
























The effect of aircraft usage on component fatigue lives can be
made by comparing the calculated lives documented in Refer­
ences 4 and 6. A sample comparison is shown in Table VI,
and it is evident that significant reductions in part life
occurr.ed. As discussed in Section 3, the current mission pro­
file of Reference 4 wa~ not the only factor affecting reduc­
tion i~ part life. The most importaut difference between the
two mission profiles is the high speed level flight condition.
The design mission profile assumed that the airspeed limita­
tions of the Operator's Manual would not be exceeded, while
the CH-47A operational data shows that this airspeed was fre­
que~tly exceeded. Flight with failed longi~udinal cyclic trim
actuators affects the fatigue loads on some components, in
particular, the rotor sqafts.

DISCUSSION OF RESULTS

Op~rational use of the CH-47A as compared to the design mission
profile led directly to the rework of the forward and aft rotor
shafts an~ contributed to reduced reti~ement lives for several
dynamic system components. Exceeo~nce of the airspeed limita­
tions of the Operator's Manual is cited as the principal cause
of the reduced fatigue lives. The failure mode of a control
trim device also contributed to the rotor shaft rework re­
quirement.

The experience gained in evaluating the operational use of the
CH-47A helicopter was used in the development of the CH-47B
and CH-47C models. The structural performance of the growth
models shows a great improvement over the CH-47A, at least a
part of which should be attributed to the CH-47A operational
experience. No operational survey ha~ been conducted on the
Band C models, however, so the adequacy of their mission pro­
files cannot be evaluated.

5. OPE~.TING LIMITATIONS

An attempt is made in this section to determine the factors
which limited operational use of the CH-47A, and to project
the effect of various limita~ions on the use of future cargo­
and transport-type helicopters.

Steady state mi~sion time from the Reference 1 data gathered
in ~e United States (USA) and from the Reference 2 data
gathere(1 in Southeast Asia (SEA) was analyzed with respect to
gross weight, airspeed, and altitude. The operational measure­
ments were compared to the Operator's Manual limitations, power
limits, and vibrations.

Flight duration and the rotor start-stop cycle were briefly
examined.

32



Finally, the load factors experienced in the USA and SEA were
examined to evaluate the suitability of the design load factor.

Two factors which may be significant to this study cannot be
ev~luated:

1. . ..: effect that external cargo stability may have had on
airspeed.

2. The influence of a monitor system on crew performance.
This has always been a nagging problem in field survey
work, although the data analyzed herein did not appear to
be biased to hide airspeed exceedance of operating manual
limitations.

Power limited airspeeds were calculated for both normal and
military power. However, it was only necessary to include
normal power values in the analysis. The power values were
determined at Interna~:onal Standard Atmosphere elSA} condi­
tions, which approximate the USA data atmosphere, and at ISA
+20oC, which more nearly represents the SEA operations.

The limitations of toe TM55-1520-209-10 Operator's Manual were
copied directly from the Manual. These limitations were es­
tablished from the fatigue load to strength relationship as
determined in contractor developmental bench and fJight tests.

The vibration environment in the cockpit was estimated in
terms of a pilot comfort index. Values of the index are shown
on the plots where this index is used. Vibration levels are
displayed as a scatter band varying with airspeed but inde­
pendent of gross weight and altitude.

STEADY-STATE OPERATIONS

Th~ steady-state segments of USA and SEA data are presented in
Figures 8 and 9 for gross weights below and above 28,OOOpounds
respectively. In the figures, the flight times are expressed
as percent of total steady-state flight time in the weight
category. The upper portion of each figure breaks up the data
into altitude and airspeed blocks which are compared to normal
power and to the limits of the Operator's Manual. The lower
portion of Figures 8 and 9 have a pilot comfort index shown
relative to the operational data sample with all altitudes
grouped together.

The first observation to be Made on Figures 8 and 9 is that
the CH-47A limits in the Operator's Manual are less than those
attainable with normal power (twin engine) for nearly all op­
erating conditions. The relationship of power limits to other
limits in the operator's Manual may be important in projecting
aircraft usage, and analysis of operational data should con­
sider the relationship.
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Airspeed occurrence fell off rapidly above 110 knots, nearly
independent of altitude and gross weight. Above 110 knots the
pilot comfort index s~ggests that vibrat10ns can reach pilot
fatiguing levels.
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~ The limits of the Operator's Manual were frequently exceeded ~i in both the USA and SEA data sets, while all of the data could l
~ be within normal power limits. The power observation does not i
~ imply that the pilots never exceed normal power, but simply j
f that high power settings were not usually required for steady "
t level flight. ~
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The frequent exceedance of the airspeed limitations of the
Operator's Manual is a cause for concern, since component
fatigue lives are generally reduced by this excessive airspeed.
Since it is not logical that pilots would willfully violate
manual limits, it must be assumed that the limits are either
not understood or are too difficult to comply with in combat
operations.

FLIGHT DURATION AND THE ROTOR START-STOP CYCLE

A re~iew of the rotor start frequency and number of flights
showed that the average flight was very short. The short
flight duratior. was consistent with the high occurrence of
time at low air3peeds. The flight and rotor start data are
shown below:

No. of No. of No. of loVerage Avg start
flights fIt hrs rotor starts flight cycle

USA 769 165 230 12.9 min 43.0 min
SEA 1081 235 395 13.0 min 35.7 min

l-1AXIMUM LOAD FACTOR
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The maximum load factors experienced in the operational data
are presented in Figure 10. The USA and SEA data samples were
very similar, and each gives the impression that the CH-47A
could have been designed tc a much lower load factor. ~he

problem with arriving at such a conclusion is the uncertainty
of the adequacy of the data sample to represent the long-term
exposure of a full fleet of aircraft. In Figure 11 the data
of Figure 3 is replotted with an exponential extrapolation of
the mean of the data. The contractor's demonstrated load
factors are shown fo~ reference. The extrapolation, which is
only one of several possibilities, suggests that exceedance of
the positive design load factor would occur around 10 million
total flight hours. The CH-47 fleet has logged over 1.2 mil­
lion flight hours as of October 1972. Other extrapolations of
the data could lead to the conclusion that the CH-47 should
have been designed to a higher load factor.



Figure 11. Operational Load Factors Extrapolated to
High Flight Hours.
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SUMMARY OF OPERATING LIMITATIONS

From the data presented in this section, the following con­
clusions may be extracted for use in future cargo- and trans­
port-type helicopter design:

rJ!W-~t"'*""""" .4-"&%""'"""'" -.... , --.-",""-...",",,,~.,_.,,,,,,,",.,.,,,.. -"",","""""~"~-'-""-- ~'""""!

~ The design load factor for the CH-47A was based on the thrust
~ capability of the rotors. The demonstrated load factors on
~ the CH-47 models were the extremes that the pilot could attain
, for the required demonstrations. Therefore, if the required
~ demonstrations were properly chosen, it is not possible for a
[ fleet pilot to exceed the demonstrated values. This reasoning
~ leads to the conclusion that the extrapolated load factors of
~ Figure 11 should become asymptotic to the demonstrated load
~ factors.

i
1. Frequent flights of 10 to 15 minutes duration can be

expected.

2. Rotor start-stop cycles may average up to 2.0 per flight
hour.

3. Structural lil!litations should exceed power capability for
all primary missions. Improved methods of providing a
cockpit display of structural limitations are desirable
in order to avoid overdesigning of rotor systems.

4. Vibration attenuation should improve pilot comfort and
confidence in the aircraft, and should not be a factor in
limiting operations in future designs.

5. Helicopters should be designed to sustain flight loads
within the transient capability of the rotor system. The
inherent versatility of helicopters to perform ~ wide
range of missions could be compromised if the aircraft are
designed to less severe criteria.
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6. CONCLUSIONS AND RECOMMENDATIONS

Analysis of the separate studies of Sections 2 through 5 leads
to the following conclusions and recommendations for structural
design criteria for cargo- and transport-type helicopters.
Because of limitations identified in the CH-47A usaqe daTa,
recommendations are also submitted for future aequ~sition and
analysis of operational data.

STRUCTURAL DESIGN CRITERIA

1. Design load factors should be based on the maximum tran­
sient thrust capability of the rotor system. As shown in
Section 5, the operational data does not support an argu­
ment for reducing the design load factor to a lesser
value. No historical evidence was found to suggest that
greater strength is required. With this design criteria,
the maximum design load factor would be determined at the
minimum operational gross weight.

2. The minimum load factor of 2.0, as specified in MIL-S­
8698, appears conservative when compared to the opera­
tional data. If the entire helicopter is designed to
react the transient thrust capability of the rotor sys­
tem, as recommended ~n the preceding paragraph, no mini­
mum positive design load factor is required. Structural
safety will be maintained for any operations within the
performance capability of the helicopter.

3. Fatigue mission profiles should be simplified for heli­
copter design. Attaining part lives in excess of SpOGO
hours is not likely if fatigue damage is incurred in any
steady flight condition, as shown in Section 3. Transient
conditions of less than 10 seconds duration which occur
less than one time in 10 flight hours usually need not be
considered in the fatigue design of most metallic dynamic
components. The requirements for fatigue design should
include the following:

• Listing of steady flight conditions required to perform
the design mission(s). Include steady bank angle and
sideslip requirements.

•
"

•
"

The frequency, duration, and severity of transient flight
conditions required to perform the c2s~Jn missions.

The payloads, airspeed range, and design altitude for
steady and transient flight conditions.
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4.

•

•

Fatigue mission profilp~ for life calculations should be
based on design flight conditions and reevaluated by con­
ducting surveys of actual helicopter operations. The CH­
47A experience clearly indicates the need for reevaluating
mission profiles, as evidenced by the reduction in part
lives due to exceedance of Operating Manual limitations.
Concepts for control of fatigue damage other than ope~a­

tional surveys include:

Cockpit display of fatigue loads. The Cruise Guide Indica­
tor (CGI) is a suitable device, but it has no capability
to assess fatigue damage. The nGed for such a display is
apparent in Sections 4 and 5.

Direct monitor of fatigue damage to critical components.

• Fail-safe design which provides a secondary loa~ path and
suitable detection and warning of a primar/ load path
failure.

5. Flight times and rotor start-stop cycles should influence
the f~tique mission profiles. The CH-47A operational data
indicate t~at frequent flights of 10-15 minutes duration
can be expected, and 1.5 to 2.0 rotor start-stop cycles
per flight hour should be considered (Section 5).

6. Vibration criteria shoulo insure that operations are not
restric~ed due to crew or passenger comfort. It was con­
cluded ~n Section 5 that pilot comfort had a strong in­
fluence on the maximum airspeeds attained in operational
use. However, improved vibration attenuation techniques
developed after the CH-47A should eliminate this constraint
on future helicopters.

OPERATIONAL DATA ACQUISITION fu~D ANALYSIS

During the review of operational data, several shortcomings
were found in the types of measurements and analysis tech­
niques for use in assessment of fatigue exposure. The follow­
ing recomrrlendations are made for future acquisition and analy­
sis of opera~ional data:

1. The data sample should include a complete cross section of
operating conditions, such as training and operational
squaorons in variors parts of the world.

2. The measurement list should be tailored to meet t.he needs
of fatigue assessment. Direct measurement of loads in
fatigue critical components should be considered.

3. Recording systems compatible with automated data reduction
and analysis are desirable.
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4. The data should be reduced in a format appropriate to the
intended analysis to be performed.



1.

2.

Braun, J.F., et aI, CH-47A Chinook Flight Loads Investiga­
~ion Program; USAAVLABS Technical Report 66-68, U.S. Army
Aviation Materiel Laboratories, Fort Eustis, Virgina, July
1966.

Geissler, F.J., et aI, Flight Loads Investigation cf Cargo
and Transport CH-47A Helicopters Opc:"ating in Southeast
Asia; USAAVLABS Technical Report £8-)" U.S. Army Aviation
Materiel Laboratories, Fort Eustis! 'iirginia, April 1968.

3. Investigation 0:: Impact of RVN Flight Survey Data on
Fatigue Critical Components, Boeing Report 114-SS-025,
July 1968.

4. Dynamic Component Fatigue Life Evaluation, CH-47A Heli­
copter, Boeing Report 114-SS-001, March 1966.

5. Structural Design Requirements (Helicopter), Naval Air
Systems Command Aeronautical Requirement (AR)-56, 17
February 1970.

6. Boeing-Vertol CH-47A Helicopter Dynamic System Strength
S~bstantiation Bench Test Data and Life Calculations,
Boeing Report 114-T-112.2, January 1965.

7. CH-47A Helicopter Dynamic Component Life Evaluation for
Flight Envelope, Boeing Report 114-SS-002, December 1965.

42


