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PREFACE

This report presents a preliminary design and Critical Item
Development Specification (CIDS) for an External Cargo
Handling System (ECHS), suitable for snubbing containerized
loads against the CH-47D airframe in order to substantially
improve terrain and Night/IMC flight capability of this
helicopter.

The work was sponsored by The Applied Technology Laboratory,
U.S. Army Research and Technology Laboratories (AVRAD COM),
Fort Eustis, Virginia, and was performed by the Boeing Vertol
Company, Philadelphia, Pennsylvania; under contract
DAAJ02-77-C-0069," External Cargo Handling Systems (Snubbed

Load)," during the period from September 1977 through Uctober

1979.

The U.S. Army technical representative was

Mr. Thomas B. Allardice. Contributions of Mr. Allardice and
other Army personnel to this effort are gratefully
acknowledged.
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Mr. D. Breger - Flying Qualities Engineer

Mr. F. White - Senior Flying Qualities Engineer

Mr. D. Anastas - Design Engineer

Mr. C. Robinson - Flying Quatiities Technician

Mr. L. Simpson - Senior Design Engineer -
Electrical Systems

Mr. P. A. Teare - Senior Dynamics Engineer
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1.0 SUMMARY
1.1 BACKGROUND AND APPROACH

Army cargo and utility helicopters form an important link in
the logistical chain which must deliver supplies and equip-
ment to troops deployed in rapidly moving forward battle
areas (FEBA). In many instances, the tactical application of
helicopter airlift capability is the only practical way to
meet an ever changing battle situation effectively. With
this assigned mission responsibility, it is obvious that
weather, darkness, and the enemy threat are factors which re-
quire careful consideration to ensure successful task accom-
plishment.

Helicopter flight operations near to the FEBA dictate the use
of Nap of the Earth (NOE), Contour, and Low Level terrain
flight techniques (Figure 1.1), in order to counter the so-
phisticated and possibly lethal air defense threat existing
today. Terrain flying with external cargo (which is necessary
in certain battlefield resupply scenerios) requires agile
flight maneuvering close to the ground or shielding provided
by natural obstructions, in order to hide the aircraft from
enemy detection {called masking).

Because of excessive load oscillations characteristic of ex-
ternal cargo suspension systems in use.today, the potential
for restricting helicopter terrain maneuverability, and

flight characteristics at night or in limited visibility/IMC
conditions, exists. In addition, minimum safe flight alti-
tudes with external loads slung beneath the aircraft are some-
what higher than with internal cargo, with the result that
masking effectivity is reduced accordingly.

Contract DAAJ02-76-C-0028 (Reference 1) funded an in-depth
flight simulation study to determine "Limitations of the
CH-47 Helicopter in Performing Terrain Flying with External
Loads". Study results defined and quantified aircraft capa-
bility to successfully perform terrain flight maneuvers
(which is substantial), and at the same time deliniated pro-
blem areas and limitations associated with this type of fly-
ing. Specific maneuvers selected for this evaluation are
shown in the Figure 1.1 sketch, and are grouped into the NOE,
Contour, and Low Level modes chosen for quantitative compari-
sons made during the study.

To overcome limitations identified in the Reference 1 study, a
cargo handling concept, capable of firmly "snubbing" a MILVAN
or Gondola container to the CH-47 aircraft fuselage was pro-
posed as an effective technical approach. By preventing load
motion relative to the airframe, this device restored aircraft
maneuverability typically lost where conventional external
load suspensions were utilized, and provided for vastly im-
proved masking characteristics as well.

13
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This report documents the continued development of the load
snubbing concept into a Preliminary Design and Critical

Item Development Specification (CIDS), under contract
DAAJ02-77-C-0069, "CH-47 External Cargo Handling Systems
(Snubbed Load)" described in Reference 2. The Preliminary
Design layouts and CIDS information presented herein are
applicable to any follow-on detail design effort leading to
fabrication of prototype or production load snubbing systems
for the CH-47D aircraft.

In addition to background requirements defined under the
Reference 1 terrain flying study, the new snub load develop-
mental activity described in this report leans heavily upon
work performed when the Container Lift Adapter-Helicopter
(CLAH) system was designed for the Army in 1976/77 (under
contracts DAAJ02-76-C-0005 and DAAJQ2-77-C-0001 - References
3 and 4). The CLAH is intended to serve as a standard inter-
facing device for carrying cargo containers, and will nor-
mally be carried on conventional tandem or single point
suspensions. Use of this adapter facilitates load acquisi-
tion and deposit without the necessity of ground crew
personnel, and requires no pre-rigging of MILVAN or Gondola
payloads.

1.2 PROGRAM GROUND RULES & ORGANIZATIGON

Contract ground rules established at the start of the
External Cargo Handling Systems (ECHS) developmental effort
require that the ECHS design shall:

o Be compatible with the CH-47D aircraft

¢ Be compatible with MILVAN and Gondola
container payloads

o Be capable of snubbing 25,000 1b

e Maximize simplicity

e Require minimum aircraft modification

e Stress low cost and weight

o Consider cargo only - not personnel
In order to best comply with these ground rules, the program
was initially demarcated into three distinct phases of
activity. A fourth phase was added midway through the pro-
gram to increase confidence in the design concept selected,
as indicated below:

¢ Phase I - Concept Evaluation & Selection

15




o Phase II - Preliminary Design

e Phase III - Layout and CIDS Preparation
Added by Contract Amendment:

e Phase IV = Wind Tunnel Tests

A brief review of the results of each program phase is pre-
sented next.

1.3 PHASE T - CONCEPT EVALUATION & SELECTION

The principal objectives of the initial program phase were to
select the best concept for snubbing and attaching loads to
the aircraft, with minimum airframe structural modification
required; to establish whether or not vibration isolation of
the load is necessary for either aircraft safety or crew
comfort; and finally to review existing aircraft hoisting
hardware for potential application in the Phase I1/11I1
Preliminary Design and CIDS preparation.

Concept Selection - Using the load snubbing approach develop-
ed during the Reference 1 Terrain Flying Study as a starting
point, a number of different ways to interface the load and
airframe (in a "snubbed" configuration) were conceived, and
were then evaluated quantitatively to select the best system
for further design development. Early on, it became apparent
that requirements for rapid acquisition and deposit of the
load by the CH-47 helicopter (without ground crew assistance)
would dictate major design constraints for the snubbing
system.

Two approaches available for use in load acquisition/deposit
were to: either use a CLAH like adapter framework with guide
arms for mechanically centering and acquiring the load;

or to install an HLH type velocity control mode in the CH-47
Automatic Flight Control System (AFCS) to improve hover
accuracy for precision load acquisition. Although both
approaches had previously been demonstrated to be technically
feasible, the second option was eliminated because of con-
tractural requirements for minimum aircraft modification.

Accordingly, eight concepts for snubbing loads to the air-
craft with various types of adpater mounting/suspension
systems were developed for evaluation. Four of these utiliz-
ed an adapter mounted hoist to raise the load to the snubbed
position beneath the aircraft; whereupon the load was firmly
locked to a vibration isolation system on the airframe, and
the hoist cables slacked off. The remaining four candidates
utilized the hoists in the same manner, but maintained load
on the hoist cables during normal flight.

16




Various isolation springs, bumpers.over center latches etc.
were interposed between the adapter (carrying the load), and
the fuselage to provide a snubbing interface. One system
even used a large flat air bag spring for isolation. System
concepts "locking" the load to the airframe turned out to be
somewhat heavier and more cumbersome than those maintaining
load on the cables; because of redundant structural load
paths required in the airframe for load attachment or
snubbing.

Quantitative (weighted) comparisons of all candidate systems
indicated a strong preference for snubbing the adapter/load
combination against the aircraft landing gear as shown at

the bottom of Figure 1.2. Although this sketch represents

the final preliminary system (CIDS) design, with Phase IV

wind tunnel mods incorporated, it is essentially the "winning"
concept developed under the Phase I parametric concept
selection process.

System Operation - As shown at the top of Figure 1.2, the
adapter 1s lowered in hover, 10-12 feet below the aircraft
and acquires the load through use of self-centering spring
tube gquide arms. Twistlocks at the corner of the adapter
lock the l1oad in place (to the adapter), and the aircraft
lifts the load off of the ground into stabilized hover. A
tandem hoist system installed in the adapter then raises the
load to snub against the aircraft landing gear (which provide
partial vibration isolation of the load from the airframe). -
Additional vibration isolation springs installed in the hoist
mounts (described later), provide the remaining required
isolation.

For protection from forward or aft suspension failures
(including inadvertant operation of either tandem hook),

a center hook redundant latch system is incorporated into the
ECHS adapter framework. This latch carries no load under
normal system operating conditions, but picks up (and retains)
most of the load if either suspension malfunctions. Should

it become necessary to salvo the load in flight, the normal
CH-47D cargo hook jettison functions are utilized to release
all three hooks simultaneously.

When the snubbed load mission is completed, cargo deposit
on the ground is achieved by reversing operational procedures
executed by the aircrew during load acquisition.

Vibration Isolation - An in-depth analysis of the potential
vibration characteristics of snubbed external payloads indi-
cated that isolation of the load (from the airframe) would
be necessary. Unlike conventional external cargo suspensions
(which have inherent vibration isolation due to the elastic
characteristics of nylon slings), a snubbed load attached to

17
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Figure 1.2 CH-47 External Cargod Handling System
(Snubbed Load) i
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the aircraft behaves more like an internal cargo configura-
tion. Using the internal load analogy applied in design of
an isolated floor for early model CH-47 aircraft, it was
determined that placement of the snub .load principal vertical
and pitch modal frequencies at about 8 Hz, would prevent load
vibratory motion amplification in the critical one and three-
per-rev rotor frequency range.

A scheme to achieve 8 Hz isolation, using a simple non-linear
(but otherwise) conventional steel spring at each hoist
attachment, was devised. The hoist isolation spring acts

in series with the spring rate of airframe backup structure
installed to mount each cargo hook. These two springs, in
turn, operate in parallel with gear oleo bottoming springs,
to form the complete load vibration isolation system. The
non-linear characteristic of the hoist spring maintains con-
stant 8 Hz load frequency, for all cargo payload weights

from 5000 to 25000 1bs.

Hoist System - Parametric evaluations of the hoist system require-
ment in Phase I revealed that tandem hoist configurations were
significantly lighter than comparable single hoist/pulley-
sheave arrangements, for snubbing the load/adapter combination
to the airframe. Hoist electrical power requirements, com-
patible with what is available aboard the CH-47 aircraft (to
power such auxiliary devices), dictated the use of about 5.5
to 6 horsepower motors to drive each hoist drum. Flexible
hoist cable (0.625 inches in diameter) was required to support
the ECHS and cargo payload during design flight maneuvers.
Another cable with 0.70 inch diameter, developed for the HLH
helicopter hoist system (and described in Reference 5) was
determined to be a suitable substitute for the ECHS prototype
system development; and a preliminary hoist layout developed
by Boeing Vertol to solicit vendor hoist design responses
reflected use of the HLH cable.

No suitable existing hoist system hardware was found to be
available which could be used directly in the ECHS develop-
mental effort without extensive, or costly modification.

1.4 PHASE II/III PRELIMINARY DESIGN & LAYQUTS/CIDS
DEVELOPMENT

On the basis of Phase I results which selected the gear-snub-
bing concept for further development, a set of preliminary
design criteria were adopted to guide the remaining design
activities. Principal criteria included the following
requirements for the snubbing system:

19
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o Acquire and snub std 8 x 8 x 20 MILVAN/ISO
CONTAINER/Gondola

e Maximum load - 25,000 1b

® Limit loeads -~ 29, or those resulting from critical
maneuvers (as defined in strucutral design of the

CH-47D triple hook system)
e Ultimate load factor - 1.5
¢ Hoists: Max speed 10 ft/min
12 ft cable length (max load)
22 ft cable length (no load)

e Fail-safe suspension - load retained after single
suspension failure

Structural Arrangement - Figure 1.3 presents a sketch of the
ECHS adapter framework developed for snubbing container pay-
loads against the CH-47 landing gear. At the top of the
figure is shown the initial Phase II/IIl design, with exten-
sions protruding from a central box framework to provide
support for the four landing wheel interfacing pads. Guide
arms for centering the adapter on the load during acquisition
are shown, along with corner twistlocks to attach the load to
the adapter. Guide and twistlock design technology was based
on the earlier CLAH developmental work (References 3 and 4).

At the bottom of Figure 1.3 is the final revised ECHS design;
reflecting modifications resulting from changes made to the
original configuration during the Phase IV wind tunnel test
(discussed later). Principal among the structural revisions
was a widening and thinning of the adapter to conform to the
lateral dimensions of the 8 foot MILVAN load; and a 3° nose-
up increase in positive incidence angle, at which the adapter
is snubbed to the landing gear. These two changes, along
with a rounding of the adapter forward edge, produced a
significant improvement in aerodynamic flow over the snubbed
load.

Subsystem Development - In addition to the adapter framework,
principal ECHS subsystems developed during the Phase II/III
effort included:

¢ The vibration isolation system
¢ The hoist system

o The ECHS electrical power and control systems
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A11 three subsystem elements are illustrated in the Figure
1.4 sketches.

Isolator - At the top of the figure is shown the hoist mount-
ing scheme which provides the non-linear vibration character-
istics determined to be necessary in Phase I. With the 8 to
1 moment arm ratio shown,spring rates required at the cable
(which vary from about 13,000 1b/inch for minimum load, to
ones 200,000 1b/inch when the hoist is loaded to 10,000 1bs)
are reduced at the isolator spring by a factor of 64 (which
is the moment arm ratio squared). This design feature permits
the generation of high spring rates at the suspension cable,
with a relatively light and compact non-linear spring ground-
ed to the adapter structure. Decreasing coil pitch, incorpor-
ated into the constant diameter spring when it is fabricated,
allows individual coils to bottom as the load is increased;
and this in turn raises the stiffness as the spring is
compressed.

Hoist Selection - With the preliminary design concept develop-
ed under Phase I as a guide, proposals for development of a
suitable hoist system were solicited from industry. The

three responses received reflected the work of the Western
Gear Corporation, A11 American Engineering and the Breeze
Corporation.

The Breeze response {shown at the center of Figure 1.4) best
met requirements for a highly efficient, lightweight system,
which would fit into the envelope restrictions of the ECHS
adapter framework. This device reflected use of an existing
6 horsepower hoist motor, and technology used in other hoists
currently produced by the company. Projected efficiency of
the drive gearing system was superior to others proposed -
and this is a significant fact - since aircraft electrical
power available to power the hoist is limited (especially
when one considers potential installation of sophisticated
additional NAV/COM equipment on the aircraft in the future
to permit effective terrain flying in battle situations).

Electrical System - The electrical system schematic shown at
the bottom of Figure 1.4 reflects all major sub-system
components required for ECHS operation. Aircraft AC and DC
power is used to activate the twistlocks and to power the
hoist systems. A carry on controller is mounted in the air-
craft at the cargo hatch, and an override capability is pro-
vided to the pilots in the cockpit. Operation of this ECHS
controller is normally performed by the aircraft crew chief,
while looking at the load through the cargo hatch. A1l power
to ECHS adapter subsystems is supplied through a self-
reeling umbilical cable (with breakaway fittings for emergency
jettison).
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An additional interconnect with the aircraft electrical/

AFCS system is also provided. This function disables the

gear - squat switch - AFCS signal (when the load is snubbed),
to prevent AFCS reversion in flight, to its on-ground mode of
operation during maneuvers.

Aircraft Modification Kit - As indicated earlier, the ECHS

adapter concept selected for development requires no struc-
tural modification to the aircraft for system interfacing.

Additions to the helicopter electrical system are:

e Receptacles for ECHS AC power cable attachment
and

e Landing gear squat switch - AFCS signal disable
interconnection

Other ECHS system elements can be removed from the aircraft,
any time load snubbing missions with container payloads are
not being conducted.

System Weights - Estimates of prototype and mature production
ECHS system weights revealed that the snubbing device would
only exceed the weight of the CLAH by 558 to 970 pounds.

This weight delta is more than compensated for, by substan-
tially reduced aerodynamic downloads experienced with the
snubbed configuration (as will be shown in the wind tunnel
results presented Tater in this section).

The projected prototype ECHS system weight is on the order
of 1870 pounds. With application of composite structural
elements and lightened hoist components {(which are well
within state of the art limits), this weight is expected to
decrease to about 1460 pounds for a system designed for
quantity production.

Critical Item Development Specification (CIDS) - A detailed
CIDS has been prepared for the ECHS, and 1s included as an
Appendix to this report. This specification delineates all
major system (and sub-system) design and performance require-
ments, necessary for detail design implementation leading

to a prototype hardware demonstration of the load snubbing
concept on a CH-47D helicopter,

1.5 PHASE IV - SNUB LOAD WIND TUNNEL TEST RESULTS

Results of Phase IV wind tunnel tests to evaluate aerodynamic
viability of the load snubbing concept are summarized in
Figures 1.5 through 1.9. The principal purpose of this test-
ing, with a 1/8 scale CH-47 drag model, was to determine
whether or not load snubbing causes any aerodynamic problem
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that would invalidate the concept, as a method for future
improvement of terrain and night/IMC flight capability with
external loads.

Wind tunnel data clearly indicated the snubbing concept

to be both sound and technically feasible. In fact, snubbing
MILVAN and Gondola loads on the adapter framework shown in
Figure 1.3 improves overall performance capability, when
compared to conventional load suspension systems employing
the CLAH. Testing was conducted in three phases, and each is
summarized briefly below.

Generalized Load Snubbing Evaluation - Figures 1.5 and 1.6
summarize the principal effects of mounting a MILVAN container
at various distances beneath the fuselage bottom, in order

to determine potential aerodynamic interference relationships
as the load is drawn closer to the airframe in intervals,
ending with the snubbed position. Both figures show a re-
duction in aerodynamic penalty when the load approaches the
fuselage (Figure 1.5 indicates reduced drag in the cruise
angle of attack range of the aircraft, and Figure 1.6 reveals
less download or negative 1ift). These results were at first
puzzling, since increased drag and download were expected to
go hand and hand with the snubbing process.

What actually occurred was a modification of airflow around
the aircraft ramp; which, in effect, "decambered" the fuse-
lage and substantially reduced its induced drag, as the load
was brought closer and closer to the aircraft lower surface.
Concurrent with improved drag and 1ift characteristics, was

an improvement in static directional stability (Ng) at low
yaw angle, and a neutral pitch stability (My) contribution

of the load. These stability characteristics are significant,
since no modification to the aircraft AFCS is required when
carrying loads in the snubbed configuration.

Adapter Aerodynamic Cleanup & Performance Summary - Figure 1.7
reflects a 20 ft<drag improvement achieved during "cleanup"
testing of the Phase IIl adapter framework sketched at the

top of Figure 1.3. As indicated earlier, widening and chang-
ing the adapter incidence (as shown at the bottom of this
figure) produced this drag reduction with the MILVAN installed.
A 20 ft2 drag improvement increases normal power speed by

4 to 5 knots, and reduces aircraft power required by about

400 shaft horsepower (both of which are worthwhile when con-
sidered in the context of fleet 1ife cycle fuel costs etc.)

Also shown for comparison in Figure 1.7 are drag results for
a MILVAN supported on a Tevel, equal length, 10 foot full
scale simulated s1ing suspension (just as the model was tested
in the "generalized" snubbing evaluation discussed above).
Flight test experience indicates that in order to achieve
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satisfactory levels of load directional stability, suspensions
providing 10° nose down attitudes for the MILVAN are required.

When this nose down load increment is accounted for, and then
added to the 5 to 7 ft2 drag projection for the CLAH adapter,
the result is a drag polar somewhat above that shown for

the "final" snubbed MILVAN result. In short, flying a MILVAN
snubbed will have a substantially lower drag penalty, when
compared to doing the job with a 10 to 20 foot conventional
sling suspension and CLAH arrangement.

Figure 1.8 presents a comparison of the cruise download con-
tribution of snubbed and conventionally suspended MILVAN
containers. The left hand plot reflects a lower download
with the snubbed MILVAN (than is produced when payloads are
carried internally) out to about 70 knots cruise speed. At
50 knots the conventional 10° nose down suspension has a
download exceeding that of the snubbed configuration by over
900 pounds. At 110 knots (which is well within the low
level terrain flight speed range), the snubbed download ad-
vantage grows to over 3800 1bs.

By adding the weights of the snubbing adapter and CLAH to

their respective download curves, the potential cruise payload
penalty (or required thrust increase to overcome download and
empty weight delta) is derived (right hand plot). This curve

clearly demonstrates the potential advantages of load snubbing.

To complete the download picture, results of carrying MILVAN
containers at various heights below tandem helicopter models
with powered rotors in hover (during the HLH program) were
analyzed, and corrected for CH-47D configuration differences.
Test results clearly showed that hover download on a snubbed
container would be negligible (and might in fact reduce the
overall aircraft download, because of improved vertical
fuselage fineness ratio).

On the other hand, when the load was mounted away from the
fuselage, at simulated suspension lengths of from 10 to 20
feet, substantial downloads were encountered. Hover download
projections for the CH-47/MILVAN combination (based on these
wind tunnel results) are listed below:

aD/L (STD. SUSPENSION MINYS SNUB) ~ LBS

SUSPENSION LT. 10 FT 15 FT 20 FT
FOR 30,000 LB A/C 440 580 700
50,000 LB A/C 730 950 1160
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Obvious from this table is the advantage that load snubbing
carries over conventional external suspension methods. Even
accounting for the (558 1b) empty weight difference between
the CLAH and final snubbing system, the ECHS has a potential
payload advantage for most practical flight gross weights.

This advantage can be realized for terrain flying missions,
because takeoff gross weight is not predicated on 0.G.E.
hover capability alone, as in most mission scenerios. For
terrain flight, the pilot must have 0.G.E. hover power
available, plus additional torque ranging from 5% upwards to
over 15% (depending on the intended mission); in order to
perform the various avoidance and bob or pop-up maneuvers
required to evade the enemy. This extra torque available
can be used to overcome additional download, during hovering
as the load is being hoisted to the snubbed position.

Gondola Aerodynamics Evaluation - Figure 1.9 presents the
results of an additional evaluation conducted to assess
prototype Gondola aerodynamic characteristics for the Army.
Since no wind tunnel data had been generated with this type
of container before, the Army was interested in assessing
aerodynamics for both an empty and loaded configuration, with
the container mounted first on a standard suspension, and
then on the snubbing adapter. Testing was accomplished with
the Gondola mounted on simulated 7 foot (full scale) inverted
"Vee" suspensions, and on an early snubbing adapter version.

As shown in Figure 1.9, when loaded with a simulated Forward
Area Rearm and Refuel Point (FARRP) payload, the Gondola
exhibits drag characteristics about the same as for a

MILVAN, on similar length suspensions. In the empty configu-
ration, Gondola drag was reduced by about 15 ft2, but was
still significant in the negative angle of attack cruise a
range.

With the Gondola attached to the snubbing adapter, drag and
1ift characteristics (when loaded) were again about the

same as for the MILVAN. A 15 ft2 drag reduction was also
produced when the FARRP payload was removed.
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2.0 INTRODUCTION

Current U.S. Army doctrine, as defined in References 6 and 7
("Employment of Army Aviation Units in a High Threat Envir-
onment", Field Manual 90-1; and "Terrain Flying", Field
Manual 1-1), provides for employment of the CH-47 helicopter
in a combat support role on mid-intensity battlefields of

the future. Terrain flying with the CH-47 will be necessary,
if it is to survive and complete its mission in this high
threat environment. Carrying cargo externally on missions

of this type is highly desirable, even if internal loading

is a viable alternative. Combat vulnerability is minimized,
as it reduces to seconds the forward area exposure time during
cargo deposit. Productivity is enhanced when large quantities
of containerized cargo are transported externally, and this
can be accomplished very rapidly, with a minimum number of
helicopters. If CH-47 combat support effectiveness is to be
maximized, then terrain flying with external loads must also
be conducted around the c¢lock, and in all weather conditions.

CH-47 Terrain Flying Study

A cursory examination of the concept of terrain flying with
external loads suggests that successful mission conduct is
currently restricted by a broad spectrum of limitations.

In 1977, the U.S. Army ATL-AVRADCOM laboratory sponsored an
in depth study by Boeing Vertol, to quantitatively assess
"Limitations of the CH-47 Helicopter in Performing Terrain
Flying with External Loads" (Reference 1). The study includ-
ed a comprehensive flight simulation to determine the ability
of the CH-47 to perform terrain flying maneuvers, both with
and without external loads, at any time of day, and in all
weather conditions. Potential systems for reducing pilot
workload, and for improving his ability to see terrain fea-
tures in poor visibility, were locdked at.

Figures 1.1 and 2.1 were taken from results of the Reference 1
terrain flight study, along with information presented in
Table 2.1. The sketches shown in Figure 1.1 .depict the vari-
ous terrain flying maneuvers simulated in the study; along
with the NOE, Contour and Low Level flight mode groupings

used in the quantitative assessment of aircraft/aircrew
capabilities. Roughly defined, NOE flight maneuvers were
considered to be those executed close to the terrain (or
masking cover), where the aircraft flew between or around
obstructions while varying airspeed and flight path. Contour
mode flying included going around obstructions where practical,
and over those which could not be flown around; again at low
altitude close to the ground. At the time the study was per-
formed, Low Level flight was considered to be constant air-
speed and altitude missions, at about 200 feet or less over
obstructions.
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Technical issues considered in making the quantitative
maneuver evaluations required for the study are illustrated
for the Forward "Dash" or Accel/Decel overview sketched in
Figure 2.1. 1Items such as aircraft maneuverability, masking,
and speed or time required to execute the maneuver were com-
puted with the simulation math model. Under each of these
major items were all of the sub-considerations which would
tend to influence how well the maneuver could be performed;
first with a baseline internal payload case, and then with
the appropriate external cargo configuration at the same air-
craft gross weight. As an example of how "maneuverability"
was evaluated, things like low speed aircraft performance,
load motions and tendencies for the pilot to excite the Toad
longitudinally and cause PIO (pilot induced oscillation),
were accounted for.

Two types of payloads were evaluated: a 1light empty MILVAN,
exhibiting strong aerodynamic and weak inertial characteris-
tics when suspended externally; and a very heavy point-mass
type 155MM howitzer load. Conventional and short sling
suspensions, using single point and tandem hook arrangements,
were investigated, along with a group of automatic load
stabilization and self hoisting 1oad snubbing systems intended
to overcome shortcomings of the sling suspended loads.

Using the terrain maneuver groupings of Figure 1.1 and indivi-
dual considerations of the type pointed out in Figure 2.1,
results of the MILVAN study were quantified as shown in

Table 2.1. This chart compares aircraft masking and maneuver-
ability for all three terrain flight modes, with each type

of 1oad suspension evaluated. Percentage figures given in the
table indicate how much worse any given suspension was, when
compared to the internal load baseline at the top of the
table. Numbers in parentheses rank the various suspension
alternatives, with (1) representing the best performance
relative to the baseline, etc. Obvious from the table, is

the superior capability of the load snubbing concept for over-
coming external load suspension problems.

The three significant conclusions of the study relative to
load snubbing against the aircraft were:

o It would stop all load motion and thus prevent:

- Load/fuselage collisions

- Longitudinal PI0 potential at night or in
reduced visibility

- Increased pilot workload due to oscillation
of poorly damped loads
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o It would provide the potential for the best
masking effectiveness possible, when carrying
external cargo

¢ The self hoisting adapter concept suggested
permits reasonable load acquisition and deposit
capability, without requiring incorporation of
sophisticated Automatic Flight Control System
modes (in the aircraft) to accomplish the task.

Recommendations of the study (relative to cargo handling
systems) were to continue development of the self-hoisting
container handling device for snubbing loads to the CH-47
aircraft by:

e Conducting a preliminary design study

o Evaluating the necessity for load vibration
isolation

e £Establishing aerodynamic consequences of snubbing
loads to the aircraft.

A1l three of these recommended tasks were performed under the
Reference 2 contract described in this report. The principle
purpose of this follow-on work has been to develop Prelimi-
nary Design Layouts and a Critical Item Development Specifi-
cation (CIDS), suitable for application 1in detail design
leading to prototype demonstration of the CH-47 load snubbing
concept.

In addition to the background provided by the CH-47 Terrain
Flying Study, another cargo handling effort completed at
about the same time also provided useful input into the
current snub load program. This was the Container Lift
Adapter - Helicopter (CLAH) design development described in
References 3 and 4. Several sub-system concepts utilized in 4
the CLAH, have been carried over in design implementation
of the snubbing concept.

CLAH Description

Figure 2.2 presents a general arrangement sketch of the CLAH,
with two acquisition guide arms retracted for storage. The
system is intended for use with aircraft tandem hook cargo
systems, and will normally be flown on inverted "Vee" conven-
tional slings. Single point suspensions are also possible
for retrieval of the device.

The CLAH provides an interfacing system between the container-
ized payload and the aircraft suspension slings, and &

o
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performs the following functions:

o Acquisition and deposit of MILVAN/Gondola/
ISO container payloads without ground
handling personnel

and

e No pre-rigging of the container payload
is required for use of the system.

These two capabilities of the CLAH have special significance,
in 1light of current requirements to reduce the number of
people involved with cargo handling logistics (and, instead,
concentrate personnel in areas directly related to accomplish-
ing battlefield tasks where they are critically needed).
Modern battle strategy is changing from a personnel intensive
approach, to one centering on the application of advanced
technology and hardware.

As shown in Figure 2.2, the CLAH employs six retractable guide
arms to center the device (during acquisition) on the load,
for insertion of the corner mounted twistlocks. The retract-
able feature allows adjacent stacking of MILVANS, Gondolas,
etc., and deposit or extraction of these containers from
confined areas such as cargo ship holds. At the present

time, two prototype CLAH units being fabricated for Army
evaluation do not include the guide arm retraction feature.

In developing the snub load concept, the fixed guide arm,

and corner twistlock functions of the CLAH have been incorpor-
ated in the new design. Both of these features provide a
straightforward and relatively light-weight mechanical
approach to the difficult task of rapidly acquiring and secur-
ing the load for transport. As in the CLAH application, the
snub load corner twistlock system is intended to operate only
befaore the load is picked up off the ground, or after it is
deposited at the end of a mission. Emergency jettison of the
snubbed load is effected through operation of the aircraft
cargo hook system - not the twistlocks.
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3.0 PHASE I - CONCEPT ANALYSIS

As described in the contract statement of work, Phase I snub
load developmental activity was to include an "assessment of
concept feasibility and actual design constraints, for the
following areas:

(1) Establishing need for load vibration isolation,

(2) Methods for attachment of the load to the fuselage
with minimum airframe structural modification required,

(3) Review existing hoisting hardware for application in the
Preliminary Design Phase."

A1l three of these tasks were successfully accomplished in
Phase I. The net outcome of this concept evaluation work was
selection of a system that snubs the load against the aircraft
landing gear; and employs a self hoisting adapter framework
for acquisition/deposit and load/aircraft interfacing, along
with electrically powered 6 horsepower tandem hoists installed
on 8 Hz vibration isolation spring mounts (as shown earlier

in Figures 1.2 and 1.4).

Highlights of the selection process are described in this
section of the report. Although the initial evaluation of
candidate concepts and vibration isolation requirement
analysis studies took place at essentially the same time,-
concept evaluation is described first, followed by the
vibration assessment. This section of the report concludes
with a description of the hoist preliminary design work,
accomplished to provide background information for a summary
of existing aircraft hoist hardware.

3.1 CONCEPT EVALUATION AND SELECTION

Using the load snubbing approach developed during the
Reference 1 CH-47 Terrain Flying Study as a starting point,

a number of different ways to interface the load and airframe
in the "snubbed" configuration were conceived of, and each
was then evaluated quantitatively to select the best system
for further design development. Very early in the conceptual
phase of this snubbing design synthesis, it became apparent
that load snubbing, per se, was not the problem - the real
difficulty with any system of this type(intended for deploy-
ment with the CH-47)was load acquisition/deposit; which was to
be accomplished without assistance of ground crew personnel,
or pre-rigging of the cargo in any way.
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System Alternatives

Two possible approaches to the load acquisition/deposit
problem were to either:

e Utilize a CLAH like adapter framework with guide
arms for mechanically centering on, and acquiring
the load for twistlock insertion (as described in
Section 2)

or

e Modify the CH-47D mechanical and automatic flight

control (AFCS) systems with linear velocity control

functions (similar to those developed for the HLH
helicopter, and flight test demonstrated on the
Model 347 aircraft) to substantially improve
CH-47 low speed flight precision and hovering
accuracy

- and at the same time -

Provide mechanical capture capability on the air-
craft, to perform final guidance and locking
functions for attaching the load to the airframe.

Although both of these approaches appear to be technically
feasible (based on 347/HLH flight test results), the second
was eliminated from consideration because of extensive modifi-
cations required to the CH-47 control system and airframe to
make the system work. These modifications violate contractur-
al requirements for minimal aircraft change. As a point of
interest, flight test results from the HLH program (described
in Reference 8) indicated hovering accuracies with 10 knot
steady winds gusting to 24 knots (which are reasonably low
speeds when considering "all-weather" load acquisition
requirements) to be in the following range:

e With SCAS Only 4 FT. CEP*

e With Low Speed Velocity 1 1/2 FT. CEP
Control using IMU

e With Precision Hover (PHS) 4 IN. CEP
Velocity, Control Mode Engaged

*Circular Error Probability

These hover accuracy figures indicate that an aircraft using
SCAS functions alone (similar to those in the CH-47D AFCS)
would only be capable of hovering inside a circle with a four
foot radius during load acquisition. Linear velocity control
improves this substantially, but even with a PHS installed,
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additional capability in any load snubbing and acquisition
system would have to be provided, because the CEP hover
accuracy exceeds the size of the corner rigging holes in the
container by a factor or two.

The "capture" capability of a CLAH 1ike adapter concept em-

employing mechanical guide arms extending downward and outward.

allows the pilot to "bomb" the load with the adapter, anytime
the crew chief tells him he is approximately centered over
the container. By lowering collective pitch, the adapter
settles onto the load, centers itself for twistlock insertion
automatically,and the suspension cables then become slack.

In this configuration with cables slacked off, the aircraft is
essentially "free" from the constraint of the load during the
critical hookup and locking process. This freedom in the
horizontal and vertical directions (although limited by sus-
pension cable length) is essential because of the hover
accuracies pointed out above, Alternative systems rigidly
connecting or pinning the aircraft and load would make the
acquisition process in winds a virtual impossibility; not to
mention the problem associated with aircraft control once it
was attached to a heavy stationary load on the ground.

Concept Evaluation

With the adapter/guide arm approach to load acquisition
selected, eight separate conceptual methods for snubbing the
load to the bottom of the aircraft were devised. Figures 3.1,
3.2, and 3.3 present sketches and brief descriptions of these
eight concepts, and Table 3.1 lists the salient features of
each used in judging which was best for follow~on preliminary
design. Among the items considered were:

e Guidance for load acquisition

¢ ‘Load/adapter retention

¢ Method of Vibration Isolation

o Fail-safe features

¢ Structural load reaction against the airframe

e Emergency release approach

e Aircraft rework required for system interfacing

e Logistics
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No.

No.

No.

1

2

3

Snubbed to landing gear

Single hoist
Isolator on hoist

Snubbed to airbag
Airbag attached to
adaptor

Isolator on hoist

Snubbed to pads on
airframe thru spring
units

Guide frame at hatch
Isolator on hoist

Ftgure 3.1

Configurations Maintatnitng Tenston on Cables
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No.
"6"’/ No.
{ Sl = S
—Ti
No.
L
— WA, -
/v

Typical Lock

3 locks
Airframe Beef-up req'd.
Isolators at attachment:

Single lock at center
Snubbed to pads thru
spring units

Isolator at attachment
Guide frame at hatch

- Extensive airframe

beef-up

Remove ERC hooks
Install interface beam
with hooks,locks and
guides

Isclators: at attachment:

single lock at canter
Snubbed to L/G
Isolator at attachment

Figure 3.2 Configurations Locking to Fuselage
. | No Tension on Cables
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Table 3.2 presents numerical results of the Phase I candidate
selection scoring task, which clearly identified Configuration
8 (snubbing against the aircraft landing gear while maintain-
ing load on the suspension cables) as being superior to the
other seven concepts. Weighting factors selected for the
scoring were chosen on the basis of contractural guidelines
requiring minimum aircraft rework, concept simplicity, etc..
It should be pointed out that configurations maintaining load
on the cables during snubbed flight were superior to those
which locked the load to the aircraft; because the latter
required redundant load path structure to either support the
load, or to react its motion through snubbing pads, springs
etc.. This extra structure obviously incurs additional weight
penalty, which should be avoided if possible.

Before describing the vibration isolation analysis, it is
important to point out why the single point center suspension
(Configuration 7) was rejected. This approach at first seemed
attractive because of its simplicity; i.e. support the entire
lToad on the center cargo hook, and react against the gear for
snubbing isolation. Unfortunately the idea has two flaws,

one of which made the concept impractical for further consid-
eration.

First, insufficient stiffness is present on the aircraft
backup structure around the center track to provide spring
rates necessary for 8 Hz load vibration isolation (described
later). The second problem is that, in the event of an
inadvertent center hook operation, the load reverts to support
by the hoists, and this would necessitate installation of a
braking system for these devices not otherwise required.

The better solution to load retention is incorporated in
Configuration 8 (Figure 3.3), which provides a redundant

center hook attachment that only carries load when either the
forward or aft hook (or hoist) suspension fails. Should such

a failure occur, the remaining suspension and center attachment
retain the load, whereupon the mission may proceed (at reduced
speed and maneuver capability), or a precautionary deposit of
the load can be effected by the aircraft commander if desired.

3.2 VIBRATION ISOLATION ANALYSIS

Criteria

Dynamics criteria for vibration isolation of snubbed loads
considers three principal problem areas:

e Potential effect of 3/rev fuselage vibration

o Pilot induced oscillation (potential for
"vertical-bounce")
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QUANTITATIVE
CONFIGURATION COMPARISON
- 7
CONFIGURATION v b2l sl e Is |6 525 g
1
EVALUATION WT FAC
CRITERIA
CFT REWORK 40 40 10 | o 20 35 | 40
SYSTEM
SIMPLICITY 15 15 s | s 0 10 |12
AIL SAFE 15 e A 10 10 15 | 15
COST 10 10 310 0 8 {10
MEIGHT 10 0 10 | s ol ol o
LOGISTICS/
DPERATIONS 10 10 5 | s 0 3 |10
TOTAL 100 75 33 25 30 AT,
A\ REQUIRED AIR PRESSURE OF 200 PSI IMPRACTICAL.
2\ SINGLE ATTACHMENT STIFFNESS TOO LOW FOR ISOLATION REQUIREMENTS.
[\ POOR FAIL SAFE CHARACTERISTICS MAY BE CAUSE FOR REJECTION.
A\ PROBLEMS OF STRUCTURAL REDUNDANCY COULD BE CAUSE FOR REJECTION.

Table 3.2 Load Snubbing Concept Evaluation
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e Static deflection of the isolation system
under load.

The 3/rev fuselage vibration for the CH-47 aircraft is insensi-
tive to gross weight change with internal ballast, with fuel
burnoff or with external sling loads. For internal ballast,
this has been provided (in aircraft through the C Model) by an
isolated cargo floor utilizing constant frequency rubber mounts
that maintain a suspension frequency near 8 Hz. This causes
the natural modes of the aircraft near 3/rev {(11.25 Hz) to be
insensitive to ballast variations, and results in low 3/rev
vibration levels similar to the empty aircraft. The same
isolation technique is employed for the isolated fuel tank
system. With external sling loads, the ballast is dynamically
isolated from the fuselage by the softness of the nylon strap
sling system.

Pilot-induced oscillations at 1/rev are no longer a problem as
they were in early CH-47 aircraft, because of incorporation of
the ECP-410R3 thrust control system which alleviates external
load vertical bounce. The CH-47D AFCS provides similar pro-
tection from this phenomena. However, external load natural
frequencies should still be sufficiently removed from 1/rev
vibrations, to avoid amplification where possible.

Static deflections of snubbed external loads must be rela-
tively small in order to maintain the snubbed position during
both steady 1.0g flight, and while performing terrain flight
maneuvers close to the ground. The following table shows the
frequency ranges required to avoid amplification of 1/rev and
3/rev vibrations, and the attendant static deflections.

FREQ. AT REQ'D FREQ STATIC

225 RPM FOR ISOLATION DEFLECTION
1/Rev 3.75 Hz <2.65 Hz 1.39 Inch
1/Rev 3.75 Hz >5.25 Hz .36 Inch
3/Rev 11.25 Hz <7.9 Hz .16 Inch

Obviously, the lower frequency isolation schemes would experi-
ence large deflections, while the 7.9 Hz isolation would have
manageable motions.

In summary, the following dynamic criteria were established for
CH-47 snubbed external loads:

e Isolation is required to prevent degredation
of the cockpit/cabin environment, which would
substantially increase aircrew workload and
decrease comfort




o Isolation freguency placement to be 8 Hz

e Vertical and pitch modal isolation is prime

¢ To maintain constant 8 Hz, non-linear isolator
springs are required, as payloads are varied
between 5,000 1bs and 25,000 1bs.

e Small static deflections are required (.16 inch
with 8 Hz isolation).

Configuration Analysis

Dynamic analysis of a range of snubbed load weights and systems
was conducted. The analysis technique employed was to convert
the helicopter-suspension-external load system to a single mass
system by calculating an equivalent effective mass (effective
mass is equal to the product of the helicopter and external
load masses divided by the sum of their masses). Then the
effective mass was employed in a six degree of freedom rigid
body on springs WATFOR analysis, to calculate the suspension
frequencies. Weights and inertias of the CH-47C helicopter
were used in the program, but these are quite similar to

CH-47D values provided after the analysis was completed, and
thus the results are considered to be valid for the prelimi-
nary design.

A1l eight candidate snubbed load suspension schemes were
investigated, but in the interest of economy, only those most
promising were thoroughly analyzed to derive isolator require-
ments, etc..

The first cut requirement of the load suspension system is to
provide a vertical suspension frequency of 8 Hz. To accomplish
this a total vertical spring rate of 27,500 1b/in is required
for a 5,000 1b load, and 84,500 1b/in for a 25,000 1b load.

The cargo hooks have vertical stiffnesses of 27,400 1b/in for
the center hook, 40,500 1b/in for the forward tandem hook, ard
36,800 1b/in for the aft tandem hook. Any suspension employing
only the center hook would be too soft, and therefore not
acceptable as described earlier. A configuration using the
forward and aft hooks would be stiff enough with inclusion of
the snubber stiffness; and obviously, a configuration employing
all three hooks would have adequate backup structural stiff-
ness to permit placing the vertical and pitch frequencies at

8 Hz.

To maintain a constant 8 Hz frequency placement over the 5,000
1b to 25,000 1b load range, non-linear springs are required.

They must have the characteristic of increased stiffness with
increased load weight, and the amount of the static load must
prescribe the dynamic stiffness. The most practical solution
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is to have the suspension system employ snubbers with rela-
tively low constant stiffness, while the load supports con-
tribute the majority of the stiffness that is non-linear with
load.

A fairly Tow stiffness snubber is already available on the
CH-47 helicopter in its landing gear. Over the first several
thousand pounds of strut load, each forward gear has an equiv-
alent stiffness of 1700 1b/in, and the aft 1300 1b/in. This
stiffness is provided by the combination of a bottoming spring
installed in the oleo strut, and by the spring rate of the
inflated tires. Figures 3.4 and 3.5 (from Reference 9) relate
oleo strut and tire deflection under load to spring rate; which
can be derived for the series mounted (coupled) tire and strut
combination, by summing the inverse of the spring rates for
each. :

A snubbing scheme employing all four landing gear would have
the relatively low 6,000 1b/in stiffness desired. Two concepts
utilizing the landing gear springs in paralled with the hoist
and backup structure springs, (along with the tandem hooks for
support), are configurations 1 and 8 (Figures 3.1-3.3). When
Configuration 7 is supported on all three hooks simultaneously,
and is then snubbed against the gear, this system also has the
potential for providing the isolation required. Because Con-
figuration 6 (with an interfacing framework between the air-
craft and the adapter) was also considered as a possible solu-
tion; it too was analyzed to develop requirements for a vibra-
tion isolation system. Table 3.3 presents a schematic outline
of how the three spring network (gear, hoist mount, and backup
structure) operates to generate vertical isolation required for
snubbing (using the aft hoist and gear assembly, and a 5000 1b.
load as an example). At the bottom of this table are summariz-
ed the principal results of isolation analysis work conducted
for candidate configurations considered worthy of further
evaluation.

Figure 3.6 presents analytical results for Configuration 1 and
8. The upper plot shows the frequency placement of each mode
with load variation, when no isolation is employed. The prime
natural modes, vertical and pitch, are above 3/rev at light
load weights, and pass thru 3/rev at 2 load weight of 10,000
1b. At 25,000 1b both modes are near 8 Hz which is the desir-
ed frequency placement. In order to lower the lighter load
weight frequencies to 8 Hz, isolation is needed as shown in
the lower plot for each hoist support. With cargo hook isola-
tors having the characterisitcs shown, it is possible to get
satisfactory frequency placement as indicated at the bottom of
the plot. The vertical mode has a constant fraquency of 8 Hz
over the load range, while the pitch mode is 10 Hz at the
lightest weight, and moves down to 8 Hz at the greatest weight.

Figure 3.7 shows the analysis results for Configuration 7
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Figure 3.4 Forward Landing Gear Properties

(Data from Reference 9 for YCH-47D)
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Aft Landing Gear Properties

(Data from Reference 9 for YCH-47D)
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CH-47 SNUBBED EXTERNAL LOAD - CONFIGURATION 1 NATURAL FREQUENCIES

= PEQD FRER. PLACEMENT
. FOR VERTICAL § HICH MECES -

Fiqure 3.6 Effect of Support Isolation on
Frequency Placement for Snubbed Load
Configurations 1 & 8 (Tandem Hooks)
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CH-47 SNUBBED EXTERNAL LOAD - CONFIGURATION 7 NATURAL FREQUENCIES
[ EXTEANIL (0AD SNOBE) AGAINST LANDING DBR2: ¢ CBIoRT
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Figure 3.7 Effect of Support Isolation on
Frequency Placement for Snubbed Load
Configuration 7 (Three Hook Redundant)
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with three load supports. In the unisolated case the results
are similar to Configuration 1, except that the vertical mode
has a slightly higher frequency due to the additional stiff-
ness of the center cargo hook. Again with the isolator char-
acteristics shown, it is possible to place the vertical and
pitch modes in close pro,imity to the required 8 Hz. Since
Configurations 1, 7, and 8 all employ forward and aft cargo
hook isolators of similar stiffness, the isolator may be in-
corporated in either a common or tandem winch system as
desired. One drawback of the three hook concept is that the
redundancy of support makes load sharing difficult and trouble-
some. If, for example, the majority of the load was being
carried on the center hook, the frequency placement would be
Tower than required.

Figure 3.8 contains the analysis results for Configuration 6,
where the load is supported by two hooks on the interface
framework, and is held against two snubbers located on either
side of the forward cargo hook. A soft stiffness of 500 1b/in
in all directions was arbitrarily selected for each snubber.
Again,in the unisolated case the vertical and pitch modes start
above 3/rev at light weight and move to just below 8 Hz at
heavy weight. With a non-linear type of isolation,it is
possible to place the vertical and pitch modes near 8 Hz over
the entire load spectrum.

Conclusions and Recommendations of the Isolation Study

o Isolation of snubbed external loads is required.
Vertical and pitch natural frequency placement
should be 8 Hz.

e External load support must utilize either two or
three cargo hook arrangements. One hook is too
soft. Three hooks are redundant and complicate
load distribution. Two hooks are the best.

¢ Any low stiffness snubbing arrangement with a
total spring rate of 6000 1b/in or less will
permit proper freguency placement. The landing
gear could provide such a snubber.

o The load-support isolators must have a non-linear
spring rate, which increases stiffness with
increasing static load. With a two-hook arrange-
ment one isolator could be integrated into the
common hoist if this configuration is preferred to
the dual hoist system discussed earlier. A three-
hook configuration would require an additional
isolator for the center hook.
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Figure 3.8 Effect of Support Isolation on
Frequency Placement for Snubbed Load
Configuration 6 (Tandem Hook +
Bumpers on Frame)
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Effect of Load Vibration on Landing Gear Qleo Life

To ensure that the landing gear snubbing concept would not
reduce MTBO rates, or cause premature failure of oleo strut
seals, an investigation of potential strut vibratory motions
was conducted. Results are shown in Figure 3.9, which depicts
vibratory movement of the gear axle for various flight regimes
with a snubbed load. The tire is considered to be rigid, as
is the adapter framework.

Typical osciliation amplitudes of between .006 and .05 inches
are predicted to exist, if all rigid body load motion is
transferred through the tire into the strut. Motions as small
as these for oleo struts or hydrualic actuator pistons have
the potential for causing rolling rather than sliding motion
of "0" ring type seals; with a concurrent reduction in overall
life. The smaller the amplitude of motion, the more likely
round seals are to roll in their mounts.

At the present time, it is expected that the combination of a
compliant tire tread, along with the flexibility built into
the adapter structure itself will prevent the oleo seals from
becoming a problem, when the load is snubbed. Nevertheless,
small amplitude vibratory endurance bench testing of an oleo
strut and tire system should be considered in the overall
developmental program to ensure adequate seal life (prior to
any flight testing of the concept). Once in flight test, oleo
seals should be periodically monjtored for wear. Should
unexpected problems arise, potential solutions are available
with improved actuator/strut seal technology demonstrated in
recent years. Cylindirical rather than "0" ring type seals with
special retention hardware to prevent rolling are readily
available, and could be installed in the gear if necessary.

3.3 PRELIMINARY HOIST CONCEPT DEVELOPMENT

In order to determine whether or not existing aircraft hoist
hardware might be suitable for the snubbing concept, a rough-
cut preliminary design was developed first by Boeing Vertol

to define system requirements. Highlights of this preliminary
analysis work are summarized in Table 3.4; and the final hoist
design resulting therefrom is sketched in Figure 4.11,

The principal results of the study found that about 12 horse-
power were required to raise the load to a snubbed position, in
the one minute requirement stipulated in initial criteria.

This level of power can be supplied by the CH-47D electrical
system, with an excess capability available for later additions
of terrain flying NAV/COM gear in the future.

To meet the ultimate load carrying requirements for the
hoisting system of 60,000 1b (resulting from 2g maneuvers,
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LOAD SNUBBING HOIST - PRELIMINARY DESIGN

DESIGN CRITERIA
[] EACH ATTACHMENT TO HAVE ULTIMATE LOAD CAPABILITY OF 60,000 LBS
] TOTAL PRE-LOAD ON LANDING GEAR OF 5,000 LBS (1,250 LBS EACH NOMINAL)
[] MOISTING TIME NOT TO EXCEED ONE MINUTE

HP REQUIREMENTS
BASED ON 12 FT. OF CABLE AND HOISTING TIME OF ONE MINUTE:

HP = 25,000 LB PAYLOAD X 12 FT _
(ouT) 33,000 9.1 HP

ASSUME 85X EFFICIENCY AND 90% POWER FACTOR

WPy = &1« 11,9 wp AC
.85 X .9

CABLE SELECTION

60,000 LB ULTIMATE LOAD
MIL-C-5424 CABLE REQUIRED TO BE .875" DIA
HLH TYPE CABLE REQUIRED TO BE .625" DIA

ALTERNATIVES TO BE CONSIDERED:

o DESIGN HLH TYPE CABLE .625" DIA 61,000 LB UTS
o USE EXISTING HLH CABLE DESIGN .700" DIA 75,000 *

® USE MIL-X-5424 CABLE (LOW FLEXIBILITY) .875" DIA 66,000

e USE MIL-C-5424 CABLE .625" DIA 35,000 »*

*  THIS ALTERNATIVE WOULD REDUCE PAYLOAD BECAUSE OF EXCESS CAPABILITY -
COULD BE CONSIDERED FOR PROTOTYPE UNITS

** NO 3/4 INCH CABLE AVAILABLE

EQUIPMENT SURVEY

VENDORS CONTACTED:
ALL AMERICAN ENGINEERING CORPORATION

WESTERN GEAR CORPORATION
BREEZE CORPORATION
HOOVER ELECTRIC COMPANY

NO EXISTING EQUIPMENT AVAILABLE WITH THE REQUIRED CAPACITY, OR SIZE ENVELOPE
PRELIMINARY HOIST DESIGN
THREE CONFIGURATIONS OF HOIST WERE CONSIDERED:

o CENTER MOUNTED, DUAL DRUM HOIST WITH 5/8 DIA. CABLE
o CENTER MOUNTED, DUAL DRUM HOIST WITH 7/8 DIA. CABLE
o TANDEM HOISTS, MOUNTED AT HOOK LOCATIONS WITH §/8 DIA. CABLE

WEIGHT TRENDS WERE PREDICTED USING HLH HOIST DATA, AND WEIGHT TREND INFORMATION FROM
USSAMROL TECHNICAL REPORT 74-97A. ALL DESIGNS USE D/4 RATIO OF 25. (DRUM/CABLE DIAMETER)

CABLE PREDICTED MOIST ESTIMATE OF TOTAL
CONFIGURATION DIA. WEIGHT - LB SHEAVE INST. WT. WEIGHT
SINGLE WOIST, OUAL .825 500 n §70
ORUM
SINGLE WOISY, DUAL .87% % 8 846
DRUM
TANDEM MO1STS .625 250 EACH 0 500

CONFIGURATION SELECTION
THE TANDEM HOIST CONFIGURATION WAS SELECTED BECAUSE OF:

LOWER MOIST SYSTEM WEIGHT .
INCREASED FATIGUE LIFE OUE TO ELIMINATING SHEAVES (PULLEYS)
NG FLEET ARGLE PROSLEMS

SIMPLIFIED STRUCTURE - KO COMPRESSIVE LOADS IN ADAPTER
PROVIDES OIFFERENTIAL HOISTING CAPABILITY

Table 3.4 Load Snubbing Hoist - Preliminary Considerations & Design
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with a 1.5 ultimate load factor included) 5/8" cable is
required, and needs to be flexible enough to coil over reason-
able sized drum diameters without creating undesirable fatigue
1ife constraints. Super-flexible cable of the type developed
for the HLH helicopter, and described in Reference 5, meets
this requirement.

For the demonstration prototype snub load units, actual HLH
cable (0.70 inches in diameter) could be used, and the hoist
drums (discussed in Section 4) have been sized to utilize this
diameter cable. Application of the HLH cable would, of course,
incur a weight penalty - but this would probably not be
excessive for any demonstrator ECHS fabricated to prove that
load snubbing is a workable concept.

In addition to sizing power and cable parameters for a load
snubbing hoist, it was also determined (as shown at the bottom
of Table 3.4) that tandem hoist systems were considerably
lighter than comparable single hoist devices employing pulley
sheaves at either end of the adapter to route cables up to the
cargo hooks. The principle advantages of the dual hoist
approach over the single system are pointed out in Item 6, at
the bottom of the table.

Industry Hardware Survey

Using the preliminary design first discussed, a survey of
available aircraft hardware revealed that no hoists were
currently capable of meeting the needs of the snubbing system.
One hydraulic powered hoist, the Breeze model BL -6700, could
be reeved with pulleys to carry a reduced Toad factor snubbing
system, but was otherwise totally unsatisfactory for applica-
tion with the Vertol snubbing concept for reasons given later
in Section 4.4,
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PRECEDING PAGE BLANK-NOT FILMED

4.0 PHASE II/III - PRELIMINARY DESIGN,
INCLUDING LAYOUTS/CIDS

The concept established in the Phase I task has been develop-
ed into a preliminary design, and is described in this sec-
tion. Major areas of consideration during these two phases

of the program include: System Operation, Structural Configu-
ration, Load Analysis, Hoist Design, Isolator Configuration,
Load Acquisition and Release, Electrical Requirements, Air-
frame Mods, ECHS Dynamics, Safety and Emergency Operation,

and Costs and Weights.

Figure 4.1 illustrates the general arrangement of the ECHS
before the Phase IV wind tunnel program was conducted. Phase
IV results showed that improved performance could be obtained
by modifying the shape of the ECHS structure. These changes
have been incorporated in the preliminary design, and the
latest general arrangement of the ECHS is shown in Figure 4.2.

The end result of this preliminary design effort is a Critical
Item Development Specification (CIDS), included as Appendix A
of this report.

4.1 SYSTEM DESCRIPTION & OPERATION

Figure 1.2 illustrates the External Cargo Handling System
"(ECHS) acquiring an 8 x 8 x 20 foot container. Also shown

is the ECHS in its snubbed mode, interfaced between the heli-
copter and the container during forward flight.

The ECHS consists of the following elements:

1. A basic structure that provides the support for the four
twistlock elements to interface with a standard ISO
20 ft. container; the six guide arms to locate and assist
in inserting the twistlocks into the container; and two
hoists and their assoctated system to permit the ECHS to snub
against the aircraft. The basic structure includes the
extensions and pads required to locate and interface the
adapter with the aircraft landing gear.

2. A twistlock system that will engage with the ISO container.
The twistlocks are actuated by a single electrical actua-
tor, with mechanical interconnection. A manual lever will
provide an override capability for backup ground use, or
when electrical power is not available.

3. Guide assemblies are located to provide one guide arm at
each end of the container and two guide arms on each side.
The guide arms are readily removable for replacement, or
to allow loads to be positioned in restricted areas.
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4. Two hoists shall be arranged at locations to suit the tan-
dem hook spacing on the CH-47D. The hoists are to be
powered from the aircraft's electrical system by means of
an umbilical cord. The hoists are mounted with dynamic
isolators to prevent amplification of the airframe vibra-
tion degrading the aircrew environment.

The ECHS system will operate as follows:

The ECHS is positioned in a clear area, supported on the six
guide arms. The hoist cables are fully out. (This would be
the normal final configuration on completing an operation,

If the cables have been rewound on the drums for storage,

a ground power unit may be used to provide power to deploy

the cables prior to use.) The ECHS may also be positioned
alongside the CH-47D helicopter and the umbilical cable con-
nected from the helicopter to the ECHS junction box, providing
power to deploy the cables.

The CH-47D helicopter will have a hoist motor speed control
unit and ECHS control panel on board. The control unit will
be connected to the aircraft AC bus. The control panel will
be connected to the motor speed control unit and to the cabin
DC power outlet, and to the remote pilot override control
installed in the cockpit. A pre-coiled umbilical cable is
attached to the motor speed control unit via breakaway type
quick disconnects. The umbilical cable is located adjacent
to the open hatch at the center hook. The center hook would
be down, ready for use.

The helicopter will hover over the ECHS at approximately 12
feet above the ground, initially aligned parallel to the
adapter longitudinal axis,with the aft gear snubbing arms ex-
tended rearward. The umbilical cable is passed through the
hatch to a ground crewman stationed on the ECHS, and is con-
nected to a junction box on the ECHS structure. The ground
crewman will then take the eye terminal of the forward hoist
cable and attach it to the forward hook, followed by attach-
ment of the aft hoist cable to the aft hook. The ground crew-
man will descend from the ECHS and clear the area. Alternate-
ly, the two hoist cables may be connected to the hooks while
the aircraft is still on the ground (with the adapter beside
it) prior to takeoff, to prevent the ground crewman from hav-
ing to stand close beneath the helicopter during hookup.

The helicopter will then 1ift the ECHS clear of the ground and
energize the "hoist-up" control on the control panel, until the
"safe to 1ift" indicator is 1it on the control panel. The
ECHS wil) now be suspended approximately 10 feet below the
helicopter in a level attitude. The helicopter is then

flown to the cargo area and positioned over the container or
Gondola to be transported. The helicopter will slowly
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descend until the ECHS guide arms are located just above the
load. Continued descent will center the twistlocks on the
receptacies on the container, and the weight of the ECHS is
supported by the container.

At this time, the corner interlock down indicator will tight
on the control panel and the twistlock "lock" position can be
selected. When the twistlocks are all locked, the "locked"
indicator will 1ight on the panel. The helicopter will now
ascend, 1ifting the ECHS and the load clear of the ground.

The operator now selects "hoist up" on the panel. The hoist
select switch must be in "both" during normal operations.

The forward hoist will begin to reel in its cable followed

by the aft hoist, thus pulling the ECHS toward the helicopter.
As the ECHS approaches the helicopter, the attitude of the
ECHS is gradually changed to match the nose-up attitude of the
aircraft. When the ECHS contacts the landing gear, limit
switches will de-energize the hoists and the hoist brake will
engage. The 1imit switches will be adjusted to provide the
correct amount of pre-load on the landing gear. The "load
snubbed" indicator will now be 1it and the hoist control
switch can be positioned "off".

The center hook attachment latch will now engage the center
hook by means of the latch actuator; sequenced to operate
after the hoists are "off". This is a fail-safe attachment
and is only loaded if the forward or aft attachment fails.
The load is now snubbed to the helicopter and can be flown to
its destination.

At the destination, the helicopter will hover approximately

40 feet above the ground and the operator will select "down"
on the hoist control. The first action on selecting "down" is
for the center hook latch actuator to open the latch. The
ECHS will then lower itself from the helicopter until the
hoist mounted T1imit switches prevert further cable payout.

The ECHS, with the load, will now be approximately 10 feet
below the helicopter in a level attitude. The helicopter now
descends to position the container as required on the surface.
When the weight of the load is on the ground, the "down"
indicator will light on the panel, and the twistlock "unlock"
switch position may be selected. When the "unlocked" indica-
tor is 1it, the helicopter can ascend. The helicopter then
returns for further loads with the ECHS suspended, or while in
hover, the ECHS may be raised to snub with the landing gear
for greater speed capabiiity.

To refuel the helicopter without detaching the ECHS, the un-

loaded ECHS may be lowered beyond the normal down position by
selecting "override down" on the panel. This will permit the
ECHS to be suspended approximately 20 feet below the helicop-
ter, allowing the ECHS to be Towered to the ground and the
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helicopter to land alongside. An interlock feature will pre-
vent the ECHS from 1ifting a load when the cables are in the
extended configuration.

On completion of a mission requiring the ECHS, the system
would be removed from the aircraft by disconnecting the
umbilical cable at the ECHS junction box and then opening the
hooks to release the cables. The load and the ECHS may be
jettisoned in flight by operating the standard aircraft hook
emergency release switch in the cockpit. Al1 three hooks

will open and the ECHS complete with load will fall away

from the aircraft, disconnecting the breakaway fittings of the
umbilical cable.

4.2 STRUCTURAL ARRANGEMENT

This preliminary design of the ECHS consists of a convention-
al aluminum alloy sheet and extrusion structure, arranged to
mount twistlocks, guides, and hoists with a strength level
consistent with the CH-47D structure.

The initial Phase II structural design is shown in Figure 4.3.
The basic structure has a rectangular box section, approxi-
mately 21 x 42 inches cross section, by 230 inches long.

The structure has angle section longerons at each corner, ex-
tending the full length of the structure. Aluminum alloy
sheet skins are assembled to the inside face of the angles

to allow all frames and stiffeners to be mounted flush on the
inside surface. Sheet metal frames are located where neces-
sary to support equipment or provide load paths. These frames
have extruded aluminum caps or integral flange as necessary
for the loads to be carried. The upper and lower skins have
large 1ightening holes to reduce weight and provide access.

The basic structure has lateral extensions at the forward end.
These extensions mount the two forward twistlock housings and
the forward landing gear snubbing pads. The frame between

the twistlock fittings is continuous, closing off the rectang-
ular box structure. The aft end of the box has extensions
that extend laterally and rearward, to mount the two aft
twistlock housings and the aft landing gear snubbing pads.

The aft extensions are constructed in a similar manner to the
basic box. The design has bolted joints for the four landing
gear snubbing arms, allowing these extensions to be removed
for storage and transit; also permitting the ECHS to be used
as a suspended acquisition device. Extension of each twist-
Tock housing above the upper surface of the ECHS provides 1ift-
ing points for using conventional slings to suspend the device
when not used in the snubbed mode. When the extensions are
removed all basic structure is within the 8 foot x 20 foot
plan area of the container,
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The material used is generally 7075-T6 or T73 sheet, extru-
sions and bar stock. The vertical webs of the main box are
.063 thick, and the horizontal webs .036 thick. The corner
longerons start as 3 x 3 x 3/8 angles and taper to 2 x 2
angles at either end. The main box design is dictated by
the center fail-safe hook attachment.

During the Phase IV wind tunnel program, the ECHS model was
modified to reduce drag and improve stability. The modifica-
tions consisted of the following:

1. An increase of adapter incidence angle with respect to
the fuselage. This change, a 3° delta, was accomplished
by lowering the forward wheel support pad and raising
the aft wheel pads, to a point tangent with the adapter
upper surface.

2. An increase in width of basic structural box to line ub
with sides of the MILVAN load.

3. Streamlining the upper leading edge of the adapter
structure.

On completion of the wind tunnel test, the structural arrange-
ment was revised to include these changes. Figure 4.4 shows
the revised structural arrangement. This revised structure
provides for two longitudinal box beams, each approximately
22 inches wide by 16 inches deep, and separated by 52 inches
laterally. Lateral frames join the two box sections at the
twistlock locations, hoist locations, and center hook attach-
. ment. The vertical and horizontal webs of each box are
approximately .032 aluminum alloy 7075-T6, with the longerons
being 7075 e .trusions (approximately 2 x 2 x 1/4 angle
sections).

Figures 4.5 and 4.6 show details of the wheel pad structure.
The hoist support structure remains similar to the initial
structural concept,and is shown on Figure 4.7. Arrangement
of the center hook attachment is shown on Figure 4.8.

The ECHS fail-safe center latch is an over center design,
operated by an electrical linear actuator sequenced to close
the latch as the final action when the ECHS is snubbed; and
opening the latch as the initial action on lowering the
adapter.

The sheet and stringer structural approach described above is
applicable to an initial developmental quantity of (prototype)
ECHS's. Significant weight reduction in the structure could
be achieved by utilizing the superior properties of advanced
composite materials such as Kevlar and Graphite. Experience
with the re-design of similar conventional structural
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arrangements to include compos