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DISCLAIMERS

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

documents.

When Government drawings, specifications, or other data are used for
any puvpose other than in connection with a definitely related Government

procurement operation, the United States Governm:ant thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in anv way supplied the
said drawings, specifications, or other datz 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 invertion that may in any way be

related thereto.

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

DISPOSITICN INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the

originator.
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This report was prepared by Sikorsky Aircraft, ®ivision

of United Aircraft Corporation, under the terms of Contract
DAAJO2-70-C-C021. It consists of a discussion of the method
used to simulate externally slung helicopter loads, a .
reduction to graph form of the data generated by this .
simulation, and & method for deterwining design criteria
from these data for aircraft hardpoiats, load lift points,

- and slings.

TN

The object of this effort was tc quantify the maximum load

. factors which are developed in hardpoints, lift points, and
slings during various maneuvers to which the helicopnter-slung
load system could be subjected during any given flight, and
to use these data to develop design criteria for this hardware.

ok

Gl it o u TSRt SR Gl et i s v

?
W

P

. In genetral, it can be stated that the method developed is a
reasonable approach to formulating useful design criteria.

The conclusions contained herein are concurred in by this
Directorate.
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ABETRACT

The purpcses of this studyr were to determine the dynamic effects of a heli-
copter-external load combination as the system is flown throughout a range
of £light maneuvers, and to establish design criteria for sling members and
hardpoints of the system. Typical slings and sling arrangements were se-
lected, and representative externel loads were established under the scope
of the contract. A computerized hybrid simulatior of the coupied motion of
a CH-SbA helicopter and the external .oads was conducted in real time with
a pilot in vhe loop on both a fixed-base simulator snd a moving-base simula-
tor. Load factors in the sling elements and at helicopter and load hard-

points relating to the dynamic effects of the cocmbined system were deter-
mined and are presented in this report.

The results of this study indicate that the dynamic load factors produced
in sling elements and at hardpoints during a manzuver often exceed the
normal load factor develcped by the helicopter during the maneuver. In
some cases the lozd factors in the sling elements and at the hardpoints
exceed the design limit lved factor of the helicopter. It was also found
that during a given maneuver, the peak values of sling and hardpoint load

factors did not necessarily occur at the same time that the helicopter de-
veloped its pesk normal load factor value.

The locad factor data from the simulation were used in estgblishing sling
and hardpoint design criteria. The design criteria are yresented as
functions of the helicopter design load factor for each of the various
slung load types and sling configurations studied. The load factor data,
and therefore the eventual design criteria, proved to be greatly influenced
by the type cf slinging configuration used and the density of the load. It
was also found that the geometry of the sling is an important parameter in
deteramining the maximum forces developed in sling merbers and at herdpoints.
For this reason, the design criteria established in this study perteain
directly to the specific slung lozd configuraticns which were modeled in
the simulation.  The design criteria must inciude a geometry effect calcu-

lation befcre they are used as universal criteria which would be applicable
to any slinging arrangement,

pde
(2]
pole

?
3
J
£
E

S




e i B TR A B P T B e e e T

£ e a o-

- —— =

TABLE OF CONTERTS

3

ABSTRACT..."'......'.....O

L]
*
*
L]
L]
L]
[ ]
L)
.
(W
e
e

LIST OF ILLUSTRATIONS . ¢ & ¢ ¢ o ¢ o ¢ ¢ ¢ o o o
LISTOFTABIIES.....OI...:....Q

LIST OF SYMBOI-S e © © o & o & & o o 6 ¢ 6 s & o o o

e s o 0 o e x
BACKGROUND © ¢ ¢ « o s o 6 2 s o 6 o o o 5 e 6 o o 0o e o s o o o 1
TECHRICAL APPROACH o o o o o o o o « o s ¢ o o ¢ o o o « o o o o 2
Loads o o ¢ ¢ ¢ ¢ 6 o s ¢ ¢ o 0o o o o o o o o 2
Method of SoJution + ¢« o ¢ o ¢ ¢ o o » ¢ o o & T

R A TR o I Lo AR AR AR A e A KM A SR

Manemz.s L] L] L] - Ld L] L] L] * L] L ] L) * L * L L] L4 hl
SIMULATIOXN RESULTS AND DISCUSSION . & ¢ 5 ¢ o ¢ o o o o »

SLING AND BARDPOIRT DESIGN CRITERIA . o o ¢ & o « »

DISC[ISSION OF D‘-‘?SI@ CRITERIA - - L J * L] - - L] L] L4 L - L * . - - 69

C()NCLIJS IOKS . Ld L] L * L * L] - L d . L] L4 -
LPPENDIXES

I. HMilitary Vehicles and Equipment as External Helicopter
Iﬂads [ ] L] * [ ] L] L] L ] > - * - - L] - [ ] L] L] * - L] L] L4 L] . L] 73
II. Vertical Bounce Criteri@ . « « o o o o o o o o o o o 78
ITI. Slung Loads Aerodynamic DAtA o ¢ « o o o o o o o o o
IV. Pilot Control Imputs for the Simulated Maneuvers 97
V. Sling and Hardpoint Load Fsctor Data Utilization
TeCHNIQUES & o o « o « o « o o o o o e o o o o o » o« « 106
VI. Determination of Static Loads Used in the Non-
dimensionalization of Icad Factor Dat8 . o o « =« « « « 182

DISTRImaNO...000.0..0....00.00..

&K

e e o 193

kit

.

: "
RS b el

e e ) b
it s e

" "u’ ¥
AR
.

flk
A

"
I P
(TR

)

i
Pl !




PR S B S

(RN

T o O P b o T WA

]

T P e SR

PN y“\‘ﬂ‘, Wk L e

o

ikl

[

10

12
13
1k

15

LIST OF ILLUSTRATIONS

Single-Tegged 5 .ing Suspension of a 15,000-Pound Solid
.CL\ncr_ey'eBlock'o-......-ooo..¢...oo..h

Three-Legged Bridle Suspension of a 12,000-Pound Fixed-Wing
sirecraft . . . . .0 000 .

e

Single-Point Suspension of v x 8 x 20 Foot Container From
Four-Legged Sling -~ Y000 Pounds o« o o * ¢ ¢ « + ¢ ¢ ¢ ¢ « « « 5

Sii;le=Puiit Suspension of a 15,000-Pound Solid Concrete
®lec* Fre . ¢ . sur-Lecged Sling . .

c + s i e e e e e 5

Single-t:3-¢ ,uspension of . 13,000-Pound Helicopter From a

four-Le. .- SLinZ « « + « « « ¢ ¢ 4 ¢« ¢ o « o s s s e a0 .. b
Multipoint Suspension of an 8 1 8 x 20 Foot Container . . . . 6
M.. ipoint Suspension of a Pallet Ioad . . . . . . . . . . . 8

Faciliti:s Used in the Helicopter - Externai load Real Time
Simyation . . . . . .. ...

General Scheme for the Helicopter - External Load Simulation

Plus Sling and Hardpoint Load Factor Amalysis . . . . . . . . 1
¥low Diagram of the Combined Helicopter and Slung Load Dynamic
SoIution . ¢ v 4 . 4 e e e e e e e e e .. e e e e e e e 14
Zeneral Helicopter - Load Cenfiguration for the Four Point

Sling Arrangement . . . . . ¢ ¢ ¢ ¢ 4 e e e 4 e e e e e e 0 15

Sirgie-Point Multilegged Slung load Configuration . . . . . . 22
Brooks and Perkins Pallet . . . . . . . . . .

Maximrn Dynamic Cable (Pendant) Tension Load Factor vs Helicop-

ter Design Load FACEOr . < « ¢ ¢ ¢ ¢ o ¢ ¢ o ¢ 4 o o 4 e u 61
Maximum Dynamic Ieg (Bridle) Tension Load Factor vs Helicopter
Design Load Factor . . . . . . « . . e e e e e e .« e e .. 62

Maximum Dynamic Helicopter Hardpoint Vertical Force Load Factor
vs Helicopter Design Ioad Factor . . « « ¢« « + ¢ « ¢« « « . . 63

Maximum Dynamic Helicopter Hardpoint Drag Force load Factor
vs Helicopter Design Ioad Factor . . . . . « « « « « « . . . Bk

E
E
3
.
2
|
3
2
=
§§
§
E
§
EY]




,

 JR— st S oo i
ekt Bl LA R U

N pr i A it
T qﬂ‘«:,mw G L R Ly

——
P

gt g

[t

i

ik

29

30

32

33

LT,

S T S R R N T T D I e

C o  ————————— e . ———

Maximum Dynamic Helicopter Hardpoint Side Force Load Factor
vs Helicopter Design load Factor . . .

Maximum Dynamic Slung Load Hardpoint Vertical Force Load
Factor vs Helicopter Design Load Fartor . . « « ¢« « « « « .

Maximum Dynamic Slung Load Hardpoint Drag Force load Factor
vs Helicopter Design Lcad Factor

e & & e % e e e & e s o .

Meximum Dyramic Slung Load Herdpoint Side Force Load Factor
vs Helicopter Design Load Factor .

4 o e & o © o o o * e =

Pilot Control Input for the Simulated Vertical Takeoff
Maneuver . . . .

e & 3 +« e ® e o & ¢ e e & e e o 2 * + s =

Pilot Control Input for the Simulated Symmetricel Dive and
Pullout (on Fixed-Base Simulator) Maneuver

e e o o e & o o

Pilot Control Input for the Simulated Symmetrical Dive and
Pullout {on Moving-Base Simulator) Maneuver . . . . . . . .

Pilot Centrol Input for the Simulsted Roll Reversal Maneuver

Page
. 65
. 66
. 67
. 68
. 98
. 99
. 100
. 101

Pilot Con*trol Inrut for the Simulated Pedal Kick Maneuver . . 101

Pilct Control Input for the Simulated Lateral Stick Stroke
Maneuver

Pilot Control Input for the Simulated Longitudinal Stick
troke Maneuver . . . .

Pilot Control Input for the Simulated Approach to Hover
Maneuver . . . . . . .

e ® ® 8 & © & e o e e ® ® e e ¢ =

Pilot Control Inmput for the Simulated Rolling Pullout
Maneuver . . . . . . . . .

Adjusted Sling and Hardpoint Load Factor Data for the
Container - U Pt/OLog Load « « v « v ¢ o ¢ o o o o o o

e X1 ¥4

O [ (¥

. . 103

e 1 1

. . 112
AdJusted Sling and Hardpoint Loud Factor Data for the
Container - 4 Pt/0 Leg, 1 Cable Failed Ioad . . . . . . . . . 117
Adjusted Sling and Herdpoiat Load Factor Data for the
Block - 1 Pt/hLeg Ioad « « ¢ v v v v ¢ 6 v v bt e e e e . . 122

Adjusted Sling and Hardpoint Load Factor Data for the Empty
Container - 1 Pt/h Leg Load . . . . .

127




A

ks T AL

i

- S P — S rem e S RARgaur-Prl e il 14 v = —_—lZ =TT
= _-,F:_‘-—-Jg_ x‘§,w‘*"‘,§, e - . AISEESTER T TR A Mt S T Wl SASTRGE TR AT B Re Tr et

37

38

39

ko

k1

k2

43

Ly

45

46
k7

b T S
st b

AR

Page
Adjusted Sling and Hardpoint Load Factor Data for the
Container - 1 Pt/hLeg Load . - « « « o« o « = v o « o o « o . 132
Adjusted Sling and Bardpoint Load Factor Data for the
Container - 1 Pt/4 Leg, 1 Leg Failed Ioad . +« + + « « &« « « & 137
Adjusted Sling and Hardpoint Load Factor Data for the CH-LT -
1Pt/hregload . . « . . « . . . . e e e e e e e e e e e 142
Adjusted Sling and Hardpcint Load Factor Data for the OV-1 -
IPE/3Leg LoBA « v « o o « o o o o o o o s o 4 s o s e o s 147
Adjusted Sling and Hardpoint Load Factor Data for the Block -
LPL/1Leg Lo8Q « ¢ v ¢ ¢ ¢ v o o o o s o o o o o o o 2 s o 152
Adjusted Sling and Hardpoint Load Factor Data for the Brooks
and Perkins Pallet IoAd . « ¢ ¢« ¢ ¢ ¢ ¢ 4 ¢ ¢« ¢ o s o o o o o 157
Adjusted Sling and Hardpoint Load Factor Data for the
Container - 4 Pt/0 Leg, Mid cg Only Load, Including Gust
Cases DBt . . ¢ ¢ ¢« ¢« ¢ ¢ 4 o ¢ o o o o o o s o o o e o . o 162
Adjusted Sling and Hardpoint Load Factor Data for the Block ~
1 Pt/b Leg Load, Including Gust Cases Data . . . . . . « . . 167
Adjusted Sling and Hardpoint Load Fecotor Data for the
Container - 4 Pt/0 Leg, Mid cg Only Load, Inciuding Moving
Base Data « . « ¢« ¢ ¢ o ¢ o 0 o o s . s e e e e s e e e s e 172
Adjusted Sling and Hardpoint load Factor Data for the
Container - 1 Pt/k Leg, Mid cg Only Load, Including Moving
Base DatlB . . ¢« ¢ ¢ v 4t 4t it e e e e e e e e e e e e e 177 !
Static Loads Calculation Parameters . . . « . « « « + ¢ « « & 183
"Sling Geometry of CH~UT Chinock -~ 1 Pt/ % Leg Ioad . . . . . 187
Sling Geometry of Container - % Pt/ 0 Leg (fwd cg) Load . . . 190

viii
i 2T B>



ey

Je vy \.V@Wu gl ;,_ i w‘.‘
|
1§

PG

LIST OF TABLES

TR

:
g

I Sling and Hardpoint Dynamic Load Factors . . . . . . . . . . U5

i1 Sling and Hardpoint Static Trim Inad Factors . . . . . . . . 53

-
(]
H

Container Aerodynamic Data Along Wind Axis Directions . . . 87
v Block Aerodynamic Data Along Wind Axis Directions . . . . . 90
v CH-UTB Chinook Aerodynamic Data Along Body Axis Directions . 93

Vi Ov-1l Mohawk Aerodynamic Data Along Wind Axis Directions . . 9§

s MR L i 1 T AR A Y A AN A

LAY

g

™

E
#
]
=
=
E
3
%
e
i)
]
=
=2
=
=
=
E
=
£
=
=
=5
. =
a
E;
=z
=
=
=z
=
a3
=
3=
=
]
o
&
=
]
=4
=
4
A
=
EA
=
k|
e
=
=
2
=
=2
=
=
=

A LR

4l

i

b

L’ et ok

mstmwmmmm o




LIST OF SYMEOLS

(b A L AN AL R TR

A meximum frontal area of load, ft2
cw ratio of average downwash velocity on load over
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: Cys cy X and y components of distance tetween load hardpoints, ft
d component of distance from pallet center to “oad cg
in load x direction, ft
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from load cg to front and rear load slinging hardpoint,
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dh component along load body x-axis direction of distance
from load cg to cargoc hook, ft
di ,'bi ,hi components of distance from helicopter cg to helicopter
H "h "H hardpoints, along x, ¥y, and z helicopter body axis
directions respectively, ft
di ’bi ,hi components of distance from load cg to load hardpoints,
L L L along x, y, and 2z load axis directions respectively, ft
: DL,YL,LL aerodynamic drag, side force, and lift on load along
; load body axis directions, 1b
! DL ’DL sum total of static trim values of drag forces at all
sf “Sr front and all rear load hardpoints, respectively, 1b
D, ,L eerodynumic drag, side force, and 1lift on loed along wind
- W W W - . -
axis directions, 1b
DTl’DT2’ tensions in drag legs of Brooks and Perkins pallet, 1b
DI3>DT),
AD/q normalized drag corntribution due to drogue chute, 1b
ol
£, equivalent flat plate area of load, viewed from abcve, £t~
i AF, ,AF M tension components in nylon legs due to rolling and
i J pitching moment balance, ft-ib
; LF _ AF additional forces on helicopter due to load, along
i YH helicopter body axis directions, 1lb
: AF
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i g acceleration of gravity, ft/sco
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component of distance from pallet center to load cg,
along lcad z - direction, ft

components along load body z-axis direction of distance

from load cg to front and rear load slinging hardpoints,
respectively, ft

canponent along load body z-axis direction of distance
from load cg to cargo hook, ft

momentszof inertia of combined helicopter and pallet load,
slug-ft

load moments and product of inertia, slug-ft2

subscript which denotes individual cables or helicopter
hardpoints

subscript which denotes individual nylon legs
subscript which denotes individual load hardpoints
cable spring rate, 1b/f¢

nylon leg spring rate, 1b/ft

component of nylon leg spring rate in the direction of
line LL, 1b/ft

spring rate of the equivalent nylon spring in the
direction of line LL, 1b/ft

Steel cable spring rete in the single-cable - multileg
dynamic solution, 1b/ft

spring rate of the total equivalent spring between the

helicopter cg and load cg in the single-cable - multileg
dynamic solution, 1b/ft

direction cosines of individual sling legs in space
fixed axis directions

direction cosines of individual sling legs in load
axis directions

unstreccted nylon leg leagth, ft

cable length




load cg, ft-1b

steel cable length in the single cable -~ multileg
dynamic solution, ft

unstretched cable length, ft

nylon leg length, ft
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distance from helicopter cg and load cg in the single~
cable -~ multileg dynamic solution, ft

unstretched value of Lm’ ft
distance from hook to load cg, ft

unstretched value of LN’ ft

o bl bt D B0kt e B Uty I Ly 1)

aerodynamic rolling, pitching, and yawing moments
of load about load body axis directiomns, ft-1b

L P, bl e

rolling and pitching moment contributions about
aerodynamic rolling, pitching, and yawing moments of
load about wind axis directions, ft-1Ib

change in rolling, pitching, and yawing moments of
helicopter due to the Joad, ft-1b

change in length of individual nylon legs from the
no-load condition, ft

change in Lm compared to unstretched value, ft
load factor focrm of cable tension

maximum cable tension load factor

load factor form of nylon leg tension

maximun nylon leg tension load factor

load tactor form of vertical, drag, side, and inpliane
forces &t helicopter hardpoints

maximum vertical, drag, and side force load Factors

at helicopter hardpoints

load factor form of vertical. drag, side, and irplane
forces at load hardpoints
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LFVg ’LmLmax maximum vertical, drag, and side force load factors
LFS
ax

at load hardpoints

rolling, pitching, and yawing moments about pallet
load cg, ft~1b

rolling, pitching, and yawing moments about pallet
center, ft-1b

mass of the load, siugs
number of nylon legs
number of plys per leg

parameter representing any general sling or hardpoint
load factor

aircraft (helicopter) normal load factor
maximun helicopter load factor attained

normalized yawing moment contribution due to drogue
chute, ft-1t

load per ply in each nylon leg, 1b

roll, pitch, and yaw rates of load about load body axis
directions, rad/sec

components of angulier acgeleration of cambined helicopter
and pallet load, rad/cec

compenents of angular accelergtion of load about load
body axis directions, rad/sec

2

-

i/2 2 VRLZ’ free stream dynamic pressure, lb-ft

tension in side legs of Brooks snd Perkins pallet, 1b

maximum dynamic value of cable teusion, 1b
static trim value of cable temnsion, 1b

static trim value of cable tension

catle tension, 1b

total tension in individual nylon legs, 1b
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tension contribution in nylon legs due to external
forces, 1b

steel cable tension in tne single cable dynamic solution, 1b

tension in the vertical legs of the Brooks and
Perkins pallet, 1b

meximum dynamic value of nylon leg tension, 1b
static trim value of nylon leg temsion, 1b

static trim value of nylon leg tension in front and
rear legs, respectively, 1b

components of cable tension along helicopter axis
directions, 1b

components of cable tension along load axis directions, 1b

duty cycle of digital solution, sec

U sV oWy components of linear velocity of helicopter cg along
helicopter axis directions, ft/sec

uL’vL’VL components of linear velocity of load cg along load
axis directions, fi/sec

ﬁ,;;:; components of linear velocity of load cg relative to
helicopter cg, ft/sec

31,"91."91, components of linear acceleration of load cg, ft/sec2

3x,$ ,9 components of linear acgeleration of combined helicopter

vz and pailet load, ft/sec
VH ’DHm maximum dynamic value of vertical, drag, side, and
SHM’PH ax inplane forces at helicopter hardpoints, 1b
max  Hpax

VH ’DH s static trim values of vertical, drag, side, and inplane

s S§ S forces at helicopter hardpoints, 1b

Hg> Hg

vi’si’Di ’Pi vertical, side, drag, and inplane forces at helicopter

hardpoints, 1b

Vk,Sk, ’Pk vertical, side, drag, and inplane forces at lcad
hardpoints, 1b
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Vi ’Dlma.x maximum dynamic value of vertical, drag, side, and
SI‘ma.x P inplane forces at load hardpoints, 1b
Vig ’DLs’ static trim values of vertical, drag, side, and inplane
SLS PLs forces at load hardpoints, 1b
VL ’VL static trim value of verticul forces at front end rear
s “Sr load hardpoints, respectively, 1o
VL' sV.! sun total of static trim velues of vertical forces at
5 s¢ LUsr all front and all rear load hardpoints, respectively, 1b
XLCG’SLC(" vertical, side, and drag forces at pallet load cg, b
H L+ 3
LCG
VLP’SLP’DLP vertical, side, and drag forces at pallet center, 1b
VRL resultant velo-ity of loal, ft/sec
WL weight of the losd, 1b
i W, force on lcad in load z direction due to downwash, 1b
vy average downwash velocity at the rotor disc, ft/sec
x'j Y J,z 3 components of distance from load cg to load hardpoints
alopg load body axis directions, ft
X,¥,2 components of distance from helicopter cg to ioad cg
¢ along space axis directions, ft
XDp>Y Dgp>ZDp components of hook relative to helicopter hardpoint
- along space axic directions, ft
7 X, ’ii’;i components of distance from helicopter hardpoints to
- load hardpoints along space axis directions, ft
Xjpo¥ip2dp components of load hardpoints relative to the helicopter
cg along space axis directions, ft
;1,;'1,21 components of distance from helicopter hardpoint tc the
hook along space axis directions, ft
(xL--xe ), corponents of distance between load cg and combined
(yL-ycg), cg of the pallet load plus kelicopter, ft
(zL-z €)
cg
o Al A
Xy Symp S Zhp direction cosines of loasd axes in the space axis system
: xm, »yo; 20y
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z component of distance from load cg to the top of
the load, ft

%
k<
2
3
2
3
¥
I
z
3

1 Kdfings

angle of attack of load, rad

sngle of sideslip of load, rad

bttt e

et

true angle between the helicopter body y axis and the
front or rear sling members, »espectively, rad

LT

angle between load z axis and the projection of the
steel cable in the xy rlane of the load, rad

bk bty g

Y

N,

true angle between the load body z axis and the front

or rear sling members, respectivcly, rad
projection in the load body xz plane oxr the angle
between the load body z axis and the frcnt or rear 4
sling members, respectively, rad - 4
angle between the ioad body z exis and the line of ;
-action of the load weight, rad - :
angle between individual legs and load z direction, rad_ 3

direction angles of x-, y-, and z-load axes relative to
line 1L, rad

density of air, slug/ft>

direction angle of individual nylon legs relative to
line 1LL, rad

roll, pitch, snd ysw attitudes of helicopter and pallet
load relative to space axis directions, rad

i
i

roll, pitch, and yaw attitudes of helicopter relative
to space axis directions, rad

ekt e 22l g

roll, pitch, and yaw ettitudes of load relative to space
axis directions, rad

. bt .,
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components of angular velocity of loesd about space
axis directions, rad/sec
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BACKGROUND

In helicopter movement ci cargo as an externally suspended load, problems
have been encountered with suspension subsystems and their components that
adversely affect the safety, efficiency and effectiveness of this mode of
support mobility. Recognizing the importance of this problem, the U. S.
Army held a meeting in 1958 at which service agencies and industry personnel
met to set a standard for rating sling strengths. The discussions at this
meeting emphasized the depth of the problem. At this meeting, Sikorsky
Aircraft outlined a proposed program for the esteblishment of design cri-
teria for slings, air-raf%t hardpoints, and load suspension points.

Such a program was underteken by Eustis Directorate in three rhases. Tae
first phase, which constitutes the work of this contract, was to determine
the load factors due to dynamic and aerodynamic forces in flight for various
sling arrangements and slung loads. The second phase, being performed con-
currently by the U. S. Army Air Mobility Research and Development Laboratory,
was to invastigate the functional factors that affect the properties of
materials suitable for use ia helicopter sling design. This program
measure: the effects of attachment methods, envirommental conditions, re-
peated loadings, and other related parameters in order to establish design
critera. The third phase, vhich wiil be performed dvring 1971 by Sikorsky
Aircraft under Contract DAAJO2-T1-C-0015, is intended to combine the results
of the first two efforts and produce a design guide for helicopter siings,
load suspension points, and aircraft hardpoints. The design guide will
contain design techniques and procedures for each of the sysi=m segments
suitable for use by design engineers concerned with the design of external
load suspension systems on helicopters.

In order to establisk valid design criteria for helicopter slings, load
suspension points and aircraft hardpoints, it is necessary to establish

the load factors due to dynamic and aerodynamic forces in flight. Prior
to this program, the flight load factors used in sling design were the

same as the designed flight load factors of the aircraft. Thus, if a heli-
copter were designed to withstand 2.5g flight loads, then the slings were
also designed with this factor. Kepeated sling failures led to speculation
that the actual load factors on the load were higher than those on the
aircraft. This study determines the actual load factors on the aircraft
and on the slung load due to dynamic and aerodynamic forces in flight. The
study will show that the helicopter studied, designed for 2.5g flight loads,
never develops g forces greater than 2 even in violent maneuvers and that
the actual load fector on the slung load is in excess of the nomipal 2.5g
design load factor. The method of determining these actusl load factors
for a variety of loads and sling arrangements in a variety of maneuvers

is described in detail in this report.

In September 1970 the contract was amended to cover an examination of a
limited number of representative cases on tue moving-base simuletor. The
significance of motion cues in performing these few maneuvers was assessed,
and their importance on the design criteris has been investigated in this
report.
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TECHNICAL APPROACH

LOADS

Sikorsky Aircraft has established representative external loads and typical
sling and sling arrangements used for the work performed under this contract.
Slings and sling arrangements include both single and multipoint suspended
loads. For each arrangement, various types of sling loads are considered

to account for inertia variations and aerodynamic 1lift and dreag effects on
the slung bodies in flight.

Load es

The load types investigated cover the renge ci loads which can be carried
as external helicopter loads without creating or encountering severe
stability problems. They are grouped into four basic types:

Type I: High density loads; W /A > 250 1b/£t2

Type II: Medium density loads; 250 1b/£e2 > WL/Amax > 50 lb/ft2
Type III: Low deneity loads; W /A < 5C 1b/ft2

Type IV: Airerart

W._is the weight of the load and A represents the maximum frontal area
e load can have in an attitude gﬁfch might be expected during flight.
Types I, II, and IIT represent relatively bluff bodies which are stable or
can be stgbilized easily by artificial means such as drogue chutes. Loads

which are highly unstaeble or whose serodynamic characteristics are very
sensitive to orientation are not included in this study. Aircraft have
been treated as a distinct type because of their irherent aserodypamic sur-
faces and because of the tactical and economic importance of aircraft
recovery as a helicopter mission.

Suspension Systems

The suspension systems considered in this program are of two basic types:
single point and multipoint. The true sling angle is the angle between the
sling leg and a verticel line, arnd is measured in the plane defined by the
sling leg and the vertical line. Since the views of the helicopter and
loads suown on Figures 2 through 7 are not parsllel t5 this plane, the true
angles are a0t presented picterially. )

Single~-Point Suspension

in a single-point suspension, the load is attached to the aircraft at
one point only. This is generally the main cargo hook of the aircraft.
The sling is the device that attaches the load to the main cargo hoox
of the aircrafi. In this program, three basic sling types are con-
sidered: the single-legged sling, the three-legged bridle and the

2
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four-legged bridle., The material chosen for single-point suspension
slings is nylon webbing. The webbing is described in MIL-W-4088F,
Table II, as Type XXVI, with a width of 1-3/h4 + 1/16 inches and a
thickness of .150 to0,180 inches. The lengths of the three-legged and
four-legged dbridles were set st 19 feet because this length fits most
external loads in military inventory and because it provides a spring
rate for the total sling which prevents objectionable vertical bounce.

The Single-Legged Sling: The single-legged sling {pendant) is
the simplest arrangement. One end of the single-legged sling
has a loop or donut which engages the aircraft cargo hook; the
other end usually has a swivelling hook which engages-an eye
or shackle on the load. In this program, a 15,000-pound solid
concrete block is suspended from a single-legged sling (see
Figure 1).

The Three-Legged 3ridle: The three-legged bridle is generally
used to carry aircraft or other loads which because of their
shaepe and hardpoint locations are best suspeuded from three
points. A four-legged sling may be used with two legs going
to the same point, making it essentially a three-legged sling.
The apex of the three legs is a donut or a shackle which en-
gages the aircraft cargo hook or pendant. The ends of “he
three legs usually terminate in chains or hooks or other
hardware which engages the three lifting points on the load.
In this program, a fixed-wing aircraft weighing approximately
12,000 pounds is suspended from a three-legged sling (see
Figure 2). ;

The Four-Legged Sling: The four-legged sling is the most
common in current usage. It is used to carry containers,
almost all vehicle ,, some aircraft and special equipment.
The three-dimensional geometry of most loads is such that
four lifting points are desirable. The apex of the four
legs is a donut or shackle which engages the aircraft cargo
hook or pendant. The four legs usually terminate in chains
or hook other hardware which engages the lifting points on
the load. In this program, five loads were suspended from
a four-legged sling:

a. An empty 8x8x20 foot container representing a Tvpe III
load, illustrated in Figure 3.

b. An 8x8x20 foot container at 15,000 pounds gross weight
with cg forward, aft, and at the center, representing
a Type 1I load.

c. An 8x8x20 foot container at 15,000 gross wa2ight with a
forward cg and one sling leg failed.

d. A 15,000-pound solid concrete block, representing a
Type I load, illustrated in Figure L,
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Figure 1. Single-Legged Sling Suspension cf a
15,000-Pound Solid Concrete Block.

(Note: Dimensions in inches unless ctherwise noted)
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TRUE SLING LEG
ANGLE 12°5°

Figure 2. Three-Legged Bridle Suspension of a
12,000-Pound Fixed Wing Aircraft.

(Note: Dimensions in inches unless otherwise noted)
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Figure 3. Single Point Suspension of 8x8x20 Foot
Container From a Four-Legged Sling -
4000 Pound.

(Rote: Dimensions in inches unless otherwise noted)

TRUE SLING LEG
ANGLE 34°32’
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228

346 TRUE SLING LEG
ANGLE 13°36’

Figure 4. Single-Point Suspension of a 15,000-
Pound Solid Concrete Block From a
Four—Legged Sling.

(Note: Dimensions in inches unless otherwise noted)
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’ Figure 5. Single-Point Suspension of a 13,000-

= ' Pound Helicopter From a Four-Legged

i Sliing

% (Note: T mensions in inches unless otherwise noted)
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TRUE SLING ANGLE
- 16°17°

5 Figare 6. Multipoint Suspension of an
3 8x8x20 Foot Container.
E (Knte: Dimensions in inches unless otherwise noted)

M
L AR v o e et B A b P 0 AA L LA T i G 2ot ] R ey a8 £ i bl € i syt it ot Lo BRISIE RN o 2




=
=
=
=3
=3
=
32

33

N

s o TR EERE T T T AR R
=z ;\.,;?W;V - '96‘;@?‘5,‘ e ¥ Skt O sl oo SR -

e. A 13,000-pound helicopter representing s Type IV load,

illustrated in Figure 5.
Multipoint Suspension

The four-point suspension system found on the CH-54A and the CH-5LB
aircraft is used to carry loads ciose to the aircraft and provides a
greater degree of load restraint and stability than does the single-
point system. In this program, two different loads are suspended by
the four-point suspension system under a variety of copditions:

1. An 8x8x20 foot container at 15,000 pounds gross weight with the
cg forward, on center, and aft revresenting a Type II load,
illustrated in Figure 6

2. An 8x8x20 foot container at 15,000 pounds gress weight with a
forward cg and one failed cable.

3. A psllet load with six suspension points on the pallet at a gross
weight of 15,000 pounds with cg forward, on center, and aft repre-
senting a Type II load, illustrated in Figure T.

Load Classification

The loads described in the preceding paragrephs were used in this study
for the determination of flight load factors and are representative of
the many vehicles, pieces of equipment and supplies that constitute
military external helicopter loads. Specific vehicles and items of
equipment are classified by name, load type and weight and are grouped
by general type for convenience. The list appears in Appendix I.

Vertical Bounce

For this study, it is assumed that the helicopter, together with its
suspendeéd load, is free from objectionable vertical bounce, and that
the characteristics of the slings will not accentuate this phenomenon
nor will the loads on the slings be significantly increased by it.
This assumption is justified for the CH-5L42 and the CH-SLUB as load
isolators {or decouplers) are used to effectively eliminate the prob-
lem. Included as Appendix II is a reprint of Appendix U ectitled
"Design Criteria and Analysis for the Prevention of Vertical Bounce"
published as part of Technical Report 68-2, entitlied Aerial Recovery

Kit, Concept Formulation Study, U. S. Army Aviation Materiel Command,
St. Louis, Missouri, June 19%8, AD 673102.

The sling and bridle geometry was selected to ackLieve a spring constant

vhich removes the naturel fiequency of the suspensicn/load system from
the forciag frequencies found in helicopters.

METEOD OF SOLUTION

A computerized simulation of the coupled motion of the CH-54A helicopter

7
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Figure 7. Multipoint Suspension of
a Pallet Load.

(Note: Dimensions in inches unless otherwisc aoted)
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with each external load was conducted using a hybrid computer system to
solve the coupled equations of motion for the helicopter and the slung load.
The hybrid computer system consists of a general-purpose digital computer,
the Digital Equipment Corporation PDP-6, with an interactive console for
on~line computing and recording of data. For real time fixed-base runs, a
full-scale Sikorsky S-61 helicopter cockpit with a FNorden Contact Analog
display system is also used. Digital-to-analog conve:rcers and analog-to-
digital converters relay information back and forth between the cockpit
(rig) and the PDOP-6. If the motion system is employed, the same rig has
moving-base capabilities, and the calculations which determine the motion
cues which are to be relayed to the rig are carried out on an analog
ccmputer. See Figure 8.

The actuzl solution of the equations describing the motion of the helicopter
and the external load is done by the PDP-6 computer. The simulation of the
CH-54A used in this study was done by the General Helicopter Simulation
Program (GHSP). This is a program developed at Sikorsky Aircraft for simu-
lating continuous f£fiight of a single-rotor helicopter. The degrees of
freedor in GHSP include six spatial degrees of freedom, as well as blade
fiapping ard varisble rotor speed. There are no small angle limitations or
small disturbance @bout a trim point restriction in GHSP. In the progren,
the rotor is not restricted to low advance ratios, small Mach numbers, or
small blade angles of attack.

GHSP i+ arranged so that =zquations are solved repetitively, and the calcu~
lated data are updated at the end of every cycle. Effectively, the calcu-
lation cycle begins with Initial or previously calculated values of
velocity, attitude, and control position. The rotor forces and moments

are calculated, followed by the calculation of the serodynamic forces and
moments on the fuselsge. These values are then summed with the inertial
forces to calculate the six accelerations. The accelerations are inte-
grated, yielding the values of helicopter velocity and attitude. Instrument
data for the rig is then updated, and any output data is collected. The
cycle is then repeated.

Due to the length of the total helicopter-externmel load solution, including
the load analysis and data scanning routines, a scheme for arriving at the
total solution within computer time limits had to be devised. A resl time
solution with a pilot in the loop, whether using the fixed-base rig or the
moving-base rig, must be completed within 0.060 sec. A duty cycle of C.060
sec results in about sixteen passes through the entire solution per second.
Therefore, the instruments and the dispiay system in the cockpit simulator
are updated at least sixteen times a second. If they were updated less
frequently, the pilot could detect the discrete changes being supplied to
the instruments and displsy, and a realistic response from the pilot would
no longer be possible. To keep the simulation realistic without losing any
accuracy in determining the various load factors developed in the sling
members and at the hardpoints, the approach used was to first fly the heli-
copter-external load solution on the fixed-base rig in real time, saving
only a record of control inputs from the pilot, and then to recreate the
same maneuvers in nonresl time on only the PDP-6 by playing back the re-
corded pilot inputs into a more thorough analytic solution. See Figure 9.
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The nonreal time solution consisted of the helicopter-external load simu-
lation olus the load analysis and data scanning routines, the combination
of which was too lengthy for completion in real time, After both the real
and nonreal time fixed-base maneuvers were finished, the same approach was
used to do the moving-base maneuvers. Each of these steps is described in
detail in the sectious which follow.

A slung load simulation program has been developed which describes the
motion of an external loasd. The method of solution of the load motion is
similar to the method used to describe helicopter motion i GHSP. The
slung lcad program has been interfaced with GHSP, and the resulting program
is 8 simulation of a helicopter-external load combination. To fulfill the
requirements of this contract, various sets of equations were derived and
programed to determine the loads within sling members and -at helicopter
and slung load hardpoints. Routines were also programmed for scanning all
the load values calculated in the sling members and at the hardpoints during
the solution of motion. The scanning routines were set up to select and
save only data which would be pertinent in formulating design criteria.

Fixed-Base Real Time Runs

In order to include the effect of in-flight corrections by the pilot in
response to the interaction between the load and helicopter, a pilot was
inserted as an integral element in the control loop. Having a pilot in
the loop called for a real time solution. Using the fixed-base rig, the
pilot receives cues of the behavior of the helicopter from the flight
instruments and the visual display in the cockpit. The externally slung
load affects the helicopter overall motion andi respcnse, and this is re-
flected in the cockpit instrument readings ard on the visnal display. The
existing versicn of GHSP is typically run in reeal time by simrulating three
main rotor blades and four segments along each blade. This is required to
reduce the time needed for one complete pass through GHSP to less than
0.0600 sec. But when the slung load simulation was coupled with GHSP, the
increase in length of the resultant progr:m made it necessary to reduce
the rotor simulation to two blades and four segments so that the solution
could be accomplished in reel time. The real time helicopter-external load

similation for a1l lcad and sling types used a rotor simulation consisting
of two blades and four segments per blade.

A1l of the fixed-base real time runs were done with a duty cycle of 0.050

sec. This insured enough calculaticns per revolution of the main rotor to
properly describe the sinusoideliy 7arying main rotor forces and moments,

thereby ellowing for a proper description of the entire system. The duty

cycle of 0.050 sec also guaranteed that the instrument reading and cockpit
display in the simulator were updated frequently enough.

Four-Point Dynamic Solution

The slung load solution derived for use with GHSP uses an elastic cable
approack for solving the tensions developed in the cables between heli-
_copter hardpoints and hardpoints on the load. Basically, the helicopter
and load motions can be solved separately, but the equations cf the two
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bodies are tied together by the cable tension solution. From the dis-
tance between the helicopter hardpoints and load hardpoints and from
the original unstretched cable lengths, the change in length of each
cable is determined. Multiplying this change in length by the spring
rate allows the tensicn to be solved explicitly for each cable.

Figure 10 catlines the general flow of the helicopter-extermal load
solution.

The elastic cable approach used includes a number of tenefits. If a
solution using rigid cables were attempted, the four-point configura-
tion would include four unknown cable tensions to solve for, thus
resulting in an indeterminant system. The use of elastic catles over-
comes this difficulty, since the tensions can be solved for expliicitly.
The use of elastic cables also allows for a more accurate description
of the mction of the load, especially if the cables are very soft and
can stretch some nonnegligible distance.

The general slung load configuration with a four-point suspension
system is shown in Figure 11. Similar to the GHSP solution, the slung
load equations of motion are solved repetitively and the calculated
data are updated at the end of the cycle. At the beginning of the
cycle, the ioad attitude and the load velocity are assumed to be known.
Also kaown are the helicopter attitude and helicopter velocity, as well
as the relative distance between load cg and helicopter cg.

The components of distance between hardpoints, along inertial axis
directions, are given by

x, = x + d, coseL coswL
+ . i i Y. - i
b. (31n¢L sin6  cosy, - cos¢, 51nwL)

+ . . .
hiL (cos¢L sinB; cosy; + sing 81nwL)
- diH coseH cosxpH

b. (sin¢H sinfy - cosyy - coséy sinvﬁ)

1p
- hih (cos¢H sinBy cosyy + singy sin&n) (1)
v, = ¥+ d, cosf simIlL

iL L

+ b, (sinéL sicf; © siny, + cos¢, cos&L)

+h (coscbL - sin8  simy; - siné, coswL)

i, 24

- d, COSGB 51nwﬁ

-b (sin¢H sinfy siny; + cos¢y * coswa)

-h

R

(singy sinby cinfy - singy ° cosyy) (2)
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™1 Helicopter equations of motion

Load equations of motion

!

f

Helicopter accelerations

Load accelerations

? (integration)

f (integration)

Helicopter velocities

Ioad velocities

Relative velocity
ibetween helicopter

and load
* (i

ntegration)

elative displacement between
helicopter and load

1

Calculate cahle tension

External forces and

Rotor

Aerodynamic
Gravity

Cable

moments on helicopter: v

External forces and
moments on loed:

Aerodyramic

¢ > Gravity

Cable

Downwash

Figure 10. Flow Diagram of the Combined Helicopter
and Slung Load Dynamic Solution
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z -4 sineL +b sin¢L cosf

i - :LL iL L
+ h, cos$¢ °* cosb + d, sinb
iL L L :LH B
- - h, . 6
biﬂ sin¢B cosf)H th cos¢H cos by 3)
where = = = = components of relative distance between

helicopter cg and 1lced cg , £t

diL’biL’hiL = components of distance from load cg to
load kardpoints, along load axes , ft

4 diH’biH’hiH = components of distance from helicopter cg to
helicopter hardpoints, along helicopter axes ,
ft

k : ¢L’9L’,L = load roll, pitch, and yaw attitudes , rad

= ‘H’GH"H = helicopter roll, pitch, and yaw attitudes, rad

i = 1 to k; denotes individual cables

The length of each cable is given by

=2 -2  -21/?
L o= (x" +5; +32")

SHCh It Ll
LR Lt

()

The solution assumes elastic cables; therefore, the tension in
the cables is given by

. Ki(Li - Lj_o)

(5)
vhere Ki = spring rate of the cables, 1b/ft
Lio = unstretched cable lengths , ft
- If the original length is greater than the present value, the cable
tension is set to zero, thus simulating a cable gone slack.
The download on the slung load due to the main rotor downwash is
calculated at this point. The download is
- 1, 2
Wp = 3 v T (6)
where ¢ = density of air, slug/ﬁ:3

= ratio of average downwash velocity on the
] slung load over the average downwash
E i velocity at the rotor disc

C
w
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average downwash velocity at the rotor
disc, ft/sec

equivalent flat plate a.reaaof slung load
when viewed from above, ft

The value of fw selected is a function of the geometry of the
specific slung load which is simulated, while C, depends on the
distance the load is suspended below the main rotor. Since the
pallet and container suspended by four points are both slung so
near to the bottom of the helicopter, the downwash effects in these
cases were ignored. It is assumed that the downwash blows back away
from the slung load at forward speed. Therefore, the force on the
load due to downwash is calculated only in hover. Thi:., force is
) assumed to act in the load direction, and no moment contributions

on the load due to downwash are considered.

R AR A A

G

B

The additional forces and moments on the helicopter which are created
by the cable tensions are given by

= AFxH = X?Xin (1)
_, : AFyH = X‘I‘Yin (8)
8Fgy = ITZ3 (9)
.} 4 _— -}:(hj_H‘I‘YiH) + }:('biH'l‘ZiH) (10)
aMy = z(hin'rxiﬁ) - X(diHTZi ) (11)
bRy, = Z(diHTYiH) £(b1H H) (12)
where 'i'XiH TYiH, = components of cable tension along
TZiH’ helicopter axis directions, 1b

These contributions are added to the equations of motion of the
helicopter in GHSP to represent the effects of the slung load on
the dynamics of the helaccpter.

Returning to the slung load solution, the angle of attack, sideslip
and resultant velccity of the load are computed by the equations

a = arctan (vL/uL) (13)
8L = arctan (vL/uL) (1)
Vg, = (uL2 + vL2 + wLe)l'la (15)
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where U,V awy = components of the slung load velocity along
load axis directions, ft/sec E
The aerodynamic forces and moments on the load can now be determined E
by scanning normalized wind tunnel data, or by representing these same
data in equation form as functions of and B,. The wind tunnel data
used to represent the slung loads in thIs partIcular study are given 2
in Appendix III. E
The actual equations of motion of the slung load can be solved at this -
point. These equations yield the components of linear and angular E
accelerations of the load: E:
Q = - - ind, - 16)
o vy eTp - W oeqp * ( m g sinb; - D + Z‘I‘XiL) /mL (16) . 3
: ; ° - - ing, - Y + I TY, 17) )
g v v .pL wo.rp + (mL g coseL 51n¢L YL z TYlL) /mL (
= : [o] _ - ) *
z W, = wpo.qp -V P+ (mg cosop cosby - Ly + XTZ:'LL' /my, (18)
3 é 5
3 f 3 r.g. (I I_ ) +p g +P%)I (19)
3 = - - 1 1
£ L L=L 2z, ¥y, L *L L X2y 9 .
2 +& - Ih, .TY.) +f(bv, .TZ.) /I
f L 1L 14 1 H *x, E
3 o 2 2y - E
= ; 2. = p,r, (I -I__ )+ (r,"-p,7) I, z
4 L L'L “xxp 2z 1 L Xz (20)
3 % +M +Z(h, .TX. )+ ZI(a, .TZ.) /I
E g '11. i i i i, L %
E ! :
E [o) 5 (I i ) + (0 r q \ I f§
3 ' = -pg - P - ) 3
. L L:L yyy, X L L °L xz; (21)
: +N +Z(a, . T )-z (b, ™ ) /I
5 L ‘L i i i 2zp

A AHAY ek R 1A




g R i e T E AN

where Py QT = roll, pitch, and yaw rates of load, rad/sec
m =~ = mass of load, slug

g = acceleration of gravity, ft/sec2

D ,Y.,L = aerodynamic drag, side force, and 1ift on
L>°L>L
load, 1b
JCL,ML,NL = agerodynamic roll, pitch, and yaw moments on
load, 1b-ft
TXi;,TY¥j,, = components of cable tension in load axis
L L X -
directions, 1b
TZiL
IxxL’Iyyy’ = moments_and product of inertia of load,
I I slug-ft
22y, >1X2],

In these equations it is assumed that the only product of inertia of
the load which is not negligible is Ix,,. This is a reasonable
assumption for the load types studied.

The components of angular velocity of the slung load measured along
space axis directions are given by

$L = Py +qp 51n¢L taneL +rp cos¢L taneL (22)
SL = q cos¢; - r; sinpy (23)
° -

¥, = (qL siny; + 1 coséL) . (secSL) (24)

A rectangular integration scheme is used to solve for velocities from
accelerations and displacements from velocities. The duty cycle is

tne time between successive calculations and is designated by AT. One
complete solution of the helicopter plus slung load equations must be
completed within AT sec. The rectangular integration technigue assumes
a constant value of a derivative over AT to determine the integrated
value. Once & new value of a parameter is calculated, the old value is
normally discarded. The updated rcll, pitch, and yew attitudes of the
load are

2 (new) = SL AT+ (014) (23)

(26
8, (new) = 81. AT + 6, (cld) )
¥, (new) = 8L AT + Y (o1d) (27)
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The new components of angular velocity of the load measured along
~load body axis directions are

Py, (new) = ‘BL < AT +p (01d) (28)
q, (new} = SL < AT +q (01d) (29)
T (new) = 1°'L AT + 1 (o01d) (30)

The new components of linear velocity of the load cg are given by

. u, (new) = @ o7 + u (ola) (31)
L {new) = 31. AT+ v (014) (32)
v (rev) = 31. AT + w (o1d) (33)

Within GHSP, the helicopter equations of motion are solved for ths
components of linear and angular acceleration. In a manner similar
to eqe (31) to (32), the components of linear velocity of the heli-
copter cg are solved. Call these quantities s V,, and w_.

Then the components of relative velocity between tge cg ofH the heli-~
copter and the eg of the load are given by

| VLT 35)
5 v v -y (36)

The latest values of velocity are used in eqs (3%) to (36). The inte-
gration technique is used once more to determine the compor nts of
! relative distance between the two cg's.

x (new) = u a7 + x (o1d) (37)
; | ¥ ‘new) = v AT + y (old) (38)
z {new) = T AT + 2z (014d) (39)
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This is the last calculation done in the cycle through the equations
describing the motion of the helicopter-external load combiration.
The cycle is ready to be repeated again.

Similar to GHSP s.lution, the slung loed solution contains no
linearization assumptions. Neither are there any small angle or
small displacement assumptions in the equations.

Single-Point Dynamic Solution

In general,the slung load equations developed for the four-point
suspensior may also be used to solve for the motion of a load suspended
by a single cable by setting the limit on the subscript i equal to omne
in egs (1) to (39). But a more accurate solution has been developed
for the cases In which a bridle composed c¢f cne, three, or four nylon
legs is used to attach the load to a hook on the end of a single steel
ceble from the helicopter. Since the spring system in the nylor bridle
is much sufter than the steel cable spring system, most of the lcad
- vibratory motion occurs below the hook. By making some modification:
to the general four-point solution,the new set of equations more accu-
rately describes the slung load motion relative to the steel cable, as
well as relative to the helicopter itself. As the load dynamics cause
changes in the tension within the legs suspending the load from the
cgble, these additionsl equations allow for the change in spring rate
of the nylon legs. For very elastic members,the spring rate can change
g great deal as the tension varies. The sj ‘gle-~point suspension solu-
tion accounts for this variation.

bl AL b b St b M A

= . The method used in the single~point suspension solution is

+o replace the totsal spring system comprised of the single steel cable
and the one, three or four nylon bridle legs by an equivalent spring
acting between the centers of gravity of the helicopter and load. . 2
Since the distance from the helicopter cg to helicopter hardpoint is
small compared to the distsnce between the helicopter and the load,
the location of the equivalent spring is reasonably accurate.

bl e S

Iy

The- tension in the cable is then solved for by the elastic method.

Once the cable tensicn is known,the spring system is resolved to
determine the correct stretch and orientetion of both the steel cable
and nylon bridle relative to one another and relative to the helicopter.
This is basically the only difference in epproach between the four-point
solution and the single-point solution. The elastic cable approach is
retained in the single-point solution to more accurately describe load
motion and to save computation time.
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Figure 12 illustrates tae various parameters useé in the equations of
the single-point suspension system. When the load is allowed to hang
freely and undisturbed in this configuration, “he cg of the load will
fall along the same line as the steel cable. This line, measured
relative to the load body axis system by the angles i, z, and v, is
referred to as line LL. The orientation of line LL relavive to the
Joad is essumed fixed and is determined by the static equilibrium

21
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Figure 12. Single-Point Multilegged Slung
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position of the load. During the dynamic solution of load motion,
irrespective of how line LL is oriented relative to the steel cable,
it is assumed thet the motion of the load cg with respect to the hook
is slong line LL. The orientation of the nylon legs relative tc the
line LL is given by the angles 1,. These angles are also determined
by the static equilibrium of ‘l‘.he'j load. These angles vary sc slightly
with motion of the load cg relative to the hook that they can be
assumed cons.ant. The subscript J identifies individual nylon legs

in the bridle. Numbering starts with j = 2.

The single-point solution replaces eqs (1) to (5) in the four-point
solution. The distance between the helicopter cg and the load cg is

(ko)
m

The components of distance between cg's, X, ¥, and z are known eitker

from initial conditions or from the previous pass through the solution.

If represents the umstrotched distance between the cg's, then taoe
change in this distance is
= !, -
AL S (k1)

The tension in the steel cable T, is solved for from the change in
length of an equivalent spring between helicopter cg and load cg and
from the spring rate of this equivalent spring. The total equivalent
spring rate is a function of the spring rate characteristics of the
nylon legs as well as the spring rate of the steel cable. It is
assumed that the spricg rate of the steel cable K_ is constant, since
this spring rate is high. But the spring rate of the nylon legs is a
variable which is a function of the loads in the legs. In this study,
the slung load solution was programmed for bridle legs made of MIL-W
~4088F, type XXVI (1.75 in. by 0.165 in.) nyion webbing. If N_ repre-
sents the number of plys per leg, £.. is the originai length each
leg, and P, is the load per ply in etch leg, then the spring rate of
each aylonjleg made of this particular type of webbing is

- (33.5 Py + 30000 1b) /%05 (u2)

P, is a function of the tension in the steel cable &nd is approximated
b§ the equation

Pj = Tl/(N . NP cos Té) (43)
where R = number of nylon legs
NP = number of plys per leg
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Equation (43) assumes that the components of tension in eac. leg in
the direction of line LL are the same. This is a reasonably valid
essumption for the sling configurations which were selected for this
study. Each of the spring rates in the nylon legs is resolved in the
direction of line LL according to the formula

_ 2
KLLJ = Kj cos"Ty (k)

The resultant spring rate of all the nylon legs in the¢ direction of
line LL is given by

= Ky = XKLLJ (45)

Accounting for the effects of the steel cable, the spring rate of the
total equivaient spring between the two cg's s

Ky = K /0 ) (16)

The tension in the steel cable is

T, = Ky AL (b7)

Equation (47) cennot be used alone to solve for the cable tension

7 because from eq (L43), Pg is also a function of T,, while the value of
e : X, is a8 function of P,.Y So the cable tension is found by solving eags
(82) to (k4T) simultanéously for T. once AL_has been solved from eq

(41). Once Tl is known, Ky can also be soled.

AR B il l D ot A 9 0 B R B A b

B A i

The motion of the slung ioad relative to the hook can now be solved.
The distance from the hcok to the load cg at any time during the
. dynamic solution is

Ly = (T, /K + Iy (48)

where LNo = unctretched value of LN’ ft

i ETRAER

l

Although the single~-point sclution allows for swing of the slung load
relative to the steel cable, this last equation assumes there is none;
this assumption is reasonable because such swing is expected to be
small for the loads studied.

Ak e 2 o) ik W 00 i 0 A Lt e B

Knowing the stretch in the cables in the bridle portion of the sus-
pension system, the correct emount of stretch in the steel cable plus
the proper orientatiocn of the cable relative to the helicopter may be
solved. The components of the distance from the helicopter hardpoint
to the hook are

xl =x + LN cos A coseL coswL

o W a6 AR

+ Ly cos t(sing sinf; cosy; - cos¢; sinwL)
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* Ly cos v (cos¢L sinf cosy; + sing sinwb)

- - ]
- d,lB cosby cosyy blH (sin¢H 8iny cosyy coséy sinyH)

- hlﬁ (cos¢H sinby sing, - singy cost) (19)

;l = ¥+ LN cos A coseL sinwL
+ Ly cos ¢ (sin¢; sinéy siny; + cos¢; cosy;)
+ Ly cos v (cos¢, sinb; siny; - sin¢; cosy;)
- le cesby sinyy, - blH (simpH sinfy sinp, + coséy coswﬁ)
- hlH (coscbH sind, cospy + sing, sian)
(50)
;l = 72 - LN cosA sineL + LN cosg sin¢L coseL

+ LN cosv cos¢L cos:}L + dlB sineH
- blﬁ sin¢H cosen - hlg cos(bH coseﬂ

(51)
Therefore, *hre length of the steel cable is
~ (=2 =2, =2,1/2
L = (g eyy+z) (52)

At this point the rest of the single-point suspension solution
continues from eq (6) to eq (39) from the four-point soluiion with
the limit on i equal to one.
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Brooks and Perkins Pallet Dynamiz Solution

The method develored for simulating a helicopter with an externally
sucpended load was to describe the slung load moticn by a separate
system of equations which were added to .the already existiug GHSP.
The equations describing the slung load suspended from the helicopter
by either four points or a single point have been discussed in the
previous sections. The Brooks and Perkins pullet is one of the load
types studied which falls under the four-point suspension category.
The container is also slung from fcur points on the helicop*er. How-
ever, the pallet configuraticn is very different because twelve cables
are used to attach it to the helicopter; three cables from three
different hardpoints on the pallet all go to one of the four hardpoints
on the helicopter (see Figure 13). The container with the four-point
suspension configuration is made up of only four cables. The arrange-
ment of the twelve cables used to hang the Brooks and Perkins pallet
from the helicopter allows for virtually ne relative motion of the
pallet in a fore-aft or sidewsys direction relative to the helicopter,
whether the cables are rigid or elastic. The pallet also cannot move
any appreciable distance in a vertical direction as long as weight of
the payload is rot small and the helicopter load fa~ctor is not near
zero, For these reusons, the helicopter plus pallet combination has
been assumed to act as & single rigid body. Therefore, only the GHSP
aione was used for simulating the motion of the helicopter-pallet com-
bination in real time., The gross wcight, inertia, and center of
gravity location of the equivalent helicopter programmed in the GHSP
were adjusted for the contribution of the pallet. Solving GHSP then
yielded the linear acceleration of the cg of the helicopter-pallet

combination.

Since the cable arrangement used for slinging the pallet to the heli-
copter restricts the relative motion of the pallet, no accuracy is
lost in describing the motion of the totel system by using just GHSP.
Since no separate slung load description is included in this case,
aerodynamic forces on the pallet cannot be evaluated directly. But

due to the geometrsy of the pallet and because this particular type of
external load is slung so near to the helicopter, lift and drag contri-
butions of the pallet are essentially zero. The elastic cable approach
used in the general four-point configuration solution described pre-
viously applies best to geometries where only one cable is attached

to each helicopter hardpoint. Using the same elastic cable approach
with the pallet wculd not be incorrect, but the additional cables would
make a real time solution impossible. The ._proach which has been used
to represent the dynamics of the helicopter plus pallet in real time is
shorter than the elastic cable approach would be, and is Just as

accurate.

Nonreai Time Runs - Fixed-Base Pilot Inputs

The helicopter~external load simulation plus the sling element and hardpoint
loads computation are performed by the PDP--6 digital computer. With this
digital soluticn, all equations are calculated during discrete time
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intervals, each of which is called a pass. The time it actually takes to
complete one pass may be called the computation time. If accurate and valid
results are to be obtained from a real time simulation, at least 1€ passes
per second are needed. Thus, the computation time must be less than one-
sixteenth of a second. Within the simulation model itself, the length of
time used in the integrastiun scheme which expires before updating the value
of & variable is called the duty cycle. The duty cycle is the simulated
time between successive passes through the solution. For the helicopter
and various slung loads studied, it was necessary to have this simulated
time interval to be less than one-sixth of a second. This duty cycle re-
striction guaranteed that the model described by the digital solution agreed
with the exact methematical deseription of the system. For a real time simu-
lation, the calculation time for one pass must equal the time interval simu-
lated within the solution during that pass. Due to the length of the
helicopter-external load simulation, plus the analysis of loads developed
in the sling members and at hardpoints, it was impossible for the computa-
tion time of this entire solution to be less than one-sixteenth of a second.
Because the equations describing the motion of the system are independent

of the component sliung element and hardpoint loads analysis, a real time
simulation with a pilot in the loop was done using only the solution for
helicopter-external load motion. During these real time rums, the stick
and pedal control motion by the pilot was monitored and recorded. Then,
without the pilot, the values of the cortrol motions were used as input to
the program which now included the sling and hardpoin* loads analysis as
well as the equations of motion of the system. This version of the program
was run in nonreal time, i.e., the computation time needed for one pass
through the program could be as long as necessary to complete all the equa-
tions. Thus, the nonreal time runs created exactly the same helicopter and
slung load response as were created during the same maneuvers in real time;
the load factors developed in the sling members and at the hardpoints were
also celculated.

The sling element and hardpoint loads are calculated by a series of equations
which have been programmed with those of the slung load simulation described
earlier. The latter equations are totally independeat of the former, so that
the sling and hardpoint equations form an ancillary package which operates on
the ocutput of the slung load simulation.
The following sling types were programmed and analyzed in this study:

1. Four-cable suspension

2. Four-cable suspensionj one cable broken

3. Single-cable four-iegged suspension

Y, Single~cable four-legged suspension; one cable broken

S Single-cable three-legged suspension

o
[
Ui

ingie~cable single-legged suspension
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T. Brooks and Perkins pallet

A detailed description of each of these analyses is given later. The
foliowing general assumptions have been made for all load configurations:

1. Al]l cables and legs are weightless.

?, Aerodynamic =ffects on cables and legs are negligible.

3. 411 loads are rigid.

4, The ,‘\\elicopter from which the loads are suspended is rigid.

5. A1l cables and leg elements for any particular sling have
identical diameters and properties.

Within the sling and hardpoint analyses. the tension in each cable and each
nylon leg in the bridle, as well as the vertical, side, drag, and irplane
components of the force at each load and helicopter hardpoint, are calcu-
lated. These values are calculated at the end of every pass througn the
program during the duration of the maneuver, and are expressed as load
factors by nondimensionalizing each value. The cable tensions are non-
dimensionalized by dividing each tension by the static value of tension
in that particular cable. The tensions in the legs are nondimensionalized
by dividing each tension by the static value of tension in that particular
leg. The verticel, side, drag, and inplane forces are all nondimensional-
ized by dividing each quantity by the static value of vertical force at
that particular helicopter or load hardpoint.

For the real time runs, the number of blades simulated in the rot - solution
was two, with the airloads analysis being done along four segmenis of each
blade, This was necessary to reduce the entire camputation time so that a
real time simulation could be dcne. Simulating only two blades caused some
inaccuracy in the helicopter load factor which was produced, giving this
value an oscillatory characteristic instead of a steady value as the rotor
goes through one complete revolution. The pilcot could not detect this effect
in real time because of the high frequency, and it did not affect the overall
dynamics of the system for the same reason. Therefore, the pilot imputs and
helicopter-external load motion were not affected by the two-blade rotor.

But a more specific study of load factor produced over small discrete time
intervals would be affected by the two-blade rotor. Therefore, the nonreal
time runs were done with a rotor simulation consisting of six blades and
five segments along each blade. This eliminated noise in the helicopter
load factor time history, thus insuring more exact calculations of load
factors in the slings and hardpoints as a function of helicopter load factor.

In addition to the sling and hardpoint loads analysis which was added to the
simulation during nonreal time runs, & data acquisition file was also added.
This file scans load factor data calculated in the loads analysis portion of
the program, and selects any data which is pertinent to determining final
design criterias. The data acquisition file is discussed in more detail in

a later section.
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Determinatior of Sling Element and Hardpoint Loads

1. Four-Cable Suspension
All of the computations for the cable tensions and hardpoint
reactions at the load and at the helicopter are effectively
carried out in the motion simulation portion of the program.
For the load analysis, it is only necessary to set the verti-
cal, side, drag, and inplane forces equal to
v, = T (53)
Di = miﬂ (55)
_ 2 2,1/2
P, = (5,°+D°) (56)
v, = T (57)
5 = Tij (58)
Dk = sz_L (59)
_ 2 2,1/2
P, = (57 +17) (60)
where i = 1 to L; denotes individual cables or
helicopter hardpoints
k = 5 to 8; denotes individual load hardpoints
These quantities are then nondimensionalized by the method
described earlier. Figure 11 illustrates the numbering
system used for the cables and hardpoints.
2. Four-Cable Suspension; One {-tle Rroken
The equations and computation scheze for this configuration
are identical to the four cable suspension case with the
exception that i =1 to 3, and k = 5 to 8 (see egs (53)
throuzh {60)). The limits on i in egs (1) through (39)
are also from 1 through 3.
3. Single-Cable Four-Legged Suspension

In the motion solution for the single-cable multileg system,
the moment on the load due to the tensions in the leg is
effectively evaluated by momentarily assuming a rigid
structure from the hook down and computing the moment

about the load cg due to the tension in the steel cable.
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Any serodynamic moment on the load will change the
orientation of the slung load plus nylon tridle relative
to the steel cable. Therefore, the correct effect of
moments on the load is included in the motion simulation
solution. The change in tension in the individual legs

which results from the serodynamic moment is included in
the sling and hardpoint analysis.

In the single-cable four-legged suspension system, each leg
is treated as a spring, since the structure is statistically
: indeterminant. The change in length fromr the no-lcad con-

dition is calculated for each leg from known data and -cutput
of the motion simulation by

.

2 2 3
ALJ = (LN cosA - xJ) + (LN cost -~-y,)
+ (L cos v - z)° 1/2-2 (61)
E N J o,
where J = 2 to 5; denotes individual legs

xj ,yj,z 3 = components of distance from load cg
to load hardpoints, ft

I

P The tension in each leg due to the external forces on the
i load is then calculated by rewriting eq (42) in the form

“ﬁ = (30,000 Np ALJ) / (203 - 33.5-A13) (62)

The tension in each leg due to moment balance is now
calculated. Refer to Figure 12. The angle between the

load z - axis and the projection of the steel cable in
the xz - plene of wae load is

m i
i

TR

f, Yy = arctan [(cosA) / (cosv )] (63)
E The pitching moment contribution about the load cg is then
B given by

: i M = (TX, cosyM - TZ

N sinyM) (LN cosA)e (6%)

P 1, L
+ (LN cosv)z. (LNcosv - zc) / (LNcosv)

oh e i

e

where z

e z - component of distance from the load cg
to the top of the load, ft

Eq (64) allows for cg variation in the x- and 2z~ directionms.
Since the four-legged case is indeterminant, an approximate
method is used to determine the components of force in e=sch

leg necessary to balance the pitching moment on the load.
These contributions for each leg are

g A LA T
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where
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= Mp/ 2cxc 086 o

= Mp/ 2cxcose3

-Mp/ Zcxcose "

n

Mp/ 2c_cosd 5

c, = X - component of distance between
load hardpoints, £t

e2,63,91&,65 = angle between individual legs and

load z-~ direction, rad

(65)
(66)

(671)

(68)

Effectively, these equations lift the restriction in the
motion simulation portion of the program which says that
line LI is fixed with respect to the load.

In a similar manner, the components of force in each leg
necessary to balance the rolling moment on the load are

calculated by
P = (TIlL cos Y - TZlL sin v ) (anosc)a
Y = arctan (cos g) / (cos v)
+ (I..Ncos\))‘2 /2, (I.Ncosv-zc) / (Lycosv)
AF2 = - p/2 cyc0362
AF3 = - p/2 cyc:ose3
AF4 = p/2 cycosd)
AFS5 = p/2 cycoses

There is no yawing moment reaction at the hook because the

load is free tc rotate about the hook.

(69)

(70)

(71)

(12)

(73)
(%)

The total tension in each leg due to the reacticn of both
forces and momeats on the load is now calculated by the
equatioa
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§ From the four-legged tensioas which are determined by eq (75),

E ; the smallest nonnegative value is selected; the remaining

4 three-legged tensions are discarded. The tension in 8ll four j

legs wight be calculated by eq (75), but small errors in-
digenous to any computation scheme might result in a loss 1
of equilibrium at the hook. To insure equilitrium, the three 3

remaining tensions are calculated directly by writing the
equations of equilibrium at the hook. To do this,the direction
cosines of the load axes in a fixed axis system must be calcu-

LA R G bR s

3 lated by
X, = cos 6 siny. (76)
f ¥y = sinq;L sineL costpL - ..-os(bL simpL (77)
] I cos$; sinb; cosy, + singy siny, (18) ;

m = coseL simpL - o (79)

t ym, = sintbL sineL sinwL + cos¢L coswL (80)

zmy ‘= cos¢L sineL sim};L - s:in;;;:s;; (81)

-3, = -sin (82) "

yo = simbL coseL T (83) ;

= cos¢L cosBL {84) ‘

The coordinates of the load hardpoints in the fixed axis
system are calculated from the direction cosines and the
position of the load origin relative to the helicopter by
the equations

Ll

Xp = X xJHyh oyitatozi+ X (85)
Vi = MW xjtym oylt+om ozy+y (86)
2jp = anxj+ymLyj+anzj+z (87)
The coordinates of the hook relative to the helicopter in i
the fixed axes are found from the known positions of the
hook relative to the load and the load relative to the heli- :
copter according to the equaticns ’
XDF = x+xt LycosA + yﬁL Lycost + 28 Lycosv (88)
33
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¥p = y+ x, LNcosA + ym LNcos; + zm . Ly cosv (89)

2y, = z + zn; Lycosd + yn; Lycost + zop . Ly cosv (90)

Eas (85) to (90) are used to calculate the 2irection
cosines of the sling legs in the fixed axes by

b= (xDF - xJF)/L'j (91)
By = (zDF - ZJF)/LJ (93) -
E where Ly = AL, + 2, (94) :

3 The tension in the three unknown legs may now finally dbe
e ) computed by solving

XTJIJ + TRy = 0 (95)
ZTJsz + T, = 0 (96)
Iy, + Ty = 0 (97)

In eqs (95) to (97), one of the values of T, is already known
from the smellest ncanegative value of T, sblved from eg

(75). The steel csable tension componenté Thyg> Ty, and T2y
are ocutput directly from the motion simulation portion of the

program.

Once the tension in the four legs is known, a check is made
tc insure that none of the values are less than zero, which
insures that none of the legs have gone slack or are in com~

pression.

The hardpoint reactions at the helicopter and at the load are
now calculated by & simple geometry analysis. These hardpoint
! reactions at the helicopter and load, however, must be com-
puted in their respective body axes. For the sling elewents,
the direction cosines in the load axes are

L A e S A a0 b AT O A R A b b S v

i
' L - A (98)
: 2j (LNcos xJ)/Lj
3%
;;Z'_




(L-Ncosr, - yJ)IL‘j (99)

=}
I

(LNcosv - zj)/LJ (190)

Using these direction cosines, the reactions at the load
hardpoints are

v

I
3
3

3 3 83 (201)

D = T, m L (202)

L

S = TJ zj (103)

Py (52 + py2) /2 (104)

The reactions at the helicopter are known from the motion
simulation solution and arc taken directly as

Vi = Tzlx (105)

D, = TYl_H (106)

s. = T
1 1, (107)

_ 2 2\if2 -
P = (sl +Dl) (108}

These quantities from egs (10l) to (108) are rondimension-
alized for final output.

Single-Cable Four-legged Suspension; One Leg Broken

The single-cable four-legged suspension with cne leg failed

solution is identical to that of the single-cable four-legged
suspension except for e few minor modifications. Assume leg
5 (left aft) is failed and ignore all data input to that leg

35
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for the motion and loads analysis solutions. Thus, the
subsceript jJ = 5 is never used anywhere. Equation (61}
is still celculated for i equal 2 to 4 so that LJ may be

checked to insure that no legs have gone slack. “But eqs
(62) to (75) are ignored and the tensions in the legs are
solved ty eqs (95) to (97) alone, since this configuration
18 not indeterminant, The resulting teinsions are checked
for com s2ssive loads.

Single~Cable Three-J.egged Suspension

The analysis for this configuration is exactly the same as
for the single-cable four-legged suspension with one leg

failed. The static loads used for nondimensionalization,
however, are cbviously based on three bridle legs instead

of four.
Single-Cable Sipgle-Legged Suspension
In the single-cable single~legged suspension, all tensions

and reactions are calculated within the motion simulation
solution. For readout and nomenclature purposes, set

v, = TZJ.H (109)
- (110)
8, = TY
. 1y
(111)
D, = Tle
P - (312 . Dl2)l/2 (112)
v, o= Ty (113)
. (114)
s, = i'YlL
. = v (115)
2 “up
) (116)
5, = ‘822 . D22)l/2

The subscript 2 refers to the single load hardpoint.
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T. Brooks and Perkins Pallet

2 The Brooks and Perkirs pallet is a complex snd multi-

g redundant structure whose solution requires a rather sophisti-
"3 cated analysis. In an effort to keep the programming require-
ments uncomplicated, it was decidza that influence coefficients
3 for the siructure would be precalculated by the FORTRAN pro-

gram FRAN (Frame Analysis) and then used as direct input for
the tension and hardpoint analysis. In the simulstion program
the pallet is treated as a rigid member of the helicogpter,

: The inertial and gravitational loads and moments generated at
: the load cg are calculated by

vLCG = WL g cos5 cosé - 32 - 1°J (yL - ycg) + 8 (XL - xcg) /g (117)
§ . Sieg = W, & cosb sin$ - gy + S (ZL - ch) - F (XL - xcg) /e (138)
: Dog = ¥ -&sind -9 -8 (g -2 ) +% (y - Yoo /8 (119)

ee = Tod (120)
i : Miee Ty ha)

MZLCG = -Izz? (122)

where (xL - xcg), (YL - ch), (zL - zcg) = components

of distance between t.e load cg and the combined cg of
the load and helicopter, ft

v,

weight of the load, 1b

I I = moments of inertia of the cogbined

QI b4
oy ozz helicopter and load, slug-ft

The accelerations and attitudes used in eqs (117) through
(122) havs been solved for in GHSP for the combined heli-
copter ard load.

The influence coefficients are written for loads applied at
a8 point in the center of the pallet and in the plane of the
pallet, Consequently, the loads and moments solved for in
egs (117) through (122) must be transferred from the center
of gravity to the center point. This transfer is
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% SLP = S1c6 {124)
& = (125)
E Dip = Dpeg
Mar = Myee * B Spee (126)
=4
' Map = Myeo ~ B Pree ~ Vice (127)
Mpp = Hgeo * 95 (128)
wWhere d = component of distance from pasllet
center to load center of gravity in
loasd x - direction, ft
h = component of distance from pallet

center to load center of gravity in .
load z ~ direction, ft

It is ascumed that the load is laterally symmetric with the
pallet. The tension in the twelve csbles can be directly
calculated using the loads from egs (123) to (128) and the
given influence coefficients from the FRAN program. For the
standard Brooks and Peikins pailet shown in Figure 13, the
influence coefficients equations in matrix form are

T ] [0 -154.70 109.33  38.08 -19.18 -16.86 51.1:
DT, -371.89 - 79.36 147.20  30.05 -9.57 11.5Y |S;, )
ST, 0 -301.2%  55.90 -1k.50 -9.80 -27.62 |V,
T, 0 -154.70  109.33  38.C8  19.18  16.86 M, 4

- DT, -371.89 - 79.36 147.20  30.05  9.57 -11.53 M

ST, = 505~ 0 -30L.2% 5590 1450 9.80  27.62 [Mypp

: T 0 154.70 109.33 -38.08  19.18 -16.82

' e, -371.89  79.36 147.20 -30.05  9.57  11.51

3 5T, 0 301.24  55.90 14.50  9.80 -27.62

3 i3 0 154.70  109.33 -38.08 -19.15  16.86

P, ~-371.39 79.36 147.20 -30.05 - 9.57 -11.51

5T, 0 301.2k  55.90 1k.50 -9.80  27.62]
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To obtain this matrix from FRAN, unit forces and moments

were applied at the pallet center to determine these influence
coefficients which, effectively, ar> the changes in tension in
each sling member for each individually applied urit force or
moment. In the FRAN solution, rather flexible cables were
used, while the pallet was made almost rigid by representing
it by very stiff, yet flexible, beams. This matrix solution
does not prohibit the cables from accepting compressive loads.
Consequently, these terms are continuously checked and the
program user is notified if the value of any tension is less
than zero.

With the csble tensions known, the hardpoint loads at the
helicopter and at the palle* are determined by & geometric
analysis. The direction cosines of each sling member are
celculated and are used with the tensions from eq (129) to
yield the reactions at the helicopter hardpoints and at the
pallet hardpoints. These reactions are referred to as Vi, D.,
Si, and Pi with i from 1 to 10 where the individusl hardpoin%s
ar¥e identified in Figure 13. These reactions are nondimen-
sionalized to yield the final output from the sling element
and hardpoint loads analysis section.

Data Acquisition

Operation of the entire helicopter-external load simulation program
Yields a time history of helicopter and load motion and a time history
of load factors developed in the sling elements and at the hardpoints.
These values are calculated at the end of every pass through the
solution. If, as a minimum, the duty cycle of the solution is one-
sixteenth of a second, then every single nondimensionalized load and
helicopter hardpoint reaction is calculated sixteen times for every
second which is simulated. Due to the number of reactions calculated
and the length of time needed to fly the maneuvers, the amount of data
which results is tremendous, and an automated method for scanning and
selecting only pertinent data is an absolute necessity. Such a data
acquisition program was developed and added to the end of the sling
and hardpoint loads analysis section of the program.

A1l of the maneuvers which were flown on the fixed base rig were high
helicopter load factor producing maneuvers. The only data of im-
portance toward determining some final sling and hardpoint design
criteria are the maximum lcad factors in the slings and at the hard-
points. At the end of each pass, the data acquisition program reads
the helicopter load factor Nz. If the calculated Nz is within * 0.025
of some designed Nz’ then the wvelue of Nz which is Trecorded is the
designated value. "The designated values“in the acquisition program
start at K_ = 0.85 and continue to 2.50 in steps of 0.05. Thus, for
example, i¥ N calculated in the GHSP portion of the solutior is
1.834, it is Fecorded as 1.85 by the data acquisition scheme.

The remaining aspects of the data monitor and acquisition program are
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merely a set of logic conditions which compares, selects, and stores
the sling element and hardpoint loads in their respective load factor

" (nondimensionalized) form. The procedure is es follows:

1. At the completion of each program pass, the program selects
the largest nondimensionalized cable tension; leg tension;
vertical, drag, side, and inplane hardpoint load at the
helicopter; and vertical, drag, side, and inplane hardpoint
load at the slung load.

2. The program reads the value of Nz and selects the appropriate
band.

3. If this is the first occurrence of Nz within the band
specified in paragraph 2 above, then"all of the data from
paragraph 1 above is stored under that particular band.

k., If data already exists within the N_ band, each load is
compared to its respective previousiy stored load; the
largest value is retaiped.

5. At the completion of each run, all of the saved data are
output in & convenient format.

The output format from the data acquisition scheme may then be easily
scanned by eye to find the largest N_ and the largest sling and hard-
point load factors developed during %he maneuver.

To increase the probebility of finding the exact maximm helicopter
load factor and sling and hardpoint load factors developed during a
msneuver, the duty cycle used for the nonreal time runs was reduced
by a factor of five compared to the duty cycle used in real time. A
duty cycle of AT = 0.050 sec was used in all the real time fixed-base
runs. All of the nonreal time fixed-base runs were done with

AT = 0.010 sec. This means that for every 1 second of helicopter-
Jload motion which was simulated, the entire program was solved 100
times. The increased number of solutions per second also guarantees
a more accurate simulation, since the approximate digital solution
becomes more exact as the time period over which any integrations
take place descreases.

Moving~-Base Real Time Runs

The helicopter-external load simulation wes done in real time to include
pilot response to the interaction between the load and the helicopter.

High load factor producing maneuvers were flown by the pilot on the fixed-
base simulator. In the fixed-base simulator, the interaction cues are
interpreted by the pilot from his readings of the instruments and cockpit
display. The question arises as to how the pilot's response would be
affected by the addition of actual motion cues. Any difference in pilot
control inputs would eventually be reflected in the loads developed in the
sling elements and at the hardpoints. To answer this question, & real time
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simulation was conducted with the motion system operative.

In addition to repeating several fixed-based maneuvers to evaluate the
effects of motion cues on the final output data, entirely new maneuvers
were flown on the motion system. These new maneuvers were selected because
they would appear to produce pilot induced oscillations. (All the maneuvers
are described in a later section of this report.) Such cases would be use-
less to run on a fixed-base simulator since the pilot needs motion cues to
induce such oscillations. The results of the new cases would indicate if
any higher load factors were produced than had been recorded during the
- previously run maneuvers. ’
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The method of solution of the moving-base real time simulation is exactly
the same as the fixed-base real time method. The only difference is that
the acceleraticns solved by the motion simulation go into an analog computer
where a washout program calculates the needed positioning of the moving-base
rig. This calculated position is relayed to a PDP-8 computer which then
feeds the motion signals to the rig.
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e The fixed-base real time runs were done with a duty cycle of AT = 0.055 sec.
= s . This valve is still below the maximum of 0.060 second required for an
i accurate real time solution.

T

Nonreal Time Runs - Moving -:'ase Pilot Inputs

Qi

AT

The moving-base nonrezl time solution is similar to the fixed-base nonreal
; time scheme. The ncnreal time moving-base motion solution adds the sling
' and hardpoint loads analysis and data acquisition packages to the motion
simulation. Six blades and five segments per blade are simulated for the
rotor in nonreal time. The duty cycle is also reduced by a factor of five
to AT = 0.011 second.

MANEUVERS

A CH-5LA helicopte. was used in the simulation study and flown through
various maneuvers with the external loads slung beneath it. The CH-5LA
vita a neutral cg location and a gross weight of 25,000 1b was simulated.
By nondimensionalizing the results from the simulstion and exprsssing all
deta in load factor form, the design criteria derived from this study are
applicable to any helicopter at any appropriate weight which can fiy with
an externally suspended load.

Ay n— gy A omba @

Prior to conducting the helicopter-external load simulation, the CH-5kA
alone was simulated by GHSP. The basic simulation was checked out by
comparing the response to ster and pulse control inputs with flight test
data recorded for similar contrcl inputs. The response from the simulaticn
closely matched the CH-S5LA flight test data, thereby indicating a relisble
similation of this partinrular helicopter.

Fixed-Base Maneuvers

The maneuvers selected to be flo. on the fixed-base rig were maneuvers
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which would produce high load factors on the helicopter, thereby producing
high load factors in the slings and at the hardpoints. The maneuvers
flown for the fixed-base simulation were

1. Vertical takeoff from hover (vro)
2. Symmetrical dive and pullout (sDPO)
3. Roll reversal (RR)

It was originally intended to fly & rolling pullout, but this maneuver was
replaced by the roll reversal tecause the latter maneuver would produce a
higher load factor.

Each of the selected maneuvers was flown on the fixed-base simulator by a

pilot attempting to pull as high a load as he would pull in actual flight

for the CH-SLA with an externally suspended load. Each of these maneuvers

was flown in real time with various types of slung loads, and the most rep-
resentative pilot input for each maneuver was selected and used in the )
nonresl time runs. Every type of sling and load combination described in

the Loads section of this report was run in nonreal time for each of the

three types of maneuvers, except for the pallet which was flown only for the
vertical takeoff to simulate loads which would represent landing impacts.

The selected pilot inputs were also scaled down and run in nonreal time.
Effectively, this simulated the same types of maneuvers being flown less
violently by the pilot. Data resulting from these runs may be used in
determining a trend of load factor in slings and hardpoints versus heli-
copter load factor.

Moving-Base Maneuvers

The load types flcwn on the motion system were the container suspended
from four points and the single-point four legged suspension of the same
container. The same three meneuvers flown on the fixed-base rig were flown
on the moving-base rig. For the moving-base nonreal time runs, however,

: the pilot inputs were not scaled down to recreate milder maneuvers becuuse
= ) the effect of motion cues would be absent.

P i

In addition to repeating the high load factor producing maneuvers, some
entirely new maneuvers were flown on the motion system. These maneuvers
were ones in which no appreciable helicopter load factor is produced,
yet high load factors in the slings or hardpoints might result. The new
; meneuvers also included maneuvers which might produce pilot induced

; oscillations. These maneuvers were
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; 1. Yaw reversal in hover; pedal kick (PK)
2. Approach to hover (APP)
3. Longitudinal stick stroke in hover (xbs)
k2
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i, Lateral stick stroke in hover (xa§)

5. Rolling pullout (RPO)

None of these maneuvers could be crested realistically on the fixed-base rig
because of the importance of actual motion cues to the piloct when flying

them. The yaw reversal was done only with the four-point suspension.

The pilot control inputs for bota the fixed-base maneuvers and the moving-
base maneuvers are described in detail in Appendix IV.

Gust Considerations

To evaluate the effect of gusts on the load factors produced at the slings
and hardpoints during a maneuver, & modification was made to GHSP simulating
a gust acting on the helicopter. The gust is generated along a direction
normal to the earth and acts on only the helicopter. Therefore, the effect
of the gust is greater than if it acted on both the load and helicopter.

The gust was generated by a "sine squared" function with a frequency of
0.20 cycles per second and amplitude of 10 feet per second.

The gust simulation was done with the fixed-base simulation. Two load types
were flown using gusts: the container suspended from four points and the
concrete block with the single-point four-legged suspension system. All
three fixed-base maneuvers were flown through the gust. The gust lasted
during the entirety of the maneuvers.

Stability and Control Considerations

To create the highest load factors in the sling and hardpoints, the
maneuvers were flown at as high a speed as possible without exceeding

the limit of 115 knots for the CH-5LA. Some cases in which the slung load
afforded a great deal of drag were limited by power requirements. Cases
which were uncontrcllable were reflown at lower speeds until the pilot could
satisfactorily complete the maneuver, and data were collected for the con-
trollable case. - A drogue chute had to be added to the container slung by
the sinzle-point four-legged configuration in order to obtain any usable
data.
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SIMULATION RESULTS AND DISCUSSION

Table I contains the maximum load factors developed in the sling members
and hardpoints during the various simulation runs conducted for this study.
The load factors are defined as

WFT, = Tco,./Tc, (130)
WV, = Ve, VE, (131)
LFDH = Dnmax/vns . (132)
TFSy = Sy, /VH, | (133)
Py = Py, ,VE, (134)
Ty, o= T, T (135)
WV, o= VLo Vi (136)
wp, = D Vi (137)
LFS; = Sy ../Vig (138)
WPy = =P V1, (139)

vhere the subscript s refers to the static value of the quantity indicated.
Also indicated in Table I is the maximum helicopter load factor N
developed during the maneuver, as well as the speed at which the maneuver
vas performed. The center of gravity variation is given for the container
and is 10% forvard or aft of the neutral position. The various cases simu-
lated are identified by run numbers. The letter S in this number indicates
that the control inputs were scaled down for that run, M indicates the case
was run on the motion system, and G indicates the presence of gusts during
the maneuver. NA among the data columns refers to a quantity which is not
applicable to the particular configuration. The abbreviations used to

describe the maneuvers are given in the Maneuvers section of this report.

Table II contains data similar to that contained in Table I, with values
for the trimmed cases. Thus, the load factors are steady-state values
rather than maximums developed in maneuvers.

From the ccmputerized simulation results, it was originally intended to plot
load factor in sling members and hardpoints as a function of CH-SLA heli-
copter load factor with payload category as a parameter. After studying
time histories of the load factors, however, it was decided to omit these
plats since they could show no useful trends and would only be misleading.
For most of the maneuvers flown, it was found that the peak loa¢. ractors in
sling members and hardpoints did not occur at the same time at which the
helicopter developed its mrximm load factor. During some of the maneuvers,
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HARDPOINT DYNAMIC LOAD FACTORS

Load - Cable Leg
Run { Sling Type CG }Failed | Failed | Man | Speed sz,_él‘ LI"I‘C LFVH LFDH I'Fsli I_.FPH LF'I‘L LFVL
Container
1 LPL/O Leg | Mid] No NA }SDPO } 110 11.90 }2.17 | 2.18 } 0.71 ] 0.83 } 0.98 | Ra 2.1
1s Mid No NA SDPO | 105 1.50 | 1.52 J1.50 § o.b7 | c.2k | o051 NA 1.5
M Mid No NA SDPO | 110 1.60 | 1.67 | 1.68 | 0.k1 | 0.26 | 0.48 NA 1.68
2 Fwda | Mo NA |sppo| 210 §2.80 J1.96 }1.96 | 0.6810.56]0.70! na | 1.99
2s Fwé No NA SDPO | 105 1.50 | 1.45 ] 1.4k | 0.5 | 0.23 | 0.k49 N& 1.4
3 AL No NA | sppo | 110 2 1 2.3312.23}10.69 }1.01]1.22 NA | 2.2}
3S Aft lo NA SDPO | 105 1.45 | 1.63 ] 1.61 | 0.50 § 0.26 | 0.55 NA | 1.6]
L Mid | o NA RR | 100 j1.25 | 1.3« 11.3% ) 0.37 }0.36 0.6 Nao | 1.
Ls Mid | No NA RR § 100 [1.30 | 1.1k [1.15 | 0.33|0.26 {0.38 | NaA | 1.1
LM Mid o NA RR | 100 1.20 | 1.9 J1.50 | 0.50 | 0.45 | 0.57 NA 1.4
5 Fwd No NA RR 100 1.25 1.3 | 1.3% | 0.3% | 0.3k | 0.L6 RA 1.3
58 Pud No NA RR 100 1.10 1.3k 11,15 ] 0.30 | 0.26 | 0.38 NA 1.1
6 Aft Yo NA RR 100 1.25 1.3% 11.38 ] 0.32 | 0.36 | 0.46 NA 1.3
6S Aft No NA RR }] 100 § 1.10 | 1.1k J1.15} 0.28 1 0.26 ] 0.38 ] na | 1.1
7 Miga | Mo NA | vTo S J1.55 | 1.65 j1.65 | 048] 0.32 Jo.sh | na | 1.6
(] Mid o N&A | VIO 0 J1.30 }1.36 ]31.36 }0.39 ] o0.25 } 0.k5 NA | 1.3
™ Mid Ho NA VT0 0 1.65 1.78 | .78 | 0.56 | 0.32 | 0.56 NA 1.9
8 wd o NA | VIO 0 1.55 | 1.63 {:.61 { 0.3% | 0.32 | 0.k6 NA | 1.4
8s Fud No NA VTO 0 1.30 1.35 121.35 } 0.2c { 6.25 | 0.3b NA 1.
9 Aft Yo Ko | vTO 0 1.55 | 1.66 L1658 L obB | 0.32 ] 0.53 ] Na | 1.
9s ATt teu NA VIO 0 .30 1.36 | 1.36 } 0.39 | 0.25 | 0.k HA 1.
L3y Mid | TNo KA oK ¢ | 1.00 | 1.38 |1.k0 ] o0.43 ] 0.53 ] o0.5% Na | 1.
LLNM Mid | No Ba | &pP 0 12395 jai.abk J3i.3k )0.32 §0.21 J0.38 ) ®A ] 1l
L5y ¥id Fo NA XS 0 1.00 | 1.06 §1.07 | 0.31 | 0.22 } 0.36 A ﬂ
L6M Mig | o TG ¢ Jtos Ji3e fiarjo.z o7 fo.38 ] na |1
uTM Mié | fio Ba |®0 J 100 e |1.73 [1.76 Jo.s fo.sk foo | ma |
Container j
1G |» Pt/Cleg | Mid No NA SDPO | 110 2.00 | 2.24 1 2.21 ]0.97 | 0.99 ]| 1.06 NA E
4G j Mid | Mo Na | RR ]300 |1.30 [1k2 [s.bs [0k [odo oss | ma |3
. ]
h5 7
i




| Nopay | 1FT | LRV, | LDy | Rsy | wFey | LFT | LFV | 1D wrs, | PR, | Too | Vg |Tig | Vie
= 1.90 2.7 {218} 0.7240.83)0.98] wa | 2.25 ] 0.67 | 0.98 [ 1.11 | 3909 | 3850 | NA | 3750
& 1.50 | 1.52 J1.51 { o.u7 J 0.2 J o5 | Na | 151 | 0.k5 f0.25 | 2.9 | 3909 | 3750 | WA } 3750
1.60 | 1.67 | 1.68 | o.41 | 0.26 | 0.48 { Na | 1.68 | 0.h0o ] 0.27 § 0.48 } 3909 | 3750 { WA { 3750
=} 280 | 1.96 {1.96 | 0.65 | 0.56 | 0.70 | ma | 1.95 | 0.61 [ 0.67 | 0.75 | 4606 | 4485 | NA | LL8S
=110 | 2.45 | 1.uk foss o023 fobg | na | 2.k | o.u3 ) 0.2k | o.47 | 4606 | 4485 | NA | LALBS
] 2.0 | 233 |2.23 ) 0.69 | 1.01 2.2 | na | 2.22 J 0.69 | 1.23 | 1.39 | k606 | k8BS | NA | b85S
=] 145 163 }1.60 | 0.50 ] 0.26 | 0.55 § ma | 1.62 ) 0.8 | 0.27 | 0.52 | u606 | LuB5 | NA | kL83
#{1.25 [ 1.3% J1.3% J0.37 1 0.36 0.6 | na | 1.3 | 0.36 ) o2 | c.50 | 3909|3750 | BA | 3750
211,10 | 1.1% J 1.5 [ 0.33}0.256 {0.38 | Na | 1.15} 0.32 | 0.29 | 0.40 | 3909 | 3750 § NA | 3750
71 1.20 | 1.%9 | 1.50 | o.bo { o5 | 0.57 ] wa | 1.4 | c.39 | 0.53 f 0.62 | 3909 | 3750 | NA | 3750
1E%R: 1.3 | 1.3% 1 0.3% | 0.34 | 0.4 NA 1.3 | 0.3% | 0.52 | 0.5 | L606 | k485 | NA | Lu8S
1100 | 2.a% 115 | 0.20 { 0.26 | 0.38 | na | 1.15 | 0.30 | 0.29 | 0.1 | 46c6 | kuB5 | NA | LUB5
1.25 1.3% F1.3% | 0.32 | ¢.3 0.46 NA 1.34 { 0.32 | 0.b2 | 0.51 | 4606 | 4465 | NA | LuBS
=] 2100 | 118 [ 2150 0.28 ) 0.26 1 0.38 ] na | 1.15] 0.28 | .29 | 6.ba | 4606 | uu85 § NA | k85
=1 1.55 1.65 | 1.65 | 0.48 | 0.32 | 0.5k NA 1.66 { 0.6 | 0.35 | 0.5k | 3909 13750 | RA | 3750
=] 1.30 [ 2.36 |1.36 | 0.39 § 0.25 Joks | na | 1.36 | 0.38 | 0.28 | 0.46 | 3909 | 3750 | NA | 3750
=] 1.65 | 1.78 §1.78 ] 0.56 | 0.32 | 0.56 | Na | 1.79 | 0.88 | 0.35 | 0.56 { 3909 | 3750 | NA | 3750
[ 155 | 1.63 |2.60 | 0.3s | 0.32 0.6 | na | 2.61 ] 0.37 ] 634 | 0.50 | k606 {4485 | ~a | LU8S
2] 1.30 [ 3.35 P1.35 0.8 | 0.25 |0.34 | na | 1.32 ] 0.2 | 0.28 | 0.k2 | k606 | k85 | NA | LkBS
3 1.55 § 1.66 | 1i.65 | 058 | 0.32 { 0.53 ] ®a | 1.6 | 0.8 | 6.35 | 0.55 | 4606 | k85 | NA 4485
=] 1.30 | 2.36 11.36 | 0.39 1 c.25 o | na | 2.38 ] 0.b0 | 0.28 | 0.57 | 4606 J LkBS | N | LL8S
51 1.00 | 1.38 |1.50 o3| 6.v1 foss | ma | 1.ke | 0.2 | 0.47 | 0.58 | 3909 | 3750 | NA 375_5| g
1.6 | a.ik |21.1% }0.32 0.2 | 0.28 1 ®A 1.3% | ¢.31 1 0.22 | 0.36 | 3909 | 3750 | NA | 3750 3
=l 100 | 1.06 | 107 | 0.3 | 0.22 | 0.36 | na | 1.07 | c.3¢ | 0.26 | 0.37 | 3009 | 3750 | wa | 3750 :
1.06 | 1.10 1.1 1 0.32 {o0.27 [0.38 | na | 1.2¢ ] 0.30 | ¢.32 » 0.k2 | 3909 | 3750 | NA | 3750 *
{160 | 1.73 | 1.76 | 045 | o5k |o.70 | wa | 1.75 | 0.bs | c.62 | 0.76 | 3909 | 3750 | WA | 3750 :
el 200 | 2.24 2.22 J0.97 099 f1.06 | na | 2.22 ] 0.80 | 1.28 | 1.24 | 3509 3750 | WA | 3750
30 1152 |1.55 ok J oo [o0.56 | wa | 1.u5 | o2 | o.u7 | 0.59 | 3909 | 3750 | WA | 3750 3
]
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TABLE I -~ Continued

Icad ~ Ceble Leg
Siing Type CG | Failed (Failed | Man | Speed szax LFTC LFVH LFI)H LI-‘SH LFPH LFTL
Container
L Pt/0 Leg | Mia Ko NA VTO 0 1.00 1.65 } 1.65 } 0.48 } 0.32 ] 0.55 NA
Fwd |Lerv Aft] NA SDPO | 110 { 1.90 2.10 | 2.10 { 0.56 |} 1.08 | 1.11 NA
Fwd |Lef Aft| NA sppo | 105 1.45 1.55 § 1.55 1 0.39 | 0.54 { 0.77 NA
Twd pLeft Aft| NA R | 100 1.25 1.33}1.36 } 0.25 ] 0.31 | 0.36 N&
Fwd {Left aft] NA RR 100 1.10 1.1 } 1.4 | c.22 | 0.22 | 0.30 NA
Fwd YTcfl ASLy NA VTO 0 1.55 1.0 | 1.67 ] 0.23 § 0.21 | 0.25 XA
} Fwd JLeft Aft§ NA | VTO 0 1.30 1.35 } 1.371 } 0.17 } 0.16 ] 0.18 NA
| Block
1 Pt/bleg | e L2 ¥ sopo | 115 1.75 1.9 } 1.87 ] ©.10 | 0.39 | 0.40 | 1.96
NA ol o SDPO | 110 1.k%0 1.39 ] 1.39 | 0.09 | 0.1k | G.1k §1.k2
NA Yo lio RR 100 1.40 1.70 | 1.68 } 0.11 | 0.48 | 0.48 | 1.74
NA No o BR | 100 1.15 1.22 } 1.22 | 0.06 | 0.39 { 0.39 1.25
NA e No VTO 0 1.50 1.54 § 1.5% | 0.11 | 0.1y } 0.19 | 1.58
' NA No No VTO 0 1.30 1.30 { 1.3C 0.07' 0.09 { 0.11 |1.33
 Rlock
1 Pt/k Leg | NA Yo Ho SDPO | 115 170 2.01 | 1.98 | 0.20 § 0.k9 J 0.50 | 2.43
HA e llo RR 100 1.35 1.57 |} 1.c4 } 0.05 { 0.48 } 0.k8 | 1.90
_{ NA tio No VIO 0 1.55 1.57 | 1.57 1 0.12 1 0.19 { 0.29 | 1.90
Empty
Cantainer
1 Pt/L Leg NA ko No EDPO 80 1.75 3.35 | 3.27 | 1.37 | 0.26 | 1.37 | 3.€0
s NA No Yo SDru & 1.35 2.15 | 2.09 | 0.60 | 0.14 | 0.60 | 2.26
NA N No RR 80 1.30 2.20 | 2.15 | ©.5h J 0.96 } 0.99 }2.27
NA Ho No RR 80 1.20 1.76 | 1.71 } 0.42 | 0.48 } o5 | 1.9
NA No Ne VTO 1.75 1.91 1.0 0.3 Jo.21 | C.3® {200 g
‘*7 HA Yo lic VIO 0 1.40 1.53 | 1.52 | 3.16 } 6.1 Jc.2c 1.56 | 1.5
i Container ﬁ
1 Pt/L Leg | Mid lio No SpPo | 100 .20 155 basy fo.39 ook [ 6.h2 163 | 1.6
1.35 1.56 | 1.k § 0.22 ] 0.10 | 0.23 RITN 1
1.h5 i.54 fis3tooh 1006 Ject Vis6
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I
EfTC LPVy | LFDy | 1FS, | LFPy | LFT | PV, § LFD, | IFS, | LFPp | %6g | VHs | Ths | Vig

Euss 1.65 0.8 1 0.32 o055 | na | 1.66 J0.46 | 0.35 | 0.55] 39¢9] 3750 | WA | 3750 3
E;}p 2.20 | 0.56 | 1.08 } 1.21 | Na | 1.91 ] 1.08 15 | 2.18 | 7850} 7510 NA | 7510

.55 § 1.55 | 0.39 | 0.5k | 0.77 Na 1.4 ] 0.76 7850| 7510 ] NA | 7510

ofjo]|w
o=
==
o e
o lw
o e

1.36 | 0.25 { 0.31 } 0.36 | Na | 1.33 [ 2.21 7850| 7510 | NA | 7510 %'
1.3h jo22 fo.22 1 0.30 | ma | 1.k Jc.a9 | o2 | 50 7850 7510 | NA | 7510 -3
1.67 [0.23{0.21 [0.25 | %a | 1.62 |o0.31 |c.u6 | o] 7850f 7510 EA | 7510 3
1.37 | 0.17 | 0.16 | 0.18 | na ] 1.32 } 0.26 | 0.38 § 0.39 | 7850] 7510 | ¥A | 7510 :
1.67 ] 0.10 1 0.39 | 0.50 | 1.96 | 1.96 | n.k2 | 0.21 | 0.6 |15000|15000 | 3860] 3750 3
1.39 | 0.09 § 0.1% } 0.2% f1.k2 §1.k2 ' 0.30 | 0.25 | 0.3k j15000]25000 | 3260| 3750 3
s o ToiaToms o o 1057 [o.26 [ 0.5z [15000| 25000 | 3660] 3750 3
1.22 | 0.06 } 0.39 | 0.39 | 1.25 | 1.25 | 0.27 | 0.13 | 0.30 115000}15000 | 3860} 3750 ;
1.54 § 0.11 | 0.1y | 0.19 | 1.58 | 1.58 | 0.33 ] 0.17 { 0.37 |15G00{15000 | 2860} 3750 E
1.30 { 0.07 | 0.09 { 0.11 }1.33 71 1.33 | 6.28 | 0.14 | 0.32 }15000{15000 | 3860] 3750 1
1.96 | 0.20 | 0.59 {0.50 | 2.43 | 2.06 | 0.4k | 0.22 | 0.49 }15000|15000 | 3860] 3750 g

1.54 [ 0.05 [0.u8 [ 0.8 [1.90 { 1.61 | 0.3% | 0.17 | 0.38 |15000{15000 | 3860} 3750 g
1.57 ] 0.12 | 0.19 | 0.19 |1.90 | 1.61 | 0.34 | 0.17 | ¢.38 [15000{15000 [ 3860] 3750

35 | 3.27 | 1.37 1 0.76 | 1.37 | 3.60 | 3.6k | 2.26
E15 | 2.09 | 0.60 | 0.1k | 0.60 | 2.26 | 2.28 | 1.k2
£20 } 2.15 | 0.54 [ 0.96 | 0.99 | 2.27 | 2.29 | 1L.h2 | 0.57

.90 | 2.43 | L56o| kooc | 1210) 1000
2| Lkooo | 1210} 1500

ojo]o
A% )
=3
-t
»
w
=
)
)

3 1.53 | 4000} kooo | 1210] 1000

276 | 1.71 } o.u2 J 0.8 | o5t f1.97 11.98 | 1.2h | 0.k9 | 1.33 ] kooo| k00O | 1210 1000

£91 | 1.90 | 0.3% } 0.2 | 5.7" 12,50 }1.95 1.0% | 0.49 | 1.31 | %000| kOGO }1210f 1000

E53 [ 1.53 | 90.16 | 6.32 L o.oc [ 1.56 J1.57 [ 0.98 | 5.39 | 1.05 | noco] kooo fx210] 1000
1 §0.33 0.26 | C.42 J1.62 5 1.65 1.0 19k } 1,30 |315000415C0C | 4550} 37

Lhat )

5
15000{15000 | 4550] 3750
1.0k J15000}15000 | k550 3750 |

5
EL6 | 1.4k | 0.22 } 0.10 | 0.23 | 1.L8 § 1.49
g5k | 1.53 ] 0.2k | 0.06 fo.ch bis6 )1y
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§ TABLE I - Continued
% Load -~ Cable Leg
§ Run | Sling Type CG | Failed | Failed | Man | Speed sza.x LFTC LFVH L}"DH LFSH LFPH
Centainer
20 |1 Pt/bhLeg | Fwd| Mo No |sppo} 100 | 1.60 | 1.63 ] 1.59 Jo0.k2 ] 0.20] c.h2
208 mal mo No |sopo| 100 | 1.35 | 1.b9 ] 1.49 {o0.25 | 0.06 | 0.25
21 Aft ] Mo No Isopo) 100 | 1.65 | 1.55 ) 1.49 | 0.38 | 0.31 | 0.43
i 218 At ] Mo Ne |spbpo| 100 | 1.35 | 1.h2 | 3.k Jo.21}0.07 | 0.21
22 Mid No No KR 100 1.45 1.71 ] 1.68 1 0.36 | 0.46 | 0.47
228 Mia| No No RR | 100 | 3.10 | 1.34 }1.33 {0.19 }0.29} 0.32°
22M Mia| No No RR 80 | 1.35 | 1.59 { 1.58 | 0.15 | 0.43 | c.u5 :
23 Fwda| No No RR | 100 | 1.50 § 1.68 ] 1.65 | 0.30 | 0.50 ] 0.51:
238 al| Mo No RR | 100 } 1.10 | 1.34 | 1.32 | 0.21 | 0.30 | 0.33
2k Aft | No No RR | 100 J1.% | 1.65 ) 1.63 | 0.25 | 0.50 | 0.51 3
oLS att | Mo No | RR | 100 | 1.15 §1.33| 1.3 | 0.19 | 0.32 | 0.34
25 Mid| No No |vro 0 | 150 |1.581)1.58}0.23}0.16} 0.17%
258 Mid| No No |vTo 0 |1.30 |1.38)1.33 }0.080.09]0.121
25M Mid] No No | VIO 0 }1.55 }1.6111.60 }0.09|cC.15] 0.154
26 Fwa| No No |VTO 0 |1.50 }f 1.58}1.58 | 0.12 | 0.15 | 0.16%
265 Fwa| No No |VTO o }|1.30 | 1.3%]1.33 |0.0810.08]0.113
27 Aft | Mo Ne | VTO 6 }1.50 | 1.58 ) 1.58 {0.13 {0.13] 0.16
278 Aft | o No |vro 6 120 |1.3§1.33 }0.08}0.09]0.12
48M Mia | o No |APP 0 }i.05 |1.05 ) 1.08 jO.25 | cC.i51¢ 0.17%
LoM Mia| o No [XS 0 100 {1.0811.081}0.22}0.08]0.23
50M Md| o No |[XS o }Jx1.00 f2.32 11.32 Jo.01 [0.k5] 0453
S1M —f Mid| No No |RPO 90 | 1.0 J1.55 ] 154 [o.21 [0.28] 0.25
Container E
31 |1 Pt/hleg | Fva| No fleft AftSDPO | 100 | .70 } 1.63 | 1.61 |o.k1 | 0.17 | 0.k13
3iS Fvd | No fieft Aft|SDPO | 100 l1.k0 ] 1.50 | 1.b9 |o.25 | 0.09 | 0.253
32 Fud { No |Left Aft] RR | 100 } .35 | 1.69 | 1.66 [o0.30 | 0.ks | 0.50%
328 Fud | Mo fLeft Aft] RR | 100 | 1.10 | 1.3b | 1.32 |o.21 |o0.30 | 0.333
4 33 Fvd| No |Left Aft]vro 0 J1.55 J1.60 J1.60 |o.11 }o0.12 | 0.153
335 | f | No |ieft Art]vro 0 [1.30 J1.35]1.35 |0.07 | 0.09 ] 0..::
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- Continued
LFDy { 1FS, | L¥p, | LFT, | LFV, | LFD, | LFS; | IFP | Tog | VEg |Tig | Vig
0.b2 ] 0.20 | 0.52 p1.71 7 1.62 J1.02 | c.39 ! 1.09 }15000}15000 | 5155 | 4500
k9 1 0.25 [ 0.06 | 0.25 | 1.55 | 1.47 | ¢.92 | 0.36 | 0.99 |15090{15000 | 5155 j 4500
E§ 0.38]0.31 ] 0.43 J .60} 1.52 §0.96 } 0.37 | 1.02 |15000]15C90 I 5155 | k500
i fo.21 fo.or]o.2r fa.bk | 1.37 [0.66 | 0.33 ] 0.92 {25000{15000 | 5155 | 4500
0.36 | 0.46 | 0.b7 | 1.75 ; 1.77 } 1.09 | 0.4k | 1.17 [1505C135000 | 4550 | 3750
0.19 { 0.29 ] 0.32 { 1.38 | 1.39 | 0.86 | 0.34 } ©.93 }15000{15000 }| 4550} 3750
0.15 ; 0.43 " 2.k5 } 1.612 | 1.63 | 1.00 | 0.40 | 1.08 §15000}15000 | 4550 | 3750
0.30 { 0.50 y 0.5 | 1.76 | 1.67 { 1.06 | 6.41 | 1.13 |15000{15000 | 5155 | kso0
0.21 | 0.30 } 0.33 } 1.38 } 1.30 ] 0.83 | 0.32 | 0.88 {15000}15000 | 5155 | 4500
0.25 | 6.50 } 0.51 | 1.68 } 1.59 } 1.01 ] 0.39 | 1.07 |25000}15000 } 5155 } 4500
0.9 } 0.32 ] 0.34 }1.33}1.25 {0.79} 0.31 ] 0.85 |15000{15000 § 5155 { 41500
(013 ] 0.16 | 0.17 1 1.59 | 1.61 | 0.99 | 0.0 | 1.07 |15000]15000 | 4550 | 3750
0.08 ] 0.09 } 0.12 } 1.34 | 2.36 | 0.8% | 0.34 { 0.90 }15000}15900 | 4550 | 3750
0.09 § 0.35 | 0.15 } 1.62 | 1.64 | 1.00 | 0.50 | 1.09 |15070{15000 | 4550 } 3750
0.12 } 0.15 | 0.16 | 1.61 | 1.52 | 0.97 | 0.37 | 1.03 {15000{15000 } 5155 | 4300
7.08 | 0.08 | 0.1 | 1.35 | 2.28 | 0.80 | 0.31 | .87 | 1500015000 | 5155 | 4500 |
0..3 | 0.1310.16 | 1.62 | 1.53 1 0.98 | 0.37 | 1.04 }15000]15000 | 5155 | 4500
0.8 } 0.09 } 0.12 §1.35 { 1.23 } 0.80 { 0.32 | 0.87 |15000]1500C | 5155 | 4500
0.15 } 90.15 } 0.17 | 1.06 |} 1.06 } 0.66 | 0.26 | 0.71 |15000}i5000 | 4550 | 3750
0.22 } 0.08 { 0.23 {1.00 | 1.10 { 0.68 } 0.27 { 0.73 |15000{15000 {4550 | 3750
0.07 | 0.b5 | o5 [ 1.35 ] 1.36 j 0.6% | c.34 | 0.91 |15000§15900 | 14550 | 3750
021 0.28)0.25 }1.56]2.58 ] 0.97 § 0.39 | 1.05 [15000§15000 | 4550 | 375¢
0.51 f 0.17 | o.h1 J1.55 | 1.46 } 0.92 | 0.35 | 6.99 |15000{1500n | 9506 | 6380
0.25 | 0.09 [ 0.25 }1i.b2 | 1.3% [o0.8s | 0.32 | 0.91 11500015000 {9500 § 8380
0.30 | 6.49 | 0.50 | 1.55 | 1.40 | 0.9% | 0.36 | 1.02 |15000 15000 19500 | 8380
0.21 {0.30 | 0.33 | 1.26 | 1.17 {0.74 | 0.28 | 0.79 |15500 [15000 | 9500 | 8380
0.01 | 0.12 J 0.15 J1.51 | 1.52 | 0.90 | 0.35 | 0.96 }15000}15000 | 9500 | 8380
0.07 {0.09 | 0.11 |1.28 | 1.20 §0.76 | 0.29 | 0.82 11500015000 |9500 { 8380
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TABLE I - Concluded
Load - Cable Leg
Run | Sling Type CG | Failed | Failed } Man | Speed sza.x LFI’C LFVH LI"DH LFSH LF}PH LFTL
CH-47 - ,
28 J1Pt/bh Leg | NA No No sppel 115 | 1.390 1.80 [ 1.79 | 0.16 J c.2k | 0.2k 2.37f
28s NA No No |}sppe} 120 1.5 }1.62 J1.62} 6.10 } 0.0 ] 0.23 ] 1.90
29 NA No No RR | 100 | 1.30 | 1.67 | 1.66 | 0.22 | 0.25 | 0.27 | 3.12
293 NA No No RR | 100 } 1.10 | z.s1 §1.50} 0.12 ] 0.20 § 0.20 ]| 2.?%
30 NA No No | VIO 0 {1.55 | 1.86 |1.86 )] 0.1. § 0.14 | 0.17 | 1.86
308 1] NA No No | vmo o | 1.20 }1.56|21.58]0.09]c.12]0.151}1.56
ov-1 - ;
34 J1Pt/2 Leg |NA No No |{sopo| 115 | 1.90 | 1.3% | 1.34 ]| 0.15 | 0.20 } 0.23 | 1.50]
34S KA No No |sopo] 1320 | 1.0 | 1.15 j 1.15 | 0.08 | 0.11 | 0.12 | 1.27
35 NA No No RR | 200 | 1.45 | 1.30 |1.30 | 0.15 | 0.39 | 0.39 | 2.08
358 NA No No RR | 100 | 1.15 | 1.04 | 1.04 | 0.06 | 0.25 } 0.26 | 1.51
36 NA No No | vro 0 J1.55 | 1.88 }1.88}0.21 | 0.20 §f 0.20 ] 1.9
368 ‘*71_7 NA No o | vro o | 1.3 {|1.61)z.61]}0.07}0.11]0.22]1.63
Block
37 |1 Pt/1 leg | WA No No spPo | 115 1.85 | 1.93 } 1.93 | 0.17 | 0.34 { 0.38 | ~.93
37s RA o No 2P0 | 115 1.40 1.1 | 1.%0 | 0.09 | 0.15 § 0.16 | 1.k
38 RA No No BR 100 1.35 1.46 | 1.45 | 0.06 | 0.23 | 0.23 | 1..6
38s NA No i RR | 100 | 1.20 | 2.15 | 2.1k ] o.0k | 0.18 | 0.18 | 1.15
39 NA No Ne | VIO 0 }1.55 J]1.58311.58] 0.07 } 0.11 § 0.12 | 1.58
39S Aﬁ~'=- La No o | vro o }1.30 | 1.32 ]1.32}0.05}]G.09| 0.09] 1.
Brooks % Per-
Lo | kins Pallet | Mid NA No VIO 1.55 HA 1.6k | 0.2 | 0.5% | 0.66 | 1.64
0.35 | 0.46 | 0.56 | 1.3}
0.38 § 0.54% | 0.56 | 1.43
0.30 | 0.46 | 0.50 | 1.2¢
0.37 } 0.53 ] 6.50 j 1.4
0.32 | 0.46 | 0.4y | 1.19
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TABLE I - Concluded
ey | FTc | 1V j LFD, | 1Fs, | 1R, | wFry | LRV, | 1Dy | UFS, | LRR ) Teg | VEg | Tig | Vig
280 | 1.80 | 1.79 | 0.16 J 0.4 | 0.24 | 2.37 | 2.02 | 3.00 | 0.26 | 3.01 12990}32990] 5790 | 38k0
b5 3 1.62 [1.62 ] 0.10 | 6.10 ] 0.13 | 1.90 | 1.54 | 2.k2 | 0.21 | 2.43] 12990112990 | 5790 | 3840
F.30 | 1.67 §1.66 | 0.22 | 0.25 | 0.27 | 3.12 | 2.52 | 3.95 | 0.34 | 3.96] 12990]12990} 5790 | 38L0
f.20 | ".41 J1.50 § 0.12 { 0.20 | a.20 | 2.2% | 1.80 ] 2.83 | 0.25 } 2.8k} 12990]12990] 5790 | 3840
¥.55 | 1.86 | 2.86 | 0.1 § .18 | 0.17] 2.86 | 1.93 | 2.04 | 0.18 | 2.0k | 1299012990} 579¢ | 38LO
E.30 ] 1.56 | 1.58 | 0.09 | 0.22 | 0.15 ] 1.56 § 3.6 | 1.73 | 0.15 | 1.73]12990]12590} 5750 } 3840
B0 § 1.3 1.3k }o.15 | 0.20) 0.23}1.50 }2.50}) 0.59 | 0.2% | 0.59] 11520]11520] 4920 | 4750
B.b0 | 1.35 {21.15 ] 0.08 § 0,11 | c.i2 | 1.27 | 1.26 | 0.b9 | 0.20 | ¢.49 ] 11520111520 4920 | k750
B.45 }1.30 }1.30 ] 0.15 | 0.39 | 0.39 ] 2.08 § 2.07 | 0.51 ] 0.33 } 0.55] 11520}11520] 4920 | 4750
B.15 | 2.04 J1.08 | 0.6 Jo.25] 0.26 § 1.50 | 1.50 | 0.43 | 0.2k | 0.43]11520{21520} 4920 | LT50
£1.55 | 1.88 | 1.88 ] 0.11 | 0.20 ] 0.20 | 194 }1.93] 0.82 | 0.31 ] 0.82}11520}11520] 4920 | k750
E1 30 | 1.61 | 1.61 | 0.07 J0.31 | 0.1z | 1.63 | 1.63 | c.69 | 0.26 | 0.69{ 11520[1215:0] k920 | 750
Fi.85 | 1.93 | 3.93 ] 0.27 | 0.3: ] 0.38 | 1.93 | 1.93 | 0.0k | 0.02 | 0.0k | 15000]15000 j15000 15000
=1.50 | 1.82 }1.%0 ] 0.09 § 0.315 ) 0.16 | 1.k1 § 1.1 § 0.01 | 0.01 | 0.01} 15000}15000 J15000 L500C
51,35 | 1.46 | 1.45 | 0.06 0.23 8 0.23 ] 1.86 | 147 | 0.04 | 0.04 | 0.05] 15000}15000 [15000 fL5000
#1.10 | 1.15 | 1.1k | 0.0k | 0.28 | 0.28 | 2.35 | 1.35 | 0.00 | 0.02 | 0.02 15000{25000 {15000 p5000
E1.55 | 1.58 | 1.58 | 0.07 J 0.11 | 0.12 § 1.58 | 1.58 | 0.02 o | 6.02] 15000}15000 f15000 f5000 i
£1.30 | 1.32 ] 1.32} 0.05  0.09 ] 0.09 }1.32 }1.32] 0.2 o | 9.01] 1500015000 j15000 B5U0L
#1.55 | ®a f1.6h | o2 o5k ] 6.66 ) 1.60 }1.56) 0.27 | 0.28 | 0.35} NA | 3750 2250 | 326 |
=230 | ma ] 1.39] 0.35 | 0.46 ] 0.56 | 1.34 ] 1.30 | 0.22 } 6.23 | 0.29] na | 3750] 2250 | 3264
£1.55 | ma J1.58 ) 0.38 ] osk | o.59 ] 152 f1.56] 0.37 { 6.29 | 0.7} Na | k701] 2537 ] 3260
$:1.30 | %a ] 2.35] 0.30 jo.46] 0.50 ) 2.20 f1.30 ) 0.3: fo.25 | 0.39] maj k701f 2537 ] 3260
8155 | wa | 1.58) 0.37 053] 0.50 | 1,54 | 1.56] 0.36 | 0.28 | 0.4s] wa ) b701] 2537 | 3260
.30 va }1.32}to0.32 ]o6] 0.9} 119 ] 1.30 ) 0.31 fo.2h |0.38) =A | b7on} 2537 32614
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TABLE I, SLING AND HARDPOINT STATIC TRIM LOAD FACTORS
4 Load - S1i G 1Fv. | 17
ing Type c Speed | IFT, | LFV, | 1FD, | LFs, | LFP,; | LFT, L L
Erer - 4 Pt/0 Leg Mid of102}1.02]0.30}0a29f0.35 ] §a |1.02]0.3
2 Pud 0 1.0 { 1.c2 } 0.22 ] 0.18 } 0.27 NA | 1.02 j0.21
3 A% | o] 1.03f1.02] 0.2 0.18 § 0.33 § nA | 1.02 }O0.28
: ¥id 1 e ¢ 31,03 ]1.02}0.33}0.26}0.36 | ®A |1.02 J0.33
1 ma b o1s | 105 1.03) 2321035 038 | A |1.03 0.3
Aft 11 } 1.01 {1.00 jo.23) 0.26 Yo.25 | ma | 1.01 |O0.23
; 2Y -
0 Ieg; 1 cable failed Fwd 0 1.60 | 1.04 § 0.16 | 0.08 | 0.16 NA 1.0k | G.16
E ] *wd 115 | 1.15 { 1.15 { 0.20{ 0.26 { 0.32 § Na | 1.15 | 0.20
- 1 Pt/ Leg NA c 1.01 | 1.02 } 0.03 ) 0.05 | 0.06 | 2.02 |2.02 }0.22 ] 9.2}
' NA 115 | 1.00 | 1.00 | 0.05 { 0.03 | 0.06 | 1.02 | 1.02 | 0.2 | 0.13
J Container - I Pt/l Leg RA 0| 1.1 }J1.21 ) 0.0 § 0.06 | 0.07 1.3k J1.14 J0.6R 1} 0.28
1 NA 80 | 1.60 | 1.57 | 6.33 ] 0.05 | 0.34 J1.70 | i.69 |1.06 | 0.4
doer ~ 1 Pt/h Leg Mic 0 1.08 | 2.0 § 0.03 )] 5.06 | c.06 | 1.05 j1.06 }0.65 | 0.2
: Fwd o | 1.08 | 1.08 | o0.03)o0.02)c.or 103099 ju.6e}o.2
3 Aft 0 1.0 ] 1.0t } 0.03 1 c.05 | 0.06 } .03 }0.99 |0.62 | 0.2
B Mia | 200 | 1.21 J1.20 [o.37 ] 0.05 {o0.a7 | =2 }3.27 jo.80 |03
- Fwd 100 | 2.6 1 1.3% J 0.38 ] 0.05 J 0.29 1oz | 1as juais|o.d
. ' Aft 100 | 1.18 § 1.17 } 0.27 § 0.03 | 0.17 }1.17 {133 |o.te |0t
Biiner - 1 Pt/h leg; 1 Leg failed | Fwa o | z.o8 | 1.08 o0.05 ) 0.06] g0 {0.99 |0.93 0591 04
3 Fwa 300 | 1.16 § 1.5 1 0.8 } 0.05 } 0.3y }1.05 | 0.98 | 0.62 | 0.
] Pt/i Leg NA 0 | 1.25 }1.25 } oot | 0.c7 | 0.08 §:.23 V127 |1.35 0.
1 NA 135 | 1.20 | 1.28 | 0.1k {o.0os } 0.2k fa.51 fa.a7 {05 .
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. SLING AND HARDPOINT STATIC TRIM LOAD FACTORS
pe | Speea| wrr, | v | wn, | s, | we, | nFr, | wv, | 1D, | eS| iEe
# 3 1.02 102 J 0.30 ] 0.19 J 0.35 | Fa j1.02 J0.30 ] 0.29 | 0.35 :
a 1.00 [ 1202 § 0.21 [ 0.18 J 0.27 | ma | 1.02 Jo.22 | 018 | g2t
frt | o] 1.03]3.02)0.28}0.28]0.33] na |1.02 J0.28]0.38 0.3
Kid ! 1% § 1.03 ] 1.02 ] 0.33§0.16 | 0.36 | na j1.02 | 6.33) 0.6 [ 0.36
#ed | 210 | 105 | 1.0382.32 ] 015 0.3% | ma |2.03 ] 0.3 | 6.5 | 0.34
nr | 101 | 1.00 {0.23] 0.16 | 0.25 | ma | T.o1 | 0.3 | 0.16 | 0.25
0 | 3.60 J1.08 | 0.36 | 0.03 | 0.6 | na | 1.04 }o0.316 | 0.08 | 0.16
115 | 1.15 1 1.35 J 0.20 | 0.26 § 0.32 | ma | 1.15 |o0.20 | 0.26 | 0.32
0 | 1.01 ]1.03]o0.03}0.05}0.06]1.02]z.02]0.22]0.11]0.28
115 | 1.00 | 1.00 | 9.05 § 0.03 ] 0.06 | 1.02 | 1.02 J 0.2z | 0.11 | 0.28
0 | 1.1 1.1 fo.08fo0.06foc.01 1.k )1y ]o6r]o.2s ot
80 | 1.60 | 1.57 1 0.33 ] c.03 | 0.34 1.70 | 1.60 11.06 [ 0.k2 | 1.2
i a 0 | 1.0k J1.04 | 0.03} 5.06 | .06 {1.05 (1. 0.5 ]0.26}0.70
' 0 | 1.04 | 1.04 ] 0.03]0.62 |5.07 [1.03 0.9y ;u.62 | 0.2k | 0.67
0 | 1.0% | 1.04 | 0.03]c.05|0.06z.03]c.99 o.62]0.2xt0.67
200 | 120 {120 [ o.ard c.05 {037 |- 2 | 3.27 jo.60 | 0.3t | 0.0
100 | 1.16 }1.3b | 0.28 | 0.05 J0.29 2 [1.15 jurs fo28 o8
100 | 1.16 [1.17 [ 0.27 | 0.05 | 0.37 | 1.17 | 1.1 |e.70 J 0.7 | 0.75 ]
o | 1.08 |1.08 0.03 ] 0.06|u.067 J0.99 [06.93 6.59 | 0.23 | 0.63
100 | 1.16 | 1.2k § 0.18 } 0.05 | 0.3y §1.05 | 0.98 | 0.62 | 0.2% | 0.67

1.36
|

0 1.25 { 1.25 J o.0k | 0.c7 | 0.08 }:.23 J1.27 |1.35 c
1315 1.29 | 1.28 | 0.1k J o.0% J o2k J1.50 J1.17 {1.05 | 017 | 1.96
'y
J
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TABLE II - Concluded

Load - Sling Type CG Speed | LFT, | LFVy | LFD, | IFsy | LFp, | LeT, | LFV, L
bv-1 - 1 Pt/3 Leg NA o |1.2811.27]o0.0% | 0.071] 0.08]1.28]1.287}0.53
vao_ | 135 loc.95 0.9k | 0.07 | 0.03] 0.07 | 0.97 | 0.97 [o.b1:

- 1 Pi/1 Leg mA 0 ji.00 J1.01} 0.03}0.05]0.06]1.01]1.00 0:
NA 115 }1.00 ] 1.00 | 0.05 { 0.03 | 0.06 | 1.00 | 1.00 0:
ooks & Perkins Pallet Mid sA | 1.08)] c.28 ] 0.35 ] 0.4 | 1.05] 1.00 | 0.28%
’ Fud Ao | 2.05)] 0.22 ] 0.35] 0.39 | 0.96 | 1.00 | 0.23:
Aft NA | 21.05] 0.21 f 0.34 ] 0.29 ] 0.96 § 1.00 | 0.23;
Mid 215 o | 2.09] 0.31 | 0.3} 0.5} 1.1% | 0.99 | 0.18
Fwd 115 A | 1.05 ) 0.21 | 0.35 | 0.39 § 0.96 § 1.00 | 0.23!
A%t 115 FA | 1.0k ] 0.22 ] 0.35] 0.39 | 0.96 | 1.00
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TABLE II - Concluded

Speed | iFT, | LFVy | LFD, | LFSy | LFPy | LFT, | LFV; | LFD; | LFS; | LFP
0 {z.2811.27 ] .08 {0,071 ]0.08)1.28}1.28{0.53}0.20]0.53
115 1 6.95 ] 0.94 § 0.07 ] 0.03 ] 0.07 } 0.97 | 0.97 | 0.h1 } 0.15 § 0.4
0 1.01 | 1.01 | 9.03 | 0.05 ]| 0.06 | 1.01 | 1.01 0 0
115 | 1.00 | 1.00 { 0.05 | 0.03 } 0.6 | 1.00 | 1.00 0.01 | 0.01
Na | 1.08] 0.28 ] ¢c.35{ 0.44 }J 1.05 | 1.00 | 0.28 } 0.18 | G.22

NA }1.05] 0.21 ] 0.35] 0.39 ] 0.96 | 1.00 ] 0.23 | ¢.18 |} 0.30

NA |} 1.05] 0.21 Jo.34} 0.39 ] 0.96 | 1.00 | 0.23 ]} 0.18 ! G.30

115 NA | 1.09 | 0.31 { 0.34 | 0.5 ] 1.14 ] 0.99 | 0.18 | 0.18 | 0.22
115 NA ] 1.05} 0.22 ) 0.35] 0.39] 0.96 | 1.00 | 0.23 | 0.18 | 0.30
115 RA | 1.04] 0.21 ] 0.35] 0.39 ] 0.96 | 2.00 | 0.23 | 0.18 | 0.30
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sling load factor would decrease as N_ increased, after which the sling
load factor would decrease as N_ contfnued increasing toward its maxirmum
value. Such a plot would be uséless, and therefcre the load factor data

are presented in tabular form.

3 During the study, time histories were evaluated before final reduction to
3 the data in Table I. It was found that for the maneuvers and load con-

B figurations studied, the maximum value of tension during the dynamic solu~
5 tion always occurred in the leg or ceble which had the highest static

e valve of tension,

3 Tae data in Table I indicate very little change in loaa factor with a
change in cg location ~f the load in the container.

The pallet runs contained a check to indicate if any of the sling legs
carried compres.ive loads due to the nature of the FRAN method incorporated
= in this solution. Results from the pallet cases which were sclved showed
E . that no legs carried compressive loads; therefore the pallet solution was

valid,
- - Teble I includes the maximum speed at which each maneuver was flown for a
i given load type. This speed was based on pilot opinion and overall cone-

E trollability of the helicopter-load system, plus the capsbility of the
o CH-S4A. The data from run numbers 10 and 10s are questionsble because it

appeared that the container motion during the dive and pullout was great
enough to permit the container to strike the helicopter. This broken

cable configuration appeared to be rather unstable.

i
g ewm

Table I shows that the load fectors developed in sling members and hard-
points often exceeded the helicopter load factor which was pulled during
a maneuver. The design load factor N_ = 2.5 for the CH~54A was never
obtained in any of the cases simulateg, yet this number was exceeded st
hardpoints or in sling members during runs 16, 28, 29, and 29s.

TR e ey T

While the pilot was able to distinguish the presence of sn externally
suspended load by interpreting the response of the helicopter as indicated
by the cockpit instruments in the fixed-base rig, he had difficulty
recognizing the inertial properties or sling geometries of different

types of loads. With the sddition of actual motion cues on the moving-
base rig, the pilot was akle to easily recognize the inertial character-~
istics of the load as well as distinguish the difference between methods
of suspending the ioad from the helicopter. Therefore, the addition of
motion cues increased the pilot's awareness of the response of the slung
load beneath him; and therefore, he would respond in a more realistic

manner.
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The results of the same maneuvers flown on both the fixed-base rig and the
moving-base rig show in general that for the roll reversal and the vertical
takeoff, the moving-base runs yield slightly higher load factors than the
fixed-base runs. The differences here are small and may be due to any

H random difference ine pilot mgy meke in flying the same maneuver at two

K= : different times. These runs do show correlation between the two types of
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5 simulations, indicating that the motion cues which the washout prograw
E calcvlates for the rig ave valid.

Comparing the results obtained for the fixed-base and the moving-base

runs of the symmetrical dive and pullout indicates that higher load factors
were pulled during the fixed~base runs. Tn's can bhe explaiaed after study-
ing the time histories of the pilot control input 7or these runs. (Sec
Figures 23 ard 24 in Appendix XV.) It was found that during the fixed-base
ruas, the amount of longitudinal cyclic stick applisd by the pilot wes twice
as much as the amount he applied during the roving-base runs to begin the
pullocut. This is the primary reeson that the fixed-base load factors are
higher thun the moving-base results. The fixed-base maneuver was much

more severe than the moving-base mauneuver in terms of load factors de-
veloped. With the addition of motion cues, the pilot tas reluctant to

pull back on the stick as much as he did during the fixed-base runs. This

reluctance is probably due in some part to the pilot's sense of restriction

in the moving-~-base simulation, as well as to his reaction to the motion
cues he receives from the load.

L L ST YL

RULLR

AT

The fixed-base results in this case are pussibly more meaningful because
tney represent the actual c¢pability of the helicopter, while the moving-

base runs do not approach the lrad factors which can te produced by the
CH-5kA.

The pilot was particularly pleased with the motion cuec he received from
the load in hover maneuvers such as the control stick strokes and approécn
to hover. The pilot was cble to handle the loads in the approach over a

point. He did produce satisfactory pilot induced oscillations in the
stick stroke maneuvers,

= Tables 1 and II present raw load factor data from the simulation. A

= rational interpretation of these raw data is needed to convert them into

= useful sling and herdpoint design criteria. The logic and mechanics of

= this interpretation are presented in Appendix V. Appendix V also contains

e preliminary plots of the modified sling and hardpoint loed factor data i
versus helicopter design load factor. Figures 31 through Lt were used

as working plots in eventually determining the design criteria.
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SLING AND HARDPOINT DESIGN CRITERIA

The data presented in Appendix V have been developed into sling and hard~-
point design criteria, (Figures 14 through 21). These figures are plots

of sling and hardpoint design load factors versus helicopter design load
factor, as & function of slung load type. The specific loads studied in
the simulation are classified under more general slung load type categories,
and the notation used to denote the general types is:

TYPE I, B = Type I, bridle = block - 1 pt/l leg

TYPE I, P = Type I, pendant = block -~ 1 pt/l leg

TYPE II, B = Type II, tridle = container - 1 pt/4 leg

TYPE II, 4 PT = Type II, 4 point = coutainer - 4 pt/0 leg
TYPE III = Type III = empty container - 1 pt/k leg

FWAC = fixed wing aircraft = OV-1 Mohawk - 1 pt/3 leg
HELO = helicopter = CH-4T Chinook = 1 pt/h leg

TYPE II, B - IMF = Type II, bridle, 1 member failed =

container - 1 pt/h leg; 1 leg failed

TYPE II, 4 PT - IMP = Type II, 4 point, 1 member failed =

container - 4 pt/0 leg, 1 cable failed

The methkod for using the design criteria plots is outlined 'as follows:

3.

For a given helicopter design load factor and slung load type,
select the corresponding sling and/or hardpoint load factors
of interest as indicated by the design criteria plots.

For a given slung load weight and cg location, calculate the
values of static forces which have been used ito normalize the
data collected in step (1). A method for determining these
static values is presented in Appendix VI.

The actual absclute values of the maximum force developed
dynamically in the sling members and/or hardpoints being investi-
geted are then found from the data collected in steps (1) and

(2) according to the formulas
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Sg = vﬁs . (143)
max max
v = v . LFV. (1k4)
Lmax Lma.x Lmax
D, = v . LFD (145)
max max max
s, = v . IFs, (146)
max max max
T, i T . LFT, . (147)
max max max

The strength of the sling members or hardpoints should be based

on these absoluie values of forces solved for fram eqs (1k0)

through (147). The drag force D, side force S, and vertical .
force V are the components of force along the appropriate

helicopter or slung load body axis X-, Y-, and Z- directions i
respectively. - 4
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Figure 1. Max’mum Dynamic Cable (Pendant) Tension Load
Fector vs Helicopter Design Load Factor.
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DISCUSSION OF DESIGN CRITERIA

The sling and hardpoint design criteria presented in Figures 14 through 21
were created from pertinent data selected from the preliminary plots appear-
ing in Appendix V. The design criterie plots are the hiphest load factor
date points found for each of the corresponding slung load types in the
figures in Appendix V. Some of the slung load types are separated as a
function of the slinging arrangement because different load factors are
developed for the same slung load for different sling arrangements. In-
plane force cdata at hardpoints have been omitted from the design criteria

plots.

None of the data from cases run with gusts are incorporated into the design
criteria plots. Two slung load types were simulated with gusts, and the
data from these cases do not indicate the existence of any standard correc-
tion by which the load factor date for all the slung load types can be
adjusted to account for gusts. Also, the change in sling and hardpoint load
factors due to gusts is a function of the magnitude, frequency, and shape of
the gust. Therefore, to avoid confusion and misinterpretation of any design
criteria, the gust data collected for this study have been omitted from
Figures 14 through 21.

Load fa tor data obtained for the two slung load types simulated on the .
moving-base rig were not incorporated into the design criteria plots, since
the moving-base values were usually not critical. In a few instances in
which the moving-base load factor values exceeded the fixed-base values,

the difference was small enough to be attributed to variations in pilot re-
action between two executions of the same maneuver. The maneuvers simulated
on the motion system which were not high load factor producing maneuvers did
not produce critical values of forces in slings and hardpoints. However,

in some cases tnese m neuvers did produce higher values of forces than were
produced during some of the high load factor maneuver cases.

Load factors cbtained for the pallet have not been incorporated into the
design criteria plots. The purpose fcr simulating the pallet cases was to
gather date which would represent landing impact loads, anticipating the
possibility that these loads might be larger than the loads developed during
any of the runs with the container slung from f>ur helicopter hardpoints
(this was the only slung load type which would allow the helicopter to
landj, In almost all instances, the container - four-~point data had higher
values than the pallet data. The few instances in which the pallet load
factor data values were higher are attributed to the difference in sling
gecmetry between ihe pallet and container cenfigurations. Therefore, the
pallet data were not included to avoid confusion end misinterpretation and
also because the pallet load factcor values were not critical when compared
to the container - fowr-point data.

The dotted line plovs in Figures iw tnrough 21 represent slung load types
with broken sling members. In the load factor working plots included in
Appendix VI, the failed sling member data were nondirensionalized by the
static values of the failed configuraticns as indicated in Table I.
However, the failed member data presented in finel form were
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nondimensionalized by the appropriate nonfailed static values (for the for-
ward cg location) for the dotted line design criteria plots, since this
method does not require an additional calculation of static values for the
failed configurations. The failed sling member data should be used to
design for fail-safe cases only.

Some restrictions in the use of the design criteria plots should be noted
here. The data presented in Figures 14 through 21 should be used directly
only for the specific sling and hardpoint geometries simulated for each
slung load type in this study. The dynamic load factors represented in
these figures are superimposed upon the static load factors carried in sling
members and at ha-dpoints, and the static load factors are a function of the
specific geometry of the ..inging configuration and hardpoint locations.

A method for applying the design criteria data determined by this study to
any sling geometry for a given slung load type is being dev.loped under
contract with the Army. The method being developed under this contract
will be applicable to any slung load type and sling geometry excopt for
slung load types which are characterized by relatively large aserodynemic
moments - specifically, the fixed-wing aircraft and helicopter. In the:se
cases the interaction between the aerodynamic moment and the restoring
moment provided by the sling members cannot be accounted for by only a
geametry correction applied to the design criteria data developed in this

study.

The method outlined here and in Appendix VI for using the design criteria
data plots implies the generalization that all cables, legs, helicopter
hardpoints, or slung load hardpoints for a specific slung load and sling
geometry are designed tc the same strength regardless of any difference

in the static values of forces these members may carry. This generaliza-
tion is necessary because during the study it was found that for a maneuver
with a given slung load, the forces developed in different siings and hard-
points did not increase in the same proportion. The design criteria data
reflect only the meximum forces developed. Thus, some sling members or
hardpoints mey be overdesigned.

This approach was adopt2d, since the alter.ative would be to match the
hardpoint on & load with the reted strength of a specific leg of a sling
assembly. The sling would thus be oriented in a specific r.uner with
respect to the load. Since slings are used for a variety of cargo, this
approaech is obviously impractical.
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CONCLUSIONS

The simulation indicated that the load factors developed in slings
and hardpoints often exceeded the basic helicopter load factor de-
veloped for many of the maneuvers and slung load configurations which
were simulated. Occasionally, the sling and hardpoint load factors
were two or three times as great as the basic helicopter load factor.
In some instances the sling and hardpoint load factors exceeded the
design limit load factor of the helicopter, although the helicopter
normal load factor never reached this value for any of the simulated
runs.

In almost all cases, the symmetrical dive and pullout maneuver provided
the critical load factor values which were used as a busis for the
design criteria.

At different hardpoints on the slung load, the forces do not
necessarily vary in the same proportion at all locations during a
maneuver. For exampie, during the symmetrical dive and pullout with
the CH-UT as the slung load type, the maximum vertical force developed
at the rear hardpoints on the slung load was 280 percent of the static
value at the same hardpoints, while the maximum vertical force at the
front hardpoints was over 400 percent of the static value at these
hardpoints.

The density of the slung load is an important parameter in determining
slung load type general categories because load factors vary a great
deal with density. The empty container and full container slung load
types illustrate the effect of demsity; the load factors for the empty
container were nearly 200 percent greater than the)y were for the fully
loaded container.

Results fiom the simulation indicated the importance of representing
ali the major aerodynamic loads on individual slung load coufigura-
tions.

The failed member data indicate a substantial increase in loading
compared © the nonfailed configurations. Typically, the failed
configura. >n load facter data were about 170 percent greater than the
nonfailed data, although this difference was as high as 310 percent in
some instances. However, the failed configuration data do not indicate
any universal change in load factor values which could be applied to
all sling and hardpoint load factor parameters or to all slung load
types to account for the possibility of failure of sling members.

Results from the moving base simulation showed that motion cues are
most important in maneuvers where the pilvt response is primarily a
function of load motion. Some of the nonload factor producing,
maneuvers actually creeted larger sling and hardpoint load factors
then were produced Ly some or the high load factor producing moneuvers,
but none of these were criticai values.
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8. The data from the fized-base simulation runs were used for formulating
the design criteria. The data gathered from the moving-base runs
indicate som2 conservatism in the fixed base data. The limited
selection cf merneuvers sjimulated with the motion system were not
identical to the same meneuvers done on the fixed-base rig (particu-
larly the symmetrical dive and pullout) on which the majority of the

information was gathered.

9. The slinging geometry (bridle or cable acuteness) used for attaching
the external load to the helicopter is an important parameter in
determining the maximm forces developed in sling members and

hardpoints.

10. The simulation approach for determining dynamic load factors in slings
and hardpoints as a function of helicopter normal load factor proved
to be an adequate and easily usable method, yielding valid results.

1l. A tvo-phsse approach to the problem of collecting load factor datas from
the simulation proved desirable in obtaining pertinent data. A
real time solution was needed to obtain pilot response, while a non-
real time solution was used to solve for load factors in a1l slings

and hardpoints.

12. Since the sling and hardpcint load factors for a given slung load type
appear to be functions of the slinging arrangement, particularly the
number of legs used in forming the bridle, sling geometry parameters
should be investigated wore closely with regard to their effect on load

factor values.

13. Additional slung load types with failed sling members should be in-
vestigated by the simulation program. A more thorough design criteria
study would be beneficial to investigate other slung load types which
are less stable than those already studied and which cen create oscil-
lations while suspended due to sensitivity of the orientation of the

slung load.

A detailed study is recommended to establish the gust parameters that
affect load factors; these parameters should be varied through a

> selected range during the simulation. All slung load types of interest
should then be simulated with the selected gusts added to the program,
: thereby pioducing prorer information for determining any change in
design criteria as a function of gust type.
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APPERDIX T
MILITARY VEHICLES AND EQUIPMENT AS EXTERNAL HELICOPTRR LOADS

SMALL TRAILERS AND TRAILER MOUNTED EQUIPMENT

' Descripticn Weight(1b) Load Type

! High Pover Illwminator, Hawk w/trlr AN/MPQ-39 9300 i1

: Radar, Pulse Acquisition, Hawk w/trlr

: AN /MPQ-35(X0-5) 8800 I, 11

. Radar CW Acquisition, Hawk AN/MPQ-34 4900 IT

‘ Range Only Radar, Hawk AN/MPG-37 5005 II

.- Launcher, Zero Length XM-T8E3 Hawk 4380 I1

Chassis Trir, 2 ton, 2 whl, M390C w/missile pellet,

: wv/o nissiles 4800 II

: Shop Equipment, GM, Organizational Maint. AN/MSM-43 5500 I

' ) Battery Control Central, Trlr Mtd. AN/MSW-9(X0-1) 8170 II

H Generator Set, DED, Trlr Mtd. PU 239 D/G kos5¢ II

H Generator Set, 20 Kw Diesel PU 239 kY50 II

Generator Set, 45 Kw PU 648/M 4700 II

: Lubricating & Servicing Unit, Trlr, Mtd. PWR Opcrated 5150 1T

: Trailer, Water Tank, 1 1/2 ton, 2 wkl, MIOTA2 2380 II

ﬁ Trailer, Water Tank, 400 Gals. MLLS 2550 II

: Compressor, Rotary, 315 COH w/trlr 9550 I, 11

* - Trailer, Floodlight 5 Kw Type MC-2 2600 IT1
Generator Set, Diesel Engine, Trir Mtd. PU-L82M %900 il
Generator Set, DED, PU-239 E/G 4200 II
Welding Machine, ARC, DED 5250 II
Generator Set, DED, 20 Kw Trir Mtd. PU-3LiG 5650 IT
Generator Set, DED, 30 Kv Trlr Mtd. PU-L82M 5000 I1
Engine, Diesel for Smwmill Model 3029-C G5 H.P. 4320 II
Bath Unit, Trlr Mtd., 24 Head, EC8B-57, EC8B-61 6229 I
Central Office, T:lephone AN/MTC-1 Generator Set

PU-619/M 10 Kw Trlr Mtd. %090 II
Floodlight Set, Trir Mtd. 5 Kw. 2820 11
Weapons Loader - SATS M12 A/S 32K-1 5440 I, II
Trailer, Tank Lox 150 Galloa, 4 wheel 3180 II
Trailer, Air or Nitrogen Servicing 2koo I,II
Dolly, Trailer Converter, 6 ton, 2 whl. MI9TAl 2680 II
Trailer, Tank, Liquid Oxysen, 500 Gal. 7210 II
Trailer, Tunk, Liquid Nitrogen, 500 Gal. 7019 I1
Generator Set, DED, Trlr Mtd. PU-58T/M 2282 I, IT
Laundry Unit, Trlr Mtd. Q000 1I
Dolly, Trailer Converter, 18 ton, M199 T700 I
Cryptographic Center, Mob: le AN/MSQ-42S-222 3200 11, III
Trailer, Cargo 1 1/2 ton, 2 shl. M105A2 2750 II
Water Purification Unit €00 Gph Trlr Mtd Model
A-800021 3000 11
AN/TSC-15 Communications Central in M105 Trlr 4750 11
Generator Se: DED, PU-463/MRC Mtd. in M101A1 2350 II
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Generator Set, PU-6T0G on M10l1A1l Trlr (PWR ACC. GP)
A-8439/TRC-97TC

Generator Set, FU/35T7 Trilr Mtd.

Radio Set V334/TRC-97 in M10l (Gen. & Ant. only)

2-1/2-TON TRUCK MOUNTED EQUIPMENT

Truck, Cargo, 2 1/2 ton, 6 x 6 M35A1 w/winch

Truck, Cargo Dropside, 2 1/2 %ton, M35A2C w/o winch

Truck, Tank, Fuel Servicing, 1200 gal. 2-1/2 ton,
6 x 6 Mhga2C

Truck, Cargo, 2 1/2 ton, 6 x 6 w/winch M36

Truck, Van, 2 1/2 ton, 6 x 6, M1I09A3, w/o winch

1.-1/L-TON TRUCK MOUNTED EQUIPMENT

Truck, Ambulance, 1-1/4% ton, 4 x 4, MT25 /o winch
Truck, Cergo, 1-1/4 ton, 4 x 4, MT1S w/winch

LARGE ENGINEER EQUIPMENT

Crene, Amhony, M65 (Sectionalized Boom)

Mixer, Comcrete, 6 cu ft., Trlr Mtd, GED

Grader, Road, Towed 125-M61

Mixer, Concreie, Trir Mtd., 16 cu ft., Model 16S-2A
Tractor, Ccmpressor, Wheeled, 125 CPM

Loader, Scoop Type, Sectionalized TL-16SMD-G.M.
Compressor, Reciprocating, Power Driven, COH 105 CFM
Roller, Road, Towed, 13 Wheel, Pneumatic R-13

Mat, Beaching, Woven Wire 33 Joined Section
Electric Power Ilant NC-5

Bridge Fixed Span M4TS #1 35 £t. Section

Bridge Fixed Span MUT6 #2 35 ft. Section

Poat Bridge 27 ft. A-27 Bow Half

Boat Bridge 27 ft. A-27 Stern Half

3/4-TON TRUCK MOUNTED EQUIPMENT

Radio Terminal AN/MRC-62 TRK Mtd in M37
Truck, Cargo, 3/4 ton, 4 x 4, M37T, w/winch
AN/TSC-15 Communications Central in M36 Truck
Radio Terminal AN/MRC-62A MTD in M37

Radio Set AN/TRC-97 MTD in M37

Radio Termiral AN/MRC-63 MTD in M37

Radio Set V33L4/TRC-9T7 MID in M37

Radio Set AN/MRC-60 TRK MIT in M37

1/L4-TON TRUCK MOUNTED EQUIPMENT

Radio Set AN/MRC-83 Mounted in M38A1
AN/MRC-110 Radic
Radio Set Central AN/MRC-87 M170

T4

2,6k0
2,510
3,590

13,530
13,000

14,470
15,240
15,881

6,400
5,500

20,700
3,225
12,100
6,200
5,810
19,000
6,000
,120

6,200
12,390
12,390

1,300

5,000

7,400
5,917
8,500
7,500
T,700
7,400
7,640
7,200

3,190
2,605
3,489
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Truck, Utility, 1/4 ton, M151
Truck, Ambulance, Front Line, 1/4 ton, 4 x L4, M718
Truck, Firefighting, 1/4 ton, Model 3088-1

LARGE TRAILERS

Senitrailer, Cargo, 12 ton, 4 whl, ML127AZC

Semitrailer, Low Bed, 25 ton, M1T2Al

Low Pressure Generating Plant, Mobile, Liquid
Oxygen/Nitrogen

Semitrailer, Van, Expansible, 6 ton, M313

Weapons Trailer AN-32U-13, Airborne Armament Maint.

FORKLIFT TRUCKS

Truck, Forklift, RT-ART-30

Truck, Forklift, DED, RT-RUF-060

Truck, Forklift, Gas, 6000 1b cap
MISSILE CAN

Guided Missile, Canned, MTM-23A IN XM430

ATRCRAFT TOWING TRACTORS

Tractor, Aircraft Towing, Garwood

TRACKED VEHICLES

Carrier, Cargo, Amphibious, Tracked ML16Al
Carrier, Cargo, Amphibious, Tracked XM733 (Armored)
Loader, Transporter, Hawk XM501BZ

SHOP VAN BOXES

Battery Control Central, Hawk AN/TWS-2
AN/GEM-48A Shelter, Electronic Maint. Support
Field Masintenance Shop Equip. Shop 2 AN/TSM-kl
Field Maintenance Shop Equip. 1 Shop 3 AN/TSM-L2
Field Maintenance Shop Equip. Shop 4 AN/TSM-L3
Field Maintenance Shop Equip. Shop 5 XM/2E2
Field Maintenance Shop Equip. Shop 6 AN/TSM-L5
Field Maintenance Shop Equip. Shop T AN/TSM-LO
Operations Centrai AN/TSQ-39

Operations Central AN/TSQ-39

Shelter, Crypto S-126/G

Communications Central AN/TSC-15 Skid Mtd.
AN/UPS-1 Radar Set, Shelter S-269 & Basket

Shop, Electronic AN/GRM-38A

AN/TPQ-10 Radar, Course Directing Control
Communications Central Group AN/TYA-11

Shelter, Zlect. Equip. AN/TYA-19 Prt. of AN/TYQ-3

15
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2,h00
2,780
3,450

1k,2%0
14,860

15,100
1L,700
6,000

3,375
18,000
9,620

3,245

5,800

5,365

., 400
5,660
6,800
6,400
5,800
5,900
5,300
5,900
5,020
8,110
2,660
2,100
L, 450
4,750
6,864
4,650
k754

I

II
1I

1T
1T
II

1I, III
T

11, II1

II, III

II

II, III
11T

I

II

II, III
11, III
II, IIT
11, III
II, II-
I

11T

111

11T

II, IIT
i1

IT, IIT
II, IIT

e TR RIS $aD

i
E‘A‘Mﬂemwmmu«m&muﬂy i



I R e AR AT LA 1 e ¥ o Ta 2 TR e R T T T T T T L .

B T PN

A e g s g A e o = o

%
£y

3
20l aahd s BN LI s AL $b m.a..-.uma':dz.cm\wm}ﬂ.\‘é'lmm

= Maint./Trans. Group AN/TYA-2h Prt. of AN/TYQ-3 4,531 11, III
3 Data Terminal Group AN/TYA-1T Prt. of AN/TYQ-3 4,914 11, III
. Computer Group Comp. AN/TYA-20 Prt. of AN/TYQ-3 4,810 I, III
B Hut, Operator Group AN/TYA-9A Prt. of AN/TYQ-2 5.215 I, III
g Hut, Comm. Group AN/TYA-12A Prt. of AN/TYQ-2 L, k75 i1, III
3 Hut, Central Comp. Group AN/TYA-5 Prt. of AN/TYQ-2 5,060 11, Il
3 Hut, Transport Data 2D/3D Radar AN/TYA-18 Prt. of
: AN/TYQ~2 4,215 111
Hut, Transport Data 2D/3D Radar AN/TYA-18 Prt. cf
AN/TYQ-2 l,215 III :
But, Transport Data Ancillary Group AN/TYA-26
“Part of AN/TYQ-2 3,785 I11
Hut, Transport Data Geog. Display AN/TYA-T
Part of AN/TYQ-2 5,000 II, IIT g
Hut, Photographic Transport Group AN/TYA-25 :
Part of AN/TYQ-2 2,900 III
Hut, Unit Test Grovp AN/TYA~23 Prt. of AN/TYQ-2 3,450 II1
But, Maint. Group Export Tata AN/TYA-2T ) E
Part of AN/TYQ-2 3,900 111
Electronic Shop AN/GRM-~32A 5,495 Ir, IIT 3
Central Office, Telephone, Manual AN/MTC-1 S-1T9A 4,200 III -
Central Office, Telephone, Menual AN/MIC-1 S-18A 4,400 I1I
Tower -~ A/C Control Group AN/TSA-13 2,190 ITI i
S-142 Shelter AN/TSA-13 3,680 III :
Landing Control Central O0A-8391/TSQ-18A T.200 Iz ‘
AN/TSM-98 Van 7,220 II . . :
AN/TSM-98 Spare Parts Van T,220 IT :
AN/TSy-68 Transcriber, Translator Facility 2,975 IT1 . :
AN/TSQ-46 Van 5,600 II, III
AN/TSQ-64 Van Signal Analysis Facility 5,000 II, III
AN/GRM-82 Electronics Shop €,1k0 IT, 111 i
AN/TSQ-86 (V) Light Signal Monitor Pacility 2,037 III )
AN/GRM-48 Shelter, Electr., Maint., Support L, 700 II, III
4 AN/TSQ-52 2,825 III 3
H AN/TSQ-54 z,800 I1I :
AN/MSC-U43 Special Comm., Central 5,850 II, III ;
3 Distribution Box J-2573/TYQ-2 Part of AN/TYQ-2 1,200 IIT
LARGE TRUCKS :
2 Truck, Duamp, 5 ton, 6 x 6, w/winch, M51 14,460 II )
3 Truck, Crash, Fire, Oshkosh, Model A1111-41927MB-5 20,000 1I !
PALLETS 1
33 Test Equipment Pallet AN/TSM-LkL 1,195 11, I1I !
E AN/UPS-1 Radar Set Pallets 111
9 AR/TRQ~10 Radar Course Directing Control - Pallet :
3 Antenna AS-1310/TYQ-3 TD CC System 2,520 11
E MX-~7852/TYA Pallet-Air Cond. Cable Reel -
b Prt. of AR/TYQ-3 1,130 111 :
AR/TYQ-2 Cable & Air Cond. Fallet No. 1 3,496 1I :
3 76
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AN /TYQ~2 Cable & Air Cond. Pallet No. 2
Pallet No. 2
Pallet No. 3
Pallet No. 4
Pallet No. 5
Pallet Ro. 6
Pallet Ko. 7
Pallet No. 8
Pallet No. 9
Pallet No. 10
Pallet No. 11

Reeling Machine RL-26-C with 2 reels of wire

GUNS

Howitzer, Towed, 155 mm M11kAl
Howitzer, Towed, 105 mm M10l1Al

4,021
4,021
3,991
3,751
k,106
k211
3,k
3,881
3,851
3,831
2,981

834

12,700
5,500

-

II
II
II
II
II
iI
I
II
iI
11
II
II
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APPERDIX II
VERTICAL BOUNCE CRITERIA

The following is a reprint of Appendix 4 from Technical Report 68-2
entitled, Aerial Recovery Kit, Concept Formulation Study; U. S. Army
Aviation Materiel Command, St. Inouis, Missouri, June 1968, AD 673102.

2.1.k1 APPENDIX 4

TITLE: Design Criteria and Analysis for the Prevention of Veriical Bounce

k1 Sumary

A dynamic analysis was nerformed to generate Universal Sling Kit Design
criteria for the prevention of "vertical bounce", which is a condition of
excessive helicopter vitration at a fregquency of 1 x main rotor speed
resulting from normal, inherent, main rotor forces amplified by the tuned
response of an aircraft end its suspended load. Purther, the system's
tuning characteristics are primarily controlled bty the spripg rate of the
suspension system between the two masses.

Design criteria, or limitations on the spring rate of the Universal Sling,
vere established for the UH~1D and CH-47 aircraft. These criteria were
based on Sikorsky Aircraft's experience and data obained during the devel-
omment of the CH-SLA aircraft. No limitations were imposed on the sling
for use on the CH-SUA aircraft since a dynamic decoupler hes already been
incorporated into this aircraft's cargo handling system.

An analysis of the actual Universal Sling design is presented tc Justify
that it meets the design criteria requirements. It was shown that the
Universal Sling Kit, for use with either prime mover aircraft, or for any
suspended 1oad configuration, meets and exceeds the design criteria

requirements.

k.2 Symbcls

1ip 1 x main rotor

£1p frequency of 1p or system excitation frequency (cpm)

f coupled aircraft ~ load rigid body mode natural frequenuy (cpm)

REM
f1p/fppproximity ratio (cpm/cpm)

Wsl weignt of slung loed (ib)
veight of aircraft (1b)

"asc

n Wsl/WA/c = mass ratis (1b/1v)

Ks spring rate of suspension systey (1v/in.)

g gravitational constant (in./sec®)

fVBM aircraft wncoupled first vertical bending mode natural frequency

(cpm)
f1p/f\Proximity ratio (ern/cpm)
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4.3 Background

During the early sirges of the CH-S54A develomment program, a vibration
phencmenon was sometimes encountered when heavy loads were lifted by a
cable suspension system. Tne incidence of these events was infrequent.
However, when encountered,it was evident that the response could build
up -and become seriovs enough to cause the pilot to Jettison the load.

It was also noted that the frequency of the response was at or near 1p.

This phenomenon was explained as a resonance of the aircraft and suspended
load system, excited by the main rotor heal 1lp forces. The aircraft
behaved basically as a rigid body mass, the suspension system constituted
the spring, and the suspended load was the second mass in the total dynamic
systenm.

High response could most easily be achieved by slowly varying the cable
length while in-flight. Since this varied the cable spring rate, this was
a convenient means of experimentally tuning the system. Significantly, the
response curve exhibited a narrov "Q" characteristic, meaning that
significant response only occurred within a narrow proximity margin. This
is defined as the proximity ratio flp/me.

Bigh response was also most evident to the pilot vhen heavy loads were
carried. As the suspended load to prime mover aircraft mass ratio increasad,
the system's mode shape was altered resulting in increased aircreft or cockpit
participation. This mass ratio is defined asy = wsllwA I

For design purposes, vibration acceptability levels are based on pilot
comfort criteria rather than structural integrity criteria. These
oscillations are characterized by large displacement excursions and low
acceleration amplitudes. In this region, inertial forces are low, but
human susceptibility is high.

As pert of the CH-S5LA development program, a dynemic decoupler was incorpor-
ated into the single point cargo haadling system. This provision is basically
a soft spring which is compatible with any impendance, or suspended load
characteristic, keeping the system always well within acceptable limits

of vibration. It only functions for suspended loads having mass ratios

of approximately 0.5 or higher. This parameter, and its proximity ratio
pt.ameter, have been fully evaluated and substantiated by flight test
measurements.
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4.4 Perametric Considerationg

The "background"™ introduced each of the pertinent parameters necessary to
consider in establishing design criteria. Each is discussed delow:

Proximig Ratio of Fuselage First Vertical
Bending Mode (flp/f

YEM.

Investigation of the vertical bounce phencmenon at Sikorsky Aircraft has
shown that cockpit response is the summation of the rigid body response
and scme first fuselage ben.iing mode response. However, the model below
is a close aralog representatior of the phenamenon capable of extrapolat-
ing the CH-SLA experience to nther aircraft, if the f£22lowing proximity
margin relationship is observed.

flp/fVEM € 185 cpm = 0.79 (54)
235 cpn

¥a/c

wsl

Proximity Ratio (flp/fREM)

Bxperience with the CH-5LA aircraft has substanciated the folirwing
proximity ratio with the heaviest suspended lcad:

t /fm » 185 cpm =1.76 (55)

1p 105 cpm | CH-54A

Mass Ratio u= WSIIWA /%

Experience with the CH-53A aircraft has 1own that the suspended load
is significant only for mass ratios:

pu=W__/W 10,000 X = 0.45 (56)
s17UA/C 2553550 15 CH-54A

Spring Rate (Ks)

The non-trivial natural frequency of the rigid tody system shown above is:

£=60 |Kg, ™ .+W )g] 1/2 (s7)
- T“ﬂl::' ) wSl

an

B
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We now have the significant parameters defined and are prepeared to deter-
mine the dynari» design criteria for the prevention of vertical bounce.

4.5 Design Criteria

Dynamic criteria for the Universal Sling Kit will be generated by defining
limitations and latitude of the stiffness of the sling. By controlling the
sling stiffness the frequency of the rigid body mode is controlled thereby
providing suitable isolation from the 1p forces. Using the parameters
developed above, stiffness criteria for the sling were developed for use

of the kit with the UH-1D and CH-47. Characteristics of slings used on

the CH-5LA are not restricted because load isolation is incorporated in its
cargo handlircg system.

The 1lp frequencies and fuselage first vertical bending mcde frequencies
are tabulated below.

MODEL T1p fvem £ Fym
CH-5kA 185 cpm 235 cpm 0.79
UH-1D 310 cpm 395 cpm 0.79
CH-kT 230 cpm 470 cpm 0.49

As shown in the table the UH-1D and CH-UT meet or exceed the requirements
of equation (5L).

The required rigid body mode frequency is found by rearranging
equation (55).

fomy % 0.57 1 (s8)

P

xnd substituting the appropriate 1lp frequency for the UH-1D and CH-AT.
With the maximum rigid body mode frequency defined, the sling stiffuess

may be evaluated. Algebraic manipulation of eque‘ion (57) to solve for sling
stiffness gives

2
Ks = [2 ra) ( ¥a/c )(wsl) (59)
(?o_ Wase * Wg) 8 '

by solving equation (59) using the rigid body mode frequency determined
from equation (58) and the maximum slung load weight, the siing stiffness
for tke UH-1D and CE-~U7 is determined. This spring rate represents the
upper limit.

For the purpoze of this analysis the slung load weight was defined as
the maximum payload, and aircraft weight was defined as the difference

between the maximum gross weight and the maxizum psyload. These values are
tabulated below.
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MODEL G.¥. (MAX.) Wy “a/c

0 1b
-5hA 42,000 1b 20,000 1b 22,00

oE 9.500 1b 4,000 1b 5,000 1b
CH-U4T 33,000 1b 17,060 1b 16,000 1b

Rearrangement of equation (55) gives
= 5 60)
W, (Min.) = 0.5 ¥a/c (

i i i fined above permits
stitut the respective aircraft weights as de d ;
2:1uatiox::n§f the minimum sling load weight for which 1s?latlon is
required. Results of the dynamic design criteria determinations are

shown graphically in Figure (8L).
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UNIVERSAL SLING KIT
TOTAL SLING STIFFNESS VS. SLUNG LOAD WEIGHT
RESTRICTIONS APPLICABLE TO UH-1D & CH-LT A/C.
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[ CH-MT
/—Avoid Regions

UH-1D

TOTAL SLING STIFFNESS (LB/IN.)

P I A A

kil

ROTES:

iy

1000} MAXIMUM SPRING RATE OF SLIKG (SINGLE 15' PENDART - K

K = 1500 LB/IN.)

i 1 1 i A 1 ]

20G0

4000 6000 8000 10000 12000 1LOOO 160GO

SLUNG LOAD WEIGHT (LB)

Upper weight boundaries defined by maximum sling losd capacsty.
Lower weight boundaries defined by the ratio of mass of slung
load to mass cof prime mover.
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DESIN JUSTIFICATIOR
Upon determination of the general design configuration of the Universal
T Sling Kit it is necesssry to evaluate the equivalent stiffness of specific
3 sling configurations. The stiffness criteria dzveloped represents the

total sling stiffness whereas the kit may logically be thought of as

9 congisting of three geperate and distinct sections, the pendant, dridle,
S and belly bands, which contribute to the kit's totel stiffness. Tachniques
for evaluating the stiffness of the individual sections, and then the total
stiffness of configuration are shown in Figure (85).

Review of all the sling arrangements showed that the stiffest sling
configuration was the single 15' pendant used to carry a downed UH-1D
by attachmeut to the rotor head. Analysis of this configuraticn indicated

that ivs spring rate is 1,500 1b/in.. Referring to the criteria, shown in
A Figure (84) shows that this stiffness, for the stiffest possihle sling
; configuraticn, is well below that required. Consequently the universal

sling kit design will provide greater isolation than that required for

. e . 4 gt o i 3 Ty b 5 R
LAt ST LAY it S MR o DU G U N8N wn o AN AL R D EA VAL MDA B A DAL 0 0 T SR Bt e SN G A el e A

, the prevention of vertizal bcunce.

: The kit will also provide isolation from the Kp forces. This is shown

E by recalling that fnp = N f 1p .

: and therefore fnp> f 1p

*“ substituting in equation (58) shows Laam €€ Top ) !

‘ indicating an even greater isolation from Ep forces.
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FIGURE 85

Kl ~ PENDANT

555
K, - BRIDLE o= KK, ¢+ KK + K Kg

2

| g
\} —

LR D)

LA GOy T A
VL PR R

PENDANT

-

E i k k = Spring Rate of Pendant

e 2 1 K, = iP- Materisl per Unit Length
= ! P

e |

4 §

BRIDLE

i VR gt Al
LS

K -KB[-]_;I cosae O-fln—a-conze]

; kB = Spring Rate of Bridle
3 Meterial per Unit Length

il g

bt

o BELLY BAND

i e O
e

5B = Spring Rate of Belly
lBB K3=N lBB kBB Band per Urpit Length

i ) -10\
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APPERDIX III

SLUNG _LOADS AERODYNAMIC DATA

The noymalized aerodynamic wind tunnel data for each of the slung loads
which were simulated are given as a function of angle of attack ap and

7ideslip BL in Tables III to VY. These data have been normalized by the

dynamic pressure q. The forces and moments of the CH-UTB are along body

a-"s directicns; the forces and woments on the remaining three load types

8~ alon, wind axis d'rections. The drag, side force, lift, and rolling,

*.' .+hing, an’ wvawing misents may be converted from wind axes to body axes
. dicy to vu> formulas

LY = D, vorB, cosa, + Y. sirg; cosa, = L sinay (148)
XL : Dv sinEL + YV cosBL (149}
L = D, cosf; sine. + Y_ sin sina. + L cosay (150)
1 = (w cosBL cosa; - Mw sinBL cosay - Nv sinu.L (151)
M . &L, sing; + M cosBy (152)
L = £ w CosBy sima; - M sing sina + N_cosa;  (153)

where the subscripts w refers to wind axes and L refers to body axes.

Because the container exhibited unstable yaw characteristics when suspended
by the single-point four-legged sling arrangement, the effects of a drogue

chute were added to the serodynamic data of this load. The additional drag
and -awing moment contributions on the container which are due to the chute
are given by

AD/q

AR/q

100 eosB (154)

1000 sing; (155)

This represents a chute of 6.5 feet dinmeter attached to the rear end of
the contaimer. These two contribvutions Jdue to the chute are in bedy axis
directions and should be added to the basic container wind tunnel data once
it has been converted to body axis directions.
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TABLE III. CONTAINER AERODYNAMIC DATA ALONG WIND AXIS DIRECTIONS
2
LIFT/q(£t")
o, (deg) 8, (deg)
-20 -15 =10 =5 0 5 10 15 20
-20 85 90 ~9% <99 -100 -99 -9% -90 -85 ;
~15 -28 -52 -66 -T2 =75 T2 -66 =52 -28 2
~10 9 ~18 -38 <45 =50 -45 -38 -18 9
-5 36 10 -10 -20 =25 -20 -10 10 36
-0 55 35 15 5 ¢ 5 15 35 55
-5 68 Sk 39 29 25 29 39 54 68
10 8 70 60 53 50 53 60 T0 T8
15 84 82 19 T7 5 7 T9 82 8k
20 85 90 95 100 100 100 95 90 85
DRAG/q(££2)
aL(deg) BL(deg)
-20 -15 -10 -5 0 5 10 15 20
-20 108 105 100 97 95 97 100 105 108
=15 103 98 93 90 87 90 93 ¢3 103 ;
-10 98 93 87 8 8 8 87 93 98
-5 96 89 83 8 76 80 83 89 96

E
%
It
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TABLE III - Continued
SIDE FORCE/q(£:2)
a; (deg) 8, (deg)
-20 -15 -10 =5 0 5 10 15 20
-20 65 50 35 15 0 -15 -35 -5 =65
-15 82 6u by 22 0 -22 k4 6L 82
~10 93 73 51 26 0 -26 =51 =73 -93
-5 99 9 55 29 0 -29 =55 -79 -99
0 100 8o 55 30 0 -30 -55 -80 -100
5 93 73 k9 28 0 -28 <4 -73  -93
10 73 Sk 36 20 0 -20 -3% sk 73
3 15 34 20 7 6 0 -6 -7 -20 -3k
20 65 50 -35 -15 0 15 35 50 65
ROLLING MOMENT/q(£t )
2 a (deg) B, (deg)
20 -15 -10 -5 o0 5 10 15 20
i, -20 4.8 35.1 23.4 11.7 0 -11.7 -23.4 -35.1 -L6.8
= -15 3%.1 261 17.5 8.7 ©0 - 8.7 -1T.5 -26.1 -35.1
=10 23.4 174 1.7 58 0 -5.8-11.7 -17.h -23.4
-5 1.7 8.7 58 29 0 -2.9-5.8 -8.7 -11.T
0 ] 0 0 0 o 0 0 ¢ 0
5 -11.7T -8.7T -58-29 0 -2.9 5.8 1.7 11.7
3 10 -23.%4 .17.4 -11.7-5.8 o0 5.8 11.7 17.5 23.4
15 ~35.1 -26.). -17.5-8.7 O 8.7 17.5 26.1 35.1
20 -46.8 -35.2 -23.%-12.7 0 11.7 23.4 35.1 L6.8
: 88
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TABLE III - Concluded

PITCHING MOMENT/q(ft )

uL(deg) 8, (2ee)
=20 «15 «10 -5 0 5 10 15 20

-20 =300 275 =250 =225 <200 -175 <150 -125 =100
=15 =250 =225 <200 -175 -150 =125 <~100 - T5 - 50
«10 =200 =175 =150 =125 ~10¢ - T5 -~ 50 - 25 o
-5 -150 <125 ~100 - 75 -5 - 25 0 25 50
0 =100 ~-T5 =50 -25 4] 25 50 T5 100

5 - 50 - 25 0 25 50 75 100 125 150
10 0 25 50 75 i8¢ 125 150 175 200
15 50 T5 100 125 150 175 200 225 250
20 100 125 150 175 200 225 250 215 300

YAWING MOMENT/q(It33

3 GL(deg) BL(deg)
é -20 =15 =10 -5 0 5 10 15 20
z - -20 300 260 200 100 20 -90 ~200 -360 -k70
& -15 250 210 160 80 15 -0 =160 -260 =350
2 -10 220 180 130 €0 10 -60 -130 -190 =270
B -5 200 160 110 50 5 -50 -110 <160 =220
3 . 0 200 150 100 50 0 -50 <100 <150 ~200
% 3 s f 220 160 110 5 -5 =50 -J10 <-160 ~200
2 10 270 190 130 60 -10 60 -130 -180 -220
- 15 350 260 160 70 =15 -80 <160 -216 =250
E: 20 470 360 200 90 -20 ~100 -200 -260 =300
89
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TABLE IV. BLOCK AFRODYNAMIC DATA ALONG WIRD AXIS DIRECTIONRS
2)

LIFT/q (£t

uL(deg) BL( deg)

1
n
o
§
)
\n
1
=
(=]
|
A%
o
1
)
(=]
()
A%, ]
N
o

o
0000000000
coocoOoOOOO0CO
0OcONOOOOOO0
OO0 ONDLOC
0000000000
000000000
0000 QOO0OC
00O YOOOOCO
000000000

DRAG/q (ft?')

G‘L( deg) BL(deg)

-20 =15 -10 =5 0 5 10 15 20

26 27
: - 2 26 25 2 2k 2k _25
e -ig 22 24 23 22 2z 22 °§ 213» 2
-10 ok 23 22 21 20 21 22 ‘

: : 22 o}
' - L 22 %1 20 19 20 2

5 ; > 23 21 0 19 18 19 20 21 23
E o 3 22 2 20 19 2 a2 &
3 ' 3 22 23 2
3 & 10 2) 23 22 2}) zg g 22 23 2
K ‘. : 26 24 o3 22 2

5. 20 27 26 25 o2& 2 2 25 262
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TABLE IV - Continued

aL( deg)

nL(deg)

~20
=15

SIDE FORCE/q (£t2)

8, (deg)

=20

16
20
23
25
25
23
18

-16

~15

12

18

18
1k

-12

i
\n
(=]

!
&

U= o= - O &
X-X-R-X-R-R-K-X)

ROLLING MOMENT/q (£t3)

8, (deg)

15

<12
-16
-1&
-20
~20
-18
-1k

12

20

~16
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TABLE IV - Concluded
PITCHING MOMERT/q (£t3)
a, (deg) 8, (deg)
' 7' 20 =15 <10 -5 0 5 10 15 20
E -20 0 0 o o o o 0 0 0
E -15 0 0 0 0 0 0 0 0 0
2 -10 0 0 0 0 0 0 W 0 0
i -5 o 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 ) 0 90 o
2 5 0 0 0 0 0 ) 0 0 0
E 10 0 v 0 0 0 0 0 0 0
3 15 0 0 ) 0 0 0 o 0 0
: 20 0 ) ) ) 0 0 0 0 o
; YAWING WOMERT/q (£t3)
o (deg) 8, (deg)
20 -15 <110 -5 O 5 10 15 20
-20 . 38 32 25 12 3 211 -25 45 59
-15 3 26 20 10 2 -9 20 =32 -4
=10 28 22 16 T 1 -7 =16 -2k ~3k
-5 25 20 13 6 1 -6 -13 -20 <27
0 25 1) 12 6 0 -6 <12 -19 -25
5 27 z - 13 6 -1 -6 -13 =20 ~25
10 34 24 16 T -1 -7 16 =22 -28
15 NN 32 20 9 -2 210 20 =26 -3
20 59 k5 25 11 -3 -12 25 -32 -38

=3
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TABLE V. CH-4TB CHINOOK AERODYNAMIC DATA ALOKG BODY AXIS DIRECTIONS
LIFT/q(£42)
aL(deg) BL(deg)
-20 -15 ~10 -5 0 5 10 15 20
-20 -125 -128 -135 -133 -133 -13% -139 -138 -127
15 -60 -8 -90 -100 -100 -100 -100 -95 -85
-10 -3% -5 -~% -60 -60 -60 -5 -4 -33
-5 2 -2 -2 -31 -3 -29 -2 -10 0
0 3 19 7 -10 ~12 - 5 8 20 35
5 65 48 33 15 10 20 3k 51 68
10 100 81 5¢ Lo 30 45 60 85 101
15 150 129 95 70 70 80 95 115 135
20 185 160 126 100 85 10 130 159 185
DRAG/q (£t2)
-20 29.% 36.5 k0.3 k1.2 39.8 L0.9 k0.1 36.6 27.5
-15 35.5 39.7 43.k 42,9 1.3 42,3 42.5 LO.L 3u.k
-10 37.6 L41.5 L4.7 L4.6 k2.0 k3.8 k.0 k2.3 37.0
-5 38.3 L42.2 45.3 b45.3 k2.4 Lk.L kLB Uu3.1 38.0
0 37.8 41.9 k5.3 45.1 k2.0 M.k k5.0 143.0 37.0
5 35.3 40,2 43.7 U43.8 L40.7 k2.5 43.7 k1.W 35.4
10 31. 37.6 41.h 41.7 38.5 L0.T MWL.4 39.0 33.7
15 25.5 33.5 37.9 38.3 35.1 37.2 38.0 35.2 29.4
20 13.3 22.5 27.5 28.0 25.5 26.5 26.9 23.8 15.8
SIDE FORCE/q(f£t>)
~20 200 145 95 50 2 -48 -100 -150 207
-15 185 140 90 50 0 -5 90 -1%0 -185
-10 125 13;: gh ll:h 0 -k5 -8 134 -178
- 1 12 0 0 - -8 -130 -1
3 128 3B ¥ R 8 3 e’ 233 AR
5 150 115 T0 35 0 -35 -T5 -115 -150
10 155 110 65 30 -2 -34 -80 -107 145
15 ik 105 60 30 0 -30 -60 -125 -140
2c 135 96 58 26 9 -25 -60 -100 -135
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TABLE V - Concluded

T A CETTET)
TR S R TN

BI.( deg)

3 -20 -15 -10 -5 O© 5 10 15 20
3 b (aeg) ROLLING MOMENT/q(zt>)

-20 sk 52 k2. 3% -10 -3 -k -TT -85

-15 58 ks 35 27 0 -8 -3+ -0 -50
E -10 62 35 26 24 -5 -2 =32 -6k -95
E -5 62 32 2 22 o -5 =32 -2 -95
e 0 60 28 i6 2 -3 -6 -32 -60 -98
E 5 55 25 200 15 -7 -15 -35 ~58  -95
E : 10 50 21 12 22 -18 -22 -k 57 -91
= ; 15 15 8 0 -5 -25 =30 -50 -58 -85
;5 ; 20 -3 -2 -13 -271 -9 43 65 -59 -T2

PITCHING MOMENT/q(et>)

= -20 -1100 -1040 -1150 -1260 -1360 -1260 -1160 -1120 -1200
- -15 - 880 - 8ko - 860 - 950 -1000 - 950 -~ 900 - 880 - 880
E -10 - 650 - 580 - 600 - 600 - 760 -~ 680 - 54O - 660 - TS50
3 -5 - 380 - 320 - 300 - 35C - 420 - 360 - 330 - 380 - L80
3 0 - 130 - ko 20 0- 20 - 40 - 20 -100 - 2%
5 140 270 390 410 kko 340 310 170 %0

10 420 590 760 820 3&U 750 679 480 300

= 15 680 900 1020 1120 1200¢ 1200 1130 950 700
3 20 9k0 1290 154C 1600 21590 1520 1420 1210 830

YAWING MQMENT[g(f%?)

i

3 -20 -220 -0 -20 -60 -k0o 65 15 92 325
3 -15 - 85 Lo 30 0 -38 -65 -u5 10 200
-10 25 85 80 4 -33 -64 -9 -50 7

3 -5 125 135 120 T8 -25 62 -124 -100 -27
= 0 220 183 151 ks -15 58 -ik5 -1kl -1kO
2 5 305 225 165 95 15 -k5 -148 -170 -230
S 10 385 270 170 90 4 -15 -130 -200 -330:
£ 15 475 319 165 75 100 200 - 95 -225 -k29
20 565 350 155 0 15 78 -2k -250 -510

T
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TABLE VI. OV-1 MOHAWK AERODYNAMIC DATA ALONG WIND AXIS DIRECT.ONS

LIFT/q(£t°) ;

@ (deg) B, (deg)

-20 -15 -0 -5 0 5 10 15 20

-20 -250 -250 250 -250 -250 -250 -250 ~250 -250 F

-15 -320 -~320 -320 -320 -320 -320 -320 -320 -320

-10 -198 -198 -198 -198 -198 -198 -198 -198 -ig8 2

-5 -7 -1 -715 -7 -1 -75 =15 -75 -15 3

0 66 66 66 66 66 66 €6 66 66 H

5 165 165 165 165 165 165 165 165 165 3

10 27T 29T 29T 29T 29T 29T 29T 29T 297 3

15 44 L4 Lo  Lk0 Lk L0 Lk M0 kko

20 480 480 480 L8O 480 L8O 48O LBy  L8p

2 DRAG/q(£t?
2 -20 33 33 33 33 33 33 33 33 33
b -15 15 15 15 15 15 15 15 15 15
E -10 13 13 13 13 13 13 13 13 13 £
S -5 12 12 2 -R - ¥ 12 12 12 12 3
i 0 13 13 13 13 13 13 13 13 13 z
> 15 15 15 15 15 15 15 15 15 %
10 33 33 33 33 33 33 33 33 33 3
3 15 58 58 58 58 58 58 58 S8 58
= i 20 €7 67 61 6T 6T 61 67 67 67 3
SIDE FORCE/q(ft°)
-20 63 4 31 17 o0 17 -31 -k8 63 :
3 -15 T2 55 36 19 0 <19 -36 -55 -T2 ¢
= - -10 78 59 39 2 o -22 -39 -39 -78 :
-5 86 65 3 22 0 -22 -k3 65 -B6 3
L 0 92 69 6 23 0 -23 -6 69 -92 3
5 5 98 T4 Y 28 o -2k -9 -T4 98 :

: 10 98 Th b9 28 o -2% -4 T4 .38 z

3 15 92 69 ¥ 23 o -23 -k6 65 -92 3
20 86 65 43 22 0 -22 <43 -65 -86 g
: <

95 cd
) e

A
b
:
k
g
i
%
i
‘o
i
B
R
q
(]
13
i
i
I
i
i
3
%
i
!
y
i
y
(3
i
f
1
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h
i
g
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TABLE VI - Concluded

-20

15

ROLLING HOMENT[gLftB)

8 L(deg)

-20 =15 =10 -5 0 5 10 15 20
463 348 232 115 O -115 -232 -348 -L63
k12 354 236 118 o -118 -236 -354 -T2
41T 358 238 119 0O -119 -238 --358 477
482 362 241 120 O -120 -2k1 362 -LB2
482 362 241 120 o© -12¢ -2k -362 -k82
468 350 234 117 O -117 -234 -350 -L68
k32 324 216 108 0 -108 -216 -32k U432
384 288 192 9% 0 - 96 -192 -288 -38k4
362 262 181 90 0 - 90 -181 -262 -362

PITCHING MOMENT/q( £t3)

2LL 2Lk 24k 24k 2Ly 2uy 244 2kl 2Lk

332 332 332 332 332 332 332 332 332

192 192 192 192 192 192 192 192 192
62 62 €2 62 62 62 62 62 62

0 0 0 0 0 0 0 0 0
=15 =15 =15 =15 -15 =15 =715 =15 ~-T5

-22h  -224  -2h4  -2hh 244 —2hh 24k 2hk 24k

=h2h ek hah -h2h -h2h Sh2h -a2h L2k Sh2h

-500 -500 -5C0 -500 -500 =500 =500 --500 ~500

YAWING MOMENT/q(ft3)

-1336 -990 -663 -332 0 332 663 990 1330

-1330 -990 -663 -332 © 332 663 990 1330

-1330 -999 =663 -~332 0 332 663 990 1330

~1330 -990 -663 -322 0 332 663 990 1330

-1330 -990 -653 -322 0 332 663 990 1330

-1330 -990 -663 =322 0 332 663 930 1330

-1330 -990 -663 -322 0 332 663 990 1330

-1330 -990 -653 -322 0 332 663 930 1330

-1330 -990 ~663 =322 0 332 663 990 1330
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APPENDIX IV

PILOT CONTROL INPUTS FOR THE 3IMULATED MANEUVERS

Figures 22 through 30 illustrate the contrel inputs used by the pilots to
simulate the various maneuvers in the study. A typical set of input
examples is shown for each of the different types of meneuvers. The pilot
inputs for the symmetrical dive and pullout done during the moving-base
simulation were comsiderably different from the inputs for the same maneuver
during the fixed-bese gimulation. For this reason, these resulting maneu-
vers were not really the same; therefore, example sets of input are shown
for both the fixed-base and moving-base version of this maneuver.

Figures 22 through 30 are time histories of cyclic control stick, collective

control stick, and/or pedal position deviation away from the trim position

of these controls, as applied by the pilot. Eince these values are stick

rerdings, they do not show ary contribution due to control coupling or from
. ey automatic stabilization equipment. For each maneuver, only the pilot

control inputs vhich are considered important in describing the manner in
which %he maneuver was simulated are shown.
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Figure 22, Pilot Control Input for the Simulated Verticsl Tskeoff Maneuver.
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APPENDIX V

SLING AND HARDPOINT LOAD FACTOR DATA UTILIZATION TECHNIQUES

To establish useful design criteria for external suspension system compo-
nents with slung load type as a parameter, two assumptions must be magde.
First, it must be assumed that the helicopter can attain its design load
factor with an externally suspended load. Second, it must bte assumed that
the helicopter can attain its design load factor with every type of slung
load. Table I indicates that the maximum helicopter load factor attained
varied with external load type. Table I also indicates that the design
load factor of 2.5 for the CH-SLA was pever achieved during any of the
maneuvers. Therefore, a method for adjusting the load factor data is

3 . necessary in determining useful design oriteria.

R
X

TR

Within a given slung load type, the maximum load factor pulled at the heli-
, copter always occurred during the symmetrical dive and pullout. The ?iz

- max
data in Table I have been corrected for any unexact variation in value
which may have occurred as the main rotor approached stall during any of
the more severe maneuvers. Table I indicates that the maximum load factor ’ A
pulled at the helicopter over the entire field of slung load types was 2.0.
Therefore, it is assumed that the maximum capability of the helicopter used
in the simulation was 2.0.

VR i o
LAY, LA AL

oY

s g
LTS

™

The highest vaiues of NZ attained over all the cases simulated occurred
s max

' during runs 3 and 1G, where, in both cases, NZ is 2.0. Assuming that
b max

this wvalue is the load factor capability of the helicopter, NZ equal to 2.0

was attained only with the container slung by four points from the heli-
copter. But all the slung load types for each cg location must be adjusted
to this same helicopter capability. All the dynamic load factor data which
was collected for runs with pilot inputs which were not scaled down is used
3 in determining design criteria for a helicopter with a design load factor

LN it

‘ of 2.0.
ﬂ For all the cases which were run using scaled pilot inputs, the highest
' NZ ever attained was 1.U45 during run 3s. The scaled irput cases vere
max
k= conducted with the intention of gathering data to be used as design criteria
for a helicopter with a lower design load factor. Thus, aii scaled input

data in Table I is used for determining design criteria for & helicopter
3 with a design load factor of 1.h5.

The method used to adjust the load factor data for a helicopter capable of

S pulling a normal load factor of 2.0 with each of the slung loeds types
3 attached is as follows:
1. For a particular slung load type (and a particular cg location
E when appliceble), the ratio of 2.0 over the highest value of R,
max
106
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within the particular slung load type is determined. (The gust,
moving base, and scaled input cases are excluded. The data
adjustment methods for ‘these cases are explained subsequently.)

2. The hardpoint and sling member load factor data within the particu-
lar slung load type (and the particular cg location when applicable)
are then either multiplied by the ratio (2‘0/NZ ) determined in

max
step (1) if the data are from a roll reversai or symmetric dive
and pullout maneuver, or multiplied by this ratio raised to the
0.71k4 power if the data are from a vertical takeoff maneuver. The
resultant sling and hardpoint load factor data then represent the
values these various load factors would take if the helicopter
were capable of a normal load factor of 2.0 with the particular
slung load type and cg location.

The adjustment method described above can be explained as follows. The
vertical takeoff, symmetrical dive and pullout, and roll reversal maneuvers

all produce high load factors. A high normal load factor NZ at the heli-

copter can be expected to create high load factors at slings and hardpoints.

Let N_ represent any of the sling or hardpoint load factors. This strdy is
based on the relation

B, = (constant) (NZ) (156)

Therefore, the same helicopter - external load flown through the same type
of maneuver. where NZ varies between two cases a and b (because the maneuver

is flown more severely in one case than the other), the variation in Ns
is given by

Ns(case b) Nz(case b)

= (157)
Ns(case a) Nz(case a)

For a given helicopter, the variation of NZ during a verticel takeoff is not

the same as it would be during a symmetrical dive and pullout or roll re-
versal. For either the pullout or reversal maneuver, NZ is proportional to

control power, while for the vertica® takeoff, N, is proportional to thrust.

pA

The maneuver which produced the highest value of N within each set of

A
max
runs for a particular slung load type was the symmetricsl dive and pullout.
Within a particular slung inad type set of runs, assume that the full controi
power capability of the helicopter corresponds to the control power which was
utilized during the maneuver which yielded this highest value orf NZ For
max
two different pullout cases, the relation between N, and control power

would be
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Bz(case b) _ control power (case b) (158)

Hz(case a) control power (case a)

If eq (158) is applied to two specific cases of interest - the simulated

; case which produced the highest NZ for a particular slung load type,

E: max

= and the desired case which would represent the same type maneuver executed
3 severely enough for NZ to equal 2.0 - the control power needed to attain
2 max

the desired value of NZ = 2.0 can be obtained from the relation

iy

st

3 coptrol power (needed) = 2.0 . (159)
1 control pover (maximum simulated) NZ

7; max

It the helicopter now had this ircreased capability, then, fram eq (157) ,
p the N_ data taken from the actual simulation is adjusted according to the
‘ equa.tgon

2 N } o= 2. . _(si

3 s(adJusted, § 0 Ns(sumlated) (160)
z

4 Eq (160) applies to Hs data taken fron symmetric dive and pullout or roll
> reversal maneuvers.

3 The vertical takeoff data must be handled differently because N, is pro-

portional to thrust rather than controi power during this maneuver. For
most helicopters, irregardless of size, tne relation between thrust and
control power can be approximated by saying thrust is proportional to the
control power raised to the 0.71h power. For two different vertical take-
off cases the relations between NZ and control power can then be expressed
3 as

K, (case b) l.control power (case b)‘loﬂ‘v4

o (case a) Lcontrol power (case a)J

But the control power has been adjusted to allow an NZ capability of 0.2,
so substituting eq (159) into eq (161) yields

Ez(case b) 2.0 ]0.7114

Nz(case a) §,
max

I
LG

(162)

N
(RN

Substituting this relation into eq (157) thus indicates that the value of
Ns taken from vertical takeoff maneuvers should be adjusted by the relation

AT TPART o
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0.71k
N (adjusted) _ [_ﬁg_.g_] §,_ (simulated) (163)
Zma.x

The adjusted values of sling and hardpoint load factor data determined
from either eq (160) or eq (163) represent the values these quantities
would take if ihe helicopter were capable of a load facior of NZ = 2.0

with specific s'ung load type attached.

All of the data f-om runs using scaled inputs is adjusted in a similar
manner to represent sling and hardpoint load factor values attained for
the slung load attached to s helicopter with a capability of K, = 1.45.

This is the highest value of NZ ever attained during all of scaled

max
input runs. Therefore, the ratics by which N_ values are adjusted for these

cases are (l.hS/NZ ) and(l.hS/RZ )0.7114’ depending on the type of
‘max ‘max

maneuver, where NZ is the highest value this parameter takes within all

max
the scaled input runs for the particular slung load type (and cg location)

being investigated at the moment.
To determine data points for a helicopter capable of N, = 2.5 with an ex-
ternally suspended load, the data which were adjusted For N, = 2.0 are

exirapolated to the highest design load factor. The extrapolation is done
linearly by multiplying the Ns values which were adjusted for RZ = 2.5 by

either the ratio (2.5/2.0 or (2.5,'?..0),0'7lh depending on whether the data
being extrapolated are from a pullout or reversal maneuver or from a verti-

cal takeoff maneuver.

In addition to the sliag and hardpoint load factor data which have been
modified to represent data Tfrom a helicopter with an K, capability of 1.L5,
2.0, and 2.5, the data from Table II are used to specify the values these
load factor parameters assume during trim (NZ = 1.0).

Figures 31 through 40 show the various manipulated sling and hardpoint
load ractor data plotted at the appropriate helicopter design load factor
for which the dsata were adjusted or extrapolated. Only the largest ex-
trapolated value of any Ns parameter is shown on the plots at NZ = 2.5,

since only maximum values are of importance in determining design criteris.
Trim values of Ns are plotied at NZ = 1.0. The data were modified sepa-

rately for each siung load type and are grouped this way in the figures.
The data were also modified separately for each cg location within slung
load types (where applicable), but all of these varying cg location data
points have been placed on a single plot, identified only by the slung

load type.
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A key is given which defines the type cf maneuver represented by each datum
point which has been plotted. This key is applicable to every figure con-
tained ia this appendix.

Key to Symbols Describing Maneuvers in Figures 31 to 4k

Vertical takeoff
Symmetrical dive and pullout
Roll reversal

Pedal kick

Approaca to hover
Longitudinel stick stroke
Lateral stick sircke
Rolling pullout

QOQHqnod>

Symbols with single flags denote data from moving base runs.
Symbols with double flags denote data from runs with gusts.

The data obtained from runs vhich included gusts are used in & slightly
different manner. Since any gust contribution to Né values should be an
addition to tne contribution due tov the basic maneuver, the method used

to obtain the gust data is to find the change in each Ns value between the
gust run and the corresponding case without gusts. ThiS change in each

Ns value is then added to the N_ value from the run without gusts. The
resultant values of N are then"adjusted in the manner described previously
to obtain data for a gesign load factor of 2.0, and these data are then
extrapolated to a design load factor of 2.5. No gust data were calculated
for NZ = 1.45 because none of the gust runs were done with scaled pilot

inputs. Figures 41 and 42 contain the gust data points as well as the
corresponding points which do not include the gust effects. These nongust
points are taken from Figures 31 and 33, and are reproduced on the gust
data plots for easy comparison. Only the neutral cg data points are taken
from Figure 31 and appear on Figure 4l because only the neutral cg config-
uration of the container slung fram four points on the helicopter wss
simulated with gusts.

The method of utilizing the moving-base data is similar to the method pre-
viously described for the fixed-base runs. The ratios (2.0/N, ) and

0.71k . . max
(2.0/1‘"Z ) for adjusting the moving base data for a particular slung
max
load type is found by using the highest value of NZ from among all the

max

moving-base runs for that particular slung load type. Since the rolling
pullout is a high load factor producing maneuver, the data from this
maneuver are adjusted in the same manner as the roll reversal and symmetri-
cal dive and pullout data. The moving-base date from the maneuvers which
are not considered high load factor producing maneuvers (such as the
approach to hover) are not adjusted at all, and are plotted directly at
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NZ = 2.0. The extrapolation method to NZ = 2.5 is the same as outlined

earlier.

Figures 43 and 44 are plots of the moving-base data. Aiso in-
cluded in these figures for comparison are the corresponding data points

for the same slung load type cases from the fixed-base simulation. These
additional data points are taken from Figures 31 and 35, but only the
neutral cg points are shown on the moving-base plots. No date are shown
at NZ = 1,45 because the moving-base runs could not be resimulated with

scaled pilot inputs.
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APPERDIX VI

DETEPMINATION OF STATIC LOADS USED IN THE NONDIMENSIONALIZATION
OF If "7 FACTOR DATA

The manner for determiuing i1 ‘e values of the static loads T , '1’L and
VH used to ncadimeasioralize the sling and herdpoint load s S factor

S data is presented here fur tne sizgle-point anG four-point sling
configurations. For either configuration, these static forces are found by
equatins forcas and moments acting on the slung load to zero. Any body
axis system with the origin at the slung load cg may be selected which
satisfier the condition that the sling configuration bte symmetricel with

respect *. the ru-plane. Once selected, this axis system remains fixed
in the ¢ 37 lozd rt <11 times. The method Iliustrated is used for
solving sta: ¢ lowsas of ta indeterninant system which has four cubles
or four . .

SINGLE-POLi..' CONFIGI™ .. ..

Figure 45 il ustrates the parameters used in the solution. The subscripte
f and r refer to front and rear sling member 5, and the subscript b refers
to the bhook. ™o distances d and h are measured along the slung load body
axes directions .ud specify the location of hardpoints or hook (donut)
from the slung load cz. The angles O¢ and 6, are the true argles between
the sling members ana the body axis vertical direction. The projection
cf these angles in the xz-plane are referenced as 8, anu 8 . These
geometric quantities plus the slung load weight W “Xz shoul¥? all be
known quantities.

The summatio* of static forces in the z-~direclion yields the equation

) ]

Wl cos eh = vLSf + VLSr (161‘)
vhile equati.g moments about the slung load cg to zero yields the
equation

1 ' _ * \ ?

(vLsg) (ag) + (vLsr) () = (DLsf)(hf/ + (DLsr)(hr) (165)
where B

8y = arctan (dh)] (166)

w(hy)
T T
Drge = Vi, au O (167)
'Sf ‘sf xz e
DLsr = VI'sr tan 8.,

1 \]
Equations (164) to (168) are solved simultaneously for vLsf and Vy_ -

r
For any slung load geometry the foliowing sign convention should be
used when substituting values into éds {16k4) to (163}:
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*
vLsf’ vLsr are positive slong the negative z body direction

t

DLy, D], &re positive along the negative Xpogy direction
r

hh’ by, hy are positive for hook or hardpoint below the cg
dp, dp, &!. are positive for hook or hardpoirt forward of the «g

The primes in the preceding equations are used to specify that these values
are not ir themselves th= values of static drag or vertical force.

Once
vI‘sr and ng have been solved, the method fcr finding the value of VL

used for nozna'l izing the lcad factor data for the particular slung load
under investigation is outlined as follows:

(1) If the slinz has two fromt 12

g5, then
t
. = 0y
g, = (Vi )/2 (169}
If the sling has cne Xront leg, then
! {170)
vLBf = VI‘Sf
(2) It the sling has two rear legs, then
3 Vig_ = (Vz, )/2 (ar)
If the sling has cne rear leg, then
E v, =V (272)
3 Sr Sr

{3) 1r Vig, is grester than Vy_ , then Vi = Vi (173)

Ir VLsr is greater than VLsf, thea VLS

Vs, (174)

v
P RN 4T ‘

Th: value of V; from either equation (173) or (i7k4) has been used to
S
normalize the design criteria data in Figures (19) through (213.

The value of T s used to ncediwensionalize the design criterie data is
found from VLS eccording to the equationr

i TS Tars 2L
s e e b e A

E: 2
= X
1 TLg, = (VLsf)/ cos &, (275) *~
L = (VLsr)/cos 8, (176) 3
T = Tng (if TLsf>'1'Ls ) (177)
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TLS = TLsr (it TLS >1 ) (178)

The value of Vg, used for normelization of the data for the single point
configurations = is given by
=W (179)
Ve, = W)
The value of Tp_ used for ncrmalization of the data for single point
s
configurations = is given by

Only ahsolute values of both static and dynamic forces are considered in
this design criteria ctugy.

FQUR-FOINT CONFIGURATIOR

The calculation of Vi, for the four point sling configuration is similar
to the same single pognt calculation. Figure k5 may be referenced for
the four-point cslculation, with the exception that the sling members do
not all come to a commo point. Alsu, the angle 8, for the four-point
arrangement is zero for the configurations studied. The equations and
method specified for solving Vi for the single-point coafiguration may
then be used to solve for Vi for the four-point configuration.

Once VL is known, Tp_ for the four point arrangement may be sclved for
in the Same masner as TLS for the single-point arrargement. The
sling members vhich are referred to as legs for the single point
confisuration are equivalent to the cables in the four point configura-

tion.

VHS for the four point configuration is found by Zirst determining the

static values for vertical force at the front and rear helicopter hardpoints
according to the equations

cos Y, (1B1)

Vnsf = Tch
(182)

vHs,. = Tcsr cos Y.
In equations (181)and (182), vy, and Yr represent the true angles between
the sling members and the hehcopter body axis vertical direction.

Once Vns and Vns are found, then vHs is selecied according to the rela-

T
tions
= i >
Vi vnsf (if VHSr vHsr) (183)
Vg, = vnsr (it vﬁsr > Vﬁsf) (184)
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Examples of the Application of the Sling and Hardpoint Design Criteria
Examrle 1.
CH-47 Chinook ~ 1 Pt/b4 Leg slung from s helicopter with & Design Load
Factor of Nz = 2.5.
For N_ = 2.5 the following data is available from Figures (1k) to (21)
for +he helicopter type load:
LFTC max = 2.50
LFT, = L, 81
LI"V}I max = 2.50
LF'DH max = 0.33
LFSH max = 0.39
_ LFVL max = 3.89
: Ll"DL| max = 6.10
= LFSL max = 0.53
i The static forces are now celculated with tie following kuown loed and
E sling geometrics and properties (see Figure 46):
: £y = 12,990 1b
i 6 = 59.3 deg
0, = 59.1 deg
b Xz
. i er = hB.S deg
3 ' s} = L48.2 deg
E ! Txz
0 % df = 17.5 £
3 d = -12,0 ft
.),- § Ir
j { h, = 0.0k ft
5 hr = 0.3 ft
K d = 0 't
5 n
' hh = 10,k ft
186
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into egs (164} through (168) yields,

substituting these values

0 6, = V.' + V.
] (12990) cos N Loy Lo,
3 (V' ) (7.8 + (7' ) (<12.0) = (D, ) (0.04) + (D' ) (0.3)
S¢ Sy st Sy
e, = arctan (0)/(10.L)
3 D! = V.' tan (59.1°
; Te Lse
D! = V.' tan (48.2°
: ter e |
- solving similtaneously for V;' and V ' yields,
< Sp Lsp
3 A = 10
] e 53
' -
3 vLsr 7680

sirce the sling configuration has two forward legs and two rear legs,
eqs (169) and (iT71) are used to find

3 v = (5310)/2 = 2655 1b

ter

v = (7680)/2 = 3840 1v

-5

3 v V. , therefore

5 Lsy Lsg

= Vv = 3840 1b

= Lg 3

From eqs (175) and (176);

3 T =  2655/cos (59.3%) = 5160 1b
E: 82

T = 3840/cos (48.5°) = 5790 1b
- Lar

Therefore

- y T = 5790 1b

i L 579

t : For any single point configuration eqs (179) end (180) yield
. wo= W = 12990 1b

k 8

3 T, = W = 12990 Ib

: s

168

Qe St e AT -
e B Mg N T R G .
A e S e M S e T
TSy 5 e s — ~
T P
e R

T TG e e .

¥
/a

.‘
s gy b0

S




e — . b et . — . o - - .. - - s s e

Eqs (140) to (1k7) are now used to solve for the values

T, = (12990) (2.50) = 32,400 1v
max

vy = (12990) (2.50) = 32,400 1b
mex

Dy = (12990) (0.33) = 4,280 1b
max

Sg = (12990) (0.39) = 5,070 1b
max

vL = (38t0) (3.89) = 14,940 1b
max

DL = (3840) (6.10) = 23,400 1b ,
max

S, = :3840) (G.53) = 2,00 1b
max

T, = f5790) (L.81) = 27,800 1b
max

These are the maximum forces which can be developed dynamically for this
slung load type and sling arrangement when suspended from a helicopter
capsble of attaining a normal load factor of 2.5.

2 Ko BN Py IR oyt e g
3

Example 2.

Covtainer - 4 Pt/C Leg (fwd cg) slung from a helicopter with a Design
Load Faztor of Nz = 2.0. .

LR T

: For N_ = 2,0 the following data is available from Figures (1k) to (21)
for the Type II, L Pt load:

LR

LFT = 2.33

Cmax
LFV = 2.2

Hpax ?
LFD = 0.

B 75
LFSHM = 1.01
LFV. = 2,26

Imax
LFD, = 0.7T0

Lmax
LFS = l.21

Lyax

The slung load and slinging geomeiry is illustrated in Figure u7.
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Fronm the geometry, the following quantities are knowa:

i L = 15,000 1b
0p = 16.k deg
] g = 1L.5 deg
Xz '
H
er o= 16.4 deg
8 = 14.5 de
Tx, g
{ —
df = 8.0 ft
d = -12.0 f%
T
hf = 1.0 £t
h = 1.0 £t
T
eh = 0 deg (for the 4 Pt configuration)

Egs (16k4) to (168 then yieid

5 ] (15000) cos 6 = V' + V'

E h Lsp L,

& v.' (8) + v.' (<12) = p.' (1) + D' (1)

3 Lse Ls,. Ls, Lsy

3 Gh = 0

D1 = V' ten (14.5°)

Lsf Lg £

9 D’ = V' ten (1k.5°

" 1y ten (1.59)

” Solving these egs simultaneously for VL' and VL' yields

s¢ Sr

: v = 8960 35
- Ise 3
< \/ = 6040
= :
Since the sling coafiguration has twc forward legs ana two rear legs, —
= egs (169) and (3iT71) are used *o find i
A = (8960)/2 = LhBO
5 St
v = (600)/2 = 3020
Ls,
191
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vLsr, therefore
VL = L4480 1v
S
From eqs (175) and (176);
To =  L4B0/cos (16.3°) = L610
sp
T, =  3020/cos (16.2°) = 31ko
Sy
Therefore
TC = k610 1b
S

V., can be solvei from egs (181) to (18k4) accordingly:

B

S
v = (4610) cos (16.3°) = L8O
Hse
v = (31%0) eos (26.3°) = 3020
ESI‘
V. V., , therefore
BSf > HSr
VES = L4480 1

Eqs {140) to (147) are now used to solve for the values

Tcmax -

These are the maximum forces which can be
this slung Joad type and sling arrangement when suspended from a

(4610) (2.23)
(4480) (2.29)
(u480) (0.75)
(kk80) (1.01)
(L480) (2.26)
(4k80) (0.70)
(480) (1.21)

10,300 1b

I

19,250 1b

3,360 1>

I

4,530 1b

10,100 1b

3,140 1b

= 5,420 Ib

developed dynamically for

helicopter capsble of attaining a normal load factor of 2.0.
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