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DISCLAIMERS

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

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government
procurement operation, the U,S. Government thereby incurs no responsi-
bility nor any obligation whatsoever; and the fact that the Government
may have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other person or
corporation, or conveying any rights or permission, to manufacture, use,
or sell any patented invention that may in any way be related thereto.

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

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the
originator.
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DEPARTMENT OF THE ARMY
U.8. ARMY AIR MOBILITY RESEARCH & DEVELOPMENT LABORATORY
EUSTIS DIRECTORATE
FORT EUSTIS, VIRGINIA 236804

This report was prepared by Battelle, Long Beach Oc: Engineering
Research Facility under the terms of Contract DAAJ02-70-C-0064, The
tension-member concepts selected for study include wire rope, wire rope
belt, synthetic rope, synthetic tape, steel tape, roller chain, and
jointed links. A weighted-parameter technique was used to begin eval-
uation of these candidate concepts, followed by an analysis of practical
considerations with reference specifically to the 1972, 1975, and 1980
development time frames.

The objectives of this program were to analyze technology applicable to
tension members as it relates to the functional requirements of heavy
outsized loads externally suspended from helicopters, and to develop
design theory and a conceptual design for tension members applicable to
30-, 40-, and 50-ton helicopter payload capacities.

The conclusions and recommendations contained herein are concurred in
by this Directorate. This concurrence does not imply the practicality
or endorsement of a particular tension-member concept discussed or
recommended in this report, It is believed that in the final selection
of a tension member for a specific load handling system, other factors
must also be considered.

The technical monitor for this contract was Mr. Richard E. lane of the
Military Operations Technology Division.
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ABSTRACT

The objectives of this program were to conduct an analysis of technology
applicable to tension members as it relates to the functional require-
ments of heavy outsized loads externally suspended from helicopters, and
to develop a comprehensive design theory and conceptual designs for ten-
sion members which will provide a basis for future detail design, fabri-
cation, and test programs. The specific tasks undertaken were the follow-

ing:

(1) Conduct a study of major functions and functional require-
ments of the tension members of helicopter-hoist systems.

(2) Establish performance objectives, major characteristics,
and constraints applicable to tension members with 30-,
40~-, and 50-ton payload capacities.

(3) Conduct a review and analysis of applicable technology.

(4) Provide a description or descriptions of basic design
approaches for satisfying (2) above.

(5) Conduct an analysis of design approaches to identify and
describe a configuration which best satisfies the opera-
tional needs according to a measure of effectiveness that
will be established during the program.

The tension-member concepts selected {or study included wire rope, wire-
rope belt, synthetic rope, synthetic tape, steel tape, roller chain and
jointed links. A weighted-parameter technique was used to begin evalua-
tion of these candidate concepts, followed by an analysis of practical
considerations with reference specifically to the 1972, 1975, and 1980
time frames.

The results of this study indicate that, on a long-term basis, synthetic
tape and wire-rope belt are the most promising concepts. Only wire rope
is acceptable in the short term (1-2 years). Problems that remain to be
solved for synthetic tape include high aerodynamic drag and high stored
elastic energy. Wire-rope belt is an untried concept for this high-load
application. Since high-strength synthetic material is being studied in
other programs, wire-rope belt was chosen for the preiiminary design
phase of this program.
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INTRODUCTION

A major functional requirement of U.S. Army helicopters is the trans-
portation of large, heavy loads, frequently external to the helicopter.
It has been shown that this function can be best accomplished with sub-
systems within the aircraft which can raise or lower the load while the
aircraft is hovering. The governing component in the design and use of
a hoisting system is the tension member itself.

The Battelle study reported herein included as its overall objectives
the following:

(1)

(2)

(3)

(4)

(5)

Conduct a study of major functions and functional require-
ments of the tension members of helicopter-hoist systems.

Establish performance objectives, major characteristics,
and constraints applicable to tension members with 30-,
40-, and 50-ton payload capacities.

Conduct a review and analysis of applicable technology.

Provide a description or descriptions of basic design
approaches for satisfying (2) above.

Conduct an analysis of design approaches to identify
and describe a configuration which best satisfies the
operational needs according to a measure of effective-
ness established during the program.



PHASE 1
ANALYSIS OF TENSION-MEMBER TECHNOLOGY
AND IDENTIFICATION OF CONCEPTS

Phase T of the program covered the first three of the above objectives,
and was divided into five tasks:

Task A:‘ Identification of the Major Functional Requirements

Task B:

Task C:

Task D.

Task E:

of the Tension Member

The important par-meters relating to the required
functions of the external load-carrying system
were identified.

Identification of the Desired Physical Character-
istics of the Tension Member

The important parameters relating to the physical
characteristics of the tension member were iden-
tified and combined with the parameters identified
in Task A. The interrelationships between param-
eters were then investigated and summarized. I

Review of Current Tension-Member Technology

The technology review consisted of numerous per-
sonal contacts with helicopter manufacturers and
users and tension member manufacturers, and also a
thorough literature search of applicable reports,
articles, and trade literature.

Identification of Aecceptable Tension-Member
Concepts

In all, seven general design concepts were iden-

tified and described. These include wire rope,

wire-rope belt, steel tape, synthetic rope,

synthetic tape, roller chain, and jointed links. .

Development of Techniques for Concept Evaluation
A weighted-parameter evaluation technique was

selected for use in judging the various design
concepts,



TASKS A AND B:

IDENTIFICATION OF MAJOR FUNCTIONAL

REQUIREMENTS AND DESIRED PHYSICAL CHARACTERISTICS

OF THE TENSION MEMBER

During Phase I the important parameters relating to both Task A, Funda-
mental Mission Requirements of the Tension Member, and Task B, Desired
Characteristics of the Helicopter Tension Member, were identified and

put in a 45-x-45-term matrix (Figure 1). The parameter definitions are

listed below.

The interrelationships among parameters were studied,

and important aspects of these interrelationships are summarized in
Appendix I.

Definitions of Terms Pertinent to Tasks A and B

1)

(2)

3)

(4)

(5)

Load capacity

Fatigue 1life

Shock loading

Storage

- The required payload to be carried
by the tension member. The load
capacities studied in this report
are 30 tons (60,000 pounds), 40
tons (80,000 pounds), and 50 tons
(100,000 pounds). A gust load
factor of 2.5g and a 1.5 factor of
safety are applied to both the l
single and muitipoint configuration.
In addition, for a multipoint con-
figuration, a cone angle factor of
1.15 is used (representing 30°) l
and also a center~of=gravity fac-
tor of 0.60 (representing a 60%/407
load distribution for fore and aft
tension members).

=~ The number of load cycles experi-
enced by the tension memher during

idito the ten-
craft maneu-
' The ¢curage requireéments of the
tension member in the hoist system
including level-winding, back ten=
sion and size of storage drum

The effect of heat, cold, sand,
dust, moisture, corrosives, and
sunlight on the strength or use-
ful life of the tension member




(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

Inspection

Safety

Duty cycle

Useful life

Flight stability

Load stability

Driving power

Speed

Ease of guillotining

Cone angle

Power conductors

The ease of both external and in-
ternal inspection for damage or
for compliance with specification

[4
Safe operation with and around the
tension member

The acquiring of a load, hoisting
up, flying to destination, lower-
ing and releasing load from the
tension member

The length of time a tension mem-
ber can safely remain in service

Tension-member stability under
aerodynamic loading

The stability of the cargo in
flight as influenced by the ten-
sion member physical characteris-
tics

The input power required to drive
the hoist system while lifting or
lowering a load

The hoisting speed of the tension
merber - 100 feet per minute maxi-
mu.n

The ease of severing the tension
member at the helicopter

The angle measured from the tension
member centerline to a line perpen-
dicular to the helicopter horizon-
tal plane - 30 degrees maximum

The means for transmitting a sig-
nal (elecirical, hydraulic,
pneumatic, etc.) or power from
the helicopter for actuation of
the cargo hook or for data acqui-
sition
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a17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

Static electricity

Load acquisition

Load release

Ease of handling

Reliability

Maintenance

Susceptibility to gunfire

Thermal effects

Strength

Shape

Wear

Flexibility

Elasticity

The static electric charge that
builds up on a helicopter system
during flight

Attaching the cargo and transfer-
ring the cargo weight to the ten-
sion member

Discharging cargo by normal hook
release or by emergency guillotin~
ing of the tension member

The ease of manipulating the ten-
sion member, either during load
acquisition or routine maintenance

The ability of a tension member to
be operated satisfactorily for its
desired useful life

Amount and convenience of required
tension-member maintenance

The vulnerability of the tension
member and its ability to survive
enemy fire while supporting a load

The effects of having one part of
a tension member rubbing on anoth-
er part, creating heat while the
member is under tension

The ultimate breaking strength of
the tension member

The physical cross-sectional or
longitudinal shape of a tension
member such as round, square, etc.

The physical reduction in size of
the tension-member cross section

The ease of bending of the tension
member

The effective spring rate of the
tension member



(30)

(31)

(32)

(33

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

Natural i equency 4 -
Damping o
Stored energy =
Torsional characteristics -

Antirotation -
State of development -
Weight -
Kink resistance -
Abrasion resistance -
Friction or traction drive-

Positive drive -
End connections -
Minimum bend radius -

The frequency at which the tension
member will resonate laterally or
longitudinally or both

The internal damping that tends to
reduce the amplitude of resonant
vibrations in the tension member

The tensile strain energy in the
tension member while supporting a
load

The behavior of the tension member
under torsional loading

The physical design characteristic
of a tension member which minimizes
twist under load

Whether a tension member is still
in the R&D stage or is well devel-
oped

The mass per unit length of a ten-
sion member as well as the total
weight of the entire hoist system

The tendency of a tension member
to resist damage due to kinking or
knotting

The ability of the tension member
to resist external wear

Drive means raquired to drive the
tension member in or out if fric-
tion is used for the moving force

Drive means excluding friction
whereby the driver Las positive
connection to the tension member

The mechanical and/or electrical
terminations of the tension member

The smallest radius to which the
tension member may be bent while
still providing adequate useful
life

P ¥



(43) Reverse bending = The bending of a tension member in
one direction over a curved surface
and then reversing the direction of
bending over an adjacent surface

(44) Fleet angle - The angle between the centerline of
the tension member and the plane
perpendicular to the axis of rota-
tion of a sheave or drum

(45) Cost - Dollar value for procurement or

research and development of a ten-
sion member

Tension-Member Design Criteria

The following criteria were used to arrive at the specific physical re-
quirements for the tension-member concepts.

Load Capacities

30 tons (60,000 pounds)
40 tons (80,000 pounds)
50 tons (100,000 pounds)

Hoist-System Configuration

The hoist-system configurations examined for this report included
both single-point and two-point. The need to examine the single-
point mode is obvious; its advantages are relative simplicity of
operation, and minimal complexity of the hoist mechanism. Its
major disadvantages in the load ranges considered are the large
drum size necessary to support the entire load and the lack of
load orientation control.

Of the many multipoint configurations possible, only two-point was
examined for this report. The two-point configuration signifi-
cantly reduces the required drum size and alleviates load orienta-
tion problems while minimizing system complexity. It was assumed
early in the program that an examination of the single-point and
two-point concepts would adequately demonstrate the comparative
advantages and disadvantages of the candidate tension-members,

and that the results would be applicable to systems with three or
four suspension points. This assumption proved to be correct
since the final ranking of the tension members was not influenced
significantly by tension member size and load capacity.



Gust Load Factor

A gust load factor of 2.5 g is applied to the required load
capacity.

Factor of Safety
A factor of safety of 1.5 is applied to the required load capacity.

Cone-Angle Factor

A cone-angle factor of 1.15 (corresponding to a cone angle of 30
degrees) is applied to the required load capacity in the two-
point hoist-system configuration to account for differences be-
tween spacing of load-attachment points and spacing of aircraft-
suspension points.

Center-of-Gravity Factor

A factor of 0.60 is applied to the load capacity in the two-point
hoist system configuration to account for a 60-percent/40-percent
split in tension-member loading due to expected variations in the
position of the center of gravity of various loads.

Require’ Strengths

The . . tension-member strengths are calculated by multiplying
the 1. ¢ acity under consideration by the proper factors. Tor
the si. 20int mode, load capacities are multiplied by the gust

load fac. and the factor of safety, 1In addition, for the two-
point mode the load capacities are multiplied by the cone-angle
factor and the center-of-gravity factor. The results are the follow-
ing minimum ultimate tensile strengths of each tension member for

the various load capacities and system configurations.

Required Breaking Strength

Hoist-System for Each load Capacity
Configuration 30 Tons  ___40 Tons 50 Tons

Siagle point 225,000 1b 300,000 1b 375,000 1b

Two point 155,000 1b 207,000 1b 259,000 1b

10



Hook Weight

Hook weights have been estimated from Figure 2, which was developed
using information on present simllar hooks:*

Estimated Hook Weight

Hoist-System for Each Load Capacity

Conf.ruration 30 Tons 40 Tons 50 Tons
Single point 280 1b 340 1b 400 1b
Two point 190 1b 235 1b 280 1b

Fatigue Life

The expected number of hoist cycles at various discreet load levels,
based on predicted helicopter mission requirements, is shown in
Figure 3 (courtesy of The Boeing Company). This spectrum is appli
cable to the fatigue life requirement of the proposed tension member
only if the tension member must last the life of the helicopter. A
trade-off of fatigue life requirements versus replacement costs and
design compromises can be made in an effort to minimize the size
and weight of the hoist system.

With reference to the tension-member cuncepts identified as a re-
sult of Task D of this program (pp. 14-33 ), fatigue behavior may
be more or less defined. A confidence level may be assigned to
each concept reflecting the amount of fatigue data available for
similar materials and constructions. For example, the confidence
level of wire rope, expressed as a percentage, should be near 100
percent since fatigue data are available for the rope sizes, con-
structions, and materials contemplated. On the other hand, fatigue
data for synthetic ropes and tapes are almost nonexistent, and the
confidence level should be well below 50 percent for these con-
cepts. It is important to remember that a low confidence level
does not indicate that a concept is less desirable from a fatigue
standpoint, only that it is not possible to predict from avail-
able data that a tension member satisfying static strength criteria
will last the required number of cycles under load. Further dis-
cussion of fatigue life trade-offs is found on page 41=45.

T. Lancashire, R. T. Lytwyn, G. Wilson, and D. Harding,
INVESTIGATION OF THE MECHANICS OF CARGO HANDLING BY AERIAL CRANE-
TYPE AIRCRAFT, U.S. Army Aviation Meteriel Laboratories, Fort
Eustis, Virginia, USAAVLABS Technical Report 66-63, August 1966,
Contract DA 44-177-AMC-312(T), AD 643 027,
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Hook Weight, pounds
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Rated Capacity, pounds x 10-3

Figure 2. Estimated Hook Weight Versus Load Capacity.
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TASK C: REVIEW OF CURRENT TENSION-
MEMBER TECHNOLOGY

Personal Contacts

Personal contacts were important sources of information concerning (1)
the current operational problems and experiences of carrying large loads
external to a helicopter, (2) the current state of the art with .respect
to heavy-1ift technology (primarily wire and synthetic ropes), and (3)
the proposed advanced concepts for a heavy-1lift helicopter tension mem-
ber. The results of these contacts are reflected both in the matrix of
parameters and in the discussion of various tension-member concepts that
are included later in this report. Personal contacts made during this
program included:

Alliance Webbing Co. - New York, New York

American Chain and Cable Company - Adrian, Michigan

Boeing Company - Vertol Division
Briles Wing & Helicopter, Inc.

Buffalo Weaving and Belting Company

Celanese Fibers Company
Columbian Rope Company
Eastern Rotorcraft Corporation

E. I. du Pont de Nemours and Company

Goodyear Tire and Rubber Company
Naval Air Engineering Center

Philadelphia, Pennsylvania
Santa Monica, California
Buffalo, New York

New York, New York

Auburn, New York
Doylestown, Pennsylvania
Wilmington, Delaware
Akron, Onhio

Philadelphia, Pennsylvania

Naval Ship Research and Development

Laboratory - Annapolis, Maryland
Northrop Corporation - Hawthorne, California
Pnoenix Trimming Company - Chicago, Illinois
Samson Cordage Works - Boston, Massachusetts
United Aircraft, Sikorsky Division - Stratford, Connecticut
U.S. Army Aviation, 291st Aviation Co. - Fort Sill, Oklahoma
U.S. Naval Air Missile Test Center = Point Mugu, California
Western Helicopters. Inc. - San Bernardino, California

Literature Search

Part of the effort performed during Phase I was the conduct of literature
searches of existing tension-member technology applicable to heavy-1ift
helicopters. The sources of information used were the Technical Abstract
Bulletin, 1969 - present; Engineering Index, 1968 - present Defense Doc-
umentation Center, 1966 =~ present; Applied Science and Technology Index,
1968 - present, and the U.S. Government Research and Development Reports,
1968 - present. In addition, applicable trade literature published by
manufacturers of cordage and wire rope was reviewed,

Approximately 50 reports and articles have been obtained and reviewed. A
bibliography is included later in this report.

*DDC search utilized the following key words: helicopters, helicopter
hoists, helicopter slings, and cables (mechanical).

14
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TASK D: TIDENTIFICATION OF CANDIDATE
TENSION-MEMBER CONCEPTS

As a result of the study of available literature and the discussions with
those familiar with temsion-member technology, a number of concepts were
identified. These concepts ranged from the currently used wire rope to
such schemes as a solid geared bar suspended vertically through the air-
craft center of gravity. Each of these concepts was subjected to an
initial "screening" during sessions with program personnel, until seven
candidates remained which were considered worthy of further study. These
candidates included: Wire Rope, Wire-Rope Belt, Steel Tape, Synthetic
Rope, Synthetic Tape, Roller Chain, and Jointed Links.

Figures 4 and 10 illustrate the several tension-member concepts. Details
of the sizes and physical properties of these tension members are found
in Tables I through VII, following the discussion of each concept.

It should be noted that detailed discussions of synthetic materials
throughout the report make no mention of du Pont's new fiber PRD-49,

This new material was introduced commercially after the preliminary con-
cept evaluations were carried out. A discussion of the impact cf this
material on tension-member technology may be found in the section of this
report entitled "DISCUSSION OF PRACTICAL CONSIDERATIONS".

Wire Rope

Wire rope of a nonrotating construction as shown in Figure 4 offers the
advantage of off-the-shelf availability to handle the proposed external
loads. Wire rope in general offers good strength-to-weight ratio and re-
sistance to thermal effects. Flight stability should be good for all
flight attitudes because of the round shape, and in case of emergency, the
rope could be effectively guillotined. The rope would display sufficient
flexibility to provide ease in handling during hookup operations and rou-
tine maintenance. End connections such as swage fittings are readily
available to allow attachment to a swivel at the hook end.

The rope could be easily stored on a drum; however, a level-wind mecha-
nism would be required. A single layer on a grooved drum would provide
better fatigue life than a multiple layer system. Both the need. for a
level-wind mechanism and the drum size may be considered somewhat detri-
mental due to weight and space considerations.

A more serious detriment would be the reaction of the rope due to a re-
lease of the load before relieving tension (emergency hook release). It
18 conceivable that the rope would "snap back" into the fuselage or, more
seriously, into the plane of the rotor. In any event, cable backlash or
open kinks in the wire might readily occur, requiring replacement of the
member and possible repair of the winch mechanism.

15
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Nonrotating construction (e.g.,
6 x 16/6 x 10 flattened strand)
possibly with conductors in the
center

Figure 4. Wire-Rope Tension Member.
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Another problem area is that of static electricity discharge which would
seriously endanger the safety of the hookup crew if adequate grounding or
insulation were not provided,

A nonrotating construction would be required 1f a single %Wire rope were
used as a tension member. Otherwise, use of a swivel would allow a rope
of conventional construction to unlay, thereby drastically altering the
load distribution among the wires and adversely affecting the rope break-
ing strength., Unfortunately, nonrotating constructions are generally less
dense than other types due to the use of two or more layers of strands
with alternating right and left helices. Also, contrahelically wrapped
strands produce multiple ~ross-wire notching points within the rope, re-
sulting in poorer bending fatigue life. Thus, a nonrotating type of rope
probably would be larger in diameter and possibly heavier than other rope
types with similar strength and fatigue characteristics.

Use of conventional rope constructions for a tension member would require
that the ropes be used in multiples of two, half left lay and half right
lay, to provide a torque-free, nonrotating assembly, A pair of cables de-
ployed from two drums, such as the concept under development in the cur-
rent Heavy Lift Helicopter/Advanced Technology Components Cargo Handling
System program, is one approach. This system may have a weight disadvan-
tage due to the necessity for two drums and level wind systems for each
hoist cable. Another approach is the wire-rope belt discussed below.

A number of wire materials are available, including carbon steel, various
stainless steels, and titanium. Essentially, the desired material must
have a combination of high strength and good ductility (for maximum
fatigue life), together with adequate corrosion protection. Extensive
testing by Battelle and practical field experience have shown that carbon
steel offers the best combination of strength and ductility; drawn galva-
nized carbon steel is selected for its corrosion resistance. For the rope
sizes in question, a wire strength level of 280,000 psi is catalogue avail-
able, while actual wire strengths of about 325,000 psi are now being ob-
tained for ungalvanized wire rope of the sizes studied in this report (an
iucrease of about 15 percent). This latter strength level has been uti-
lized for calculation of required rope diameters. It is conservatively
expected that the strength lost due to galvanizing will be more than made
up in the continued development of higher strength wires,

Wire-Rope Belt

Wire rope of conventional construction with an independent wire-rope core
(IWRC) could also be used in a flat belt configuration with several ropes
bonded together and enclosed in a sheath. (See Figure 5.) This con-
figuration would offer the advantage of using smaller diameter ropes of
higher-strength wire to improve the strength-to-weight ratio. As for
single wire ropes, a strength level of approximately 325,000 psi is as-
sumed. The belt could be wound in layers on a relatively small drum
without the need for level-wind mechanisms, and it would be more flexible

18



Single row of wire ropes

Power conductor

/ Fiber sheath and
encapsulation

Two left-lay and two right-lay
ropes used to provide a non-
rotating belt.

Figure 5. Wire-Rope-Belt Tension Member.
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and easier to handle during hookup operations. The belt would offer
good resistance to thermal effects, and the bonded sheath would protect
the steel member from corrosion and abrasion. Right- and left-lay ropes
could be used in pairs to provide a torque-free belt. Electrical con-
ductors could readily be incorporated into the belt for communications
or electrical power to the hook. The encapsulation of the belt would
help to relieve some of the problems of static electricity discharge
during hookup operations by insulating the metallic tension elements;
the danger of contact with the hook would not, however, be reduced.

Gimbaling of either the winch mechanism or a fairlead roller would,
however, be required to allow even distrubution of loads in the member.
Flight stability of the member might be adversely affected because of
the flat shape.

Steel Tape

A solid steel tape of high tensile strength (300,000 psi), as shown in
Figure 6, 18 another tension member candidate. A steel tape would have
good resistance to thermal effects and would also offer an attractive
strength-to-weight ratio. Internal wear would be nonexistent, and re-
sistance to abrasion would be good. The tape would be relatively easy
to visually inspect for exterior damage and would lend itself well to
inspection by other nondestructive techniques. The tape would also
offer excellent resistance to torsional problems and would be kink re-
sistant. In addition, the tape could be stored in layers on a drum with
no need for a level-wind mechanism.

The steel tape would, however, require that the winching mechanism be
gimbaled to provide uniform loading on the tension member. The rela-
tively large flat surface exposed to the airstram cou’d present un-
favorable flight characteristics. Static electricity discharge would
present a problem to the hookup crew if adequate grounding or insula-
tion were not provided. Also, a steel tape could prove to be extremely
difficult for a crew to handle under field conditions. Power conductors
to the hook would probably have to be supplied from a separate system,

Synthetic Rope

Rope or cable made from such synthetic fibers as nylon, Dacron, polyes-
ter, polyethylene or polypropylene exhibits several advantages over wire
rope for the helicopter-load tension-member application., In an emergency
situation, it would be quite easy to sever the rope using a guillotine,
the sharpness of the blade probably being the most important requirement.
The "double-braid" construction, in which a separate outer braided wrap
encloses a central braided core (see Figure 7), has excellent kink resis-
tance. At the same time, rope with this construction would not impart a

21
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Assumed material tensile strength =
300,000 1b/1in.2

Figure 6. Steel-Tape Tension Member.
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Braided outer cover

Braided inner core

Double braid construction such as manu-
factured by Samson Cordage Works with
polypropylene core and polyester cover.

Figure 7. Synthetic-Rope Tension Member,
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torque to the load, as the rope braid is torque-free. Synthetic rope
will not corrode, as such, although each synthetic material is suscepti-
ble to degradation from certain acids and/or alkalis. Susceptibility

to the effects of the sun's ultraviolet radiation would probably neces-
sitate an outer protective coating, such as urethane, on the synthetic
rope. From the standpoint of safety of grcund personnel during load
acquisition and release, the alleviation of the static electricity dis-
charge problem is probably one of the most significant advantages of a
synthetic fiber tension member.

Perhaps the biggest drawback inherent in synthetic fiber rope is 1its
highly elastic nature, which leads to large elongations under load and

a high stored energy situation. For example, a typical double-braid
rope of 2-3/4<4nch diameter loaded to 30 tons (27% of UTS) exhibits an
elongation of about 10%, giving a stored energy of 5.6 x 105 foot-pounds.
This high quantity of stored energy presents a problem of potentially
serious nature {f the rope were to break or the hook disengage under
tensjion, sending the rope back up toward the helicopter fuselage or
rotors. Another unknown exists in the prediction of rope fatigue life;
little is known of the fatigue behavior of large synthetic ropes subject
to repeated bending.

Synthetic rope has about twice the strength-to-weight ratio of compar~
able wire rope, meaning that for a given load capacity, the weight of
synthetic rope will be half that of wire rope. (New fibers produced by
du Pont and Celanese show promise of a further increase in strength-to-
weig“t ratio.) Additionally, synthetic rope can be wrapped over signif-
icantly smaller drum diameters than can wire rope, allowing both a space
and weight savings in the hoist system. Because of its flexibility and
fits generally smooth outer surface, synthetic rope would be extremely
easy to handle during maintenance or replacement. On the other hand,
fte flexibility would impose a design problem for any sort of integral
power conductors because of both bending and tensile elongation.

A synthetic which was considered and then rejected is glass fiber rope.
While the strength-to-weight ratio is significantly greater than that of

other synthetic-fiber ropes, glass-fiber rope cannot be successfully bent
over small d{ameter sheaves or drums without either breaking up or having

an unacceptably short fatigue life, The drum sizes or other atorage
would therefore be too large to be accommodated in even & large heli-
copter.
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Synthetic Tape

A synthetic tape configuration might be either a flat woven band of some
synthetic fiber, as shown in Figure 8, or a flat bundle of synthetic
ropes enclosed in a woven cover. In both cases, a binding material
could be used to assure a stable configuration. Many of the comments
made in the discussion of synthetic rope apply equally to synthetic
tape. For example, the advantages of flexibility, F’~k resistance, and
ease of handling would be found in synthetic tape. In addition, a tape
could be wound on a still smaller diameter drum, allowing further sav-
ings 1in space. Of course, this means an increasing driving torque would
be necessary to maintain constant speed to the hoisting load, but this
increase might not pose the problem it seems at first. For example, a
representative synthetic tape with a breaking strength of 375,000 pounds
is 13 inches wide by 0.4 inch thick (satisfactory for the requirements
of a single-point, 50-ton hoist). With a drum diameter of 11 inches,
approximately 23 wraps of the tape upon itself would be required to reel
in 100 feet, bringing the final 1lifting diameter to 30 inches. This final
diameter would still be significantly lower than that required for a
drum for a wire rope (1-13/16-inch rope, 24-to-l diameter ratio, &44-inch
drum), thus reducing the required hoist drive torque.

Perhaps the area of most concern regarding tape is the effect of its
flat shape on its flight stability. It might be that for some extended
lengths and tape tensions, high drag and unstable flutter conditions
could develop that would restrict the helicopter operations. And
finally, the problem of large elongations inder load and the resulting
stored energy hazard would be equally as significant as in synthetic
rope.

Roller Chain

Roller chain, as shown in Figure 9, might seem a most unlikely candidate
for a helicopter tension member, but {t has several advantages over other
tension-member concepts. First, due tn the roller chain construction,
the hoisting mechanism would be of the positive drive type. As a re-
sult, the storage could be loose, as in a bin or on a rack, with little
or no back tension on the roller chain. There would be no requirement
for level wind or other sophisticated mechanisms to assure proper feed-
in or feed-out. At the same time, there would be no stored energy in
the retracted tension member, reducing the hazard to maintenance per-
sonnel. Second, the chain is quite high in modulus, meaning low stored
energy under load and probable elimination of this problem. However,
some sort of gimbaling of the hoist would be required to avoid high

side loads being transmitted to the helicopter. Finally, damage to a
roller chain could easily be located and repaired, without replacing

the entire tension member.
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Figure 9. Roller-Chain Tension Member.
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It is unlikely that power conductors could be made integral with a roller-
chain tension member. This would require a separate hoist system for the
power conductor to the hook. Roller chain has about ¢ 2 lowest strength-
to-weight ratio of all the concepts considered, about one-sixth that of
wire rope and one-tenth that of synthetic braided rope. Lubrication of
the moving parts is usually necessary with roller chain, increasing the
chances of wear on the bearing surfaces in a dusty environment.

Jointed Links

The jointed-link concept for a helicopter tension member, as shown in
Figure 10, has many of the same advantages as the roller-chain concept.

A jointed-link member with universal joints would allow the member flex-
ibility under side loads, while facilitating easy storage either in a
bin or on a rack. The enlarged ends would form the bearing surfaces

for a positive hoist drive so that no back tension would be necessary

in the storage system. Maintenance could be in the form of an occasional
lubrication of the universal joints, and damaged links could easily be
removed and replaced without replacing the entire tension member. The
advantages of high modulus and the consequent low stored energy under
tension have already been discussed. The material is assumed to be heat-
treated carbon steel of a nominal 150,000-psi strength level.

Unfortunately, the jointed links would likely be quite heavy due to the
high bending loads and bearing loads near the universal joints. 1In
addition, judging from the costs listed for roller chains, jointed links
would be quite expensive. Integral power conductors would be difficult
to design for this tension-member concept, probably necessitating a
separate system to transmit power to the hook. Finally, torsional rigid-
ity would require some form of swivel at the hook attachment point.
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Figure 10,

Needle bearing universal
joint

CHiN

Jointed-Link Tension Member,
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TASK E: ,ONCEPT EVALUATION TECHNIQUE

A weighted-parameter analysis was chosen as the means for evaluating the
candidate tension-member concepts. The important parameters identified
during Tasks A and B were reexamined, combined where appropriate, and
grouped under the general categories of Safety, Function and Operation,
and Cost and Design Compromise. Both the categorie:z 2nd parameters

were assigned values reflecting their relative importance to the exter-
nal load-carrying function. Then the candidate concepts wevre judged
with respect to each parameter and assigned a value to indicate the
expeeted performance of the tension member for each parameter. The
tension-member concepts were then compared by multiplying together the
category, parameter, and concept evaluation numbers and summing the re-
sulting scores for each concept. The total score was then divided by
the maximum possible score (represented by an evaluation of 10 for every
parameter) and expressed as a percentage.

Theve are both advantages and disadvantages in choosing the weighted-
parameter analysis technique. Obviously, the analysis of concepts for
a specific parameter is made easier if straightforward quantitative
engineering techniques can be employed. Thus, for example, the analysis
of tension-member concepts for stored energy (pp.107-121) results in a
specific hook release load which will endanger the aircraft and crew

for each concept. Comparison of these loads enables a quantitative
evaluation of the relative stored energy problem for each concept. Note,
however, that there is no mechanism available for eliminating a concept
outright for an insoluble stored energy problem. Because of this draw-
back in the weighted-parameter analysis technique, a separate section of
this report (pp. 41-45) is devoted to discussing the practical con-
siderations in developing each of the tension-member concepts. The
developmental risks are covered, with reference to specific time frame,
and judgements are made to eliminate concepts for overriding practical
factors, regardless of their ranking in the strict weighted-parameter
analysis. The analysis technique 1is, then, a means of identifying

the important tension-member parameters and the strong and weak points
of each concept with respect to those parameters; this approach allows

a somewhat subjective final practical concept evaluation.

35



T —

—— -

PHASE 11
EVALUATION OF TENSTON-MEMBER CONCEPTS

PARAMETER QUES TIONS

The parameters selected during the Phase I work for evaluating the vari-
ous tension-member concepts were reevaluated, combined, and grouped into
the three major categories: Safety, Function and Operation, and Cost and
Design Compromise. Within these categories, each parameter was analyzed
to identify its importance to the total hoisting system and to establish
a suitable definition of the parameter. The categories, revised param=
eters, and assigned weights are shown in Table VIII. The following ques-
tions pertain to each parameter that was utilized in evaiuating each
tension-member concept. The number preceding each parameter indicates
the parameter order based on overall weight value as shown in Table VIII,
Page numbers indicate the location in the report of the discussion and
evaluation of tension-member concepts for each parameter,

Safety

1, Ease of guillotining (p. 106)
How difficult will it be to cut the tension member at the aircraft
(mechanically or electrically/explosively) when an emergency situ-
ation arises?

2. Stored energy-elasticity (p.107)
How likely is it that the energy stored in the tension member will
cause the hook to be launched into the aircraft fuselage or rotors
if there is an inadvertent or emergency release of cargo?

4. Resistance to shock loading (p.123)

Will the tension member survive impact loading such as that due to
.n-flight gusts or violent flight maneuvers?

5. Resistance to thermal damage (p.127)
Will there be any change in tension-member physical properties,
particularly degradation in strength, due to heat that may be
developed either internally to the tension member construction
or externally due to rubbing against components of the hoist
system?

6. Resistance to environmental damage (p.130)

Will sunlight, sand and dust, moisture, and extremes in temperature
have detrimental effects on the tension member?
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13.

14,

Static electricity (p.133)

Since no successful means has been found to reduce the static
charge potential on the aircraft to below the danger level, will
the tension member conduct this charge in a manner hazardous to
ground personnel?

Inspection (p.l134)

Can the tension member be easily inspected for damage, both
internal and external, that might result in shortening its
useful life?

Abrasion resistance (p.139)

Is the tension member sufficiently abrasion resistant to with=
stand wear it may encounter from contact with rocks, vegetation,
and components in the hoist system?

Susceptibility to gunfire (p.140)

How vulnerab.e is the tensior member from the standpoint of

projected area, and how will a hit by a 12mm projectile affect
the breaking strength?

Function and Operation

3.

10.

15l

16.

Aerodynamic considerations (p,122)

Will the aerodynamic behavior of the tension member result in
vibration or flutter that may lead to thermal or fatigue damage
to the tension member; and will drag be a problem?

Projected hoist complexity (p.135)

Can the tension member be reeled in and out easily without
complicated level-wind mechanisms or reeving?

Torsional characteristics (p.143)

Is the tension member antirotative in the sense that loading will
not induce torsional moments on the cargo? Will che tension
member accept turning of the load without undue stresses (is a
hook swivel necessary)?

Resistance to shock unloading (p,1%44)

Will the tension member kink, snarl, or "birdcage' due to re-

lease of tension, either when a load is "bounced” or when the
tension member enters storage in the hoist?
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18. Ease of handling (p.147)

How difficult is it for a ground handler to move the hook to

an attachment point on the cargo, and can maintenance personnel

easily install, inspect, and remove the tension member (an
indication of tension member weight, flexibility and surface
configuration)?

19. Maintenance (p.148)
Is the tension member likely to require a great deal of main-

tenance, and how difficult will the maintenance be either in
the field or at the main base?

Cost and Design Compromise
7. Projected system weight (p.132)

How do both tension member and total system weights compare
for the various concepts?

11. Projected system size (p.137)

Will the limitaticrs on tension member bending stresses re-
quire undesirably large components in the hoist, fairleac, orv
storage systems?

12. End connections required (p.138)

How much increased load capacity is required of the tension
member to account for less than 100-percent efficiency of the
end connections, and what weight penalty do the end fittings
impose on the system?

17. Acceptance of power conductors (p.145)
Can the power conductors be integral with the tension member
(either imbedded into or attached to the tension member)

without compromising either strength or safety, or must the
conductors be extended and retracted by a separate system?
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CONCEPT ANALYSIS

Each of the seven candidate tensior-member concepts was analyzed to
determine its relative acceptability with regard to each of the
parameters listed in Table VIII. A detailed discussion of this study

is presented in Appendix II, Tension member physical properties used

in this analysis have been presented in Tables I through VII,

As a result of this investigation, each concert was given a value that
reflects 1ts expected comparative performance for each parameter. These
values are tabulated in Appendix III.

Following the procedures of the weighted-parameter technique of evalua-
tion, the combined category and parameter weights listed in Table VIII
were multiplied by the parameter values and the procducts summed. For
example, examining wire rope for the 30-ton single-point load case:

Combined
Category and
Parameter Concept
Category Parameter Weight Evaluation Score
Safety Ease of 10 8 80
guillotining
Function and Ease of 2 6 12

Operation handling

Total Score = 633

The maximum score attainable under this technique of evaluation is 980.
Therefore, the total score for the example above may be expressed as
64.5 percent of the highest possible score. The percentage scores for
each tension-member concept and load case are summarized in Table IX
and are shown graphically in Figure 11.

The results of this analysis {ndicate that the synthetic tape and wire-

rope belt concepts are most promising for all load cases and suspension
configurations.
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TABLE IX. TENSION-MEMBER CONCEPT SCORES

Load Case
Concept 30T-1  40T-1 50T-1 30T-2 40T-2  50T-2
A. Wire rope 64.5 64.7 64.7 64 .8 64.5 64.5
B. Wire-rope belt 71.5 71.3 71.3 70.9 71.2 71.5
C. Steei tape 69.4 68.3 68.3 68.0 68.0 68.3

D. Synthetic rope 69.2 68.7 69.0 68.9 69.2 69.2

E. Synthetic tape 75.4 75.4 75.8 75.0 75.4 75.4
F. Roller chain 574 57 .4 57 .4 56.8 57.1 56.8
G. Jointed links 58.5 58.8 58.8 57.8 58.1 58.5

DISCUSSION OF PRACTICAL CONSIDERATIONS

The weighted-parameter evaluation technique allows a convenient com-
parison of tension-member concepts for each load case. The concepts
with the highest scores have been determined to be most promising be-
cause they have the fewest undesirable characteristics. However, in the
form used, the evaluation technique does not allow for rejection of a
concept on the grounds of an overriding disadvantage. This disqualifi-
cation must come separately from an analysis of the concepts with re-
gard to the practicality of solving whatever problems they might have.
A discussion of each concept is in order to point out the assumptions
that were made relative to the concept feasibility; if any of these
assumptions later proves incorrect, that concept must be rejected. The
initial discussions pertain to a 1980 development time frame, and are
followed by discussions relating to 1975 and 1972 time frames, respec-

tively.

42

170 et PR



s . bt e

Development Time Frame: Nine Years (1980)

The roller-chain and jointed-link concepts received the lowest scores
because of a number of serious drawbacks. The weight of these tension
members alone is sufficient to eliminate these concepts from further con-
sideration. 1In addition, the required guillotine systems would be quite
cumbersome. Other disadvantages include the requirement for mounting the
chain hoist in gimbals to accommodate the cone angle; the expected large
size of the hoist for the jointed-link tension member; and the mainte-
nance requirements, handling difficulties, and electrical conductivity
for both types of tension members. No developments are foreseen in the
next nine years, either in materials or design, which might minimize the
problems of weight, size, and complexity of these two tension-member
concepts.

The wire-rope tension member came out fifth in the ranking. While this
is a proven concept for hoist systems, several disadvantages exist for
the helicopter application. A major drawback is the required size of the
hoist system. Due to the bend radius requirements for good fatigue life,
the hoist drum would have to be larger in diameter for wire rope than for
the synthetic rope, wire-rope belt, or synthetic tape tension-member con-
cepts; the hoist drum size, in turn, influences the helicopter size and
the required hoist-drive torque. Other disadvantages of wire rope include
the susceptibility to kinking and birdcaging upon shock unloading (this
is a problem with the hoist cable on the CH-54 helicopter), the conduc-
tivity of static electricity, and the susceptibility to environmental
damage. It is possible that, with the development of rope fabricating
machines capable of stranding many very small wires (instead of fewer
larger wires) coupled with the trend toward higher wire strengths, the
problems of large bend radii and consequent hoist drum size will be
alleviated. Still, the other disadvantages will remain.

The steel-tape tension-member concept ranked fourth. Probably the great-
est drawback of this concept is its shape and the resulting aerodynamic
problems. The great width of the steel tape results in high drag, and
the tension member would probably experience undesirable flutter and
vibration. These aerodynamic considerations are sufficient to eliminate
the steel-tape concept from further consideration since there are no
apparent solutions to the problem. The increases in material strengths
over the next nine years are not expected to reduce the required tape
width to the point where drag and flutter are negligible. Additionally,
an 1increase in material strength is often associated with a decrease in
ductility; the drum diameter would then have to be increased to maintain
adequate fatigue life. Other problems include the susceptibility to
damage which could result in the propagation of destructive fatigue cracks,
poor power-conductor accommodation, electrical conductivity, and handling
difficulties.
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Third in the overall ranking is synthetic rope. The major disadvantages
of this concept are stored energy and high probability of dangerous hook
recoil upon inadvertent or emergency load release. There are indications
that new, higher modulus and higher strength synthetics are on the de-
velopmental horizon. Specifically, du Pont has introduced a synthetic
fiber (PRD-49) which has an elastic modulus of 20,000,000 psi and a
strength level approaching 400,000 psi. It is safe to assume, therefore,
that the problems of high stored energy and dangerous hook recoil might
be alleviated. However, other drawbacks of synthetic rope include poor
accommodation of power conductors, susceptibility to thermal and environ-
mental damage, and difficulty of inspection for strength degradation.

Wire-rope belt is placed second in the overall ranking of tension-member
concepts. The only major question regarding this concept is whether the
wire-rope belt actually can be built to function properly when wrapped
upon itself on a drum. While very small wire-rope belts have been fab-
ricated in the past, adapting this concept to the heavy lift helicopter
will probably require considerable design and experimentation effort.
From the standpoint of state of development, the wire-rope belt earns

a low level of confidence. The fatigue behavior of wire ropes is rea-
sonably well known now, so that fatigue life prediction for this concept
is straightforward. Development effort is necessary to evolve jacket
materials capable ¢ resisting the hostile operating environment and
crushing loads on t =2 drum. However, the belt can probably be built to
operate properly on che hoist drum without experiencing damage due to
the crushing loads, offering an excellent possibility for a useable ten-
sion member.

The highest ranked tension-member concept is synthetic tape. The major
drawbacks of this concept are the stored energy and the aerodynamic con-
siderations. Several possibilities exist for solving these problems.
Dangerous hook recoil might be prevented by use of an energy-absorbing
mass that would be suspended below the aircraft possibly two-thirds of
the distance of the hook extension. This mass would have a central hole
or slot through which the tension member would pass. Of course, a second
small winch would be required to raise and lower the mass. In the event
of an inadvertent or emergency load release, the recoiling hook would
collide with the mass and be prevented from striking the aircraft. How-
ever, the best solution to the stored energy and hook recoil problems is
to be found in the development of a new synthetic with higher strength
and elastic modulus. As discussed previously in regard to synthetic rope,
du Pont has introduced just such a fiber. With time and effort, this
synthetic or others like it may eliminate the stored energy problem.

The aerodynamic problems of flutter and drag associzted with the synthetic
tape might be overcome by constructing the tape to form naturally a round
or teardrop-shaped cross-sectional configuration wiien extended from the
hoist drum. The tape would then "unfold" and flatten as it wrapped on

the drum. Again, with a higher-strength, high-modulus synthetic, tape
width can be reduced and drag minimized. For example, for the most severe
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load case, 50T-1, the use of PRD-49 rather than Dacron reduces the re-
quired tape width from 8.80 inches to 2.34 inches while maintaining the
same tape thickness. While much information concerning fatigue life,
resistance to harsh environments, and fabrication needs to be developed,
it is safe to say that synthetic tape will be a prime tension-member
candidate in the nine-year time frame.

Development Time Frame: Four Years (1975)

For the four-year time frame, it is evident that only four of the seven
tension-member concepts may be considered: wire rope, wire-rope belt,
synthetic rope, and synthetic tape. The reasons for deleting the other
three concepts are explained in the discussion of the nine-year develop-
mental time frame.

With the exception of wire rope, the possible concepts rely on successful
development in two distinct areas. These areas are the development of a
synthetic material capable of eliminating the disadvantages of current
synthetics for tension members, and the development of a workable tape
hoist-drive system. The synthetic material development is already show-
ing signs of great promise. As mentioned previously, du Pont has for-
mulated a synthetic fiber (PRD-49) with an elastic modulus of 20,000,000
psi and a tensile strength approaching 400,000 psi. While this product
is not without limitations for tension-member application (low com-
pressive yield strength, compromising its use as rope-strand material,
and high initial cost), development is continuing and four years should
be adequate to minimize these drawbacks. However, the development of
new wire materials and wire rope manufacturing techniques is a2lso pro-
ceeding, particularly in the area of fatigue behavior. Since knowledge
of the fatigue characteristics of the tension-member materials and con-
structions is so important to the safe and dependable operation of a
tension member, it must be concluded that wire rope improvements will
maintain a higher level of confidence than synthetic fibers over the
next four years.

By contrast, continuing developments in the area of hoist drive systems
should, over the next four years, result in a safe, reliable reel-type
tape- or belt-drive hoist for large helicopter application. Because of
its inherent advantages (much smaller tension-member-minimum-bend radius,
more compact unit, no level-wind necessary) the reel-type hoist will then
displace the drum and rope hoist as the '"best'" hoist-drive system.

Assuming that fabrication problems can be overcome, wire-rope belt is the
first-ranked tension member for the 1975 time frame. Wire-rope belt com-
bines the advantages of a reel-type hoist with the proven technological
advantages of wire rope. At the same time, it does not have a stored
energy problem, and aerodynamic drag is minimized. Torque problems are
eliminated by having an equal number of ropes per belt of left- and right-
hand lay. Although the outer coating and jacket should eliminate environ-
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mental degradation (corrosion) of the ropes, the possibility of damage
to the jacket suggests that galvanized wire might be utilized.

Synthetic tape is ranked second. It provides, again, a reel-type hoist
drive. The important assumption is that a developmental synthetic, such
ag the new du Pont fiber,can be used in the construction of the tape; the
confidence in this assumption leads to synthetic tape being ranked behind
wire-rope belt. Also, the problem of aerodynamic drag might have to be
alleviated in some novel way, such as '"preforming'" the tape to a low-drag
configuration when extended.

Wire rope and synthetic rope rank third and fourth, respectively, for the
four-year development period. Both have the disadvantage of needing a
hoist drum with level-wind, and both are susceptible to some torsional
problems. Wire rope ranks ahead of synthetic rope only because far more
is known about the construction and fatigue behavior of the former; it is
not likely that synthetic rope will "catch up" with the technology of
wire rope in as short a time as four years.

Development Time Frame: One Year (1972)

Considering the state of the art of tension-member technology, only wire
rope need be given serious thought for the needs of large helicopters
twelve months from now. The state of development of wire rope has reached
the point where a workable tension member of the 30- to 50-ton load

range can be developed with a minimum of effort. Hoist technology is
available; wire material and rope construction information is obtainable
on an "off-the-shelf" basis. All that is necessary is to define specific
functional criteria, design and built the rope, and prove it through
laboratory and operational testing.

There is the small possibility that du Pont's PRD-49 can be developed to
a practical point by the end of 1972, A minimum of effort would be
necessary to adapt current hoist te:hnology to the use of a high-modulus,
high-strength synthetic rope. Even assuming that PRD-49 could be used

in a rope construction such as the Samson double-braid (see Figure 7),

a massive effort would be necessary to generate the fatigue and environ-
mental data necessary to assure a safe, reliable helicopter tension
member. For this reason, synthetic rope must be considered only a very
weak contender on a short-term basis.
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PHASE III

PRELIMINARY DESIGN OF
WIRE-ROPE-BELT TENSION MEMBER

The weighted-parameter evaluation technique indicated that the two most
promising tensicn-member candidates are the syu'hetic tape and the wire-
rope belt. Although the synthetic tape placed first in the evaluation,
design efforts were directed toward the wire-rope belt concept for sev-
eral reasons. The high ranking given the synthetic-tape concept assumes
that the difficult design problems could be overcome. Also, synthetic
tape i1s the subject of development effort in other programs and will
receive major attention in the current Advanced Technology Components
Program for the Heavy Lift Helicopter.

Wire-rope belt, on the other hand, appears to have only one significant
drawback: 1it is in the very early stages of development. Although very
small wire-rope belts have been fabricated in the past, a major design
problem yet to be investigated is the effect of many wraps of » full-
size belt wound upon itself under tension. The potential for 1 .ze com=
pressive forces developing between adjacent wraps is great, but it should
be possible to tolerate the high compressive loads with the proper com-
bination of belt construction, encapsulating material, and drum construc-
tion,

The preliminary design of a wire-rope-belt tension member to satisfy the
requirements of the 8ix load cases must begin with the selection of the
rope itself, its size, material and constiuction, and number of ropes per
belt., From this information, the storage drum requirements can be ascer=
tained, as well as details of the drum/belt interface. The required
power conductors between the helicopter and the cargo hook should be in-
tegrated into the helt construction, if possible, in such a manner that
continuity is not affected by normal operation of the tension member.
Finally, details of the belt construction, arrangement of ropes, conduc-
tors, jacket and encapsulation are problems associated with fabrication
of the belt, Once these requirements have been met, the preliminary
design of the wire-rope-belt tension member has been determined.

WIRE=-ROPE CHARACTERISTICS

Selection of the wire-rope loa.-carrying elements for the tension member
is dictated by several requirements, First, to minimize the overall
size of the tension member, wire material of the highest available
strength level should be used., Since the encapsulating material of the
wire-rope belt will protect the rope wires from moisture and corrosives,
it will be possible to use high-strength carbon steel wires rather than
one of the corrosion-resistant alloys. Although both types of materials
are available at quite high strength levels, research at Battelle has
indicated that good wire ductility also is important to the manufacture
of wire rope with good fatigue properties. Carbon steel wires offer the
best strength and ductility properties of available materials.

47



The following example illustrates the relationship between the number of
ropes per belt and the minimum bend radius for the 6 » 25 filler wire
rope. Assuming a ratio of belt thickness (or approximately the rope di-
ameter) to minimum bending diameter of 1:20, typical constructions for
the single~point 50-ton load capacity tension member are:

Rope
Number of Ropes Diameter, Minimum Drum
per Belt jinches Diameter, inches
2 1-1/4 23-3/4
4 15/16 17-13/16
6 3/4 14-1/4
8 5/8 11-7/8
10 9/16 10-11/16

In other words, for more and more ropes per belt, the minimum drum diam-
eter is reduced proportionately less and less. Considering the increased
complexity in fabricating a greater numb.r of ropes into a belt, and the
additional drag and flutter problems associated with increased width-to-
thickness ratio, the best compromise appears to be either four or six
ropes per belt. An even number of ropes is required to provide for a
torque~balanced belt construction, with an equal number of right-lay and
left-lay ropes utilized. For four ropes per belt, then, the rope diam-
eters for the six load cases are as follows:

Rope Diameter,

Load Case _inches
30T-1 11/16
40T-1 13/16
50T-1 15/16
30T-2 9/16
40T-2 11/16
50T-2 3/4

As mentioned above, 20:1 is assumed as the ratio of minimum bend diam-
eter to belt thickness, Since the belt is wound upon itself, this ratio
increases until, when the full tape length is retracted upon the drum,
the ratio is increased to approximately 50:1, depending upon the belt
thickness. It is apparent, therefore, that although the inner few wraps
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encounter a severe bending requirement at a 20:1 ratio, the major por-
tion of the belt is not subjected to large bending stresses. In addi-
tion, since the several inner wraps are expected to e extended from
the drum infrequently, the fatigue life of the entire belt should be
quite good.

STORAGE DRUM REQUIREMENTS

The following dimensional analysis of the drum assumes a total belt
length of 100 feet and a belt wrap that increases diameter in successive
discrete steps (instead of the spiral form which can be anticipated

in the actual hoist system). Using this approach, the following rela-
tionships may be derived:
£ = nom (d + nt) (1)
d, = di + 2nt (2)
where
£ = total belt length, inches
n = number of wraps
di = drum inside diameter at hub, inches
t = thickness of belt, inches

do = outside diameter of last wrap, inches

A graph of drum inside diameter (di) versus the number of tape wraps for
a 100-foot tension member is shown in Figure 13 for various belt thick-
nesses. From this graph and the above equations, the following approx-
imate information is developed for the four-rope belt:

Drum Diameter, Number of Outside Diameter,
Load Case di, inches Wraps* dy, inches¥
30T-1 13.1 15.9 35.0
407-1 15.4 14,2 38.5
50T-1 17.8 12.8 41.8
30T-2 10.7 18.3 31.3
40T=-2 13.7. 15.9 35.0
50T=~2 14.3 15,0 36.8

* Based on rope thickness only; thickness of encapsulating
material is assumed to be verv small.
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For this analysis the belt thickness is assumed to be equal to the rope
diameter. The small amount of encapsulation material surrounding the
ropes is expected to add only an inch or two to the overall outside
diameter of the entire tape stack.

It is important to recognize that large compressive or crushing forces
will be developed when the belt is wournd upon itself on the drum. In
the case of a single wrap, the pressure-tension relationship is expressed

by

p = L 3)
w

where
p = pressure on drum, psi
T = belt tensile load, 1b
r = drum radius, inches
w = belt width, inches

For multiple wraps, the pressure developed at the central hub will be
somewhat less than the summation of pressures of the individual wraps
and will be a potential source of structural problems. The drum flanges
must be well gusseted to contain the loads, particularly near the drum
hub. One belt design feature that may alleviate this problem of flange
loading is the jacket planned for the belt; this jacket may be designed
to constrain the lateral expansion of the belt, thereby minimizing the
loads on the drum flanges. That this technique may solve the problem is
demonstrated by a similar application in the Navy's synthetic tape ground
arresting system, The tape in this system undergoes shock loadings and
high tensions which force it to slip significantly on the drum and on
itself, thus developing high internal pressures similar to, but more
severe than,those expected in the helicopter-load tension-member system.
The tape has transverse fiber bundles which constrain it from excessive
lateral growth. In like manner, the transverse weave in the wire-rope
belt jacket should reduce lateral belt expansion and flange loading to
an acceptable level.

One further consideration is the outside shape of the belt as it affects
the belt-drum interface. To locate each belt wrap directly above the
preceding wrap, it is nececessary to make the belt width essentially the
same as the distance between the drum flanges. However, some clearance
is required to allow lateral expansion of the encapsulation material,

or else high flange loads are sure to develop. A possible solution to
this problem is to make the belt trapezoidal in shape, giving it 'draft",
and allowing room for the expansion of the encapsulating material under
pressure,
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POWER CONDUCTORS

Since existing cargo hooks are actuated electrically, the power conduc-
tors for the wire-rope belt probably will be electrical. For simplicity
of operation, separate power~conductor reel systems will not be consid-
ered; rather, the electrical conductors will be integral with the tension
member. Tie conductors either may be located in the core of the wire
ropes, or potted into the encapsulation material between ropes. There
are two advantages of the latter technique. First, the present cable on
the CH-54 uses a conductor core, and the system has had many instances
of broken conductors within the cable, forcing replacement of the entire
cable, Second, separate conductors allow the use of the IWRC
construction, resulting in smaller diameter ropes for each required
breaking strength, A four-rope belt can accommodate six conductors in
the voids between the ropes. The space available in these voids allows
a conductor (conducting element plus insulation) diametrr of one-fourth
the wire-rope diameter. This size should be adequate for the electrical
requirements of both signal and power transmission to the hook-release
solenoid.

The conductor construction must be such that continued compressive and
tensile strains may be experienced over the life of the tension member
without conductor failure. For the worst case of bending at the drum
hub, strains of + 5 percent will occur in the belt encapsulating material
at the outer surface of the belt, This magnitude of strain suggests
that the conductors should be helically wound or woven inside the in-
sulator to allow these strains without breaking from continued fatigue
cycling.

BELT FABRICATION

The wire-rope belt will have four strength members in a side-by~side con-
figuraticn. To constrain the ropes from moving out of alignment, some
sort of jacket or sheath is required. This jacket also may be needed to
contain a major part of the compression-generated pressures within the
encapsulating material. Woven materials of either fine steel wires or
synthetic fibers, such as nylon or polyester, are possible candidates.
Steel wire mesh, however, would probably not be acceptable due to high
cross-wire contact stresses and consequent short life. Therefore, the
recommended jacket will be made of synthetic fibers woven to resist
lateral strains (widening of the belt under pressure) while allowing

the large longitudinal elongations required to accommodate bending of
the belt. The jacket might be woven to have fibers in three directions:
circumferential, and in two opposite bias weaves. The circumferential
fibers should be a straight weave, to minimize elongation under load,
while the bias fibers should be woven over and under the circumferential
fibers. The choice of fiber material is a function of the desired load-
elongation behavior and compatibility with the encapsulation material;
nylon is a first choice because of its good adhesion with polyurethane.
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The purpose of the encapsulation is twofold: first, a covering is re-
quired to protect the wire ropes from the effects of the operational
environment; second, the material should hold each rope in place, pre-
venting inter-rope contact and maintaining the belt shape for proper
storage on the drum. Several different materials were investigated
before cast polyurethane was chosen. Polyurethane has excellent resis-
tance to moisture, ozone, and ultraviolet cegradation. Of the elastomer-
type materials, it has perhaps the best resistance to abrasion, -an im-
portant consideration for a belt which is to b2 wound upon itself. It
can be compounded for the required elastic behavior (modulus) and is
easily cast in belt shape without the addition of heat or pressure.
Successive layers can be built up with proper treatment of the surface

to be coated, and polyurethane can be made to adhere permanently to
either the wire ropes or the jacket material, or both. The exact
compounding of polyurethane ingredients for this application must be
selected only after experimental investigation of the compressive stresses
between belt layers,

The method of fabricating the belt consists of four distinct steps.
First, the four wire ropes and six conductors are positioned in a mold.
The mold may be the full belt length, in which case casting can be a
single operation. Or the mold may be a short section, in which case

the casting operation must be accomplished in several successive steps;
the bond between molded belt sections can be made to approach 100 per-
cent of the strength of the polyurethane material. Second, the poly-
urethane material is poured into the mold and allowed to cure. This
operation requires care since an improper or inadequate cure may result
in stress cracks in the material, permitting moisture and foreign mate-
rial to cause corrosion and wear of the wire ropes. The fully cured
inner belt is removed from the mold in the third step, and the synthetic
fiber jacket is woven tightly around the coating. It is probably more
convenient to weave the fibers directly upon the belt, rather than weave
them as a separate jacket and then slide the jacket over the belt.
Fourth, the belt is placed in a second, slightly larger mold and

an outer coating of polyurethaie is applied. Again, the curing {s most
important to prevent stress cracking.

PRELIMINARY DESIGN OF WIRE-ROPE-BELT TENSION MEMBER

The preliminary designs for wire-rope-belt tension members are illustra-
ted in Figures 14 and 15, and are summarized in Table X.
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TABLE X.

WIRE-ROPEZ-BELT PRELIMINARY DESIGN DATA

Wire Material

Wire Construction
Factory Lubricated
Number of Wire Ropes
Number of Conductors

Type of Conductors
Encapsulating Material

Jacket Material
Fiber Direction

ire Rope Diameter,
inches (d)

ximum Conductor
ifameter, inches*

Belt Width,
inches (w)

elt Thickness,
inches (t)

rum Diameter,
inches (dy)

Nu

Outside Diameter,
inches (do)**

r of Wraps**

325,000 psi extra improved plow steel

6 x 19 class, 6 x 25 filler wire with IWRC
Yes

Four

Six

Insulated, helically wound or woven copper to
accept approximately 5 percent elongation

Polyurethane, compounded to resist moisture,
§gel|f, ultraviolet radiation, ozone, and
rasion

Nylon, continuous wrave

Circumferential, plus 45-degree double-bias

* * * * % * *
load Case

30T-1  40T-1  50T-1  30T-2  40T-2  50T-2
11/16 13/16  15/16  9/16 11/16  3/4
11/66  13/64  15/64  9/64 11/64  3/16
3-1/8  3-5/8  4-3/16 2-5/8  3-1/8  3-3/8
13/16 15/16 1-1/16  11/16  13/16  7/8
13.1 15.4  17.8 10.7 13.1 14.3
16 14 13 17 16 14
39.3 40.9  44.8 364.2 39.3  39.3

*Includes insulation.

r*Approximate.
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CONCLUSIONS

The weighted-parameter technique developed in Phase I was used for the
concept evaluation. In this approach, important physical and operational
tension-member parameters were identified and weighted according to

their relative importance. Twenty parameters were used. Then each ten-
sion-member concept was evaluated with regard to each parameter. The
parameter weight and concept evaluation were then multiplied and the
products summed to arrive at a final score for each tension-member con-
cept.

An initial discussion of practical considerations was used to evaluate
the tension-member concepts for a 1980, or nine-year, time frame. Follow-
ing this, the concepts were evaluated with respect to 1975 and 1972 time
frames. These evaluations considered the concepts first with regard to
the results of the weighted-parameter analysis, then from the standpoint
of developmental risks. Three concepts (steel tape, roller chain, and
jointed links) were deemed unacceptable for any time frame due to over-
riding technological limitations. The remaining four concepts were
analyzed and ranked, and the results are illustrated in Figure 16. The
analysis included discussion of developmental risks, materials and costs,
fatigue life trade-offs, and technological assumptions.

Because synthetic tape is the subject of development efforts in other
programs, the wire-rope-belt concept was chosen for study during the
preliminary design phase of this program. The only serious design problem
anticipated for this concept is the effect of high compressive loads re-
sulting from the belt being wound upon itself under tension. It should

be possible to minimize this problem with the proper choice of belt de-
sign and construction, and drum configuration.

Preliminary designs for wire-rope-belt tension members for the six load
cases were developed during Phase III of the program. These designs con-
sist of four 6 x 25 filler wire (IWRC) ropes laid side-by-side and wrapped
with a nylon fiber jacket. The nylon fibers are aligned circumferen-
tially and on a 45-degree bilas to maintain the rope spacing. The entire
belt is encapsulated with a cast polyurethane material to protect the
ropes from corrosion, abrasion, and intrusion of foreign matter. A
unique feature of the design is the trapezoidal belt shape which allows
the belt to expand laterally slightly to relieve compressive stresses,
while at the sane time positioning each wrap directly over the previous
one on the storage drum. Electrical conductors for hook actuation are
located in the voids between ropes and are held in place by the en-
capsulating material.
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Acceptable Helicopter

Tension-Member Concepts, 1972 1. Wire Rope

in Order of Decreasing

Feasibility: 2. Synthetic Rope

|

Interim Development Effort

Tape or Belt Drive Hoist
Synthetic Fibers
Wire Materials

v

1975 1. Wire-Rope Belt

2. Synthetic Tape
3. Wire Rope

4, Synthetic Rope

H

Interim Development Effort

Synthetic Fibers
Wire Materials

v

1980 1. Synthetic Tape

2. Wire-Rope Belt

3. Synthetic Rope

4, Wire Rope

Figure 16. Tension-Member Concepts for 1972,
1975, and 1980 Time Frames.
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RECOMMENDATIONS

For the purpose of advancing the state of the art of helicopter-load
tension-member technology, Battelle recommends developmental work in
these three general areas:

Tape- or Belt-Drive Tension-Member Hoists
Tension-Member Materials

Tension-Member Constructions

To simplify the hoist-drive package for the tension member, Battelle
recommends the development of a functional, tape-drive hoist. The
development effort should begin with the technology available from the
U. S. Navy's tape-arrestment system. An analysis can be made of the
power requirements necessary due to the torque changes from varying the
drive radius. Tape crushing loads can be investigated to provide a
basis for tension-member material selection and construction.

Continued developnent of both wire materials and synthetic fibers is re-
commended. It appears likely that synthetic-fiber rope or tape will, in
time, replace wire-rope-based constructions as the most feasible candi-
dates for helicopter tension members. The development by du Pont of the
proprietary fiber PRD-49 1s an indication of the strengths and moduli
which can be achieved while still retaining the desirable properties of
the synthetics. These advances, however, though significant, are not
grounds for discontinuing the development of ever stronger and more
ductile wire materials for ropes.

To develop the wire-rope-belt tension-member concept, Battelle recommends
that an investigation be undertaken of the many design variables that
influence the belt characteristics, This investigation should be primarily
experimental in nature, involving the testing of full-size belt samples

of varying construction. Four categories of variables are identified
below, with recommended items for investigation:

(1) Construction of load-carrying elements:

(a) 6 x 25 filler wire with IWRC (12
outer wires per strand)

(b) 6 x 41 Warrington-Seale (16 outer
wires per strand)

(c) Special short-lay 49-wire strand

(2) Polyurethane encapsulating materials of
several different elastic moduli, all
compounded for resistance to abrasion,
ultraviolet radiation, grease, moisture,
and ozone
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(4)

Jacket materials including nylon, nylon-
polyester, and polyester

Belt construction variables including rope
spacing, thickness of outer cover, and
shape of the belt edges
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APPENDIX I

MATRIX COMBINATIONS FOR TASKS A AND B

A review of the pertinent parametric interactions in the Tasks A and B
matrix resulted in the following explanations and comments.

LOAD CAPACITY/FATIGUE LIFE

The fatigue life of a tension member is dependent on the frequency of
loading and percentage of load capacity to which it is subjected.

LOAD CAPACITY/SHOCK LOADING

The shock load resistance of a tension member depends largely on its
elastic modulus. Shock loading is a concern when the payload approaches
the load capacity of the tension member.

LOAD CAPACITY/ENVIRONMENTAL EFFECTS

The load capacity of a tension member may be reduced by the environ-
mental effects of temperature, humidity, contamination, and solar radia-

tion.

LOAD CAPACITY/INSPECTION

It is highly desirable that the tension member be inspectable for evalu-
ating any deterioration which might reduce the load capacity.

LOAD CAPACITY/SAFETY

The operational safety of a tension member depends on the correct appli-
cation of loading. The load capacity of the member may be exceeded by
intentional overloading or by shock~induced overloads which can exceed
the yield strength of the member without warning to the operator.

LOAD CAPACITY/USEFUL LIFE

If a tension member is operated at or near its load capacity most of the
time, the useful life may be substantially less than if it is operated
under moderate loads.
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CAPAC S
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LOAD CAPACITY/DRIVING POWER

The driving power of a hoisting system may be large enough to exceed the
ultimate breaking strength of the tension member. This excess power may
cause overstress or yielding of the member in service. A slip-clutch
may be used in the power drive train to eliminate this overload possibil-
ity.

LOAD CAPACITY/CONE ANGLE

The tensile stress in the tension member will increase as the cone angle
increases (as when the attachment points on the load are spaced differ-
ently from those on the aircraft).

LOAD CAPACITY/LOAD ACQUISITION

The required load capacity of the tension member may be influenced by
problems encountered during load acquisition, such as lifting the maxi-
mum design payload from muddy terrain.

LOAD CAPACITY/THERMAL EFFECTS

If the heat buildup {n the tension member due tc rubbing against {t-
self or other parts of the system is high enough, the load capacity of
the member may be degraded. Two cxamples are the phase change in
wire-rope steel wires (to martensite) and the fusing of synthetic rope
strands with subsequent loss in strength.

C S H
The required bresking strength of the tension member is determined by
multiplying the desired load capacity by the required safety factor,

the gust load factor, and, for the multipoint system, the cone-angle
factor and the center-of-gravity factor.

LOAD CAPACITY/WEAR

Reduction in tension-member cross section due to wear will reduce {ts
ultimate breaking strength and, therefore, its load capacity,

LOAD CAPACITY/NATURAL FREQUENCY

The design of the tension member should be such that {ts natural fre-
quency {s well removed from that of any forcing vibrations (such as
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rotor blade frequency). This constraint is due to the high amplitudes
of resonant vibrations which may occur, resulting in high overloads,
flight instability, and rapid accumulation of fatigue cycles.

LOAD CAPACITY/TORSIONAL CHARACTERISTICS

Several tension-member concepts, such as wire ropes and multistranded
flat belts, may experience a loss in load capacity under torsion. This
is due to a part of the tension member unloading when twisted, putting
the entire 1cad on a reduced cross section and thus lowering the load
capacity.

LOAD CAPACITY/WEIGHT

One of the prime considerations for a tension member is to design the
highest load capacity for the least system weight. See also Strength/
Weight.

LOAD CAPACITY/END CONNECTIONS

The tension-member end connections may be the weakest part of the system.

These connections must be designed to the required load capacity, taking
into consideration its influence on tension-member strength; high in-
duced stresses in the tension member at the end connections must not
reduce the effective load capacity of the system.

FATIGUE LIFE/SHOCK LOADING

Shock loading may appreciably shorten the fatigue life of a tension
member.

FATIGUE LIFE/STORA

The storage of a tension member will require careful attention to the
number of bends and the bend radii to prevent fatigue from repeated
high bending stresses.

FATIGUE LIFE/ENVIRONMENTAL EFFECTS

The enviromment in which the tension member operates may well deter-
mine its resistance to fatigue damage. Embrittlement due to low
temperatures or surface damage due to contamination or corrosion may
accelerate fatigue deterioration.
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FATIGUE LIFE/SAFETY

The fatigue characteristics of the tension member must be weil under-
stood to assure an adequate factor of safety for the system.

FATIGUE LIFE/DUTY CYCLE

The loads encountered during the duty cycle of a tension member will
have a direct effect on the fatigue life of a tension member. It is
necessary to consider the entire loading spectrum as it affects fatigue
life; both high-frequency, low-magnitude loads and low frequency, high-
magnitude loads are important.

FATIGUE LIFE/USEFUL LIFE

The useful life of a tension member can be extended by proper design
and attention to the fatigue inputs to the member.

FATIGUE LIFE/FLIGHT STABILITY

Good flight stability of a tension member may increase the fatigue
11fe of the member. Large vertical or lateral oscillations during
{.ight may rapidly accumulate stress cycles which may ultimately pro-
duce fatigue failure of the tension member.

EATIGUE LIFE/LOAD STABILITY

Good load stability may increase the fatigue life of a tension member
by reducing the amplitude of the tension variations {n the member.

FATIGUE LIFE/CONE ANGLE

The cone angle determines the required bending of the tension member
upon extension from the ajircraft. The resulting bending stresses
must be considered {n determining the fatigue life.

FATIGUE LIFE/THERMAL EFFECTS

See Load Capacity/Thermal Effects. Not only will phase changes in the
tension-member material, brought on by excessive heat by{lduyp, usually
lower the load capacity, but cracks may be produced that will propagate
quickly and thus greatly reduce the fatigue life.
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FATIGUE LIFE/WEAR

Fatigue damage depends not only on the number of load cycles, but also
on the percentage of ultimate strength reached during each cycle. Wear
that significantly reduces the load-bearing area of the tension member
will increase this percentage and reduce the tension-member fatigue
life. Also, wear mav produce stress concentrations at surface irregu-
larities and, ther. -, ;[-umote fatigue crack formation.

FAT: LIFE/FLEXIBILIT

The more flexible the tension member, the greater its bending fatigue
l{fe due to lower bending stresses in the outer elements. The direc-
tional aspects of some tension member concepts may require intermediate
cross-axis links to provide greater flexibility (e.g., chain-type con-
cepts).

FA LIFE/N R NCY

If the tension member experiences forced vibrations near its natural
frequency, it may oscillate harmonically, thus adding many more load
cycles to its fatigue history. The resulting cumulative damage may
severely shorten the fatigue life.

FATIGUE LIFE/DAMPING

Generally, the greater the damping, the longer the fatigue life. Damp-
ing reduces both the magnitude and number of load cycles on the tension
member after an initial disturbing force.

FAT C

The fatigue life of the tension member may be significantly reduced {f
the tension member twists under load. The resulting internal and/or
external wear on the surfaces moving under high unit loading may induce
notching or fatigue cracking, raising the stresses and reducing the
life.

F ATE OF DEVELOPMENT

It may be possible to consider some tension-member concepts which have
not yet been used operationally if their fatigue life can be relied
upon analytically.
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FATIGUE LIFE/KINK RESISTANCE

Kink resistance designed into the tension member should improve its
fatigue life by reducing the number and magnitude of adverse (fatigue
crack-producing) bending cycles.

FATIGUE LIFE/ABRASION RESISTANCE

The fatigue life of the tension member may be directly affected by
its ability to resist fatigue-crack-producing abrasive wear.

FA FE/END CONNECTIONS

The end connections of a tension member must be des:gned with careful
attention given to elimination of fatigue-crack-producing stress con-
centrations.

FATIGUE LIFE/MINIMUM BEND RADIUS

The fatigue life of the tension member will Lo directly affected by

the minimum bend radius it experiences during operation. This is true
because the bending stresses produced are added to the tensile stresses,
and fatigue damage is proportional to both number of cycles and stress
magni tude,

FAT FE/R E_BEND

Reverse bending of the tension member may greatly shorten the fatigue
l{fe,since the resulting range of stress from maximum to minimum will be
larger than would be experienced without reverse bending.

ATIGUE L

Care must be taken that an excessive fleet angle does not produce
stress-raising crecks due to interelement scuffing, as this will
greatly reduce fatigue life in the tension member. See also Minimum
Bend Radius/Fleet Ang.e.

SHOCK LOADING/SAPETY

The operational safety of a tension member depends on the c~rrect appli-
cation of loeding. The load capacity of the member may be exceeded by
intentional overloading or by shock-induced overloads which can exceed
the yield strength of the member without warning to the operator.
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SHOCK LOADING/USEFUL LIFE

The useful life of the tension member may be substantially reduced by
fatigue-producing shock loads.

SH LOADING/SPEED

The speed of the tension member will influence the shock loading because
of the starting and stopping characteristics of the hoist system. A
sudden speed change could cause inertia overloading of the member.

SH ACQUISITION

Acquisition -f the load in a manner that will jerk the tension member,
as {n rapid ceke-up of a slack member, may produce severe shock loading.

SHOCK LOADING/LOAD RELEASE

Stored elastic energy in the tension member, coupled with premsture re-
lease of s load,may shock load the member or snap it up into the asircraft
or rotor blades. Release of a load with tension in the member may cause
backlash or 'bird caging' of the tension member in the hoisting mecha-
nism.

SHOCK LOADING/RELIABILITY

A tension member which has good shock load resistance should be {nher-
ently wore reliable.

SHOCK LOADING/THERMAL EFFECTS

Normal load-unload cycling to rated capacity should not produce excess-
ive heat buildup in the tension-member material. However, shock load-
ing can produce high rubbing velocities and virtually instantaneous heat
buildup which may not be dissipated quickly enough to prevent phase
changes or other undesirable thermal damage.

SHOCKLOADING /S TRENGTH

When the tension member is being opersted at its load capacity, there
should remain enough strength to allow the maximum expected shock loads
to be experienced without failure or serious dsmage.
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S ADING/WEAR

Shock loading can produce internal wear not normally encountered in
moderate service, and also external wear if the tension memher rubs on
a rough surface under high shock loads. Localized wear such as this
can produce localized stvess raisers which may cause premature failure.

SHOCK LOADING/ELASTICITY

The shock loading experienced by a tension member will be most severe
when a short length is extended and the member has low elasticity.

SH 0 D

In the event that a shock load {s experienced by one end of the tension
member, some means of damping at the other end will assure that the
shock wave i8 not reflected. This would probably eliminate the prob-
lem of 'reinforcement' of shock load waves.

SHOCK S

Shock loading (or unloading) may produce a kink of unacceptably small
bend radius, resulting in yielding and possibly faflure of the tension
member material. A tension member with good kink resistance is required
to prevent this forwm of damage.

SHOCK LOADING/ABRASION RESISTANCE

Shock loading can produce high unit pressure and sliding velocities
between elements within the tension member or between the tension mem-
ber and adjacent hardware. Since shock loading may be expected to
occur, the tension member must he able to resist possible resultant
abrnsion,

SHOCK LOADING/FRICTION QR TRACTION DRIVE

The design of a friction drive must accommodate the shock overloads as
well as the static and driving loads of the tension member.

S NVIRO FFECTS

Detrimental envirommental effects on the tension member during storage
should be minimized. 1Isolation from aircraft-produced conditions
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(heat, vibration, downwash, etc.) may be as important as isolation
from external effects.

STORAGE/INSPECTION

A tension member should be designed to allow inspection for abrasion,
wear, or deterioration while it is in the stored position. It is une
desirable to require the tension member to be extended to its full
length for inspection.

STORAGE/SAFETY

The tension meaber may be stored while still retaining considerable
strain energy. When disconnecting the member for maintenance, care
must be taken to prevent injury to personnel or damage to surrounding

equipment.

STO FUL LIF

The useful life of a tension member may be extended if care is exercised
in the proper storage of the member,

STORAGE/DRIVING PCAER

The driving power required for a hoist system must be adequate for stor-
age and may vary considerably,depending upon the storage design. For
example, a tension member reeled upon {tself would require an increasing
torque input to maintain speed.

STORAGE/SPEED

The speed of the tension member may be limited by the storage system.
For instance, some level-wind systems require slower operation than
others. Also, the size of a storage drum may influence {ts starting and
stopping characteristics and, therefore, the speed of the system.

STORAGE/POWER CONDUCTORS

The signal or power for the hook will require consideration for the
storage and termination of the power conductors whether they are sepa-
rate or i{ntegral with the tension member.
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S TORAGE/MAI NTENANCE

Convenient tension-member maintenance requires that the member be stored
in an accessible manner both for installation and inspection. The re-
placement time for » damaged tension member must be kept to a minimum.

STORAGE/SUSCEPTTBILITY TO GUNFIRE

Proper storage of the tension member should incorporate adequate pro-
tection from enemy fire.

STORAGE/THERMAL EFFECTS

The means of storing th: tension member must be such that friction,
rubbing, or working of the member under load does not induce damaging
heat buildup.

ST E

The type of storage required for a tension member varies with the ten-
sion-member shape. A round cross section can be stored by helical-
winding on a drum. Flat-belt or roller-chain tension members must

be wound layer on layer or stored by racking or in bins.

STORAGE/WEAR

Care must be exercised in the design of both the tension member and the
means ol storage to preclude excessive wear. This i{s a4 consideration
both when the member is passing in or out of storage and when {t is
stationary in storage (as on a drum or in a bin).

STORAGE/FLEXIBLLITY

In general, the less flexible the tension member, the more difficult
will be its storage. For example, a very stiff wire rope will require
a much larger diameter storage drum than a flexible synthetic rope.

STORAGE/ELASTICITY

If the tension nember i{s to be stored under tension, provision must be
made for storing the extra length of the member due to the resulting
elastic deflection (elongation).
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STORAGE/STORED ENERGY

Provision may be required in the hoist system to isolate the extended
part of the tension member from the storage area to assure that sudden
load release under tension and the resulting 'snapback' does not cause
kinking, unraveling, or unspooling. This problem is of particular con-
cern for a highly elastic tension member. See also Maintenance/Stored
Energy.

STORAGE/TORSTONAL CHARACTERISTICS

If the tension-member design is such that it twists when the load is
applied or removed, care should be taken in the design of the storage
elements. When the tension member twiscs under low back-tension, as
when coming off a friction drive, scuffing of the member on the storage
elements must be minimized. See also Safety/Torsional Characteristics.

STORAGE/ANTIROTATION

Antirotation alleviates some of the torsional problems associated with
storing an elastic tension member. See Storage/Torsional Characteris-
tics.

TATE D NT

Some storage concepts, such as level-wind drums, have been developed
to the point where design for the heavy-lift hoist application is just
an extension of present knowledge. Other means, such as r.cking or
open=-bin storage, must be designed and developed to fit the need.

STORAGE/WEIGHT

1t may be possible to reduce the weight of the storage elements by
proper consideration of the tension-member design (e.g., utilization of
bin storage or new drumless winch concepts).

STORAGE/KINK RESISTANCE

If the tension member is properly designed, it will resist kinking when
passing from the high tension losded side of a traction drive to the
low back-tension of the storag:. Otherwise, the storage element must
provide enough back-tension to prevent kinking. See also Storage/
Torsionsi Characteristics.
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STORAGE/END CONNECTIONS

The storage must be designed to accommodate whatever type of connection
is required on the aircraft end of the tension member. It may be that

this connection must not only carry a significant part of the load, but
also allow attachment of power conductors. (Presently used cables have
breakage problems with the electrical wire connections at the drum end.)

STORAGE END

The size and shape of the tension member storage hardware is likely to
be dependent upon the minimum bend radius the member may experience. As
with a rope or cable reeled on a drum, the larger the allowable bend
radius, the larger the storage drum.

STORAGE/REVERSE BENDING

Although storage may be accomplished under minimum load conditions, the
existence of reverse bending will nonetheless induce fatigue-producing
stresses in the tens{on member,

STORAGE/FLEET ANGLE

It may be possible to design the tension-member storage hardware to
minimize the fleet angle; this may lead to weight, spece, and cost
penalties as with a level-wind system.

NVIR NT F P

The design of the tension sember should be such that {t can be readily
inspected by simple {nspec tion techniques for environmental deteriora-
tion.

ENVIRONMENTAL EFFECTS /USEFUL LIFE

The useful life of a tension member may be shortened {f the member is not
protected or designed to exclude the effects of {ts environment such as
corrosion and temperature-induced cracking.

NVIR F P
The effects of sand, dust, moisture, or corrosion must not cause loss of

signal and/or power to the hook. (Currently, slip rings at the hook-
cable interface malfunction due to environmental corrosion.)
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ENVIRONMENTAL EFFECTS /STRENGTH

Heat, moisture, and other environmental factors can reduce the strength
of the tension member; this fact must be considered in the design.

ENVIRONMENTAL EFFECTS /SHAPE

The shape of tte tension member may be designed to prohibit the en-
trance of moisture and foreign materfal, thus eliminating the chances
of internal wear and corrosion.

ENVIRONMENTAL EFFECTS /WEAR

If the tension member 18 to be used {n a hostile environment (blowing
sand, high heat, and humidity), it nay be necessary to provide it with
some external protective coating to minimize damage to the load-carrying
material. See also Environmental Effects/Shape.

ENV c AT

1f the environment encountered by the tension member includes vibratory
frequencies at or near its natural frequencies ( rotor blade

frequency, engine vibrations, etc.), both immediate and long-term damage
may result. See Load Capacity/Natural Frequency and Fatigue Life/Natural

Frequency.

ENVIRONMENTAL EFFECTS /DAMPING

Mounting of the hoist drive, storage, and tension member to the heli-
copter airframe with damping material or devices should help isolate
the system from detr‘meatal engine or rotor vibrations.

ENVIRONMENTAL EFFEC1S/ABRASLON RESLSTANCE

The tension member must be able to resist the abrasive effects of its
operating enviionment, such s blowing sand and dirt., This may be
accomplished either by covering the tension member with a protective
coating or by hardening its surface.

ENVIRO NT FFECTS/FR ON OR ON v
The envirommental effects of dust, dirt, sand and moisture must not

affect the friction characteristics of the tension member to the point
where normal operation is impossible.
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relation to the amount of exposed surface srea. A flat-belt type of
construction will be simple: to inspect visually than a round or rec-
tangular thick section.

INS PECTION/WEAR

A tension member should be inspectable for wear, preferably both visually

(external) and with nondestructive techniques (internal).

[NSPECTION/STATE OF DEVELOPMENT

Helicopter tension members (cables) are now inspected visually for
damag:c. It may be possible {n the future to utilize some means of de-
tecting damage automatically such as with x-rays or some other non-
destructive technique.

SAFETY/EASE OF GUILLOTINING

The safety of the entire afircraft and crew may often depend on the
ability to quickly jettison the load and tension member under emergency
conditions. Simultaneous guillotining ability is a safe:y requirement
vhen a load {s suspended {n & multipoint configuration.

SAFETY/POWER CONDUCTORS

Redundancy in the power <conductor system {s a requirement to assure the
safe ,remote operation of the load acquisition hook.

SAFETX/STATIC ELECTRICITY

Some means must be provided to prevent personnel hszard due to static
electricity discharge from the hook or tension member during load acqui-
sition. This function may be accomplished by either continuous ground-
ing or by insulation by means of a nonconducting element in the hoist
system.

SAFETX/LOAD ACQUISITION

Personnel safety during load acquisition is concerned with control of
the tension member. Vertical control is necessary to assure that the
hook is not 'dropped" on either the load or ground personnel. Horizon-
tal control is necessary to assure that the inertia of a moving hook
and tension member does not create a hazard.
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ENVIRONMENTAL EFFECTS/POSITIVE DRIVE

A hostile environment must not affect the tension member in such a
way that the indexing or level winding of a positiv: drive is forced
out of synchronization.

ENVIR FEC D CONNECTI

The hook and exposed end fittings must be designed so that dirt and
moisture cannot become entrapped, causing internal corrosion and mal-
function.

INSPECTION/SAFETY

Safety in operation of the tension member will depend on the timely
determination of possible damage through frequent inspection.

INSPECTION/USEFUL LIFE

The useful life of a tensiou member may be extended by corrective action
following i{nspection of the member. Uscful life may be shortened {f
inspection is difficult and damage to the tension member remains unde-
tected,

NSPECTION/POW 0 0

It {8 highly desirable that routine inspection procedures of the ten-
sion member include a convenient technique for determining the condi-
tion of the power conducting elements.

NS PECT]ON/RELIABILITY

The reliability of the tension member is directly proportional to the
ease of inspection.

LS PECTION/STRENCTH

It mast be possible to inspect the tension member to discover any damage
or deterioration which might affect its strength.

INSPECTION/SHAPE

The shapc of the tensfon member influences {ts {nspectability in d. rect
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SAFETY/LO E

It 18 desirable rhat upon load release, the tension member have a low
stored energy. This implies a low tension or slack condition so that
there 1s no danger of a snap-back damaging aircraft fuselage or rotor
blades or injuring personnel.

SAFETY E OF NG
It is desirable that the tension member be flexible so that during load

acquisition the hook may be moved into place directly over the load by
ground personnel without undue effort.

SAFETY/THERMAL EFFECTS

Safe use of the tension member assumes not only that every deslgn effort
is made to preclude damage due to heat buildup, but also that periodic
inspection will reveal such damage if it occurs prior to its becoming a
safety hazerd.

SAFETY/SHAPE

A tension member with sharp edges or projections should be avoided in
consideration of personnel safety.

SAFETY/ELASTICITY

See Maintenance/Elasticity.

SAFETY/NATURAL FREQUENCY

The harmonic oscillation of the load/tension-member/aircraft system
can severely affect the pilot's ability to control the aircraft. Evi-
dence of this is found in the 'vertical bounce' phenomenon; because of
the pilot's location with respect to the load and the aircraft center
of gravity, his control inputs may be out of phase with the induced
oscillation, this increasing the amplitude rather than cancelling it
out,

SAFETY/S D
The safety of the hoist system requires that the design protect both

the aircraft and the flight crew from the effects of stored energy in
the tension member. Release of a load under tenrion or failure of a
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loaded tension member may cause the tension member to whip up into the
helicopter rotor blades or the belly of the fuselage, severely endanger-
ing the entire man-machine system.

SAFETY/TORSIONAL CHARACTERISTICS

Retention of torsional energy when the tension member is 3tored ynder
load necessitates extreme care in extending the member, either with or
without a loid attached. 1n the first case, the load may tend to spin,
although this tendency may be reduced by attaching the hook through a
swivel. Ta the second case, the tension member may twist, swing, or
kink, endangering personnel nearby.

SAFETY/ANTIROTATION

Antirotation built into the tension member will keep the hook from
rotating and endangering ground personnel. Also, antirotation will
make the handling of a stored tension member safer, reducing the possi-
bility of stored torsional energy.

SAFETY/KINK RESISTANCE

Kink resistance should reduce the possibility of inadvertent tension
member failure. See also Shock Loading/Kink Resistance.

SAFETY/ABRASTON RESISTANCE

The safety of the tension member will be improved in two ways with the
proper abrasion-resistant design. First, excessive wear will be elim-
inated, avoiding premature failure due to reduced cross-sectional area.
Second, the likelihood of abrasion-caused stress-raising cracks will
be reduced.

SAFETY/END CONNECTIONS

The safety of the entire tension member system depends upon the proper
design of the end connections (1) to allow the transmission of power to
operate the hook-release mechanism and (2) to accept all anticipated
operational loads without premature failure.

DUTY CYCLE/LOAD ACQUISITION

The duty cycle is influenced by the time required to acquire a load.
The man-to-hook relationships must be carefully considered to obtain
the most efficient system.
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DUTY CYCLE/NATURAL FREQUENCY

Any evidence of resonance of the load and tension member, either during
flight or when picking up or releasing a load, will probably cause the

P iot to spend extra time stabilizing the system, thus lengthening the

Jaty cycle.

USEFUL LIFE/FLIGHT STABILITY

Good tlight stability of a tension member may increase the fatigue l'fe
of the member. Vertical or lateral oscillation during flight may r.pidly
accumulate stress cycles which may ultimately produce fatigue failure of
the tension member.

USEFUL LIFE/EASE OF HANDLING

The manner in which a tension member is handled is important to its
useful life. Every effort must be made to avoid kinking, twisting, or
dragging the member against abrasive objects, especially during tension=-
member replacement.

USEFUL LIFE/MAINTENANCE

The useful life of a tension member may be extended through proper main-
tenance. Ease of maintenance is necessary to insure that the member
lasts the required number of aircraft flight hours.

USEFUL LIFE/SUSCEPTIBILITY TO GUNFIRE

A tension member should be able to survive a hit from enemy gunfire, but
the degree of useful life remaining will depend upon the tension-member
design. A member having a multiple-element construction should offer
the longest life.

USEFUL LIFE/THERMAL EFFECTS

Thermal damage to the tension member material can shorten the fatigue
life and reduce the useful life. See Fatigue Life/Thermal Effects.

USEFUL LIFE/WEAR

See Fatigue Life/Wear.
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USEFUL LIFE/FLEXIBILITY

See Fatigue Life/Flexibility,

USEFUL LIFE/NATU FREQUENCY

See Fatigue Life/Natural Frequency.

USEFUL LIFE/STATE OF DEVELOPMENT

See Fatigue Life/State of Development.

USEFUL LIFE/KINK RESISTANCE

Sec Fatigue Life/Kink Resistance.

USEFUL LIFE/ABRASTON RESISTANCE

See Fatigue Life/Abrasion Resistance.

USEFUL LIFE/END CONNECTIONS

See Fatigue Life/End Connections.

USEFUL LIFE/MINIMUM BEND RADIUS

See Fatigue Life/Minimum Bend Radius.

USEFUL LIFE/REVERSE BENDIN

See Fatigue Life/Reverse Bending.

USEFUL LIFE/FLEET ANGLE

See Fatigue Life/Fleet Angle.

FLIGHT STABILITY/LOAD STABILITY

The tension-member flight stability must not be adversely affected by
load configurations which affect load stability. Instability of the
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tension member should not induce resonant oscillations of the load and
vice versa.

FLIGHT STABILITY/CO LE
The cone-angle requirements of the tension member must not adversely

affect its flight stability.

FLIGHT STABILITY/SHAPE

The aerodynamics of a tension member will vary with its shape. For
example, a wide flat tension member could produce 'flutter'" and steering
problems as well as high drag. A round or streamlined configuration is
more desirable from a drag or flutter standpoint.

FLIGHT STABILITY/FLEXIBILITY

The flight stability of the tension member may be dependenr upon its
flexibility, The lateral oscillation frequency will depend on teasion,
mass per unit length, and flexibility; the more flexible the tension
member, the lower its lateral natural frequency under aerodyrnamic load-

ing.

FLIGHT STABILITY/ZLASTICITY

The flight stability of a tension member 1s a function of its shape,
tension load, and elastic modulus. The more elastic the member, the
more likely it will experience lateral vibration und.r aerodynamic
loading.

FLIGHT STABILITY/NATURAL FREQUENCY

Lateral vibration near the natural frequency of the tension member during
flight may become unstable if not properly controlled, either by damping
or by change in forcing frequency; unstable tension-member vibration can
cause loss of load, tension member, and aircraft due to the rapid accum-
ulation of fatigue cycles or overloading of the tension member.

FLIGHT STABILITY/DAMPING

If the tension-member physical characteristics are such that it has a
natural damping tendency, the magnitude of the lateral vibrations in-
duced by aerodynamic forces may be reduced.
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FLIGHT STABILITY/TORSIONAL CHARACTERISTICS

The flight stability of the tension member may be improved if it is
torsionally stiff so that it does not tend to twist under vertical load

fluctuations.

LOAD STABILITY/SPEED

The required tension-member hoisting speed should not affect the load
stability characteristics; the tension member should allow a smooth

lift of the load.

LOAD STABILITY/LOAD ACQUISITION

The tension member should not affect the stability of the load during
the load acquisition phase of operation. The tension-member behavior
should not lead to either bouncing or twisting of the load during lift-
off.

LOAD STARILITY/ELASTICITY

The more elastic a tension member, the more it will respond to vertical
oscillation of the load moving through the air. This could lead to
unstable coupled vibration of large amplitude, affecting the aircraft
handling.

LOAD STABILITY/NATURAL FREQUENCY

Assuming that the load itself can be made aerodynamically stable (nose-
down configuration, etc.), the combination of load and tension member
must be examined to ascertain that no forcing vibrations are eacountered
during operation at or near the system's natural frequency. This deter-
mination will assure that the load stability is not adversely affected
by the tension member elasticity.

LOAD STABILITY/DAMPING

An elastic tension member should be damped in the vertical mode to
reduce oscillations which might adversely affect the stability of the
suspended load.

LUAD STABILITY/TORSIONAL CHARACTERISTICS

A swivel at the cargo hook probably will be required to prevent load
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rotation from damaging the tension member, especially with the single-
point suspension.

LOAD STABILITY/ANTIROTATION

Antirotation 1in a tension member should help prevent the load from
spinning during pickup.

LOAD STABILITY/END CONNECTIONS

Unless the tension member is antirotative, a swivel or other uncoupling
device should be designed into the lower end connection to minimize the
interactions of the tension member and load stability.

DRIVING POWER/SPEED

The driving power must increase as the speed of the tension member in-
creases. It is therefore appropriate to consider a lowering of the
speed when the load is high to maintain a reasonable power demand.

SPEED/POWER CONDUCTORS

Operation of the tension member at maximum speeds should not affect
either the quality of the signal or the life of the conducters.

SPEED/LOAD ACQUISITION

Initial load lift-off should be accomplished at a low speed to avoid
high inertia loads on the tension member.

SPEED/EASF. OF HANDLING

The tension-member speed must be controlled to slow the hook as it
approaches the load so that the loading crew will be able to guide the
attachment hardware onto the hook.

EASE OF GUILLOTINING/SHAPE

Generally, the thinner the tension member in the direction of guiii-tine
movement, the easier it will be to cut the member in an emergency 1t .u-
tion.
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EASE OF GUILLOTININC/ABRASION RESISTANCE

The ease with which a tension member may be cut in an emergency may be
reduced if the requirements of abrasion resistance necessitate a very
hard surface on the member.

CONE ANGLE/LOAD ACQUISITION

The load-acquisition method must not impose an unacceptably hi:zh cone
angle on the tension member.

CONE ANGLE/THERMAL EFFECTS

If the cone angle of the tension member creates rubbing upon the lead-in
hardware, it may be necessary to alleviate the friction and/or bending
loads to minimize heat buildup.

CONE ANGLE/STRENGTH

For a given load capacity, the ultimate breaking strength of the tension
member must be increased with increased cone angle (by the inverse of
the cosine of the cone angle).

CONE ANGLE/SHAPE

If the tension-member shape is such that it bends mcre easily in one
direction than another, the maximum allowzble cone angle may be greater
in the direction of easier bending unless the winch or fairlead hard-
ware is mounted in gimbals.

CONE ANGLE/WEAR

Generally, the greater the cone angle, the greater the wear of the ten-
sion member at the exit point of the hoist system. If an exit cone or
funnel is used as a guide for the tension member, it may cause abrasive
wear and high bearing loads.

CONE ANGLE/FLEXIBILITY

The more flexible th¢ tension member, the more easily it will accommo-
date the required maximum cone angle. If the member is too stiff to
reach the required cone angle without unacceptable bending stresses,
the winch or fairlead might require gimbals,
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CONE_ANGLE/STORED ENERGY

The greater the cone angle, the greater the stored energy in a tension
member, due to the greater tension and elongation.

CONE ANGLE/ABRASION RESISTANCE

Unless the tension member can be extended and retracted directly at
the required cone angle, some sort of lead-in funnel may be required.
The tension member must then be designed to resist the abrasion caused
by rubbing on the funnel.

CONE_ANGLE/FLEET ANGLE

A lead-in cone to the hoist system may be necessary to prevent the
desired cone angle from producing an unacceptable fleet angle.

POWER CONDUCTORS /STATIC ELECTRICITY

Static electricity discharge must not inadvertently actuate the hook
release or prevert a signal from performing its proper function.

POWER CONDUCTORS /LOAD RELEASE

Power conductors are rc-..red for remote actuation of the nook during
load release.

POWER CONDUCTORS /RELIABILITY

The reliability of the power conductors should equal or exeed the
reliability of the tension member to ensure a useable system,

POWER CONDUCTORS /SUSCEPTIBILITY TO GUNFIRE

Survivability of the power conductors is generally enhanced by making
them integral with the tension member.

POWER CONDUCTORS /SHAPE

The shape of the tension member will influence the placement of inte-
gral power conductors used for actuating the cargo hook. A round cross
section will allow the use of centrally located power conductors (such
as in the present electromechanical cable),while a flat member must

89



'5-“&.' -

have its power conductors nearer the surface. The latter design has
the advantage of «ase of power-co' ductor inspection, and the disadvan-
tage of exposure of the power conductors to extecnal damage.

POWER CONDUCTORS /WEAR

If the power conductors are integral with the tension member and near
its surface, some mezns must be provided to protect against premature
wear which could cause malfunction of the hook release mechanism.

POWCR _CONDUCTORS /FLEXIBILITY

If the power conductors are integral with the tension member, they must
be at least as flexible as the load-carrying elements so that they will
not break prematurely Aue to high tensile or bending stresses.

POWER CONDUCTORS /ELASTICITY

If the power conductors are integral with the tension member, they must
be at least as elastic (extensible) as the load-carrying elements to
assure that they will not break under high loads and maximum tension-
member stretch,

POWER CONDUCTORS /TORSIONAL CHARACTERISTICS

If the power conductors are integral with the tension member, they
should be designed to accept the torsional loads in the tension member
without breakage or fatigue damage. If the power conductors are sepa-
rate from the tension member, some means must be provided to keep them
from becoming twisted around the member.

POWER _CONDUCTORS /ANTIROTATION

Antirotation designed into the tension member should impose less
stringent design requirements on integral power conductors, and may
also eliminate the problem of separate power conductors buvcoming
tangled or wrapping around the outside of the tension member.

POWER CONDUCTORS /STATE OF DEVELOPMENT

Electrical lines integral with the tension member have in the past been
the most common method of remote hook control. It may also be possible
to use some other method, such as radio frequency transmission, pneuma-
tics, or hydraulics.
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POWER CONDUCTORS /KINK RESISTANCE

The power conductors, if integral with the tension member, must be
capable of accepting whatever 'kink stresses' the tension member will
experience. The greater the kink resistance of the tension member,
the less the requirement on the power conductors.

POWER _CONDUCTORS /ABRASION RESISTANCE

At least as important as the integrity of the tension member is the
ability of the power conductors to resist abrasion. This is true even
1f the conductors are centrally located within the tension member, as
internal abrasive wear is a possibility.

POWLR CONDUCTORS/FRICTION OR TRACTION DRIVE

The power conductors must be designed to withstand the normal and
frictional loads imposed by a friction or traction drive for the tension
member .,

POWER CONDUCTORS /END CONNECTIONS

See Safety/End Connections.

POWER _CONDUCTORS /MINIMUM BEND RADIUS

If the power conductors are irntegral with the tension member, care must
be taken to assure that the conductors as well as the member are capable
of sustaining the minimum bend radius without overstress or unacceptable
fatigue damage.

POWER CONDUCTORS /REVERSE BENDING

Consideration must be given to the fatigue life of the power conductors
under anticipated reverse bending.

STATIC ELECTRICITY/LOAD ACQUISITION

Caut'on must be exercised when acquiring a load t¢ prevent the static
elect:'icity from discharging and injuring personnel or causing a cata-
stroptic event (e.g., igniting gasoline tanks, setting off explosives).
The tension member should be grounded prior to contact with loads or
persornel.
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STATIC ELECTRICITY/EASE OF HANDLING

See Static Electricity/Load Acquisition.

STATIC ELECTRICITY/STATE OF DEVELOPMENT

The static electric charge problem on a helicopter tension mcmber is
avoided at present either by contacting the hook with a ground rodor

by throwing the 'D" ring at the hook. New methods of solving this
problem have been suggested and may be developed; these include firing

a grounding line from the aircraft, insulating the hook from the tension
member, and grounding the gloves of the cargo personnel.

STAT SCTRIC E
It may be possible to design at least part of the lower end connection

of the tension member to be nonconductive, reducing the chance of static
discharge injuring ground perronnel during load acquisition.

LOAD ACQUISITION/EASE OF HANDLING

The ability of a man to handle the tension member, hook, and sl ngs
must be considered in the overall design. Ease of hookup to reduce
hover time is of primary importance.

LOAD ACQUISITION/THERMAL EFFECTS

Load acquisition should be accomplished smoothly enough that excessive
shock loads and consequent thermal damage are not experienced by the
tension member. See Shock Loading/Thermal Effects.

LOAD ACQUISITION/FLEXIBILITY

The tension member must be flexible enough so that ground personnel

may move the plckup hook directly over the )oad while the helicopter

{8 hovering. However, it should be siiff enough to preveni the hook
from flailing around due efther to wind gusts or to helicopter downwash.

LOAD ACQUISTTION C

There are two areas in which the tension-member elastic behavior affects
the ease of load acquisition. First, if the tension member is too
elastic, vertical oscillations of the hook may dcvelop while the heli-
copter is hovering over the load, endangering "he ground personnel

92



- —w--m.‘

o g

trying to complete the hookup. Second, a very elastic tens{--
member would mean that during load lift-off | the helicopter 'ould be
required to ascend some distance before the load actually lifts off

the ground.

LOAD ACQUISITION/TORSIONAL CHARACTERISTICS

A swivel may b: required between the tension member and the hook to
prevent the lcad from spinning on lift-cff {f there is any tendency
of the tensio: member to twist under load.

LUAD RELEASE/THERMAL EFFECTS

Loads should be released in such a manner that excessive

shock loads do not occur. Release of cargo while a significant tensile
load remains on the tension member can produce spring-back and, possibly,
high friction forces and high temperatures. See Shock Loading/Thermal

Effects.

LOAD RELEASE/ELASTICITY

The more elastic the tension member, the lower the helicopter must
descend or the more the hoist will have to extend to release the load
on the hook. This increases rhe danger of load release under tension,
a situation to be avoided because of the stored energy problem.

LOAD RELEASE/STORED ENERGY

Load release from the hook(s) must be accomplished after most of the
tension has been let off the tension member, particularly in the case
of a very elastic member. See Safety/Stored Energy.

LOAD RELEASE/TORSIONAL CHARACTERISTICS

Because of the problem of stored iLorsional energy in the tension member,
load release should occur under minimum tension conditions; emergency
load release may result in whipping of the tension member, endangering
personnel and possibly resulting in tension member kinking.

LOAD RELEASE/ANTIROTATION

Antirotation ghould reduce the stored torsional energy in a loaded
tension member so that the member does not spin or twist upon load
release.
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LOAD RELEASE/KINK RESISTANCE

See Shock Loading/Kink Resistance.

EASE OF HANDLING/MAINTENANCE

The more flexible a tension member is, the more easily a man can handle
it during maintenance operations, and the more likely that these opera-
tions will be carried out etfectively. Ease of flield replacement of
the tension member is highly desirable.

EASE OF HANDLING/SHAPE

Sharp edges or projections on a tension member could prove dangerous to
ground personnel during maintenance or load acquisition. A wide flat
section could be hard to handle due to wind loads from gusts and heli-
copter downwash.

EASE_OF HANDLING/FLEXIBILITY

In general, the more flexible the tension member, the more easily it may
be handled by ground personnel, both during load acquisition and normal
naintenance.

EASE OF HANDLING/TORSIQONAL CHARACTERTSTICS

Stored torsionai energy in the tension member can create a handling
problem, both in use and during maintenance. See Safety/Torsional
Characteristics.

EASE_OF HANDLING/ANTIROTATION

See Safety/Antirotation.

EASE OF HANDLING/WEIGHT

The mass per unit length of the tension member will directly affect the
ease with which the member can be handled during load acquisition and
normal maintenance.

RELIABILITY/THERMAL EFFECTS

If the design of the tension member is such that damage due to thermal
effects is minimized, the system will be inherently more reliable.
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RELIABILITY/WEAR

A wear-resistant tension member will be more reliable due to the re-
duced possibility of wear-induced premature failure.

RELIABILITY/STATE OF DEVELOPMENT

The reliability of any design is directly proporticunal to its state of
development. A newly developed design will have low reliability until
proven in use.

RELIABILITY/KINK RESISTANCE

Designed-in kink resistance in a tension member should improve 1its
reliability by guarding against inadvertent failure from kinking.

RELTABILITY/ABRASTON RESISTANCE

Proper design attention to abrasion resistance can prevent premature
failure due to abrasive wear and improve the reliability of the tension
member.

RELIABILITY/END CONNECTIONS

The reliability of the tension-member system is dependent upon the
proper design of the end connections to transfer the load from the hook
to the member and the hook power from the helicopter to the hook.

MAINTENANCE /SHAPE

See Ease of Handling/Shape.

MAINTENANCE/FLEXIBILITY

See Ease of Handling/Flexibility.

MAINTENANCE/ELASTICITY

If an elastic tension member is stored under tension, great care must
be exercised in removing it for maintenance. See Maintenance/Stored
Energy.
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MAINTENANCE/STORED ENERGY

The tension member may be stored under tension, as with a cable on a
drum. If so, extreme care must be exercised to release that tension
prior to removing the tension member for maintenance, to preclude the
possibility of personnel injury.

MAI NTENANCE/WEIGHT

See Ease of Handling/Weight.

MAINTENANCE/ExD CONNECTIONS

Maintenance of the tension member should be eas!er if the end connec-
tions are designed with quick-release power conductors and other cime-
saving features to facilitate repair and/or replacement.

SUSCEPTIBILITY TO GUNFIKE/STRENGTH

Generally, the greater the tension-member strength, the less

the susceptibility to gunfire damage. One exception is in the case of
a nonuriform cross-sectional strength where damage to the stronger
area would more severely compromise the strength than damage to the
weaker area,

SUSCEPTIBILITY TO GUNFIRE/SHAPE

The shape of the tension member will determine its vulnerability to
enemy gunfire; the wider the tension member, the more likely it is to
be hit, Also, the design may be such that hits to some areas of the
cross section will be more survivable than hits to other areas.

THERMAL EFFECTS /STRENGTH

See Load Capacity/Thermal Effects.

THERMAL EFFECTS /SHAPE

The shape of the tension member may be designed so that rubbing of the
member against itself and other parts of the system will produce a
minimun of bending and friction, and therefore a minimum of heat build-

up.
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THERMAIL, EFFECTS/FLEXIBILITY

If excessive heat buildup creates a phase change in the tension member
material, it is possible that the member may become less flexible.

THERMAL EFFECTS/ELASTICITY

If excessive heat buildup creates a phase change in the tension member
(such as the embrittlement of synthetic rope), the elasticity of the
member may decrease.

THERMAL EFFECTS /STORED ENERGY

The stored energy of a loaded tension member should not be released in
such a way as to create excessive heat buildup. See Shock Loading/
Thermal Effects and Load Release/Thermal Effects,

THERMAL EFFECTS/TORSIONAL CHARACTERISTICS

The design of the tension member must allow for the possibility of
internal and/or external rubbing under torsional loads. At present,
a swivel is provided at the load end of the tension member to accom-
modate rotation.

THERMAL EFFECTS/FRICTION OR TRACTION DRIVE

If the hoist operation employs a friction or traction drive, considera-
tion must be given to the squeezing or crushing action upon the tension
member a3 well as slippage relative to the traction device. Excessive
interral and/or external friction can cause detrimental heat buildup
and damage to the tension member material.

THERMAL EFFECTS /MINIMUM BEND RADIUS

The thermal effects due to loading will increase as the minimum bend
radius of the tension member decreases. The unit pressure between
adjacent component parts of the tension member increases with decreas-

ing bend radius,causing an increased friction load and therefore
greater heat energy input.

THERMAL EFFECTS /[REVERSE BENDING

Reverse bending of the tension memher may increase the relative motion
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among the tension member component parts, ttus increasing the possibil-
ity of damage-causing excessive heat buildup.

THERMAL FFFECTS /FLEET ANGLE

If a tension member is to be wound upon a drum or over a sheave, the
fleet angle must be kept to a minimum to reduce scuffing friction
which can cause thermal damage. This may require some form of level-
wind mechanism,

STRENGTH/WEAR

Any reduction in the tension-member cross-sectional area due to wear
will very likely reduce its strength, For this reason, normal wear
over the useful life of the tension member must be accounted for in
its design. It may be desirable to provide an exterior cover to the
load-carrying elements to protect them from degradation due to wear.

STRENGTH/TORSIONAL CHARACTERISTICS

The tension member may be of such a design that induced twisting will
unload some of the load-carrying elements. In this case, the load is
transferred to a smaller cross section, increasing the stress. Either
the tension-member strength must be increased to accommodate this
torsional effect, or some form of swivel must be attached to eliminate
the torsional load.

STRENGTH/STATE OF DEVELOPMENT

Higher strength materials are continually being developed (e.g., com-
posites). It may be that new, higher strength materials can be useful
for the tension member if development work is undertaken to adapt
these materials to the tension~member application.

STRENGTH/WEIGHT

It is desirable for the tension member (and the entire hoi:.ting mechan-
ism) to have a high strength-to-weight ratio; for a given & trength
requirement, the weight should be low to maximize the amount of pay-
load that the helicopter can carry.

STRENGTH/POSITIVE DRIVE

If the tension member is to be hoisted under load by a positive drive
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mechanism (such as a sprocket driving a chain), any fittings that the
drive engages must be strong enough to support the load.

STRENGTH/END CONNECTIONS

A critical design problem will be the attachment of the end connections
(hook) to the tension member in a manner capable of carrying the entire
rated load.

STRENGTH/REVERSE BENDING

For the design of the tension member, bending stresses must be consid-
ered as well as tensile stresses. It is possible that, due to the con-
figuration, the bending stresses may be the most critical, especially
if reverse bending is anticipated.

STRENGTH/COST

For some tension-member materials, greater ultimate tensile stresses
may be obtained for increased cost. This represents a design trade~off
which must be considered.

SHAPE/WEAR
If the exterior of the tension member has sharp edges or prctrusions,
it will be more susceptible to wear than if it has smooth outer surfaces,

Also, care must be used in the design so that adjacent tension-member
parts do not cause detrimental internal wear.

SHAPE/FLEXIBILITY

The cross-sectional shape of the tension member very likely will affect
its directional flexibility. For example, a circular cross section will
probably be equally flexible in all directions, while a flat-belt or
roller-chain configuration will be far stiffer in one direction than
another.

SHAPE/NATURAL FREQUENCY

Since the shape of the tension member will determine its lateral stiff-
ness, and the natural frequency is a function of this stiffness, the
shape will directly affect the transverse natural frequencies.

99



SHAPE/ABRASION RESISTANCE

See Shape/Wear. Coatings may be applied to the tension member to improve
the abrasion resistance by mcdifying the su. face configuration (shape)
to reduce high localized bearing pressures,

SHAPE/FRICTION OR TRACTION DRIVE

If a friction or traction drive is employed to hoist the tension member
under load, the member's shape must be such as to withstand the drive
loads. For example, a hollow cross section must be strong enough to
resist the transverse loads necessary for a frictional driving force.

SHAPE/POSITIVE DRIVE

A positive drive for a tension member utilizes a direct bearing mech-
anism such as a chain on a sprocket. Because of its high inherent
efficiency and small bend radius requirements, positive drive is desir-
able. However, the tension-member shape necessary for this drive method
may require greater complexity and weight.

SHAPE/END CONNECTIONS

The configuration of the tension-member end connections will be deter-
mined liargely by the member's cross-sectional shape. A wide flat belt
may be difficult to terminate,since it would be necessary to transfer
the load uniformly from the entire width of the belt to a central point
(hook center).

SHAPE /MINIMUM BEND RADIUS
See Shape/Flexibility. Generally, thie more flexible a tension member

(as determined by its shape), the smaller will be the minimum allowable
bend radius.

SHAPE/REVERSE BENDING

It may be undesirable to reverse bend a tension nember because of its
shape and the resulting high bending stresses (e.g., a '"V'" belt con-
struction).

SHAPE/FLEET ANGLE

The shape of the tension member may determine its transverse stiffness;
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high transverse stiffness mey reduce tle maximum allowable fleet angle
because of stress considerations.

WEAR/ABRASTON RESISTANCE

The tension member should possess good abrasion resistance so that
external wear is reduced to a minimum,

WEAR/FRICTION OR TRACTION DRIVE

Minor slippages occur in traction-type hoist drives due to the differ-
ences in tension-member load from full tension at the entry to back
tension at the exit of the traction drive mechanism. This slippage
causes wear on the oute. surface of the tension member. Internal wear
may be caused in the same manner due to relative movement between ten-
sion-member elements.

WEAR/POSITIVE DRIVE

The wear associated with a positive drive system is concentrated at

the joints of the tension member, if any, and at the points of contact
with the driving sprockets or tracks. However, with this type of drive,
tension-member lubrication may be used without degrading the tractive
effort.

WEAR/MINIMUM BEND RADIUS

For some tension-member designs, the smaller the bend radius experi-
enced, the greater the relative movement between adjacent elements,
and thus the greater the internal wear.

WEAR/FLEET ANGLE

If a tension-member fleet angle is too great, it is likely that the
tension member will scuff both on itself and on the system machinery.

FLEXIBILITY/NATURAL FREQUENCY

The lateral natural frequency of the tension member is a function of
its flexibility.
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FLEXIBILITY/KINK RESISTANCE

It is likely that the more flexible the design of the tension member,
the more resistant it will be to damage due to kinking.

FLEXIB'LITY/MINIMUM BENL RADIUS

Generally, the more flexible a tension member, the lower will be its
bending stresses for a given bend radius and the smaller will be the
minimum allowable bend radius.

ELASTICITY/NATURAL FREQUENCY

The longitudinal natural frequency of the tension member is inversely
proportional to its elasticity, while the lateral natural frequency is
inversely proportional to the elasticity and directly proportional to
the applied tension.

ELASTICITY/STORED ENERGY

The more elastic the tension member, the greater its deflection under
load; since the stored energy is the product of the load and the deflec-
tion, the greater will be the stored energy. See Safety/Stored Energy.

ELASTICITY/FRICTION OR TRACTION DRIVE

With a friction or traction drive, the system must be designed to
accommodsate the elastic elongation of the tension member under load

and ths reduction in length when the tension member comes off the drive
at low tenslon into storage. Also to be considered are the slippage and
porsible abrasive wear due to the tension change over the tractive

doive element,

ELASTICITY/POSITIVE DRIVE

Because of the nature of a positive drive system, it is quite likely
that very little elasticity can be tolerated in its tension member. If,
for instance, roller chain were used as the cension member, too great
an elongation under load would result in the chain not meshing properly
with the driving sprocket.

NATURAL FKI-‘UENCY/DAMPING

If the system design includes a generous amount of damping, it may be
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possible to experience forced vibration at or near the system natural
frequency without undue safety hazard. It is likely that, in transi-
tioning from hover to forward flight, for example, the fundamental
natural frequency of the tension member will be excited, necessitating
designed~in system damping to minimize harmonic oscillation.

TORSIONAL CHARACTERISTICS/ANTIROTATION

Antirotation is that generally desirable torsional design characteris-
tic of a tension member which minimizes twist under load.

TORSIONAL CHARACTERISTICS/KINK RESISTANCE

If the tension member is not torsionally stable, it will probably not
be kink resistant under twisting loads, sudden load release, or change
from high tension to low back-tension in the hoist system,

TORSIONAL CHARACTERISTICS/FRICTION OR TRACTION DRIVE

A friction or traction drive must take into account any twisting of a
tension member when passing from high to low *tension. See also Storage/
Torsional Characteristics.

TORSIONAL CHARACTEIISTICS/END CONNECTIONS

See Load Acquisition/Torsional Characteristics.

ANTIROTATION/KINK RESISTANCE

A tension member designed to be antirotative is less likely to kink
from the release of stored torsional energy, as when a load is released
or when the member comes off a friction drive into storage.

ANTIROTATION/FRICTION OR TRACTION DRIVE

See Torsiona” Characteristics/Friction or Traction Drive.

ANTIROTATION/END CONNECTIONS

Antirotation may eliminate the requirement for a swivel at the hook
for multipoint suspension configurations.
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STATE OF DEVELOPMENT/COST

Generally, the greater the state of development, the lower the cost of
implementing a tension-member concept.

WEIGHT/FRICTION OR TRACTION DRIVE

The weight of a tension member may be less for a friction-drive type
than for a positive-drive type. However, the hoist drive system for
the positive drive may weigh less than for a friction drive, offering
an overall system weight saving.

WEIGHT-POSITIVE DRIVE

See Weight/Friction or Traction Drive.

KINK RESISTANCE/MINIMUM BEND RADIUS

The minimum bend radius expnrienced by a tension member must not be
so small as to produce permanent tension-member kinking under the maxi-
mum loading conditions.

ABRASION RESISTANCE/FRICTION OR TRACTION DRIVE

The overall abrasion resistance of a tension member used for a friction
drive may have to be greater than that for a positive-drive system.

The elastic nature of the tension member may result in differential
sliding movement in the traction-drive system with resultant abrasive
surface wear of the tension member.

RASION RESISTANCE/P VE DRIVE
Abrasion may be a problem at the positive-drive contact points on the
tension member. See Abrasion Resistance/Friction or Traction Drive.
ABRASTON RESISTA'ICE/FLEET ANGLE
Even a small fleet angle may cause scuffing contact between tension-

menyer elements as the member retracts into storage; for this reason,
abrasion resistance is important.

MI E ND

Because fatigue damage is related not only to maximum stress but also
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to mean stress, reverse bending of the tension merber is likely to
require a larger minimum bend radius to avoid unacceptable fatigue
damage.

ND FLEET E
Design attention must be paid to the bend radius experienced by the

tension member due to fleet angle. In some cases this radius is the
smallest bend radius in the system.
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APPENDIX II

DISCUSSION ANL EVALUATION OF TENSION-MEMBER
CONCEPS FOR E.\CH PARAMETER

Each tension-member concept has been evaluated with regard to.each param-
eter in light of the precelding questions. Values of one through ten
have been assigned, with higher numbers i{ndicating higher rating.

EASE OF GUILLOTINING

Guillotining the tension member may be accomplished with a mechanically
relcased spring-loaded cutting blade, an explosive-powered cutting blade,
or a shaped charge ruch that the explosive energy {tself cuts through

the tension member. Preliminary consideratior of these guillotining tech-
niques indicates rhat for each of the several tension-member concepts, a
feasible guillotine system can be designed with sui able reliability

using one or more of the methods just described.

A cutting blade and anvil arranged to sever the tension member by a chiscl
action probably would be suitable for the wire rope, synthetic rope and
wire-rope-belt configurations. A cutting blade and anvil arranged to
sever the tension member by a scissor action might be satisfactory for the
synthetic-tape and steel-tape concepts. For efther case, the metallic ten-
sion members would reauire more energy to accomplish guillotining than
would the synthetic cnes. The roller-chain and jointed-link concepts
would require a more sophisticated guillotine system since energ: would be
required to cut through the rollers (as well as links) or the joint areas,
respectivel::. The evaluation in Table XI covers all load cases.

TABLE XI., EASE OF GUILLOTINING EVALUATICN
High
Metallic Required
Concept Material Energy Evaluation
D. Synthetic Rope 10
E. Synthetic Tape 10
C. Steel Tape x 9
A. Wire Rope x 8
B. Wire-Rops beil x ¢
G. Jointed Links x x 4
F. Roller Chain x x 3
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STORED ENERGY - ELASTICITY

A very real danger exists in the operation of the hoist system {f the
cargo is released prior to reducing the tension in the tension member to
a safe level. This might happen efither in an emergency or inadvertent
release of suspended cargo or by hook release during cargo delivery prior
to fully removing the load. A third situation sometimes encountered is
sling or hook failure, resulting in immediate loss of tension. The dan-
ger lies in the stored strain energy of the tension member causing the
hook to recnil upward into the helicopter rotors or fuselage. Each ten-
sion-member concept is analyzed below for the magnitude of this danger
utilizing the following approach:

Assuming that the tension member acts as a lirear spring under load,
Stored energy = 1/2 kb2 (%)

where
k = spring constant (1b/in.)
6 = elongation (in.)

For an elastic member, the elongation under load is

PL
6 = AE (5)

where

applied load (1b)

length (in.)
cross-sectional area (in.2)
elastic modulus (lb/in.?)

M > = T

For a linear system,
|4
k.Z.AE (6)
2 2
1 P
Then the stored energy = % k62 -2 Af (ﬁé) = 3:%
Assuming a conservative system (no energy loss) and a weightless tension

member, the stored energy is equal to the energy expended to launch the
hook:

2
P2y
A" MMy

where
Wy = hook weight (1b)
y = rebound height (in.)
p2

Rearranging, y/f = EXEEE
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B. Wire-Rope Belt

The same analysis applied to wire-rope belt comprised of four 6 x 19 IWRC

ropes givgs the values in Table XIII (assuming the rope elastic modulus

14.5 x 10° psi).
TABLE XIII. STORED ENERGY - WIRE-ROPE BELT
Ultimate DHR
Rope Tensile Metallic (Percent
Load Diameter Strength Areg DHR of Design
Case (in.) (1b x 10'3) (in.%) (b x 10-3) Ccapacity)
30T-1 11/16 232 0.88 84.6 141
40T7-1 13/16 320 1.20 109.0 136
50T-1 15/16 416 1.60 136.5 137
30T-2 9/16 156 0.60 57.6 139
40T-2 11/16 232 0.88 77.5 140
50T-2 3/4 271 1.04 92.0 133
E—

For both concepts A and B, then, release of the hook with partial load

when delivering cargo presents no danger to the aircraft fuselage or
However, hook release or sling breakage under high 'G" loads from

rotor,

gusts or maneuvers can result in the hook being launched far enough to
endanger the safety of the aircraft and crew.
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C. Steel Tape

Conservatively, the same analysis may be applied to the steel-tape con-
cept; the results are shown in Table XIV,

TABLE XIV. STORED ENERGY - STEEL TAPE

Ultimate DHR

Tensile Tape Metallic (Percent
Load Strength Dimensions Area DHR* of Design
Case (1b x 10~3) (in.) (in.2) (b x 10'3) Capacity)
30T-1 225 1/8 x 6.00 0.75 113.7 190
40T-1 300 1/8 x 8.00 1.00 144.8 181
50T-1 375 1/8 x 10.00 1.25 175.7 176
30T-2 155 1/8 x 4.14 0.52 78.0 188
40T-2 207 1/8 x 5.52 0.69 100.0 181
50T~-2 259 1/8 x 6.91 0.86 121.8 176

| -

*For this calculgtion the
to be 30.7 x 10

psi.

elastic modulus of the steel tape is assumeﬂ

D, Synthetic Rope

Because of the monlinear behavior of the double-braid rope construction,

each load case must be analyzed using the typical stress-strain curve

shown in Figure 19.

The stored energy ~as computed by graphical integra-

tion from the percentage-load-versus-elongation curve for a double-braia
construction with a polyester outer cover and a polypropylene inner core;
the breaking strengths were increased by 10 percent to reflect the latest
developments in synthetic (polyester) fibers
Fortrel, etc.) show the greatest promise for this application due to a
favorable combination of high strength, low e.ongation, and high melting

point,
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The results of this analysis are shown in Table XV.

Polyester fibers (Dacron,
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TABLE XV. STORED ENERGY - SYNTHETIC ROPE

Ultimate DHR

Rope Tensile (Percent
Load Diameter Strength¥* DHR of Design
Case (in.) (1b x 10'3) (b x 10'3) Capacity)
307-1 2-3/4 225 15 25
40T~1 3-1/4 303 19 24
50T-1 3-3/4 384 24 24
307-2 2-3/8 164 11 26
40T-2 2-5/8 207 13 24
50T-2 3 264 16 24
*Ultimate tensile strength from Samson Cordage Works Catalog,
1966, increased by 10 percent.

E. Synthetic Tape

Breaking strength data for synthetic tapes are present:d in Figure 20.
Typical load-elongation curves are shown in Figure 21. The lower elonga-
tion of the polyester (e.g.,Dacron) makes this material most desirable
for the helicopter-load tension member. For purposes of computing energy
storage for the polyester tape, a linear approximation of the load-elon-
gation curve may be used with acceptable accuracy. This assumption pro-
vides an approximation for the elastic modulus equal to 0.63 x 106 psi.

Computations for tension-member load corresponding to Dangerous Hook

Release can now be made utilizing Equation (7) and Figures 2, 20, and 21
to give the values in Table XVI.
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TABLE XVI., STOLED ENERGY - SYNTHETIC TAPE
DHR
Tape (Pevcent
Load Dimensions DHR of Design
Case (in.) (1b x 10'3) Capacity)|
30T-1 7.65 x 0.40 33 55
40T-1 10.20 x 0.40 42 52
50T-1 12.75 x 0.46 51 51
30T-2 5.25 x 0.40 22 53
40T-2 7.05 x 0.40 29 52
50T~2 8.80 x 0.40 35 51

F. Roller Chain

The following load-elongation data were obtained from a roller-chain
manufacturer:

ASA 160 Chain  ‘SA 200 Chain

Tensile load, T, pounds 17,500 19,000
Strain, ¢, inches per foot 0.050 0.030
Metallic area, A, square inches 0.61 1.00
The elastic moduli of these two chain types may be computed as
o T
E = P ] eA (8)

Elastic moduli values of 6.9 x 106 psi and 7.6 x 108 psi are obtained
for the ASA 160 and ASA 2(0 chains, respectively.

For n-strand chains (i.e., ASA 160-n), the metallic area will be n times
the above~indicated values, and an applied load of n times the indicated
value will produce the same elongation as listed above. Table XVII gives
the results of the analysis for the six load cases.
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TABLE XVII. STORED ENERGY - ROLLER CHAIN
Ultimate DHR

Chain Tensile (Percent
Load ASA Strength¥* DHR of Design
Case Number (1b x 10-3) (1b x 10'3) Capacity)
30T-1 160-4 232 97 162
40T-1 160-6 348 131 164
50T-1 200-4 380 156 156
30T-2 160-3 174 69 167
40T-2 160-4 232 89 161 -
50T-2 200-3 285 113 164
*Diamond Chain Company, Catalog No. 766.

G. Jointed Links

Without a detailed design for each load capacity requirement, an exact
calculation of stored energy effect is not possible for the jointed-link
tension~-member concept. However, a look at the construction reveals that
t'ie modulus will certainly be lower than that of the material used in
each link (due to local deformations at the joints) and will probably be
higher than that of roller chain di: to the smaller number of link connec-
tions.

The estimated values given in Table XVIII assume that the effective elastic
modulus of jointed links is 20 x 106 psi.
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TABLE XVIII. STORED ENERGY - JOINTED LINKS
Ultimate DHR
Tensile (Percent
Load Strength DHR 3 of Desigﬁ
Case (1b x 10'3) (1b x 1077) Capacity):
30T-1 225 130 217 |
40T-1 300 165 206 ll
50T~1 375 200 200
30T-2 155 89 215
40T=2 207 114 206
50T-2 259 139 202

In Table XIX, the tensione-member concepts are listed in order of de-
creasing Dangerous Hook Release load as a percentage of rated load capac-
ity. The concepts are evaluated by comparison using the graph shown in
Figure 22, Below 100 percent DHR load, there is danger both from release
of a capacity load under tension and from inadvertent dropping of the
load due to sling or hook failure. Above 100 percent DHR load, the dan-
ger lies ¢:ly in sling failure or hook release under high 'G" loading.
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TABLE XIX.

STORED ENERGY EVALUATION

Load Case

Concept 30T-1 40T-1 50T-1 30T-2 40T-2 50T-2

G. Jointed Links(®) DHR(®) 217 206 200 215 206 202
ev(e) 10 10 10 10 10 10

F. Roller Chain(a) DHR 162 164 156 167 161 164
EV 10 10 10 10 10 10

C. Steel Tape DHR 190 181 176 188 181 176
EV 9 8 8 8 8 8

B. Wire-Rope Belt DHR 141 136 137 139 140 133
EV 7 7 7 7 7 7

A. Wire Rope DHR 140 136 132 144 139 132
EV 7 7 7 7 7 7

E. Synthetic Tape DHR 55 52 51 53 52 51
EV 3 3 3 3 3 3

D. Synthetic Rope DHR 25 24 24 26 24 24
EV 1 1 1 1 1 1

(a) The very large total weight of the jointed-link and roller chain
tension members will act to prevent dangerous recoil of hook.
Therefore, these two tension-member concept: &re given the maxi-

mum evaluation of 10,

(b) Dangerous Hook Release load, percent of design capacity.

(c) Evaluation.
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Dangerous Hook Release, percent rated load capacity

Evalua®ion

Figure 22. Evaluation of Stored Energy for
Tension-Member Concepts.
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AERODYNAMIC CONSIDERATIONS

The flight stability of the various tension-member concepts is a measure
of detrimental aerodynamic effects during operation. In this resp. t,
both the shape and the weight will affect the magnitude and frequency of
aerodvnamic vibrations as well as the amount of drag. Shapes may be com~
pared by analyzing the width-to-thickness ratio of the tension-member
cross sections. This parameter influences the '"flapping' or vortex-
shedding behavior; higher values of the ratio indicate more serious vi-
bration. Also, the drag cf the tension member is directly proportional
to the projected area (or width) perpendicular to the airstream. The
weight of the tension member affects the frequency of vibration; higher
weight is usually associated with lower frequency and higher amplitude.
The evaluation in Taeble XX considers both the aerodynamic effect of
shape and the expected effect of weight differences on vibration fre-
quencies.

TABLE XX. AERODYNAMIC EVALUATION

Drag Flutter
width/
Relative Thickness Relative
Concept Shape ° ‘dth Ratio Weight Evaluat£25

A. Wire Rope Round 1 1 2 g
G. Jointed Links Round 1 1 3 9
D. Synthetic Rope Round 2 1 1 8
B. Wire-Rope Belt Flat 2 4 2 7
F. Roller Chain Flat, but

open 6 4-8 12 7
E. Synthetic Tape Flat 5 13-32 1 5
C. Steel Tape Flat 4 30-80 1 4
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RESISTANCE TO SHOCK LOADING

The resistance of a tension member to excessive transient tensions dur-
ing shock or impact loading may be viewed as a measure of elasticity or
spring rate. That is, the more elastic a tension member, the less likely
it will break under a given impact loading. A study of the parameters
affecting impact tolerance* shows that for linear material under longi-
tudinal impact conditions, the tolerance is directly proportional to the
ultimate tensile stress and inversely proportional to the square root of

the modulus and the mass density:

(9)

Impact tolerance Oult
Ep

where
Oylt = (UTS)/A (1lb/in.2)
p = (wt)/ALg (1b/in.3)
E = elastic modulus of tension member (1b/in.2)
UTS = wultimate tensile strength of tension member (1b)
= cross-sectional area of tension member (in.z)
£ = total length of tension member (in,)
wt = total weight of tension member (1b)

g '+ acceleration of gravity (1n./sec2)

Then,

o (UTS) /A (10)
JE(wt)/AEg

Impact Tolerance

For all tension-member concepts, £ and g are constants, and therefore
Impact tolerance X UTS/VEA (wt) (11)

Table XXI gives the results of an impact tolerance analysis for the
several tension-member concepts. In cases of nonlinear stress-strain
behavior where the elastic modulus decreases with strain, such as
synthetic tape and rope, the impact tolerance will be higher than that
computed using a linear approximation of modulus based on the strain
at failure; results for those concepts will therefore be conservative,

*ASD Technical Note 61-66 AN INVESTIGATION OF THE MATERIALS AND
CONSTRUCTIONS OF TENSION MEMBERS FOR USE IN AIRCRAFT ARRESTMENT
EQUIPMENT, June 1961, Armed Services Technical Information Agency.
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Using a linear evaluation of impact tolerance as shown in Figure 23, the
values shown in Table XXII are generated.

TABLE XXII, EVALUATION OF RESISTANCE TO SHOCK LOADING
Load Case

Concept 30T-1 40T-1 50T-1 30T-2 40T-2 50T-2

D. Synthetic Rope IT* 14.75 14.40 14.00 14.60 14.50 14.70
EV¥ 10 10 10 10 10 10

E. Synthetic Tape IT 13,50 13.50 13.50 13.50 13.50 13.50
EV 10 10 10 10 10 10

B. Wire-Rope Belt IT 3.45 3.49 3.40 3.41 3.46 3.42
EV 3 3 3 3 3 3

A. Wire Rope IT 3.27 3.18 3.15 3.24 3,27 3.21
EV 3 3 3 3 3 3

C. Steel Tape IT 2,93 2.9 2.93 2.91. 2.93 2.95
EV 2 2 2 2 2 2

G. Jointed Links IT 1.8 1.68 1.68 1.68 1.68 1.68
EV 2 2 2 2 2 2

F. Rollr~ Chain IT 1.13 1.13 1.05 1.13 1,13 1.05
EV 1 1 1 1 1 1

* Impact Tolerance.
*% Evaluation.
hua |

RESISTANCE TO THERMAL DAMAGE

Thermal damage to the tension member may occur in several ways. During
normal extend-and-retract operations under load or during periods of
shock loading, heat may be generated by sliding friction as the tension
member rubs against components of the hoist system or against adjacent
layers or wraps of the tension member on a hoist drum. Another source

of heat is prolonged vibration due to aerodynamic instability of the ten-
sion member. This latter condition may provide surface damage to the
tension member in contact areas with hoist components, or internal damage
due to working of the load-carrying elements.
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In regard to the synthetic materials, there have been some reports of
embrittlement of nylon cargo slings due to excessive heat buildup at
contact points with the cargo. On the other hand, the Navy has experi-
enced no problems of this nature in the operation of their synthetic-
tape aircraft-arresting equipment under extremely severe impact-loading
conditions. (The arresting tapes are similar in size and design to the
proposed synthetic-tape tension member.) It is probable that in this
latter case, the large contact areas and resulting low unit pressures
result in minimum heat generation during impact. Thermal effects, then,
on synthetic rope might be expected to be more pronounced because of
smaller contact areas and higher unit pressures.

Wire-rope constructions comprised of carbon steel wires can generate
enough heat and pressure at contact points with sheaves and drums during
impact conditions to cause a martensitic phase change in the wire mate-
rial. The result is a very brittle and crack-sensitive surface layer
which accelerates fatigue failure of the wires.

The evaluation shown in Table XXIII illustrates the measure of the tension
member's resistance to permanent damage from heat buildup wunder opera-
ting loads.

TABLE XXIII. EVALUATION OF RESISTANCE TO THERMAL DAMAGE
Resistance to
Concept Thermal Damage Evaluation|

C. Steel Tape High 10
F. Roller Chain High 10
G. Jointed Links High 10
B. Wire-Rope Belt High (has protective

encapsulation) 9
A. Wire Rope Moderate (can form

martensite under severe

operating conditions) 8
E. Synthetic Tape Moderate (low melting-

point material) 6
D. Synthetic Rope Low (low melting-point

material and high unit

pressures) 4
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RESISTANCE TO ENVIRONMENTAL DAMAGE

Resistance to env ronmental effects is ersentially a measure of the
possible degradation of tension-member stvength due to external environ-
mental conditions. These conditions inclule strong sunlight, high humid-
ity, blowing sand and dust, acidic or alkaline contamination, and extremes
of temperature. The synthetics are known to experience a reduction in
strength after proionged exposure to sunlight, although coatings and addi-
tives are available which greatly reduce this effect. Synthetic fibers
can be susceptible to weakening in some strong acids or alkalis, and
nylon is known to be degraded by water absorption; but, again, suitable
coatings probably can reduce these problems. Blowing sand and dust will
likely not affect suitably coated synthetic fibers.

High humidity may cause surface corrosion on metallic tension members,
depending on the material used. Blowing sand and dust can result in
fatigue-crack-producing nicks and scratches. Wire rope is susceptible to
internal damage from intrusion of sand and grit. The exception is wire-
rope belt; assuming that the outer covering remains intact, wire-rope
belt is unaffected by any of the above-mentioned environmental conditionms.

External temperatures above 120° F are not expected, and tempera-

tures within the aircraft may be only slightly higher. The melting point
of the proposed synthetic fibers (approximately 5000 F) and the
transition temperatures of the steels anticipated for use in several
tension-member concepts (on the order of 1000° F) suggest that

these expected amblent temperatures should have little or no effect on
these materials. There is a cbzace, however, that extremes of arctic
cold might cause embrittlement of the synthetic materials.
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Table XXIV shows the evaluation of each tension member's susceptibility
to envirommental degradation.

TABLE XXIV, EVALUATION OF RESISTANCE TO ENVIRONMENTAL DAMAGE
Affected by*
Extremes
Sand Acids of
Sun~ Mois~ and and Tempera=- Evalua-
Concept light ture Dust Alkalis ture tion
B. Wire-Rope Belt X~ X= 9
E. Synthetic Tape
(coated) X~ X= X~ X 7
D. Synthetic Rope
(coated) Xx- x X~ x 5
C. Steel Tape x X X= 5
¥. Roller Chain X X X= 5
G. Jointed Links X X X= 5
A. Wire Rope X x+ X~ 4
*x~- = mildly; x = moderately; x4 = strongly
w
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PROJECTED SYSTEM WEIGHT

Since all the proposed tension members are designed to have the same
ultimate breaking strengths, the candidates may be evaluated by their

relative weight and also by the expected relative weights of the entir-
The hoist-system weight for the roller chain is ex-

hoisting mechanism.

pected to be high because of the full-gimbaling requirement for accommo-
dation of the desired cone angle.

of projected system weight.

Table XXV

summarizes this evaluation

TABLE XXV, SYSTEM WEIGHT EVALUATION
Relative Estimated
Tension-Member Relative Hoist
Concept Weight Weight Evaluation

C. Steel Tape 1 1 (reel) 10
E. Synthetic Tape 1 2 (reel) 9
B. Wire-Rope Belt 2 2 (reel) 8

D. Synthetic Rope 1 3 (drum and level
wind) 7

A. Wire Rope 2 3 (drum and level
wind) 6
G. Jointed Links 3 6 (positive drive) 2
F. Roller Chain 12 4 (positive drive) 1
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STATIC ELECTRICITY

The problem of dangerous static electricity discha.;e becomes a question
of the relative conductivity of each tension-member concept. There is
now no known effective way of reducing the static electricity buildup

on the helicopter to a safe level, due in part to the difficulty in sens-
ing the potential difference between the aircraft and ground. Therefore,
a conductive tension member must be grcunded before being handled during
load acquisition; the grounding is required during the entire operation,
as the static charge can build up rapidly. A nonconductive tension mem-
ber acts as an insulator between the aircraft and ground, effectively
preventing a dangerous static discharge which might injure ground person-
nel or damage cargo by igniting fuel vapor or explosives. The concepts
are evaluated as shown in Table XXVI in direct proportion to their con-
ductivity. Here it is assumed that the power conductors to the hook will
not contribute to the static electricity problem (i.e., signals to the
hook are transmitted by means other than electric wires).

TABLE XXVI. STATIC ELECTRICITY EVALUATION
Concept Evaluation

D. Synthetic Rope 10

E. Synthetic Tape 10

B. Wire-Rope Belt 4

F. Roller Chain 3

G. Jointed Links 3

A. Wire Rope 2

C. Steel Tape 2
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INSPECTION

The present method of inspecting a helicopter hoist cable (wire rcpe) is
to extend the cable and visually observe for signs of broken wires. While
this method is adequate for detecting external flaws, it neglects any
internal damage which may have occurred. The inspection of a temsion
member, therefore, should be both for external and for internal damage.
Electromagnetic NDT (nondestructive cest) devices are now available and
could be used for detecting broken wires in both the wire-rope and wire-
rope-belt designs. Wire-rope belt, havever, cannot be visually inspected
for external broken wires.

Steel tape can be visually inspected for nicks and scratches. Several
tvpes of conventional NDT methods also are available to detect fatigue
cracks. Synthetic tape is more easily inspected for external wear or
chafing than synthetic rope because of its greater exposed surface area,
but no effective means is now available for inspecting either for inter~
nal fiber breakage or embrittlement. The Government is, however, spon-
soring a major program to develop an NDT system for slingr. The same
technique can be applied to the synthetic tapes.

Roller chain and jointed links cre easy to visually inspec: externally,
but detection of internal damagc and wear to rollers, pins, and univer-
sal joints would require complete disassembly. The evaluation shown in
Table XXVII considers che ease with which each tension member may be
inspected for the damage and wear which might reduce its strength or
shorten its life.

TABLE XXVIT. EVALUATION OF INSPECTION

1
Inspection
Concep: Internal External Evaluat

C. Steel Tape Not necessary Visual/NDT 9
E. Synthetic Tape NDT Visual 8
A. Wire Rope NDT Visual 7
D. Synthetic Rope Not possible Visual 6

. Roller Chain Disassembly Visual 6
G. Jointed Li ks Disassembly Visual 6
B. Wire-Rope Belt NDT Not possible 5
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PROJECTED HOIST COMPLEXITY

The ease with which a tensior member may be hoisted and stored within
the aircraft is indicated by the complexity of ihe extend-.nd-retract
mechanism. There are three bssic systems under consideration for the
proposed tension-member concepts. Flat-belt-type tension members, such
as wire-rope belt, steel tape, and synthetic taje, will be hoisted by
and stored in several layers upon o simple reel. Elastic deformations
of the synthetic tape may req:ire additional sophistication in the reel
design to prevent lateral squeere-out or jamming. Wice rope and synthe-
tic rope will require a level-wind mechanism to ajply a single layer of
rope to the drum without adverse scuffing or damaging crossovers. Roller
chain may be hoisted by gear~driven sprockets and stored in a bin.
Jointed links might b. hoisted by and stored upon a drum having a hexag-
onal or octagonal crs-ss section. The more complex the mechanism, the
more it {8 likely Lo cost, the more maintenance {t will require, and the
less likely it is t. function properly.

The tension member must be sliowed freedom to swing both {n the fore-
and-aft directi n and also side-to-side. Because of this requirement,
several of the proposed tension members need special features in the
hoict system. Wire rope will need a large-radius bellwouth or a gim-
baled sheave at the entrance to the hoist, as will synthetic rope. Wire
rope belt, steel tape, and synthetic tape will require gimbaled fairlead
rollers, sowe distance from the storage reel, to allow for side-to-side
swinging of the load; in this case, the belt or tape will be required

to twist to accommodate the motion of the gimbaled rollers. Steel tape
will require a large distance between the reel and the gimbaled rollers
to prevent excessive stresses in the edges of the tape as the tape twists
due to l:teral load swing. Roller chain would swing freely in the fore-
and-aft direction, but {ts transverse stiffness would require gimbaling
the entire hoist system. The jointed-link concept is the only tension
member which would not require additional hardware to accommodate the
desired cone angle.
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The tension-member concepts are evaluated as illustrated in Table XXVIII
for complexity of their necessary hoist, fairlead, and storage systems.

SR R

TABLE XXVIII.

HOIST COMPLEXITY EVALUATION

Concept

Hoisting Method

Complexity

Evaluat{on

C. Steel Tape

B. Wire-Rope Belt

E. Synthetic Tape

A. Wire Rope

D. Synthetic Rope

F. Roller Chain

G. Jointed Links

Reel and gimbaled
fairlead rollers

Reel and gimbaled
fairlead rollers

Reel and gimbaled
fairlead rollers

Drum with level wind
and bellmouth or
gimbaled sheave

Drum with level wind
and bellmouth or
gimbaled sheave

Positive drive
(sprockets), bin
storage, gimbaled
winch

Specially configured
drum

Moderzate

Moderate

Moderate

High

High

High

High
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PROJECTED SYSTEM SIZE

The evaluation for projected system size shown in Table XXIX is based

on *he minimum bend radius of the tension member; the smaller the mini-
mum bend radius, the smaller the drum or reel size necessary, and the
smaller the fairlead sheave or rollers. The minimum bend radius has been
selected (based on available experimental data) to assure that the tension
member will have an adequate fatigue life, and gives an indication of the
effect of fatigue-life requirements on the size of the hoist rystem.

TABLE XXIX. SYSTEM SIZ® EVALUATION

Load Case

Concept 30T-1 40T-1 50T-1 30T-2 40T-2 50T-2

E. Synthetic Tape  MBR,, 5.6 5.6 5.6 5.6 5.6 5.6
EV 9 9 9 9 9 9

F. Roller Chain MBR 7 7 8.5 7 7 8.5
EV 8 8 8 8 8 8
B. Wire-Rope Belt MBR 8.3 9.8 11.3 6.8 8.3 9
EV 8 7 7 8 8 8
D. Synthetic Rope MBR 11 13 15 9.5 10.5 12
EV 7 6 6 7 7 7
A. Wire Rope MBR 16.5 19.5 21.8 14.3 16.5 18
EV 5 4 4 6 5 5
C. Steel Tape MBR 20 20 20 20 20 20
EV 4 4 4 4 4 4
G. Jointed Links MBR 24 24 24 24 24 24
EV 3 3 3 3 3 3

* MBR = Minimum bend radius, inches.

** EV = Evaluation.
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END CONNECTIONS REQUIRED

One of the important design problems for each tension member is the de-
velopment of a fitting for both the hook end and the hoist end which will
carry the maximum percentage of the .cns.on-member strength. For in-
stance, available end fittings for wire ropes can develop 100 percent of
the rope ultimate tensile strength, End fittings on synthetic tape, how-
ever, can currently develop only about 80 percent of the tape's breaking
strength, A part of this problem can be attributed to the difficulty of
transferring the load from all elements of a wide flat shape to a central
section such as a swivel for the pickup hook. Another consideration is
the expected weight of the end fittings; for example, the common end fit=-
ting without swivel adaptor for a 2-inch wire rope weighs approximately
80 pounds.

The evaluation of the proposed tension-member concepts shown in Table
XXX with regard to end fitting desisn compromise, includes the effects

of tension-member shape, percentage of ultimate tensile strength developed,

and estimated relative fitting weight.

TABLE XXX, EVALUATION OF END CONNECTIONS

Percent of UIS Relative
Concept Shape Developed Weight Evaluation
A. Wire Rope Round 100 1 9
G. Jointed Links Round 100 1 9
D. Synthetic Rope Round 95 1 8
B. Wire~Rope Belt Flat 100 2 8
F. Roller Chain Flat 100 2 8
C. Steel Tape Flat 95 2 7
E. Synthetic Tape Flat 80 2 6
-
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ABRASTION RESISTANCE

The abrasion resistance of a tension mewber is a measure of its ability
to withstand the conditions likely to cause external wear. These con-
ditions include dragging the tension member against rocks or other ob-
jects, and sliding contact with surfaces in the hoist system. Any ten-
sion member which may be successfully coated without detrimentally
affecting its operation can be considered strongly abrasion resistant
because wearing away of the coating in no way reduces its efficiency.

On the other hand, wire rope cannot be considered as abrasion resistant
because high contact pressures are likely to cause significant wear under
severe conditions. 1In general, though, all concepts under consideration
are sufficiently abrasion resistant that they can be made to perform
satisfactorily in this application. This is illustrated by the evalua-
tion in Table XXXI.

TABLE XXXI. EVALUATION OF ABRASION RESISTANCE
May be
Concept Coated Evg}uatiqg
B. Wire- Rope Belt X 9
E. Synthetic Tape X 9
G. Jointed Links 9
C. Steel Tape x 9
F. Roller Chain 9
D. Synthetic Rope x 8
A. Wire Rope x 7
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SUSCEPTIBILITY TO GUNFIRE

The susceptibility of a tension member to gunfire can be judged by ‘eter-
mining the tension-member vulnerability and the strength remaining in the
member after a single hit by a 12mm projectile. The destructive energy
in a bullet this size is sufficient to cause it to pierce and pass through
any of the proposed tens.on members from any angle of penetration. The
question of relative susceptibility to gunfire is a measure of the
strength of the remaining material and the possibility of stress concen-
tration. Another factor is the number of elements of the tension member
that are detrimentally affected. A wire rope might lose several strands,
but the load may be taken on the remaining strands. A flat steel tape,
however, will suffer a stress concentration at the hole which could cause
crack propagation and severing of the tension member. The evaluation for
the tension-member susceptibility to gunfire considers these two aspects
in the following manner. First, the approximate area loss due to a
direct hit is computed and expressed as a percentage of the total area.
For flat shapes, the angle of penetration for area loss calculations is
assumed to be at 60° to the perpendicular to the flat side. An initial
evaluation is then selected from Figure 24. This value is reduced by 2
for steel tape and jointed links to reflect the probability of stress
concentration around the hole. Finally, the relative projected area, a
measure of tension-member vulnerability, is computed using the maximum
width for each tension member. To obtain a final evaluation value, 1

is added to the initial evaluation for tension members with relative
projected areas from 1 to 3, no change is made for relative projected
areas from 4 to 7, and 1 is subtracted from the initial values for ten-
sion members with relative projected areas from 8 to 10. The evaluation
results follow in Table XXXITI.
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TABLE XXXII. EVALUATLON OF SUSCEPTIBILITY TO GUNFIRE
————
Load Case
Concept 30T-1 40T-1 50T-1 30T-2 40T-2 50T-2
D. Synthetic Rope PSngg 25 20 18 28 22 21
RPA 2 2 2 2 2 2
() 9 9 10 8 9 9
E. Synthetic Tape PSL 13 10 8 19 14 11
RPA 6 6 7 5 5 6
EV 9 9 10 8 9 9
F. Roller Chain PSL 25 17 25 33 25 33
RPA 6 9 6 6 7 6
EV 8 3 8 6 7 6
B. Wire-Rope Belt PSL 40 34 29 48 40 34
RPA 2 2 2 2 2 2
EV 7 8 8 5 ) 7
A. Wire Rope PSL 47 36 33 52 43 40
RPA 1 1 1 1 1 1
EV 6 ] 8 5 6 6
C. Steel Tape PSL 17 13 10 24 .8 15
RPA 4 5 5 3 4 5
EV 7 7 7 6 6 7
G. Jointed Links PSL 41 36 32 50 43 38
RPA 1 1 1 1 1 1
EV 5 6 6 3 4 5
(a) Percent strength loss.
(b) Relative projected area.
(c) Evaluation.
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TORSIONAL, CHARACTERISTICS

Two aspects of a tension member's torsional behavior must be
considered. First, is the tension member naturally nonrotative?

In other words, does the tension member have a tendency to "unwind" or
rotate when a load is applied? 'Nonrotating' wire-rope constructions
have only a slight tendency to rotate under load, while roller chain,
jointed links, synthetic rope and synthetic tape are completely non-
rotative. Wire-rope belt also can be designed to be nonrotative. There-
fore, use of swivels will not be necessary to prevent cargo rotation due
to tension-member torque.

Another consideration is the ability of the tension member to accept
turning of the load without undue torsional stresses. This is really a
measure of torsional stiffness. This second aspect is not as important
a consideration in a multipoint hoist configuration where the load nat-
urally aligns with the aircraft, but will necessitate a swivel for all
proposed tension members in the single-point hoist configuration. Both
the antirotative behavinr and the torsional stiffness, then, are con-
sidered in the evaluation in Table XXXTII.

TABLE XXXIII. EVALUATION OF TORSIONAL CHARACTERISTICS
Swivel
Relative _Necessary Evaluation |
Anti- Torsional Single Two Single Two
Concept rotation Stiffness Point Point Point Pointg
B. Wire-Rope Belt Excellent Low Yes No 10 10
E. Synthetic Tape Excellent Low Yes No 10 10
C. Steel Tape Excellent Low Yes No 10 10
D. Synthetic Rope Excellent Low Yes No 10 10
A. Wire Rope Good Low Yea No 8 8
F. Rolier Chain Excellent Moderate Yes Yes 6 6
G. Jointed Links Excellent Moderate Yes Yes 6 6
b= S S |
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RESISTANCE TO SHOCK UNLOADING

The resistance of a tension member _u shock unloading may be defined as
a measure of resistance ’'o kinking or birdcaging upon quick release of
the load. Sudden load release may be a result of eithe. a severe nega-
tive vertical gust or loss of tension due to emergency or accidental re-
lease of cargo.

The tendency of a tension member to kink under these conditions is re-
lated to its antirotative characteristics. That is, if a large amount
of energy is stored in the tension member due to torsional movement, this
energy may cause a loop to form upon sudden load release and then kinking
will occur when the slack is taken up. Kinking can cause severe damage
to the tension member, necessitating replacement.

Another form of shock-unloading damage that applies to the wire-rope and
wire-rope-belt tension members is birdcaging, a .ermanent localized 'bal-
looning" or opening up of the wires and strands. This phenomenon is not
uncommon in wire ropes when rope tension is suddenly released.

The evaluation shown in Table XXXIV reflects the tension-member suscepti-
bility to damage from stored torsional energy (tendency to kink) and
tendency to birdcage.

TABLE XXXIV., EVALUATION OF RESISTANCE TO SHOCK UNLOADING
Tendency to
Concept Tendency to Kink Birdcage Evaluation

C. Steel Tape None None 10
D. Synthetic Rope None None 10
E. Synthetic Tape None None 10
F. Roller Chain None None 10
G. Jointed Links None None 10
B. Wire-Rope Belt None Slight 8
A. Wire Rope Moderate Moderate 6
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ACCEPTANCE OF POWER CONDUCTORS

Ideally, the conductors necessary to power and control the hook actua-
tion would be an integral part of the tension member, while in no way
degrading the tension member strength or performance. This situation,
however, is not achievable in most cases. Wire rope can accept power
conductors as a center core, but it then loses the strength of the cen-
ter core strand. Wire~-rope belt may be able to accept electrical con-
ductors embedded in the spaces between the ropes, but this technique is
untried. Power conductors must obviously be separate from a steel-tape
tension member,

Synthetic rope could probably be made to accept an integral power con-
ductor, but this requires the design of a conductor to accept the high
elongation under load without breaking. (Synthetic rope has been made
with a central electrical conductor, similar to wire rope, with the con-
ductor preformed as a spiral to allow large elongations.)

Brcause of their configuration, both roller chain and jointed links must
have a separate system for conducting power to the hook. When examined
in the light of inspectability and safety, a separate reeling system for
the power conductors may be desirable; conductors could then be easily
examined for wear and damage, and faulty conductors could be replaced
without removal of the tension member itcelf. The disadvantage of a
separate system, besides the extra weight and complexity, is the possi-
bility that the conductors may become entangled with the tension member,
interfering with the normal modes of operation. This problem may b:
alleviated by providing some means of attaching the power conductors to
the tension member.

145



An evaluation of each tension-member concept relative to these power-
conductor considerations is shown in Table XXXV.

TABLE XXXV, EVALUATION OF ACCEPTANCE OF POWER CONDUCTORS

Could a Separate

Power .onductor

Integral Be conveniently

Power Attached to the

Concept Conductor Compromise Tension Member? Evaluation
A. Wire Rope Yes Slightly lower Yes 9
strength

B. Wire-Rope Belt Yes None Yes 9
F. Roller Chain No Separate reel Probably 5
G. Jointed Links No Separate reel Probably 5
C. Steel Tape No Separate reel Possibly 4
D. Synthetic Rope Possibly Lower strength Difficult 3
E. Synthetic Tape No Separate reel Difficult 3
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EASE OF HANDLING

Ease of handling is a measure of the difficulty that ground personnel

might encounter in manipulating the tension member during load acquisition,
as well as the difficulty expected when maintenance perso: nel attempt to
install, inspect, or remove the tension member. Several factors

might affect handling: tension-member flexibility, weight, and surface
configuration. For example, ore man would not be able to lift more than

a few feet of roller chain, whercas he would have no difficulty in picking
up long lengths of gynthetic rope. Also, gloves might be necessary to
avoid cuts and rapes when handling steel tape, while synthetic tape would
have no sharp edges., The evaluation 1s summarized in Table XXXVI.

TABLE XXXVI. EVALUATION OF EASE OF HANDLING
Relative
Concept Flexibility Weight Configuration Evaluation

D. Synthetic Rope Excellert 1 Round, smooth 10
E. Synthetic Tape Excellent* 1 Flat, smooth 9
B. Wire-Rope Belt Good* 2 Flat, snooth¥* 8
A. Wire Rope Fair 2 Round, rough 6
C. Steel Tape Fair* 1 Flat, sharp

edges 5
G. Jointed Links Excellent 3 Round, varying

section 4
F. Roller Chain Excellent* 12 Flat, rough,

sharp edges 2
*Directional.

[**Coated.
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MAINTENANCE

"aintenance considerations include both the amount of maintenance likely
to be required to keep the tension member in operating condition and also
the degree of difficulty of that maintenance. Wire rope will require
little or no maintenance beyond an occasional cleaning and possibly peri-
odic lubrication. Wire-rope belt with its fully encapsulated form should
require no maintenance. Steel tape, unless coated, will require removal
of (or protection from) corrosion as it occurs. Both synthetic rope and
synthetic tape are considered mafintenance-free. Roller chain would prob-
ably require the most attenticn; constant lubrication would be a neces-
sity, and would require cleaning of sand and grit from the surface. Dam-
aged links or rollers would require replacement. Jointed links would
need frequent lubrication of the universal joints, as well as joint re-
newal prior to failure. The evaluation in Table XXXVII considers both
the need for maintenance and the difficulty of performing the required
maintenance.

TABLE XXXVII. MAINT!:ENANCE EVALUATION
Need f{or Degree of
Concept Maintenance Difficulty Evaluation
B. Wire~Rope Belt None - 10
D. Synthetic Rope None - 10
E. Synthetic Tape None - 10
A. Wire Rope Low Low 8
C. Steel Tape Moderate Moderate 6
G. Jointed Links High Moderate 4
F. Roller Chain High High 3
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TENSION-MEMBER CONCEPTS
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