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DISCLAIMERS

e

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

When Government drawings, specifications, or other data are used for any purpose
cther than in connection with a definitely related Government procurement
operation, the United States Government thereby incurs no responsibility 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 otheiwise 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 re-

lated thereto.

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

DISPOSITION INSTRUCTIONS

Destroy this report when no fonger needed. Do not return it to the originator.
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3. The aircraft hard points to which the sling is attached.

Hardware components designed in accordance with the criteria and procedures in this text in
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DEPARTMENT OF THE ARMY
U.S. ARMY AIR MOBILITY RESEARCH & DEVELOPMENT LABORATORY /
EUSTIS DIRECTORATE
FCRT EUSTIS, VIRGINIA 23604

This report was prepared by Sikorsky Aircraft, a Division of United

s Aircraft Corporation, under the terms of Contract DAAJO2-71-C-0016.
It offers general criteria for use by the designer of load suspension
points, slings, and aircraft hard points.

The objective of this contractual effort was to refine the data that
resulted from two previous programs, The first of these was USAAMRDL
House Task AS 70-11, "Effects of Helicopter External Loads on Sling
Properties." The second was USAAMRDL Contract DAAJ02-70-C-0021,
"'Criteria for Externally Suspended Helicopter Loads." The data from

' these programs were combined to develop the criteria presented in
this design guide.

The design criteria presented herein are considered to be a great
improvement over existing criteria. The design guide offers a sound

4

3

3 approach by which a designer can derive criteria suited to a particular :
H case. H
; The design criteria contained herein are concurred with by this ;
4 Directorate. :
g

- The technical monitor for this coutract was Mr. Gene A. Birocco,

b Aircraft Subsystems and Equipment Division, ‘
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g; SUMMARY
% This design guide provides criteria and procedures to be used for the
¢ design of: :
3 i
3 1. Lift points on & piece of Army equipment. 4
s \ i
3 2. The sling system used to suspend materiel as an externsl E
é helicopter load.

v
B ad

3. The aireraft hard points to which the sling is attached.

B

Hardware components designed in accordance with the criteria and
procedures in this text in the three design areas listed above will be
compatible with each other and with existing and future helicopters.
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BASIC DATA REQUIREMENTS

In order to design the 1ift points on a piece of equipment to be carried
as an external helicopter load, the following basic data must be availsble
to the designer. The dats are divided into two classes: those relating
to the piece of equipment and those relating to the helicopter(s) which mey
be expected to 1ift and carry the equipment.

Equipment data are supplied by the equipment designer and consist of:
1. Weight and center-of-gravity location in the loaded conditions.
2. Information relating to outline and external shape.

3. Information relating to the location and strength of substructure.
Helicopter data consist of:

1. The design load (1limit load) factor for the helicopter(s)
expected to carry the piece of equipment.

2. The type of suspension system used by those helicopters capable
of carrying the load (Refer to Appendix 1).

Having gathered the basic information described above, the designer may

proceed with the design of 1ift points using the criteria snd procedures
described in this section.

"Materiel," as used in this design guide, means any snd all equipment
procured by the Army which could be carried as an externally suspended
helicopter load. Some typical examples are:

1. Vehicles of sll sorts, including trallers and trailer-mounted
equipment, trucks of all sizes, engineer equirmert, self-
propelled guns, tanks, howitzers and recovery vehicles, fork 1ift

trucks, aircraft support vehicles, fixed-wing and rotary-wing
aireraft.

2. Stationary equipment including generators, refrigeration units,
searchlights, radio and radsr sets, communications huts, shop van
boxes, pallets, cargo containers, missile cans, machinery,

laundry and bath units, control towers and shelters, large fuel
containers and cargo nets.
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MATERIEL TO BE CARRIED BY HELICOPTERS WITH

SINGLE-POINT SUSPENSION SYSTEMS
NUMBER OF LIFT POINTS

?
1
:é
4

Four 1ift points are to be provided. For compatibility with sling suspen~

sion systems and safety of flight considerations, four 1ift points will be
provided where possible.

In cases where the nature and geometry of the materiel are unusual, four
1ift points may not be feasible or presctical. In these cases, and with

the approval of the procuring agency, three, two, or one 1lift point may be
provided.

AT 7 O e

LOCATION OF LIFT POINTS

In order to achieve stebility in flight and to be compatible with the

slings usaed to suspend the materiel, the following procedures governing
the location of 1ift points must be adhered to.

AR e egn anwe An S

ok

Location In The Vertical Plane

Foipafg wig

For the four-point and the three-point 1ift configurations, it is
desirasble for all 1ift points to be located above the center of gravity of
the materiel, in both the empty and the fully loaded condition. If this
requirement cannot be met, the center of gravity must be located within a
; triangle whose apex angle is 120° and whose base leg is formed by the 1ift
§ points. Figure 1 illustrates the relationship between the center of
gravity and the 1ift points on the materiel.
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For the two-point and the single-point 1lift configurations, the 1lift
points must be located above the center of gravity of the materiel, at a

height such that at least 60 percent of the maximum projected vertical
area lies below the 1ift point(s).

Location In The Horizontal Plane

All 1ift points are to be located as far apart as possible inside a circle,
in the horizontal plane, whose diameter is 28 feet with the materiel
center of gravity location as its center. See Figure 1.

All 1ift points ere to be located symmetrically about a longitudinal axis
and a lateral axis, both axes passing through the materiel center of
gravity. If exact symetry cannot be achieved, limited asymmetry is
permissible provided the following requirement is met. Using the
asympetrical geometry, calculete the vertical static forces at each 1ifrt
point. The ratio of the largest vertical force to the smallest vertical.
force must not exceed 1.2. TFor those cases where other operational
conditions preclude the use of these criteria (e.g. containers), 1ift
points shall be designed for the most severe conditions. Lift point
locations which do not meet all of the requirements set forth above nust
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Figure 1.
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be approved by the procuring egency.

Sling leg/Materiel Clearance

Lift points are to be located so that there is & minimum clearance of

8 inches between the centerline of the sling leg and the materiel. This
clearance is required to allow for the width of twisted textile sling legs
and the aerodynsmic flepping of the sling legs in flight. Any contact
between the sling leg snd the materiel, even if the surface is smooth, cen

result in premature fesilure of textile sling legs due to chafing caused by
vibratory loads in the sling leg.

To evaluate the sling leg/meteriel clearsnce for a given 1lift point
configuration, the path of the centerline of each sling leg must be
established with respect to the materiel. The upper ends of the sling
legs meet in 8 common apex. The length of each leg is adjustable from a
minimum of 18 feet to a maximum of 22 feet. Using a scale layout of the
materiel, locate the apex of the sling vertically above the center of
gravity of the materiel at a height such that each sling leg, when

attached to its 1ift point, will have a length that falls between 18 and
22 feet.

If adequate clesrance cannot be obtained, the following methods should be
explored to obtain the required clearance:

1. Relocate the 1ift points.

2. Remove or relocate the offending part on the materiel.

3. Investigate the use of spreasder bars. Refer to Figures 2 and 3.
Any 1ift point configuration that requires the use of spreader

bars must have the approval of the procuring agency.

4. Investigete the use of three, two or one 1ift point configurations.
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STRENGTH OF LIFT POINTS

In order to determine the strength requirements of the 1ift points it is
necessary to have the data called for under the Basic Data Requirements
section, and the location of the 1lift points.

General Procedure

The static forces on the 1lift points are calculated. The materiel .
classification is made. Then using the classification and the helicopter
design loed factor, the 1ift point load factors are determined. From these,
the ultimate strength requirements for the 1ift point and their substructure
are determined, using the factor of safety of 1.5.

Static losds Calculation - Four-Foint Lift Configuration

Assuming the materiel is suspended from a four-legged sling whose legs are
20 t 2 feet in length, calculate the vertical (V) and the horizontal (H)
components of the sling leg static tension at each of the 1lift points.
Refer to Figure 4. Select the largest values of V and H (even if they do
not occur at the same 1lift point) to serve as the basis for design.

|
O(=TRUE SLING LEG ANGLE

T=sSLINC LEG TENSION

V = VERTICAL :
H = HORIZONTAL e
W = WEIGHT
1
T \

'

w

Figure 4. Four-legged Sling Geometry,
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Static loads Calculation -~ Three-~Point Lift Configuration

Assuming the materiel is suspended from 2 three-legged sling whose legs
are 20 t 2 feet in leugth, calculate the vertical (V) and the horizontal
(B) components of the sling leg static tension for each of the three 1lift

;i points. Refer to Figure 5. Select the largest values of V and H even if
? they do not occur at the same lift point.
:
' O = TRUE SLING LEG ANGLE
T =SLING LEG TENSION
; V = VERTICAL COMP.
H = HORIZONTAL COMFP,
3 W = WEIGHT

. o R AT e
NI AT %P 4 O, T e TR

Figure 5. Three-legged Sling Geometry.
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Static loads Calculation - Two-Point Lift Configuration

Assuming the meteriel is suepended from a two-legged sling whose legs sre
20 £ 2 feet in length, calculate the vertical (V) and the horizontal (H)
components of the sling leg siztic tension for each of the two 1ift points.

Refer to Figure 6. Select the largest values of V and H even if they do
not occur at the same 1lift point.
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K = TRUE SLING LEG ANGLE

T =SLING LEG TENSION

V = VERTICAL COMP
H = HORIZONTAL COMPR

£
-

SEAN

TR VYRR
|
|

: Vv : : W = WEIGHT
1 | .
E ~a

Figure 6. Two-legged Sling Geometry.

Static loads Calculation - Single-Point Lift Confiquration

Use the weight of the materiel as the stetic load.
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Helicopter Load Factor

The design load factor for the helicopter(s) which will carry the materiel
is a major factor in determining the 1ift point structural requirements.
This factor may be determined by consulting Appendix I which lists
helicopters presently in the-U. S. Army Inventory with their respective
design load factors and their load lifting capebilities. If more than one
E type of helicopter has the required capability to carry the materiel, the
E highest losd factor should be usec.
4
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§ PERCIRATS

Materiel Classification

Using the materiel classification chart shown in Appendix V, deternine the
materiel load type. ’

Lift Point load Factor

With the materiel load type and the helicopter load factor established,
the materiel 1ift point load factor mey ve determined from Figure 8.
Apply this factor to the vertical (V) and horizontel (H) loads previously
calculuted to obtain the design limit loads.

oM D SRR A KA Ml Y LR N AL 1r L3 TR LA 102

Rach 1if% point must react the design limit load without any permanent set
taking place. It must also be capable of withstanding an ultimate load of
1.5 tiwmes the design limit load without failure.

T A R YIS

Strength of the 1ift points must also conform to the requirements of
MIL-STD-209 (Reference 4). In case the requirements of tnis document
conflict with those of MIL-STD-209, use the higher load requirements to
design the 1ift points.

N 2 o
DA o i

s

Example: Assume a 19,000 pound piece of equipment measuring 8 feet by
20 feet with the CG on the centerline, but located 9.5 feet from
the front (see Figure 7).

oy s

Step 1. Determine the vertical reaction (V) at each 1ift point.
- 10.95 19,000 _ L 1b
3 vt =55 5 = H%T
>
® Ve= 23 19,000 _ k,512 1b
: 20 2
-ﬁ Step 2. Calculate the horizontal force (He) using the sling geometry.

hy

i

V)2 + (9.5)° =10.31 1t
k = V(20 - (ng)? =\/(20)? - 106.25 = 17.1b 1%

Sling Tension (T) =V 'tl'('
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t IS THE FWD SLING LEG=20FT,

T¢ IS THE TENSION IN t4

K IS THE LINE FROM
APEX TO CG

ht IS THE LINE FROM
FWD SHACKLETO CG

Hs ISTHE TENSION ¥
lls h¢ 4

tp IS THE REAR SLING LEG
Tp IS THE TENSION iN tp

ht IS THE LINE FROM
REAR SHACKLE TO CG

Hp IS THETENSION IN hy

9.5 FT,-—-L———-—————-

W=19,000LB

\ / . \v,.
2FT— W \\M
| + /’
o

20 FT.

Figure 7. Four-Point Asymmetrical Sling Geometry

Horizontal Force {H) = T %

Substituting (H) = V %

Bf = Vg 9%=(h,987)x1°'31 = 3,000 1b

) 17-].’;

In similar fashion, calculate (HR)

Use K from previous calculation.

b = \(20.5)% + (4)2 = 11.24 £t

11
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Figure 8., Materiel Lift Point Load Factor Variation
With Helicopter Load Factor.
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- : Horizontsl Force (H,) Vrk_ (4,512) i 2959 1b

Ve = 4,987 1b end Hp = 3,000 1o are the largest values.
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The load classification is mude from Appendix V. The largest frontal ares
occurs when the disgonal is presented to the airstream. This area is

B \J(8)2 + (20)2 (2) = 43 squsre feet. 15,000 1b/k3 sq £t = 442 1b/sq ft.

1

z This is a -‘ype I loed.

-

% From Appendix I this load could be carried by a CH-U7B at a load factor

3 of 2.56. All others are lesa severe.

The 1ift point load factor from Figure 8 is 2.87.

E Each 1ift point must veact (4,987 1b) x 2.87 = 14,312 1b vertically and

E (3,000 1bv) x 2.87 = 8,610 1b horizontally without permanent deformation

and must vithstand an ultimete load of (4,987 i1b) x (2.8) x (1.5)=21,468 1b
vertically and (3,000 1b) x (2.87) x {1.5) = 12,915 1* horizontslly.

CEOMETRIC CHARACTERISTICS OF LIFT POINTS

Qi a SR

In order to be compatible with the sling systems used to suspend the

materiel, the required geometric chsructeristics 0f the 1ift points heve
been established.

Shackle Requirements

A shackle which conforms to or exceeds the structursl requirements of
Federal Specificaetion RR-C-27la, Type IV, Class 4 is to be provided at each
1ift point. Use flat bar shackle if possible. This does not apply to
speclalized equioment such as milvan containers wliich have special lifting
point fittings. The breaking strength requirement of the shackle is

computed by two methods. The higher of the two values 1s the required
breaking strength.

Method 1. Break Strength =R x Weight of Materiel

When the number of 1ift points is 4, R = 1.75

3 2.33
2 3.50
l 5‘0

f? ’ Method 2. Break Strength = Static load in Sling leg x Lift Point
5 Load Fsctor x 1.5
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CORRECT ORIENTATION OF SHACKLES

INCORRECT ORIENTATION OF SHACKLES

Figure 9. Shackle Orientation Requirements.
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Shackles are to be orientated so that bending loads on the shackle are kept

to a minimum. Refer to Figure.9. Clearances around shackles shall permit
easy installation of the appropriate attachment devices.

Alternate Lift Point Fittings

Blade or U-bolt type fittings mey be used if it is impossible to provide
saackles, provided the following requirements are met:

1. Fittings must be structurally adequate.
2. Fittings must be properly orientated (See Figure 10).

3. TFittings must be of the proper size to permit use of attach
devices (See Figures 11, 12, 13, 1k4).

AN

GCORRECT ORIENTATION

AN

INCORRECT ORIENTATION

Fipure 19. Fitting Orientation Requirements.
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Weight Range
of Materiel, lb

Up to 11,200
11,200 to 22,400
22,400 to 49,280

Dmi.n
1-1/4

1-3/h
2-7/8

49,280 to 101,000 &

Figure 1l.

Emin Tmax
1-7/8 15/16
2-13/16 1-7/16
3-3/8 1-3/h
6 2-7/8

Four Lift Poiuts.
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Tmax Tmin

LA LTSN

Up to 11,200 1-3/h 2-1/16 1-1/k 1/4
11,200 to 22,400 2-3/8 2-13/16  1-7/16 5/16
22,400 to 49,280 3-7/16  3-3/4 1-7/8 3/8
49,280 to 101,000 4.7/16  6-7/8 3-1/k4 11/16

(IR

SR

Figure 12, Fitting Dimensional Requirements -
Three Lift Points.
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Figure 13. Fitting Dimensional Requirements -
b, Two Lift Points.
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Weight Range
of Meteriel, 1b

Up to 11,200
11,200 to 22,400
22,400 to 49,280

49,280 to 72,000
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Figure 14, Fitting Dimensionsl Requirements -
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Dnin Emin Tmax Tmin
2-3/8 2-9/16 1-7/16 1/h

PRSP MPVLY. 1208 b WA VR 22 0y

3-7/16 3-15/16 1-7/8 3/8
5-T/16 6-7/8 3-3/16 5/8 3
5-13/16 7-9/16 3-13/16  3/4

One Lift Point.
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MATERIAL TO BE CARRIED BY HELICOPTERS WITH

MULTIPOINT SUSPENSION SYSTEMS

The multipoint suspension systems differ from the single-point suspension
systems previously discussed in that the materiel is attached to the
helicopter at more than one point. The CH-S54A and the CH-54B are the only
two helicopters presently in the U.S. Army inventory equipped with multi-
point suspension systems. The design criteria and procedures described in
this section are directly applicable to these two aircraft models. It is
anticipated that future heavy 1lift helicopters will have multipoint
suspension systems and that the criteria and design procedures in this
section can be readily adapted to the future configurations.

LOCATION OF LIFT POINTS

In order to achieve stability in flight and to be compatible with the
aircraft suspension system,the following procedures governing the location
of the four lift points must be adhered to.

Ve ica) Plane

It is desireble for all four lift points to be located above the center of
gravity of the materiel, in both the empty and the fully loaded condition.
If this requirement cannot be met, the center of gravity must be located
within a triangle vhose apex angle is 120° and whose base leg is formed by
the 1ift points. Figure 15 ililustrates the relationship between the
center of gravity and the four 1ift points on the materiel.

ACCEPTABLE NOT ACCEPTABLE

Figure 15. Lift Point CG Relationship -
Multipoint Suspension System.
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Location In The Horizontal Plane

All lift points are to be located symmetricaily about s longitudinsl sxis

and a lateral axis, both axes passing through the materiel center of

‘ gravity. If exact symmetry cannot be achieved, limited asymmetry is

4 permissible provided the following requirement is met. Using the 3
' asymmetrical geometry, celculate the vertical static forces at each 1ift :
roint. The ratio of the largest vertical force to the smallest verticsl

force must not exceed 1.2 (see Figure 16). This does not apply to !
specialized equipment such as milvan containers which have special 1ift

point fittings. J

e ,-w‘«;o.«ccw"z".’*’ig
e X

: The four 1ift points are to be located so that the tension member flecet
g angle, which is the angle between the vertical and the line of action, does
: not exceed 20° when the materiel is lifted clear of the ground.

V= 4987 LB
F=% Ve/Vg=110
Ve=4512 LB Ve

R

HELICOPTER ATTACHMENT POINT

V. LUFT/POINT
F SYMMETRY Vi ;
/ R
/——non—7 /
Ve '
/ V ’
. _ |}/ )¢ LIFT POINT ;:
‘ SYMMETRY :

/ |

95FT—ﬁ/ w-lsoooua /
20FT

Figure 16. Four-Point Asymmetrical Sling Geometry
With Two Helicopter Lift Points.
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Clearance Requirements

The four 1ift points are to be located so that there is at least 6 inches
of clearance between the centerline of the tension member and the materiel,
when the materiel is freely suspended. If the required clearance cannot be

obtained, it may be necessary to remove or relocate the offending part on
the materiel.

STRENGTH OF LIFT POINTS

In order to determine the strength requirements of the lift points, it is
necessary to have the data called for under the Basic Data Requirements
section and the location of the four 1lift points.

General Procedure

First, the stetic forces on the 1ift points are calculated. The materiel
classification is made. Then, using the classification and the helicopter
design load factor, the 1ift point load factors are determined. From these,
the ultimate strength requirements for the 1ift points and their sub-
structure are determined.

Static lLoads Caslculation

With the materiel suspended from a multipoint suspension system calculate
the vertical (V) and horizontal (H) components of the suspension leg
tension at each of the 1lift points. Select the largest values of V and H
(even if they do not occur at the seme lift point) to serve ss the basis

for design. Figure 17 shows the basic geometry of two-point and four-point
suspension systems.

Materiel Classification

The materiel classification, as established by a frontel area to weight
ratio parsmeter, must be determined. With a multipoint suspension system
the meteriel is not permitted to rotate about a vertical centerline;

hence the true frontal area, in square feet, divided by the materiel weight,

in the fully loaded condition mey be used in conjunction with Appendix V
to determine the materiel type.

Lift Point Load Factor

With the materiel load type and the helicopter loesd factor established,

the materiel 1ift point load factor may be determined from Figure 3. Apply
this factor to the maximum values of V and H previously calculated. The
resultant values represent the design limit loeds for all four 1ift points.
Each 1ift point must react these loeds without permanent set and must also

be capable of withstanding en ultimate load of 1.5 times the design limit
load without failure.
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Figure 17. Basic Geometry of a Two-Point
and & Four-Point Suspension System.

If the materiel is also to be carried using & sling, consult the standard
s 1ift point configuration section for strength requirements for that type of
; 1ift. 1In addition, the strength of the 1ift points must also conform to
g‘u the requirements of MIL-STD-209 (Reference 4). In case the strength
3 a requirements of this document conflict with those of MIL-STD-209, use the
higher velues for the final structural requirements.
r GEOMETRIC CHARECTERISTICS OF LIFT POINTS
3 In order to be compatible with the sling system used to suspend the
5 materiel, the required geometric cheracteristics of the 1ift points have
¢ been established.
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Shackle Reguirements

A shackle vhich conforms to or exceeds the structural requirements of
Federal Specification RR-C-27la, Type IV, Class 4 is to be provided at each
1ift point. The breaking strength requirement of the shackle i3 computed
by twoc methods. The higher of the two values is the required breaking

strength.

Method 1. Bresk Strength = 1.75 x weight of the materiel (4 pt.)

Break Strength = 3.50 x weight of the materiel (2 pt.)

Method 2. Bresak Strength = Static load in sling leg x 11ift point
load factor x 1.5

Shackles are to be orientated so that bending loads on the shackles are
kept to a minimum. Refer to Figure 9.

Alternate Lift Point Fittings

§ Blade or U-bolt type fittings may be used if it is impossible to provide
2 shackles, provided the following requirements are met:

1. Fittings must be structurally adequate.

e A e N -
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% 2. Fittings must be properly orientated (see Figure 10).

.3 3. Fittings must be of the proper size to permit the use of

% attachment devices (see Figure 18).
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Weight Range
of Materiel, 1b Dmin Emin Tmax Mmin

Up to 11,200 1-1/k 1-1/2 7/8 3/16
11,200 to 22,400 1-3/k 2-1/8  1-1/8 1/h
22,400 to 49,280 2-3/8 3-1/4  1-11/16 3/8
49,280 to 110,000 3=7/16  4-1/2  2-9/16 1/2
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Figure 18. Fitting Dimensional Requirements -
Four-Point Suspension.
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HUMAN FACTORS CONSIDERATIONS

ACCESSIBILITY

All 1ift points must be reasdily accessible. Where feasible, they shall be
within reach of personnel on the ground. When this is impossible,

consideration shall be given to the provisions of integral steps, hand holds

etc. to permit personnel to reach the 1ift points and to attach the sling
leg without the necessity of obtaining a ladder or similar aid.

SLING~-HELICOPTER As:ACH POSITION

A location shall be provided wherever possible to permit the hookup man to

stand erect on the materiel when attaching the apex fitting to a helicopter

hovering overhead. Means must also be provided to permit him to rapidly
reach the ground after the hookup has been made.

FRAGILE MATERTALS

Glass and other brittle or fragile materials shall not be located in ereas
swept by the sling legs (areas from slack leg position to fully loaded
position). If design considerations make it impossible to eliminate these
materials, speciasl provisions must be made to protect them from damage.

FOULING OF SLING LEGS

Care must be taken to ensure that sling legs do not foul or snag any part

of the materiel when the legs are repositioned from the slack to the fully
taut condition.

LABELING

All 1ift points must be clearly labeled. Letters shall be at least 1 inch
high and shall be visible to personnel on the ground.

ROTOR DOWNWASH

Materiel shall be capable of resisting rotor downwash velocities as high as
60 mph without damege. Nonstructural materials, such as canvas covers must

be firmly attached to prevent them from coming locose under these conditions.

Such loose materials can be ingested into a helicopter's engine(s),
possibly resulting in engine failure.
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DESIGN GUIDE FOR SLINGS

BASIC DATA REQUIREMENTS

::mﬁmmmﬂ;{mﬂl 23353
>

.
I SO

: In order to design a 8ling system to be used for the externsl transport of
! materiasl by helicopter, the following basic date must be available to the B
i dr igner. The dats are divided into two classes: those relating to the §
E helicopter(s) which are expected to be used with the sling and thoge ;
¢ ' relating to the meteriel to pe suspended from the sling. "
B 3
E Helicopter Data: &
X -’"3
. 1. The design (1imit load) factor for the helicopter(s) to bve used g
& with the sling system.
4 2. The maximum payload capability of the helicopter(s) to be used *
with the sling system. 3
\ 3. The characteristics of the helicopter sttachment proint relating :%
to distance below the fuselage, type (fixed or variable), and 5
3 swivelling. 4
b 3
4 Suspended Materiel Data: ]
4 3
A definition of the spectrum of materiel to be supported by the g
4 sling system, g
3
¢
»f' N ‘;!é
i3 fa;
A 3
2 4
. 3
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THE SLING SYSTEM

A sling system consists of all those items necessary to meke the physical
connection between the 1ift points on the masteriel and the aircraft
attachment point, usually a hook. Sling systems differ in the number snd
types of components, depending upon the functions required of the sling
system. 'The two basic types of sling systems are illustrated ichematically
in Figures 19 and 20. Figure 19 illustrates the sling system with a
rendant, and Figure 20 illustrates the sling system without a pendart.

Sling System With Pendant

The sling system with pendant is used on helicopters vwhose attachment point
or cargo hook is mounted in the bottom of the fuselage and cannot be

raised or lowered by means of a hoist or other mechanism. It consists of
a sling and a pendant. 1In a typical externally slung transport operation,
the sling is attached to the 1ift points of the materiel. The hookup man
stands on the materiel and holds the spex of the sling. The helicopter
approaches with the pendant suspended from the aircraft hook and hovers
over the materiel so that the lover end of the pendant is within reach of
the hookup man, who then connects the apex of the sling to the lower end of
the pendant. The hookup man moves off and the materiel is lifted. In this
system the basic functions of the pendant are:

1. To provide clearance between the bottom of the helicopter and the
hookup man while hovering during hookup.

2. To provide clearance between the materiel and the sircraft in
flight to avoid portions of the materiel striking the sircraft
during flight meneuvers or due to load oscillations.

3. To provide, or help provide, the decoupling action between the
slung load end the aircraft required to avoid objectionable
vertical bounce oscillations.

In this system the basic function of the sling is to suspend tne materiel
from the end of the pendant in such & manner as to provide as much in-flight
stability to the materiel as possible.

Sling System Without Pendant

The sling system without pendant is used on helicopters whose attachment
roint, or cargo hook, can be raised or lovwered from the aircraft by means
of a hoist or other device. Helicopters with cargo hoists have decouplers
built into the hoist instellations to provide the required decoupling
action. This feature, plus the ability to lower the cargo hook to any
desired position, does awsy with the requirements for a pendant.
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MATERIALS

Meny materials can be used in the design of slings. Appendix II identifies
and describes the mechanical and physical properties of some materials
which could be used in the design of slings and pendants. The materials
included in Appendix II are generally those for which sufficient test deta
have been generated to establish quantitetive physical properties. The
designer is not limited to the materials described in Appendix IT, provided
that quantitative data on the effects of environment are available for any
sling materisl chosen.

REDUCED ULTIMATE STRENGTHS

Sling materials are subjected to a variety of detrimental effects during
manufacturing and during their normel use. Each of these effects reduces
the ultimerta strength of the basic sling material. Table I lists the
reduced ultimate strength fectors for verious sling materials for various
environmental effects. These factors are applied to the breaking strength
of the new material (see Apeendix II).

The reduced ultimate strength of a given sling material can be determined
by multiplying its breaking strength by all of the factors listed for that
material in Table I.

Exposure occurs vwhen materisls are subjected to weathering conditions.

The single most destructive agent is ultraviolet light. When textile
materials are exposed to the effects of ultraviolet light for long periods
of time (up to a year) significant loss of strength occurs. Protection
against the detrimentel effects of uliraviolet light can be provided by
the designer by using urethene or polymer coatings over the textile sling
members. Sleeves over sling legs help Screen out ultraviolet light. If
the textile material is suitably protected against ultraviolet light by ore
or more of these methods, the exposure factor found in Table I may be
raised to 0.9. Slings should be stored away from strong sunlight when not
being used. The designer can provide a light-tight bag for sling storage.

Tempterature varistion means the meterial is subjected to =65° F to 160° F
at 95% relative humidity.

Sea water immersion mesns the material is soaked in sea water for periods
up to 24 hours and then washed off in fresh water. The use of waterproof
coatings on textiles by the designer and the prompt and thorough washing
by the user will reduce the detrimental effects of sea water.

Sand: No quantitative strength reduction factor is given in Table I.
Exposure to sand means that significant quantities of sand have been
worked into the weave of the materisl, such as when & wet sling is dragged
across a sandy beach. When this occurs, the reduction in stiength is
prohibitively high for textile meterials. Therefore, textiles must be

protected from the detrimental effects of sand, both in design and in usage.

Urethane or polymer coatings which fill in the pores between the strands of
8 textile material will keep sand out of the weave., Zippered sleeves and
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storage bags will help prevent