure 24, Figure 28 gives the exceedance curves for the gust-induced
accelerations also taken from Reference 4. In contrast to the first com-
parisons, this comparison shows that the gust loads imposed on the cargo-
transport CH-47A's were greater and much more symmetric than those
met by the armed helicopters.
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