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DEPARTMENT OF THE ARMY 
U. 5. ARMY AVIATION MATERIEL LABORATORIES 

FORT EUSTIS. VIRGINIA   23604 

The basis for this design study was obtained from previous Investi- 
gations of problems associated with the mechanics of cargo handling 
by aerial-crane-type aircraft (USAAV1ABS Technical Report 66-63). 
This report Is one of three contract studies of the same problem 
with varying technical approaches. The conclusions drawn by this 
contractor are based on sound analytical techniques. They are partic- 
ularly appropriate to a single-rotor, aerial-crane-type configuration. 
In this context, this conmand concurs in general with these findings. 
The preliminary designs developed by the contractor are complete, 
accurate, and in sufficient detail to provide a basis for component 
development programs. 

Future work anticipated by this activity relative to this area 
includes an analysis of the three preliminary contract designs so 
as fco define an optimum system based on the best features of each. 
This may be followed by conponent development and test of critical 
items as appropriate and the detail design, fabrication, and test of 
an experimental system. 
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SUMMAHT 

This report presents the results of a two-phase feasibility and prelimi- 
nary design study of load suspension configurations capable of meeting the 
external cargo handling system requirements of a 40,000-pound-payload 
heavy lift helicopter. 

In Phase I, Design Analysis, both separate function configurations (those 
that Incorporate individual single-   and multi-point hoists) and combined 
function configurations (multi-point hoists used to perform both single- 

_ and multi-point missions) have been investigated for two external load 
' handling system   arrangements:    single-   plus two-point suspension and 

single-   plus four-point load suspensien. 

This phase was primarily concerned with the investigation of hoxsl types; 
the methods of power transmission (to the hoists); and the selection of 
mechanical, hydraulic, and electrical components,   A comparative evalua- 
tion of 13 syatem arrangements was made on the basis of weight, power, re- 
liability, in-flight safety, versatility, and productivity. 

The single-   plus two-point and single-   plus four-point systems deter- 
mined to meet the heavy lift requirement best were presented to USAAVLABS, 
and the latter system was recomnended for the Phase II, Preliminary Design. 

Upon receipt of approval, the preliminary design of a load suspension sy- 
stem incorporating a mechanically driven single-point hoist and four hy- 
draulically driven multi-point hoists was initiated.   This phase of the 
study included the preparation of preliminary (layouts) drawings, load and 
stress analysis of all major components, and a maintainability and relia- 
bility analysis, as well as the preparation of a component development 
plan. 

The single-   plus four-point system described herein weighs 4974 pounds for 
a capacity of 40,000 pounds.   The system has been designed such that the 
hoists of both systems are readily removable when missions requiring mini- 
mum empty weight are to be undertaken.    For single-point operation only 
(four-point hoists removed), the system weighs 273d pounds; for four-point 
missions (single-point hoist removed! th« ayatem   weighs 2704 pounds. 

Both single-   plus four^oint systems have potential for growth to $0,000 
pounds with a nHr^imim of modification.    This increased capacity can be 
realized for a total weight increase of 270 pounds   for both systems. 

A typical sequence of operations for both single-   and four-point systems 
is outlined in Appendix IV. 

ill 
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PORBWORD 

This report covers a two-phas« evaluation of external cargo handling sy- 
stems for a 40,000-pound-payload heavy lift helicopter.    This project was 
conducted during the lOnnonth period from July 1, 1966, through April 28, 
1967, for the U.S. Anqjr Aviation Materiel Laboratories (USAAVLABS) vnder 
Contract DA 44-177-AHC-467(T).   Pertinent data upon which portions of this 
study were based were provided by the following:   Bergen Wire Rope Company; 
The Lyconing Division of AVCO; Eastern Rotorcraft Corporation; Vickers 
Incorporated, Division of Sperry Rand Corporation; Taylor Devices, Incor- 
porated; and Holex, Incorporated. 

USAAVLABS technical direction was provided by Mr. J. Vichness, Chief, Air 
Cargo Systems Branch. 

The principal investigators for Sikorsky Aircraft were L, R. Burroughs, 
Assistant Supervisor, Mechanical Design and Development Section and H. E. 
Ralsten, Supervisor, Mechanical Accessories Group.    Also making signifi- 
cant contributions to this effort were A. Korzun, Design Engineer, J« Kish, 
Senior Design Analyst of the Mechanical Design Section, and R. Fidler, 
Design Analyst of the Hydraulics Section. 
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INTRODUCTION 

The primary purpose of the heavy lift helicopter ie that of an aerial 
hoist and transporter for heavy loads including ccnbat vehicles and other 
large, bulky items which cannot be lifted by ether helicopters.   There- 
fore, an initial consideration in the design of a 40,0C0-pound-payload 
heavy lift helicopter mat necessarily be concerned with its external lead 
handling winch and holet system« 

To provide good reliability and maintainability, adequate in-flight safety, 
and simple and accurate controls at a «rfrrf»«^ weight, the cargo handling 
system must be designed concurrent with the helicopter airframs, particu- 
larly in those areas of interface.   The basic airframs configurations used 
for this evaluation are those of the previous heavy lift transmission and 
rotor system studies conducted by Sikorsky Aircraft for USAAVLABS 
(References 3 and U),   The missions used for productivity analyses are 
also those of the previous studies. 



PHASE I 

DESIGN ANAUSIS 

DISCUSSION 

In this initial phase, both separate function configurations and combined 
function configurations will be invesv.igated for two basic external load 
handling system arrangements: single-point plus two-point load suspension 
and single^oint plus four-point load suspension. 

Separate function configurations are those systems that incorporate indi- 
vidual single-point and multi-point hoists. Combined functions are those 
where the multi-point hoists are used to perform both the single and 
multi-point missions. The hoist systems to be e \luated will include 
those aircraft related conponents necessary for control, load attachment, 
suspension, hoisting, and Isolation of the load from the aircraft» 

The systems will be evaluated on the basis of power requirements, system 
efficiency, weight, reliability, safety, maintainability, cost, and tech- 
nical confidence. At the coopletion of Phase I, Design Analysis, the 
single- plus two-point and single- plus four-point systems that best meet 
the cargo handling requirements of a /»0,000-pound heavy lift helicopter 
will be selected and one of these will be reconmsnded for preliminary 
design in Phase II. 



BASIC DATA 

DESIGN RüfiUIREHBNTS 

The heavy lift helicopter external load handling system evaluated herein 
has been designed to meet the requirements shown in Table I« 

TABLE I 
BASIC DESIGN DATA 

Single-  Two-Point  Four-Point 
 Point   (Per Hoist) (Per Hoist) 

Load (lb) 40,000 23,100 11,550 

Ultimate Load Factor 3.75 4.2 4.2 

Usable Cable Length (ft) 150/80 50 50 

Cable Angle - Static 
- Dynamic 

+ 30° 
±15° 

±300 
1:150 

±30° 
±15° 

Minimum Cable Speed (fpm) 60 30 30 

Minimum Service Interval (cycles) 1200 

Minimum Retirement Interval (cycles) 3600 

System Weight Goal (lb) 4000 

MISSION RB3UIREWENTS 

As an aid in evaluating the various external cargo handling system con- 
figurations covered herein, the following mission spectra were assumed 
for the 40,000-pound-payload heavy lift helicopter. It has also been 
assumed that there is an equal frequency of occurence of each mission. 

Transport Mission 

3 Min. Hover 
6000 Ft 
95° Day 2 Min. Hover 

Sea Level 
std Day 

■■-****MSihiii*&lÜ!jtfi 



Traneport Mlaslon 

12 tons (outbound) 
100 njn. 
110 knots (12-ton pay load) 
130 knots (no pay load) 
3 min. at takeoff (with 12-ton payload) 
2 min. at midpoint 
1058 ot initial fuel 
6,0fO ft, 950F (0GE), takeoff gross 
Sea level, standard atmosphere 

Fuel Allowance for Start, Warm-up, and Takeoff 
MIL-C-5011A 

Payload 
Radius 
Vcruise 
Vcruise 
Hovering Time 

Reserve Fuel 
Hovering Capability 
Mission Altitude 

Heavy Lift Hlssion 

20 

5 Min, Hover 
Sea Level 
Std Day 

% 

Tons at 95 Kn 

0 Tons at 130 Kn 
1 

10 Min. 
Hover 

Sea Level 
Std Day 

Payload 20 tons (outbound) 
Radius 20 n.ir.. 
Vcruise 95 knots (20-ton payload) 
Vcruise 130 knots (no payload) 
Hovering Time 5 min. at takeoff 

10 min. at destination with payload 
Reserve Fuel 105^ of initial fuel 
Hover Capability Sea level,  standard atmosphere 
Fuel Allowance for Start, Warm-up, and Takeoff 
MIL-C-5011A 

AIRCRAFT DESCRIPTION 

Figures 1 and 2, pages 5 and 7 describe the single- and tandem-rotor heavy 
lift helicopters, respectively, used as the aerial vehicles for the cargo 
handling configuration studies covered herein. 
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INVESTIGATION OF VBIICLES 

To aid in the evaluation of various external load handling systems, it Is 
necessary to survey the types of equipment to be carried. This Informa- 
tion is basic, since It defines the aircraft-load interaction, the place- 
ment of hoists on the aircraft, and the means of load acquisition. Since 
the type of equipment to be carried was not specifically described In the 
contract, it was necessary to conduct a survey of the vehicles presently 
In use by the U.S. Amy. A summary of the vehicles reviewed is contained 
In Appendix I. 

Of the 94 vehicles listed, only 37 (items 49 thru 86 of Appendix I) were 
In the 15,000- to 40,000-pound weight, class. Since vehicles below 15,000 
pounds in weight are well within capabilities of other aircraft in the 
U.S. Army Inventory (i.e., the CH-47A and CH-54A),they were not considered 
to have a major Influence on the cargo handling system design. Table II 
shows average, maximum, and minimum dimensions of vehicles in the 15,000- 
to 40,000-pound weight range. These envelope dimensions were used as cm 
aid in the placement of the multi-point hoists on the aircraft. 

TABLE II 
U.S. ARM? VEHICLES - LEICTH AND WIDTH DIMENSIONS, 

15.000- to 40.000-POUND CLASS 

 Minimum Average Maximum 

Length, Inches 169       265.5     600 

Width, Inches 92       106.5     145 

Vehicle Designation M-114        None     CH-47 

Item Number* 49 -      56 

Net Weight, Pounds 15,000 -     16,000 

♦Item number in öpendlx I 

A list of vehicles greater than 130 Inches In height is shown in Table III. 
Three vehicles (the CH-47, the M-129 STIÄ Van, and the M-292 Track Van) 
allow less that what Is considered to be a practical clearance for any 
form of ground type pickup. The unloaded ground clearance of both elngle- 
and tandem-rotor heavy lift helicopters is 156 Inches (Reference Figures 
1 and 2, pages 5 and 7)* Therefore, a clearance of less than 17 inches is 
considered Inadequate due to the landing gear oleo conpressicn during the 
hoisting of vehicles. This dictates hovering pickup for vehicles of this 
size« 

nil rifi.   i<imiWimirtllieiil>l>li   umi        n   m   i H 
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U.S. 
TABLE III 

ARM! VEHICLES WITH HEIGHTS OF 130 INCHES OR MORE, 
1.5,000- to IfliOOO-^OUND CUSS 

Itm 
NuBber« MUM Height 

50 M 323 STLR Van Equip. 134 

51 M 220 Truck Van 131 

54 M 109 Truck Van 130 

56 CH-47 Helicopter 222 

57 M 129 STLR Van 140 

62 M 292 Truck Van Equip. 139 

♦Item number in Appendix I 

It was iopossible, within the scope and time frame of this study, to com- 
plete investigation of the aerodynamic properties of all 37 vehicles in 
the single« , two- , and four-point hoist suspension modes.   Therefore, a 
repräsentative nunber of vehicles, as shown in Table IV» were selected as 
typ  uti and formed the basis for the hoist system configuration 
aim aircraft-lead interaction study. 

TABLE IV 
TTPICAL U.P-   ABMY VEHTnTJtR 

Item 
Nmber» Name 

Length 
(Inches) 

Width 
(inches) 

Height 
(inches) 

Weight 
(Fronds) 

38 155 M Howitser 190 74 64 12,700 

49 Personnel Carrier 169 92 80 15,276 

83 5-Ton Wrecker Med. 310 97 103 33,320 

86 Self-Propelled Mortar 221 129 109 43,200 

»Item number in Appendix I 

Part of the efficiency of the four-point system is derived from its 
ability to be hooked directly to fittings on many types of loads (see 
page 94).   For this reason, more data on the size, location, and struc- 
tural adequacy of pickup points on all of the 37 vehicles is needed to 
finalize the hoist locations. 
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While these data are not required if the two-point system is used (see 
page 91 ), it would be valuable if the eiee, location, and structural 
adequacy of the pickup points were known.   The use of slings that can be 
attached directly to fittings on the vehicle will be simpler and more 
efficient than the development of methods for attachment of a standard 
nylon web sling to the underside of all the 37 vehicles. 

11 



HOIST SYSTEM AND COMPONENTS DESIGN 

HOIST LOCATION AND TYPE 

Introduction 

The external cargo handling systems to be evaluated herein will incorporate 
provisions for lifting and carrying 40,000 pounds in both single- and 
multi-point modes. Systems that incorporate individual single- and multi- 
point hoists (separate function) and those that employ one system to per- 
form both modes of operation (combined function) will be studied for both 
single- and tandem-rotor aircraft. 

Hoist Location - Single-Rotor Aircraft 

The single-point hoist for the single-rotor aircraft of Figure 1 
is located directly under the main rotor at F.S. 550 to minimize the 
effect of load oscillations on aircraft stability. It is . seated in a 
well in the fuselage and will not extend below the alrfraiui Mhen the hook 
is in the full-up position. This will permit a can > or personnel pod to 
be carried by the multi-point hoists without removal of the single-point 
hoists« The main gearbox support structure can be utilized to provide the 
required hoist mounting with a minimum increase in weight. 

The two-point hoists are located on B.L. 0 at F.S. 406 and F.S. 694. The 
horizontal spacing of 286 Inches was based on the survey of military ve- 
hicles in the 15,000- to 40,000-pound weight class. It allows most of 
tho vehicles in this category to be lifted off the ground in the ground 
pickup mode. The hoists are located in wells in the fuselage so that they 
do not extend below the alrframe when the hooks are in the full-up posi- 
tion. This permits the pod to be pulled up and locked to the fuselage. 
This relatively high hoist location also reduces the effect of lateral 
load oscillations on aircraft controllability, since the cable reaction 
point is qulce close to the location of the center of gravity of the air- 
craft. Holit weli size requires the addition of approximately 40 pounds 
to the alrframe structure. The selection of these locations for the two- 
point hoists aay conflict with the alrframe designers desirable location 
for fuel cells. 

The four-point hoists are located on B.L. 70 and at F.S. 406 and F.S. 694. 
Horizontal and lateral spacing was selected to achieve compatibility dur- 
ing ground pickup with the widest variety of loads. The hoists are uni- 
versally mounted on a davit type structure with suitable aerodynamic fair- 
ing, and they do not extend below the fuselage. This permits a pod to be 
pulled up and locked to the fuselage. As in the two-point system, this 
relatively high hoist location also reduces the effect of lateral load 
oscillations on aircraft controllability, since the cable reaction point 
is quite close to the location of the center of gravity of the aircraft. 
The universal-type mounting permits the hoists to be pivoted in order to 
reach attachment points on outslzed vehicles without inducing heavy side 
loads on the hoist. Figure 3» page 13, shows the load attachment point 
space envelope and Its variation with distance between hoist and the 
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ground with tH hoist locations and cable angles selected. Page 22 con- 
tains an explanation of the cable angle requirement. 

HOIST LOCATION» 
TABLE V 

- SINGLE-ROTOR AIRCRAFT 

Single-Point 
Hoist 

Two-Point 
Hoist 

Four-Point 
Hoist 

Fuselage Station 550 406 & 694 406 k 694 

Buttock Line 11.25 right to 
11.25 left«* 0 70 

Waterllne: 
Longitudinal Cable Swing 
Lateral Cable Swing 

210 
175 

200 
200 

200 
200 

«Locations described refer to actual cable reaction point 

♦«With 150 feet of cable 

The actual cable reaction points given in Tables V and VI 
indicate a variation in the waterline location for lateral and longitu- 
dinal cable swing for the single-point hoist. This variation, as illus- 
trated in the sketch below, is due to the basic design of the hoist« 
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i 
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n 
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Holst Location - Tandem-Rotor Alrcr>ift 

In the tandem-rotor aircraft (Figure 2, page 7) the elngle-polnt hoist is 
located approximately midway between the rotors to minimize the effect of 
load oscillations on aircraft stability. It is Installed in a well in the 
fuselage and does not extend below the fuselage when the hook is in the 
full-up position. This allows pods to be carried by the multi-point 
hoists without removal of the single-point hoist. 

The two-point hoists are located on B.L, 0 at F.S. 413 and F.S. 701. The 
horizontal spacing of 288 inches was based on the survey of military ve- 
hicles in the 15,000- to 40,000-pound weight class. It allows most of the 
vehicles in this category to be lifted off the ground in the ground pick- 
up mode. 

The hoists are located in wells in the fuselage so that they do not extend 
below the alrframe when the hook is in the full-up position. This permits 
pods to be lifted up and locked to the fuselage. Since the hoists are 
located relatively high in the fuselage, the effect of lateral load oscil- 
lations on aircraft controllability is quite small. Hoist well size re- 
quires the addition of approximately 40 pounds to the alrframe structure. 
In addition, this could conflict with the most desirable fuel cell loca- 
tion. No attempt has been made to assess the importance of this conflict 
in this study. 

The four-point hoists are located on B.L. 70 at F.S. 413 and F.S. 701, 
since this ensures compatibility during ground pickup with most of the ve- 
hicles in the 15,000- to 40,000-pound weight categoiy. The hoists are 
universally mounted on a davit type structure with suitable aerodynamic 
fairings. Full-up position of the hooks penults pods to be pulled 19 and 
locked to the fuselage. As in the two-point system, this relatively high 
location reduces the effect of load oscillations on aircraft controlla- 
bility. The universal mounting permits the hoists to be pivoted to reach 
attachment points on outsieed vehicles without Inducing heavy side loads 
on the hoists. 

Sliutle^oint Hoist 

The conventional (one part, single reeved type) hoist offers the most ad- 
vantages for application in the single^oint location. Because it need not 
be mounted on a universal-type Joint, it can be driven mechanically. It 
can also fit into a well which has limited vertical space. The dnm axis 
is mounted at right angles to the longitudinal axis of the aircraft, and 
the level wind assembly is allowed to pivot about the drum axis. This per- 
mits large cable angles during tow operations without inducing high loads 
on the bellmouth. The simplest and most reliable version is the one that 
requires only one layer of cable wrapped on the drum. Multiple layering 
is possible but it requires the use of a mors complicated, less efficient, 
and less reliable type of feed screw to ensure even winding of the cable. 
Figure 4, page 15, shows the conventional, single-layer hoist similar to 
that used in the CH-54A. 
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TABUS VI 
HOIST LOCATIOM» - TAMDBI-ROTOR AIRCRATT 

Single-Point 
Holet 

TWo-Point 
Hoist 

Pour-Point 
Hoist 

Fuselage Stetion 557#» 03 * 701 413 & 701 

Buttock Line 0 0 0 

Waterline: 
Longitudinal Cable Swing 
Lateral Cable Swing 

165 
190 

200 
200 

200 
200 

«Locations described refer to actual cable reaction point 

**With one-half usable cable length extended 

For the single-rotor aircraft of this study» a maimm cable length of 100 
feet can be carried on a single-layer hoist without exceeding deeirable 
lateral cyclic stick aoveaent.   The limitation on cyclic stick ■ovoaent is 
based on that presently attained in the CH-54A, 

For the tandeaa-rotor aircraft of this study, the single-point hoist drw 
can be aounted with its axis located parallel to the aircraft longitudinal 
centerline.   With this arrangeasrt, the only limitations in cable length 
are those inposed by peraissible C.G. range and/or hoist well eise.   This 
installation, however, restricts the towing capability of the tandsB-rotor 
aircraft fron the single^oint hoist« 

Another type of hoist investigated in this study was the two-part, double- 
reeved type shown in Figure 5, pegs 19.   This type is used extensively in 
comercial practice.   The two-part, double-reeved hoist has twc« priaaxy 
disadvantages when coapared to the conventional (one-part, single-reeved) 
hoist.   A cable backlash suppressor will be required to keep the cable 
from Juaping off ti.o drums, both pulleys on the traveling block, and the 
upper pulley when a load is air dropped.   While a suppressor has already 
been developed for the conventional hoist, the suppressor required for the 
double-reeved type will be considerably aore eoeplex«   Cable cuttere for 
the double-reeved hoist have to be counted in four plaeee to ensure that a 
sheared cable will not jam 19 in one of the three pulleye.   This require- 
ment for four cable cutters reduces the inherent safety features of the 
single-point suspension. 
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The use of a conductor reel to provide a means of transadttiJOf electrical 
power to the hook adds appraadaately 50 pounds to the weight of the single- 
point hoist system.   In addition, the use of the reel also reduces the 
reliability of the system because of the added complexity and the rela- 
tively unprotected location of the conductor cable« 

Two-Point Hoists 

Both the conventional and the sero-monent hoists are applicable to the two- 
point requirement,   A zero-moment hoist is one which maintains the same 
line of action for the load for all lengths of cable extended and hence 
always has the same reaction point on the supporting structure. 

Since there is no requirement to have the two-point hoists pivot laterally 
in order to pick up outeised loads« the use of a »ero-maaent hoist is not 
mandatory.    Its greater vertical dimension, required to mount a load 
isolator most efficiently, requires the use of a deeper well in the fuselage. 

The conventional hoist, as described in the Single-Point Hoist section, 
fits in a shallower well in the fuselage and is equally adaptable to both 
mechanical and hydraulic power sources.   Therefore, since there is only a 
limited amount of vertical space available in the fuselage of either the 
single-   or tandem-rotor aircraft, a conventional hoist is the most advan- 
tageous. 

Due to variations in the siss of loads to be carried in the multi-point 
mode, it is necessary to increase the design load rating of the two««oint 
hoists to account for cable angle.   A cable angle (with the vertical) of 
30° has been selected to permit variations in longitudinal dimension of 
load.   The required hoist rating is then 

Rating   -      ffiiWg m. S3,100 pounds (l) 

Four-f oint Hoists 

The use of the zero-moment hoist is mandatory in the four-point system. 
Its ability to be pivoted to any position allows attachment to a wide 
variety of cargo slses and shapes.   A mechanical drive eystem for the sero» 
moment hoist will be extremely complicated, while hydraulic power offers 
automatic load equalising» and, by use of a feedback system (see Figure 13, 
page 48), permits synchronised operation. 

Sikorsky Aircraft experience has shown that a capstan type hoist offers 
weight advantages only when the long cable lengths are required, ae in 
rescue winch applications.   For hoists requiring only 50 feet of cable at 
low speed and relatively high load capability (such as ths H.L.H. multi- 
point application), the capstan principle offers no advantage«; in fact, 
there may be some penalties in weight and cable life. 
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A alngle drua design, universally mounted, offers lighter weight, greater 
cable life, and sooewhat luore reliability. In configurations that elim- 
inate ^he single-point hoi«*-, it is necessary to use three layers of cable 
in oraer to retain the ««rAj-UDjaent capability. As discussed in the Single- 
Point. Hoist section, multiple layering requires the use of a more compli- 
cated and somewhat less reliable type of feed screw than is needed in a 
single-layer design. Figure 6, page 23, shows a typical single-layer, zero- 
aaaent hoist« 

It should also be noted that it is necessary to increase the design load 
rating above the theoretically possible rating of 10,000 pounds, since it 
la not possible to lift the wide variety of loads required with this rating. 
If cable angles (with the vertical) of 30° are utilized to permit the 
necessary variation in load length and width, a hoist rating of 10,000/Cos 
30° ■ 11,550 pounds is required« Figure 3» page 13, shows the allowable 
load attachment point space envelope with the selected hoist locations ani 
the 30° cable angle requirenenb. 

HOIST DESIGN 

Discussion 

The initial consideration in the design of a hoist is the selection of a 
cable that meets the load and functional requirements (i.e., nonrotating 
construction with electrical conductors in the core) for this study« Once 
the cable diameter and the wire size to be used in the cable have been 
aelected, thp drum diameter can be calculated« Using standard comsrcial 
practice which requires cable drum diameter to be a minimum of 400 times 
the individual wire diameter, it is possible to determine minimum drum 
diameter requirements. Other considerations may dictate larger drum diam- 
eters, however. In the case of the single-point hoist, the determining 
factor la the requirement to carry as much cable as possible without exceed- 
ing desirable aircraft control limitations (see Single-Point Hoist section, 
page 17)* After the drum diameter has been established, the drum thickness 
Is determined by analysis. Once this Is completed, the gearing system can 
be established and the load brake can be Integrated Into the primary gear 
train. The auxiliary gear train la then designed Into the level wind arms 
to provide power for scrub rollers and level wind screw drives. For a 
single layer of cable, a simple ball screw and nut can be used, whereas In 
multiple layer hoists, a more complex double helix screw Is required. 

The accessory drive gearing can then be designed to provide drives for slip 
rings, cable length Indicator potentiometers, and limit switch actuators. 
Cable cutters, csble backlash clamps (or covers), guide rollers, and limit 
switches are next Integrated Into the final design. The support structure 
Is designed to conform to established mounting structures, and load cell? 
and Isolator units are designed Into the support structure. 
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Cable DeBlm 

Three cable sizes are needed to meet the requliements for the slugle-polnt, 
two-point, and four-point hoists. All cables are designed to cany seven 
electrical conductors in a central core and are of nonrotating construc- 
tion. Five conductors are used to operate the cargo hook; two are spare 
wires. AU are of an extra flexible 18 x 19 construction. A 1.39 diameter 
is required to meet the 150,000-pound minimum breaking strength require- 
ment of the single-point hoist« A 1.06 diameter cable meets the 97,000- 
pound requirement for the two-point hoist, and a 0.79 diameter cable meets 
the 48,500-pound requirement for the four-point hoist. 

Since the aircraft's angular accelerations in a maneuver are combined with 
the linear acceleration effects, the loads at all multi-point hoist attach- 
ment points are increased. This load magnification is due to the location 
of the hoist attachment points some distance from the aircraft's center 
of gravity. Therefore, an ultimate load factor of 4.2 is required for all 
multi-point hoists instead of the 3*75 value used for the single-point 
hoist. Further details on hoist cables are found in the Hoist Cables 
section, page 49* 

Cable Drum Design 

The basis for hoist drum analysis for both single and multiple layers of 
cable is given on the following pages. 

Single Laysr of Cable: 

25 



StrsaMB in the hoisting drum shell ar« the result of loads ioposed by: 

Sxternal pressure (Pe) from coiling of ropes wider tension 

Bending aoaent (M^) from rope tension 

Torsional noaient (Hj.) due to power transmission fraa the gear 
train to the rope 

These loads and stresses can be calculated fro« the following equations: 

2  P.. 

Pc   \ 

3L1 

(2) 

(3) 

A   is eqaal to 

f.   I 
"b ■ -v- 

4- 

30
<1-V o o 

(4) 

(5) 

(6) 

«here 3 
■■ 

Z   is equal to 

*t - -v- 

38 
i- (i- J2L.) 

do 

^ -   S 

(7) 

(ö) 

(9) 

For the hoist druas designed in this study, the length-to-diaaeter ratio 
is approxiaately equal to 1.   Therefore, for the purposes of finding the 
approxtaate aagnitude of the coopressive, bending, and torsional stresses, 
the following assunptions can be made: 

L      -    dÄ     -    d       -     D 

-- 
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Coabining equations (2),  (3)« and (4)* we obtain 

tc  -  —-—r (10) 

Combining equations (5), (6), and (7), we obtain 

Combining equations (7), (8), and (9X we obtain 

P D ö p 
ft " ihr —rr~T—iTM (12) 

By using the previously mentioned assunptions, it can be seen that the 
bending and torsional stresses are of the same order of magnitude* 

In order to coapare the magnitudes of the stresses further, the following 
assumptions can be made: 

£  -  .038    D  -  25   t  -  .95    pÄ  -  1 D C 

These assumptions are within average values used in this study* 

Substituting these values into equations (10) and (11)« we obtain 

fc &     Jfs. (13) c ^   .9U 

A, ^  ft Ä ii- (14) 

■ 

Therefore, the bending and torsional stresses in the hoisting dnm shells 
used in this study are in the order of magnitude of 70 times less than the 
compresslve stresses and may be neglected when assigning the drama. 

Material Trade-off Investigation 

The following materials have been tentatively selected for use In the 
drum: 
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TABUS VII 
PRIM MATERIAL MECHANICAL PROPERTIES 

Material 

rtu 
Ultlaate 
Tensile 
Streiy^h 

'=7 
Yield 
Strength 

DensitT 
(lb/in.*) 

7079-T6 AltiBdmm 72,000 65,000 .099 

AZ80A-T5 Magnesit» A2,000 25,000 .0652 

4340 Steel 180,000 179,000 .283 

The drua weight per inch is given by 

w - t  d0 (-f -DA»» (15) 

Since the design is based on conpressive stress only, equations (13) and 
(15) Mir be solved slaultaneouslj to give 

/^V (16) 

For a given hoist drua, d0, pc, and d^ will be constant.   Hence, the 
lightest drua will be the dna with the lowest value of pff/tc» 

The folloNing is a design relationship for cable load: 

Pc (nit)   -   1.304    Pc (7i«ld) (17) 

The wei^it of the drua Bust be investigated under ultimate and yield con- 
ditions. To acccoplish this, the following constants can be evaluated: 

ult - Ox 
/»P 

Itm P pc yW 
rtu 

(18) 

yield - C2 ^Pc yie^d 
F^ 
cy 

(19) 
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Th« values of /> , F^u, and P  for different materials may now be sub- 

stituted Into the preceding equations. The lightest dna based en nltiaate 
load conditions will be the drua with the lowest value of C,, The lightest 
drum based on yield load conditions will be the drum with the lowest value 
of Co» The design will then be based on the load conditions which produce 
the highest value of C^ or Co for a particular material. Substitution of 
the values of /» , f^,  and ?_ Into equations (19) and (19) for various 
materials is given belewt 

1. 7079-T6 Aluminum forging 

n      .   hZSkl Pc Jl^d     -   1.79 xlO"6   Pe yield 
1 Ptu C 

C2    -      P ?c   7i*lA -   1.52 x IGT6   Pc yield 
cy 

2. AZ8Q/L-T5   Magnesium forging 

C      .     1.30^ P Pc yl.eld   .   2.02 xlO"6   Pc yield 
tu 

■'2     *     —f C0    .      f>?l   y16^      -   2.60 x 10"6   Pc yield 
cy 

3.     4340 Steel foiling 

c      .   LM / Pc yi^i   -   2.05 xlO"6   Pe yield 
1 Ftu 

C2 
t ?<fjMA—      -   1.58 x lO*6   Pc yield 

cy 

Therefore« the 7079-*T6 aluminum forging, based on ultimate load conditions« 
will result in the lightest hoist drum design. The aluminum drum will be 
31 pet lighter than a magnesium dna (designed for yield conditions) and 
12 pet lighter than a steel drum (designed for ultimate conditions). 
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Note: The use of a maraging steel of Ftu • 250,000 pel will re- 
sult In a significant weight savings. This design will, how- 
erer, have a very low thickness to dianster ratio and may pre- 
sent machining problems because of distortion of the thin-walled 
drum. Maraging steels have also been known to present 
stress corrosion problems. In addition, the cost is approxi- 
mately six tines that of aluminum. Therefore, high strength 
steel was not used for the hoisting drum. However, it is 
worthy of further study as a possible means of weight saving 
along with the titanium alloys and glass. An evaluation of 
these materials will be conducted as part of Phase II if tin» 
permits. 

Drum Thickne e Analysis 

The equation .. r compressive stress may now be solved directly for thick- 
ness to diameter ratio using Ftu for 7079-T6 aluminum r 

1 - / 36.000 - Pe 
2 /   1AA,000 äo "  .  " f - ... ^"^ (20) 

Table VIII summarizes the drum thickness calculations for the single-point, 
two-point, and four-point hoists with a single layer of cable« 

TABLB VIII 
DRUM THICKNESS SUMMARY, 

SUKM CABia uim DBSIGIB» 
Single- 
Point 

Two- 
Point 

Four- 
Point 

Pc  - Cable load (ult), lb 150,000 97,000 48,500 

Pc  - Cable pitch, in. 1.5 1.1875 .875 

\ ' Mean drum dia., in. 38.99 29.69 22.19 

*. - External pressure (ult), psi 5290 5500 5190 

t/d0 - Calculated .0382 .0398 .0376 

do  - Effective drum CD, in. 37.806 28.905 21.568 

t Drum thickness, in. 1.U 1.15 .81 

W Weight of drum, lb per in. 16.40 10.03 5,22 

-»DruBi Material: 7079-T6 Aluminum Alloy 
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Multiple Layera of Cable 

Since the external pressure caused by coiling of the cable under constant 
tension Is the major factor in the design of drums considered in this 
study, It is important to determine this pressure accurately. When there 
is more than one layer of cable on the drum, the pressure increases, but 
not as a direct ratio of the number of layers. The  outer cables tend to 
compress the inner cables and drum, thereby relieving SOB» of the pressure 
originally caused by the inner cables. The general equation for the 
pressure on the drum is given by 

P  .  2K Pc 
pc «»m 

where 

K is a factor less than n^ 

(number of cable layers) 

For ^ » 1,  K - 1,  K can be calculated from 

(a) 

3 - n-t 

1 - 
2A   «L 

p   rd0+dc8iny(2j-2)J B^ m - ']■ 
K - 

j(K^l) + (nr*2) 
- 1 

2dc(ni - -1)K 
•in; 

i -J) R^o-: 

 (.1-Jr)      ■ ] 
+ dc sin y (2J - 4) J (22) 

where the last term is equal to 0 for n.< 3 (term with \     in 
denominator) 

The trial and error solutions to this equation for single and multipoint 
multiple layer hoist drums are presented in Table H. 
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TABLE IX 
DRUM THICKNESS SUMMARI, 

MULTIPLB CABLB lAYBt DBSIPN 

Pe - Cabl« load (ult), lb 150,000 

pc - Cabl« pitch, in. 1.5 

d^ . Dr*jm Man dia, in. 38.99 

d0 - Drum «ffectiv« 0D, in. 37.806 

K - Dnaa pressure constant 1.495 

Pe - External pressure, psi 7,670 

t/d0 - Calculated .0565 

t - Dm» thickness, in. 2.14 

W . Dna waight, lb per in. 23.976 

Single-      Single-       Two- Four- 
Point Point Point Point 
2 Layers    3 Layers     3 Layers     3 Layer« 

Hoist Gearing Configurations and Load Brake 

Three different gear arrangeasnts were considered.   Table X suamarUes the 
overall gear ratios required for the single-   , two-   , and four-point 
hoists using a high- and low- speed input drive. 

TABLE X 
HOIST GEAR RATIOS 

Single-Point TWo-Point Four-Point 

High-epeed input, rpa 6000 6500 7200 

Law-speed input, rpm 3000 2500 2750 

Output rpm 6.1 4.02 5.34 

Overall ratio (high) 983.6 1616.9 1348.3 

Overall ratio (lew) 491.8 621.9 515.0 

Min. stages of gearing (high HR) 5 5 5 

Min. stages of gearing (low RR) 4 4 4 
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As can be seen in Table X, four gear etagea are required for the low input 
drive speeda,while five gear stages are required for the high input drive 
speeds. These nunbers refer to conventional gear stages such as a »pur 
gear ard pinion or a conventional planetary arrangement (sun gear driving, 
ring gear fixed, cage driven). If a compound planetary is used, the num- 
ber of stages can be reduced by one or two because of the higher ratios 
obtained. 

In general, a spur mesh will be lighter for low torque and a planetary 
will be lighter for high torque applications because of the load splitting 
capabilities. All of the hoist designs use a Weston brake for controlling 
the load. This type of brake holds the load when the power source is shut 
off, locks as a unit when raising the load, and slips at the same speed 
as the driver when lowering the load. The Weston brake should be located 
in the gear train a minimum of one gear stage from the input drive. This 
is to aosure locking in the event of a mechanical failure at the drive 
source.which is usually the weak link. The bmall drag provided by the 
first stage will prevent load runaway by providing the torque necessary to 
lock the brake plates when lowering the load. Since the Weston brake ie a 
purely mechanical devira, the load can be maintained in the event of a 
tydraulic failure or a mechanical failure of the drive train which occurs 
before the brake input. 

The following discussion refers to a hoist utilizing low-speed inputs. 
For high-speed inputs, another planetary stage can be added. Figure 7 
shows a hoist arrangement utilizing three conventional planetaiy stages 
and a spur gear input stage. 

DRIVB WESTON BRAKE 

4th STAGS 
PLANBTART 

1st STACK 
SPUR GEAR HOIST 

2n4 STAGE 
PLANETARI 

3rd STAGE 
PLANBTART 

Figure 7. General Gear Arrangement - One 
Spur and Three Planetary. 
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In the arrangamnt shown in Figure 7, it is required that the motor be 
located off the eenterlins of the hoiet. This may cause interference 
problsM with the drum and motor mount. Figure 6 shows another gear con- 
figuration using two spur gear meshes am two conventional planetary stages. 
In this arrangement« the drive is located on the hoiet centerline, an* the 
two side plates can bs rigidly connected« 

WSSTON BRAKS 2nd STAGE SPUR 

DRI7B 

HOIST 

1st STAGS 
SPUR 

3rd STAGS 
PUNETARX 

4th STAGS 
PUNBTARI 

Figure 8. General Gear Arrangement - Two 
Spur and Two Planetary. 
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Figur« 9 1B « compound planet&ry driven hoist arrangownt. It can b« da- 
signed with reduction ratios of 3»! to 150tl. A design of this tjpe can 
replrce three conventional planetary stages at a 40 pet weight sarLogi. 
Its disadvantage is that its efficiency is sonewhat lower than that of 
three conventional planetaries. A 131:1 coapound planetaiy was designed 
with an efficiency of approxLmateJy 92 pet» while the efficiency of an 
equivalent system using three conventional planetaries was approodaately 
90 pc*. 

mim 
FIXED RURJ 

GEAR 

CAOK 
(NO LOAD) 

INPUT SUN 
QS&B 

PLANBTARr 
PINID1B 

HOIST 

Figure 9. General Gear Arrsage—nt 
Coapound Planetary* 
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Figur« 10 ihoifi a general gear arrangement for a compound planetary with 
a conventional planetary for the first stag«.   This arrangement is the 
lightest considered, but approximately 6 pet In efficiency is sacrificed« 

DRIVB 

WBSTONBHAKB 

HOIST 

let STAGS 
CONVSmOH/LL 
PUMBTABI 

2nd STAGS 
COMPOUM) 
PUNEIARX 

Figure 10.   General Gear Arrangement - 
Conventional and Compound Planetary. 
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SHBBUZ 

A cooplete aumary of all tha cargo holet types evaluated in this study la 
given In Tables XI and HI, pagea 37 and 3d. The weight given ineludea 
the weight of hooks and cables but omits the weight of the power sourcs« 
since both mechanical and hydraulic power sources were considered. 

The single-point hoist designated "S" was included since it offers a modi- 
fied seroH&oment capability and a significant weight savinga« It a die- 
advantages, as discussed on page 18, outweigh these advantages; hence, 
further study of this type le not considered neeesaazy. All hoists have 
been designed to permit removal from the aircraft without removal of the 
power source. Gear drives, hydraulic motors, and lines will remain with 
the aircraft. 

POWER SOURCBS 

Hydraulic 

Hydraulic motor drive for either the two- or four-point hoists is possible 
with existing hardware. However, the pump and motor required for the 
single-point hoist will require sons development. This development and 
modification is required to adapt to normal temperature environasntal 
operation, since these units are presently designed for the extreme tem- 
perature environments on the ZB-70. Tho motor will be a modification of a 
pump used in this aircraft. The development effort could be reduced if 
two smaller rotors, geared to a comoon input ahaft, were used in place of 
a large single motor drive. All hydraulic motor coatonatione offer vari- 
able speed control for the einglefolnt hoist. The puap required for con- 
figurations that use hydraulic power for the multi-point hoists only, while 
not a production unit, is of conventional design and hence ahould not re- 
quire any development effort. 

TABUS mi 
HIDRAULIC PUMP SUMMARY 

ADulication 
HP 

Outnut RPM 
Diep. 

(cu in./rev) 
Flow Weicht 

(Ibl 

Single and 
Multi-point 150 3500 5.873 68 55 

Multi-point 
only 100 4000 2.80 45 35 
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Both high- wvi low-speed hoist not ore were considered in the prellminaiy 
«jntea evaluation in order to determine which type would beet meet the re- 
quireMHite. Preliminaxr calculations indicated that the weight advantage 
offered by the high-speed motors was offset by the weight of the added 
transmission eystem drive gearing« Since weights are nearly equivalent, 
the low-speed motors were selected because they offered a greater relia- 
bility and longer life as compared to the high-speed designs. The motor 
selected for both traction sheaves and the conductor reel is a standard, 
off-the-shelf coaponent. 

TABUS XIV 
HYDRAULIC MOTOR SÜMMART 

Hoisi HP 
Outout RPM 

Dlsp. 
(cu in./rev) 

Plow 
(LIM) 

Weight 

A, AA, B, C, D, 
X 

1% 
1% 

3000 
6000 

5.25 
2.70 

68 
68 

44 
24 

H, J, N 70 4050 2.50 A5 22 

A, B, C, D, S 52* A400 1.80 34 19 

P, G, 
L, M, 

35 
35 

2500 
6500 

2.35 
0.95 

22.5 
22.5 

22 
11 

K, P, 17.5 
17.5 

2750 
7200 

0.95 
0.367 

11.1 
11.4 

10 
5 

Conductor Reel 
Traction Sheaves 1.0 1700 0.095 0.70 2.6 

«Two motors required per hoist 

Mechanical 

All mechanical drive systems for the single-rotor helicopter are driven by 
an auxiliary power plant and rotor powered accessory gearbox.    This permits 
ground operation without the rotors turning.    In flight, the accessoiy 
gearbox is shaft driven by the main gearbox.   An identical system is used 
to power auxiliary drives on the CH-53A,   Another version, in which the 
awdliaxy power plant drives the accessoiy gear train in the main gearbox 
during operation, is used on the CH-54A.   These concepts facilitate 
ground check-outs of all systems, since a pilot is not required to "run up* 
the aircraft.   In a tandem-rotor aircraft, similar design principles can be 
utilised to permit this type of operation. 

A duteh-reverser unit mounted on the gearbox is used to provide the oppo- 
site shaft rotation required for raising and lowering.   By actuating both 
clutches, the mechanical drive system can be disengaged from the accessoiy 
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gearbox when hoist operation is not required. An alternate type of power 
takeoff unit is described in Appendix II. It was not used in this phase 
of the study because it is not a fully developed unit. The concepts« how- 
ever, are now being used in similar units for constant speed drives in 
several operational aircraft. The mechanical variable speed drive offers 
variable speed drive for the mechanical system and is considered worthy 

a     of further study. 

The angle gearboxes and drive shafts utilized follow standard Sikorsky 
Aircraft design practice similar to that utilized in tail rotor drive 
system gearboxes and tail drive shafts. No developoent problems are antle- 

•      Ipated for these ualts. 

The individual hoist clutches required in the mechanical drive versions 
for the multi-point hoists follow standard automotive and marine practice. 
They are multiple disc types la whlob the actuation force is supplied by 
oil at 250 psi. This oil, provided by an accessory gearbox mounted pump, 
is also used to cool the clutch plates. 

Auxiliarr Power Plant (APP) 

All the external cargo handling systeous considered in this study will be 
powered either hydraulieally or mechanically from the aircraft accessory 
drive gearbox. This unit is driven fron the primary rotor drive train 
when the rotor system is operating and from an auxiliary power plant (AFP) 
on the ground to permit ground check-out and acquisition of loads when the 
rotor system is locked. 

A separate gas turbine as the sole source of power for the hoist eyott 
was considered and was rejected because it was heavier and less reliable. 
For an APP driven cargo system, an APP with a hot day output power ranging 
from 100 to 170 horsepower (reference Tables XVII and ZVIII, pages 67 and 
89) depending on the system configuration, is required. In addition, this 
system requires either continuous operation of the APP in flight or re- 
start for raising or lowering cargo at the acquisition or release site* 

Blectrical 

There are no electric motors of aircraft quality available in the 100- 
horsepower class required for the single-foint hoists nor in the 35-horse- 
power class required for the two-point hoists. A motor is available in 
the 17.5-horsepower class required for the four-point hoists. However, 
its weight of 17 »5 pounds, compared to 5 pounds for a similar high-speed 
hydraulic motor, plus the requirement for large electrical lines and con- 
siderably larger alternators, would require a considerable weight increase* 
Therefore, an electrical motor drive was not considered feasible for the 
external cargo handling system power source. 
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CLUTCH-raVERSER UNIT 

A clutch-reverser unit is aountad on the aircraft accessoiy drive gaarbox 
and tranandts power in either direction of rotation to the hoiete. It 
conaieta of twin revereing clutchea. By declutching both of the reversing 
clutches, the mechanical drive system can be disengaged from the power 
source when hoist operation is not required. Oil required to actuate the 
piston which claops up the plates in these clutches is supplied at 250 psi 
by a punp mounted on the accessory gearbox« By controlling the pressure 
rise to 250 psi,smooth, shock-free operation i$ obtained. This same oil 
supply (transsdssion oil) is also used as a coolant for the clutches when 
they are disengaged. The use of a clutching arrangement, which can be un- 
coupled from the power source, is possible because each hoist incorporates 
an automatic load holding brake. By providing smooth, shock-free accelera- 
tion of loads, the need for a variable speed drive can be eliminated. 

In the event that it becomes mandatory to provide variable speed operation 
of the slngle-?oint hoist, the clutch-reverser unit can be replaced by a 
toroid drive unit of the type deacribed in Appendix II. While units of 
the »5se required for this application have not been built, the design 
concept has been proven by use of smaller units for constant speed drives 
presently installed in the Navy A/»E. 

CONTHQL STSTBMS 

DiscuBsion 

The control system employed for both single and multi-point hoists is de- 
pendent upon the type of power source utilised for each system. For each 
of the two power sourcee considered in this study (mechanical and hydrau- 
lic), a separate control system approach must be devised. Basically, the 
mechanical drive concepts require mechanical clutching operations, while 
the hydraulic drives are flow controlled. In the multi-point systems, the 
mechanical drive concepts require electromechanical feedback, whilo the 
hydraulic drives employ both electromechanical and hydromechanlcal feed- 
back to provide load equalisation and/or synchronisation. All syetAme 
utilise electrical control of mechanical and/or hydraulic components in 
order to enable control functions to be accomplished by the pilot, the 
copilot, and a dismounted crew mombcr. 

Single-Boint Hoist Control Syetmt - Hydrsulic Power Source 

A single pump mounted on the accessory gearbox supplies the hoist motor. 
This pump is slso used to supply the four-point hoists in the -2 config- 
uration. The hydraulic system is s pressure demsnd type in which the rstc 
of flow is varied by controle external to the pump. This control ie 
achieved by a torque motor controlled aervo which varies pump displace- 
ment. The preesure developed is only thst required by system losdlng plus 
lima losses. This system wss chosen to eliminste heat generation inherent 
in systems using s pressure compenssted pump st snything less than full 
load. 
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Single-Point Holst Control System - Mechanical Power Sourca 

A power takeoff shaft is used to drive the hoist, A clutch-reveroer unit 
mounted on the accessory gearbox enables the hoist to raise or lower the 
load. It also permits disengagement of the power source at which tins the 
load brake in the hoist maintains the cable position. 

•      The clutch-reverser unit is similar to the types widely used in marine 
applications in small power boats. It utilizes oil-actuated, multiple- 
disc clutches. The oil is supplied at 250 pal by an accessory gearbox 
mounted pump. Appropriate solenoid operated valves direct the flow of oil 
to the proper clutch. 

Two-Point Hoist Control System - Hydraulic Power Source 

A single pump mounted on the accessory gearbox supplies the hoist motors« 
The hydraulic system is a pressure demand type in which the rate of flow 
is established by controls external to the pump and the pressure is deter- 
mined by the line losses and the load. It is a closed system with a puap 
supercharge of 50-100 pel. Fluid from the pump is delivered to the appro- 
priate subsystem and is then returned directly to the pump inlet. A sepa- 
rate replenishment pump system supplies fluid to replace that lost from 
the closed hoist system due to pump and motor leakage and bypass cooling 
flow. It also provides pressure for pump control. 

t 

A feedback control system is used to provide synchronized lifting.    This 
system is described schematically in Figure 11, page UU,   The division of 
flow between the forward and aft hoists is established by servo controlled 
flow dividers.    The signal to the flow dividers is derived from a conpari- 
son of the signals from rotary potentiometers mounted on each hoist. 
Operation of a single hoist is accomplished by supplying a bias signal to 
the flow dividers to block flow to one of the hoists.   Clutches are pro- 
vided to disengage the potentiometers from the hoists during beeping and 
are reengaged for collective operation.   This enables the cables to be ad- 
Justed for arty extremes in cargo shape and then permits the established 
cable lengths to be maintained during collective operation.   This qyptea 
eliminates errors due to differences in motor efficiency and initial set- 
tings of the divider valves.   The maxlmua error is estimated to be in the 
order of 3-7/8 inches in 50 feet. 

. It will be possible to deenergize the feedback system during the initial 
stages of hoisting, thus pemitting the basic system, which is Inherently 
load equalizing, to equalize loads on the cables automatically.   This 
method of hoisting is feasible only if the lifting points are located sya- 
metrically about the center of gravity (C.G.) of the load.   If the C.O. is 

« not symmetrically located, the vehicle could assume an unsafe attitude« 
Consider, for example, a vehicle with its C«G. located at a point 40 pet 
of distance between the pickup points to be lifted with 30 feet of cable 
extended.   The vehicle would then assume a nose-down attitude of 43° when 
the cable lengths were adjusted to maintain equal cable loads«   Figure 12, 
page 46, shows resultant load attitude, with varying O.G. locations, re- 
sulting from the use of an automatic cable load equalizing feature«   There- 
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fore. In the lifting operation of the above example it is desirable co keep 
the feedback system energized to maintain a level attitude of the load. 

TWo-Point Hoist Control System - Mechanical Power Source 
■ 

Power takeoff shafts are used to drive the hoists. A clutch-reverser unit 
mounted on the accessory gearbox enables the hoist to raise or lower the 
load. A separate clutch is used to disengage the single-point hoist, and 
clutches are used to disengage either the forward or aft hoists as re- 
quired. 

Synchronized operation is attained by engaging both foxvard and aft 
clutches and then engaging the clutch-reverser unit. This operation is 
automatically sequenced so that only one control motion will be required. 

Equal cable loading is attained by disengaging the clutch driving the 
heavily loaded hoist and allowing its load brake to maintain the load 
while operating the lightly loaded hoist until equal cable loads are 
attained. Load indicators will make it possible to determine when equal 
loading is obtained. A more elaborate feedback system, utilizing the out- 
put of the load cells, could be devised to accoraplish automatic load 
equalizing. Development of such a system is feasible but probably not 
warranted, since, by operating the hoists individually and using the load 
indicators to equalize cable loads, the same result can be obtained with 
considerably less complication. 

Four-Point Hoist Control System - Hydraulic Power Source 

In one of the separate function systems investigated, incorporating single- 
and four-point hoists, a single punp mounted on an accessory gearbox 
supplies the hydraulic power to both. The systems will be isolated from 
each other and from the pump by electrically operated shutoff valves* 
For the hydraulically powered combined function systems, a 68 gpm, 3500 pel 
pump is the source of power. Two of the separate function systems that 
utilize mechanical drives to the single-point hoist require a 45 gpm, 3500 
pal pump as a power source for the hydraulically driven multi-point system. 

The hydraulic system is a pressure demand type in which the rate of flow 
is established by controls external to the pump and the pressure is deter- 
mined by the line losses and the load. It is a closed system with a pvuqp 
supercharge of 50-100 psi. Fluid from the pump is delivered to the appro- 
priate subsystem and then returned directly to the punp inlet. A --parate 
replenishment pump supplies fluid to replace that lost from the closed 
system due to pump and motor leakage and bypass cooling flow and also pro- 
vides pressure for pump control. A feedback control system is used to pro- 
vide synchronized lifting. This system is described schematically in 
Figure 13. The division of flow between forward and aft hoists and between 
port and starboard hoists is established by servo controlled flow dividers. 
The signal from the flow dividers is derived from a comparison of the 
signals from the  rotary potentiometers mounted on each hoist. Two poten- 
tiometers are mounted on each of the starboard hoists, and only one will be 
mounted on each of the port hoists. The first potentiometer on the star- 
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Since this system is awkward to use effectively, it would be desirable to 
incorporate a feedback «ystem to give load equalization autooatically. 
Such a system utilizes the output of the load calls to supply a control 
signal to the proper clutches. This signal permits clutch slippage until 
equalized loading is attained. A temperaturs sensor in the separate 

«      clutch units would provide protection against overheating by locking up the 
clutch to prevent excessive heat buildup. 

board hoists controls the division of flow between the two forward and the 
two aft hoists. The second potentiometer on the port and starboard hoists 
controls the distribution of flow between the two port and the two star- 
board hoists. Operation of the hoists individually (beeping) is accom- 
plished by supplying a bias signal to the two relevant flow dividers« 
blocking flow to three of the hoists. 

i 
•      Clutches disengage the feedback potentiometers from the hoists during 

beeping operation and reengage for collective operation. This enables the 
cables to be adjusted for any extremes in cargo shape and then permits the 
established cable lengths to be maintained during collective operation. 
This system eliminates errors due to differences in motor efficiency and 
initial settings of the divider valves. The maximum error is estimated 
to be in the order of 7-3A inches in 50 feet  (see Error Analysis, page 
U8). 

;| 
By deenergizing the feedback system during the initial stages of hoisting« 
the cable loads are automatically equalized, since the basic system is in- 
herently load equalizing. Figure 12, page 46, shows the resultant load 
attitude with varying C.G. locations if an automatic load equalizing 
system is used. 

Four-Point Hoist Control System - Mechanical Power Source I 
A clutch-reverser unit mounted on the accessory gearbox provides power to 
both the single- and four-point hoists. Clutches mounted on angle gear- 
boxes adjacent to each of the hoists permit individual operation as re- 
quired. A separate clutch is used to disengage the single-point hoist 
during operation in the four-point mode. 

Synchronized operation is attained by engaging the four-point hoist 
clutches and then engaging the clutch-re verser unit. This operation is 
automatically sequenced so that only one control motion will be required* 

i 
Equal cable loading is attained by disengaging the clutch driving the 
heavily loaded hoist and allowing its load brake to maintain the load 
while operating the lightly loaded hoists until equal cable loading is 
attained. Load indicators will make it possible to determine when equal 
loading is obtained. 

' 
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wires in each strand rather than by increasing the number of strands.   The 
18 x 19 construction cable uses a wire diameter of 0.060 inch compared to a 
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ISOLATORS 

Isolators are required on all hoists to eliminate the vertical bounce 
phenomena (see page 107 for a discussion of vertical bounce). 

The isolators are of the hydraulic cylinder type similar to that used on 
the CH-54A main cargo hoist.    This type of isolator incorporates an , 
isolator, a load cell, shock struts, and a charging cylinder in one unit. 
The shock struts serve to retard the return stroke of the isolator when 
loads are air dropped.    The charging cylinder which is pressurized by the 
aircraft utility hydraulic system compensates for temperature induced 

# pressure changes in the isolator and makes up for any leakage that may 
occur. 

When applied to cargo hoists of conventional design, the isolator reacts 
the cable load through a linkage.    On zero-moment hoists, it is mounted 
directly in line with the cable so that no linkages are required. 

HOIST CABLES 

Background 

The main cargo hoist used on the CH-54A has one of the largest capacities 
in existence»    It is capable of raising and lowering a 15,000-pound load 
at U5 feet per minute and has a static lift rating of 20,000 pounds.   A 
7/8 diameter (.923 actual) nonrotating cable uf 18 x 7 construction with 
individual wires .058 inch in diameter is used to support the load.    The 
core of the cable contains seven electrical conductors wrapped in a re- 
silient Teflon jacket.   The electrical conductors are used to operate the 
hook indicator lights and to power a solenoid which opens the hook.   The 
cable has a minimum breaking strength of 56,000 pounds.    The cable is 
wrapped on a drum whose basic pitch diameter is 24.5 inches, which gives 
a drum to cable wire diameter ratio of 422 to 1.    The drum is magnesium 
to tihioh a 0.25-inch-thick polyurethane rubber Jacket is molded.   The 
rubber Jacket serves to reduce chafing, thus prolonging both drum and 
cable life.    Experience with this hoist in the Southeast Asian theatre of 
operations for U months has not resulted in a single cable fatigue 
failure. 

Single-Point Hoist Cable Design 

To meet the 40,000-pound single-point hoist capability of the H.L.H., it 
will be necessary to use a cable diameter of 1.39 inches.   An 16 x 19 con- 
struction is used to obtain a flexibility greater than that of the 18 x 7 

* construction used on the CH-54A. 

Normal nonrotating cable construction requires the use of 18 strands of 
wire with either 7, 19, or 37 wires in each strand.   Therefor«, cable 
flexibility is increased by using a larger number of smaller diameter 

. 
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wire diameter of 0.058 inch in the 18 x 7 cable, using commercial prac- 
tice (for cables without conductors in the core) which requires a cable \ 
drum diameter 400 times the individual wire diameter, it would be possible 
to use a cable drum diameter of 2U incheu. Use of 18 x 7 construction 
cable with 7 wires of .065 diameter per strand would, by the 400 to 1 rule, 
require a minimum cable drum diameter of 34 inches. 

While the drum diameter selected is greater than the 24 inch minimum allow-      » 
able, the extra flexible construction has been retained, since it increases 
the fatigue life of the cable. The determining factor in selection of the 
drum diameter is the requirement to carry as much cable as possible with- 
out exceeding desirable aircraft control limitations (see Single-Point 
Hoist section, page 17) rather than the minimum ratio of cable drum to * 
wire diameter (the 400 to 1 rule). 

Multi-Point Hoist Cable Design 

For the 23,100-pound-capacity two-point hoists, a 1.06 diameter cable is 
required, and a 0.79 diameter cable is required for the 11,550-pound-capac- 
Ity four-point hoists. All cables are stainless steel and are of 18 x 19 
nonrotating construction. Wire size for 1.06 diameter cable is .047 and 
is .035 for the .79 diameter cable. The use of nonrotating construction 
in all of the multi-point hoists is desirable,since it will permit than to 
carry separate cargo on individual hoists. The four hoists, for example, 
could be rigged to cany separate fuel bags, or sling loads of ammunition, 
to individual sites. AU cables will contain seven electrical conductors 
suitably protected by a resilient Teflon Jacket in the central core. This 
construction provides the nwxliman protection for the conductors from both 
the elements and from damage due to rough handling. 

No development problems are expected in the fabrication of any of the 
three cables described above. 

The one major development problem to be solved is that of providing a cock- 
pit controlled mechanical release of the load that can be integrated with 
the load suspension cables. Several proposed solutions to this problem 
and an alternate method of providing the needed redundancy in release 
methods are described in the PROBLEM AREAS AND PROPOSED SOLUTIONS section, 
pags 113. 

CARGO HOOKS 

Background 

Cargo hooks used by helicopters for support of external loads have under- 
gone extensive development since the original manually released hooks were 
first introduced. Capacities have increased from 2000 pounds to the 
20,000 pound capacity hook presently used in both the CH-53A and the CH-54A, 
Electrical release modes have been added and the automatic touchdown re- 
lease has been developed. Indicator lights for load beam attitude also 
have been added. 
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Figur« 14.    CH-MA Hook - Swlml k»»mMj, 
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Table XV shows the weight trend of cargo hooks presently In use.    It should 
be noted that the hooks rated at 20,000 vary In weight by 27.2 pounds, with 
the hoist mounted hook being heavier.   This Increase in weight Is due 
solely to the requirement for a swivel-slip ring assembly and not for 
other reasons such as cable straightening requirements. 

Heayy Lift Helicopter Cargo Hook Design 

To meet the cargo hooks requirements for hoists of this study, the basic 
data shown in Table XVI, page 53, were generated and design proposals were 
solicited from several manufacturers of airborne cargo hooks. 

TABLE XV 
HELICOPTER CARGO HOOKS 

Aircraft 
Tjrpe of 

Suspension 

Normal 
Operating 
Load (lb) 

Ultimate 
Load (lb) 

Weight 
(lb) Comnents 

H-34 Sling 5,000 25,000 10.7 

H-37 Sling 10,000 50,000 27 Requires manual 
relatch 

CH-3C Sling 10,000 50,000 24 

CH-53A Pipe 20,000 90,000 40 

CH-5AA Hoist 20,000 90,000 67.2 Requires swivel- 
slip ring assy 

Proposals received from hook manufacturers indicate that all these require- 
ments can be met with no major advances being required in the state of the 
art.   The weight of the 40,000-pound-capacity hook swivel assembly will be 
192 pounds, that of the 23,100-pound unit will be 87 pounds, and the 11,550- 
pound unit will be 59 pounds.   All units will be similar in design to the 
assembly presently in use on the CH-54A, shown in Figure 14, page 51.    It 
is the opinion of one hook manufacturer that the weight of the 40,000- 
pound-capacity unit can be significantly reduced by a change in the rela- 
tionship of the structural parts.    Such a change will be actively pursued 
in Phase II of this study. 

Field experience with the CH-54A has borne out the fact that the swivel- 
slip ring aocembly is the most sensitive part of the total hook assenbly to 
environmental conditions.   Such assemblies must be designed to provide the 
utmost protection from the elements.    In addition, they must be rugged 
enough to withstand repeated abuse.   Environmental testing is mandatory to 
ensure that the required protection has been provided.   A refinement, 
currently being studied under a separate contract, is the incorporation of 
an AN 4064 type dehydrator for both the hook and swivel-slip ring assemblies. 
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TABLE XVI 
BAÖIC DATA - CARGO HOOKS 

GENERAL DESIGN RB3UIRa<ENTS 

1. Open throat design of hook 

2. Automatic relatch of load beam 

3. No safety lock 

4. Both manual and electrical release modes required 

5. Swivel-slip ring assembly required to allow hook rotation* 

6. Slip ring to have 7 circuits 

7» Design life:    5000 full load releases 

8» Indicator signals for hook open and hook closed 

9.   Environment:    -650F to 130°^ sand and dust, fungus, 
water immersion 

10«   Hook detachable from swivel;    swivel detachable fron 
cable 

11,   Hook supported by a single cable with hollow core for 
electrical and/or mechanical conductors. 

Capacity 
A B JL 

Cable Size 1.39 1.06 0.79 

Max. Operating 
Load 

40,000 23,100 11,550 

Limit Load 100,000 64,700 32,350 

Ultimate Load 150,000 97,000 48,500 

*Swivel assembly, combined with nonrotating cable construction, 
permits individual loads to be carried on multi-point hoist 
systems (see page 50). 

53 

u,fX^^^:TWj|||WMa^ij^.|^ 



This will provide field-level personnel with a method to check for mois- 
ture contamination without dlsassenbly. 

MTfinp.AMHOUS COMPONBNTS 

Clutch Design 

All hoist distribution clutches are of the multiple-disc, wet-plate type. 
They will be either hydraulically or electrically actuated.   They are 
spring loaded to the disengaged position.    The clutches are mounted on 
the angle gearboxes and are easily removable. 

Traction Sheaves 

All traction sheaves will be hydraulically powered and universally mounted. 
The power required to drive the sheaves was established by assuming a mini- 
nvn cable sag of 1 inch in 19 inches of span and a requirement that the 
sheave operate at a speed 5 pet above that of the hoist during the lowering 
mode of operation.   Driving friction of the cable in the sheave is assured 
by the use of adjustable pressure rollers.   A slip clutch is used in series 
with the motor.    The clutch will be imnersed in oil to permit proper cool- 
ing during operation. 

The sheave will be removable; both the cable cutters and the bellmouth will 
be slotted to permit installation and removal of the cable.   Tandem-dual 
cable cutters are mounted on the bellmouth.   The use of pressure rollers 
and a cover for the sheave provides an effective backlash suppressor in 
the event that the cables must be sheared.   A typical design is shown in 
Figure 15, page 55. 

Cable Cuttere 

All cable cutters are of the tandem-dual type presently installed on the 
four-point hoists being developed for use on the CH-5AA. 

IWo cable cutters of the electrically ignited, explosively propelled knife 
type are mounted in tandem on both hoist and traction sheave bellmouths. 
Sach cutter's explosive charge can be fired by either of the two bridge- 
wire circuits.    Separate routing of the wiring for each of the circuits 
provides additional redundancy.   AU firing circuits are actuated simul- 
taneously.    Attachment of the cable cutters to the bellmouth will permit 
easy tear-out in the event that the lower cutter should trap the cable in 
the housing instead of shearing it. 

All hoists incorporate the tandem-dual cable cutter concept to meet emer- 
gency release requirements.    Since the circuitry required to fire the 
cable cutters bypasses the hoist and hook slip ring assemblies as well as 
the load suspension cable, this concept meets all requirements for a re- 
dundant release system.   All wiring to the cutters will be Installed with 
adequate slack to allow free hoist movement and will be armored to pro- 
tect from accidental, damage. 
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Figure 15.    Traction Sheave. 

55 A 

SUP CLUTCH 

TAPER PIN 

-■'  — •---iTiniwiT miimi mmam >,<:   ■ '^ ■■^■-■■«■-i 



HYDRAULIC MOTOR INPUT 

PRESSURE  ROLLER 

-UP LIMIT SWITCH 

CABLE RELEASE PIN 
(BELLMOUTH) 

B. 

REMOVABLE SHEAVE 

LL.J l I i h I I I i I i I 
Ol    234567 9   0 

SCALE 



MOUNTING   FITTING 

HYDRAULIC 
MOTOR INPUT 

SLIP CLUTCH 

SLIP RING 
ASSEMBLY 

Figure 16.     Conductor Reel. 
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The "all-fire1* current will not exceed 16 amperes per hoist. Thus the 
emergency release system can be operated on battery power only in the 
event of the failure of both aircraft generators. 

Conductor Reels 

A conductor reel is required in several of the combined function config- 
urations investigated to provide a method of supplying electrical power 
to the 40,000-pound-capacity cargo hook. In addition, the conductor reel 
is used to stow the hook out of the way when it is not in use» 

The basic design will consist of a hydraulically powered hoist capable of 
storing 150 feet of electrical conduit. The conduit will have 7 electri- 
cal conductors in the core and will be suitably protected by a braided 
wire jacket. A slip ring assembly will transmit electrical power from the 
aircraft system to the electrical conduit. The use of a flat coil spring 
to provide power for reeling in was not considered feasible because of the 
150 foot length of cable required. A l.O-horsepower hydraulic motor driv- 
ing through a slip clutch will permit the hook to be lowered without slack. 

The motor, which will be synchronized to operate with the hoists, will also 
operate at a speed such that no slack will be permitted in the cable during 
lifting. The slip clutch will prevent the electrical conduit from lifting 
more than the hook weight alone and will permit the hook to be lifted into 
a storage well when not in use. 

The conduit will be attached by means of its steel braided outer Jacket to 
the swivel assembly of the hook with a suitable electrical connector to 
provide electrical power. 

While such a unit is not commercially available at the present time, de- 
sign and fabrication will present no major technical problems. Its weight 
should not exceed 50 pounds. A typical design is shown in Figure 16« 
page 57. 

■ 
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HOIST SYSTEM CONFIGURATIONS 

Thirteen basic hoist system configurations have been investigated to meet 
the heavy l.lift helicopter external cargo handling requirements. Seven con- 
figurations are designed to meet the single- plus four-point requirements 
and six are designed to meet the single- plus two-point requirements. 
Three variants of each type are combined function arrangements with the 
single-point function being replaced by combined operation of the multi- 
point hoists. Tables XVII and XVIII, pages 87 and 6$ include a brief 
description and sumnary of pertinent data on each system. Schematic 
drawings of all the systems are presented in Figures 17 through 29, pages 
61 through 85 . The weights given are based on 60 feet of cable for the 
single-point hoist. 
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-1 CONFIGURATION 

General Description 

Single-point hoist mechanically driven.    Hydraulically powered 
zero-moment hoists for the four-point system. 

System Components and Weights 

Single-Point Hoist (Type A) 
Clutch-Reverser Unit 
Angle Gearboxes (2 required) 
Drive Shafts 
Hoist Pump 
Four-Point Hoist (T^rpe K, 4 required) 
Hydraulic Motor (U required) 
Plumbing and oil 

Total System Weight 

Single-Point Mission Weight 
(Remove four-point hoists) 

Multi-Point Mission Weight 
(Remove single-point hoist) 

Power Required 

Single-Point Mission 
Multipoint Mission 

I960 Pounds 
124 

43 
6 

35 
2000 

40 
188 

4396 Pounds 

2396 Pounds 

2436 Pounds 

94.8 HP 
84.8 HP 

Figure 17.       -1 Configuration, 
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-2 CONFIGURATION 

General Description 

Sing]«>-point hoist hydraulically powei*ed by one or two motors« 
Hydraulically powered zero-moment hoists for the four-point system. 

System Compoi.ents and Weights 

Single-Point Hoist (Typt» A) 
Four-Point Hoist (Type K) 
Hydraulic Pump 
Hydraulic Motors     (5 required) 
Plumbing and Oil 

Total System Weight 

Single-Point Mission Weight 
(Remove four-point hoists) 

Multi-Point Mission Weight 
(Remove single-point hoist 

I960 Pounds 
2000 

55 

188 

4287 Pounds 

2287 Pounds 

£327 Pounds 

Power Required 

Single-Point Mission 
Multi-Point Mission 

132.5 HP 
84.8 HP 

Figure 18»       -2 Configuration. 
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-3 CONFIGURATION 

General Description 

Single-   and four-point hoists necnanically driven. 

System Components and Weights 

Single-Point Hoist (Type A) I960 Pounds 
Clutch-Reverser Unit 124 
Angle Gearboxes (4 required) 80 
Clutches (5 required) 51 
Shafts and Couplings 45 
Four^Point Hoists (Type P, 4 required)      1952 

Total System Weight 4213 Pounds 

Single-Point Mission Weight 
(Remove four-point hoists) 2261 Pounds 

Multi-Point Mission Weight 
(Remove single-point hoist) 2253 Poundo 

Powered Require^ 

Single-Point Mission 
Multi-Point Mission 

94.2 HP 
58.0 HP 

Figure 19.       -3 Configuration. 
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f. 

-L CONFIGURATION 

General Description 

Single-point hoist mechanically driven.    Two mechanically driven, 
dual drum hoists, with cables reeved over hydraulically powered 
traction sheaves for the four-point system. 

System Components and Weights 

Single-Point Hoist (Type A) 
Clutch-Roverser Unit 
Angle Gearboxes (2 required) 
Shafts and Couplings 
Dual Drum Hoist (l^pe N, 2 required) 
Traction Sheaves 
Clutches (5 required) 

Total System Weight 

Single-Point Mission Weight 
(Remove dual drum hoists) 

Multi-Point Mission Weight 
(Remove single-point hoist) 

I960 Pounds 
12A 
42 
29 

1980 
2A0 
55 

U30 Pounds 

2450 Pounds 

2470 Pounds 

Power Required 

Single-Point Mission 
Multi-Point Mission 

94.1 HP 
64.9 HP 

r 

Figure 20.        -4 Configuration, 
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-5 CONFIGURATION 

General Description 

No single-point hoist, Hydraulically powered zero-moment hoists 
for the four-point system with a frame, lockable to the aircraft 
to provide single-point capability. BL-- 

7 0 

System Components and V/eights 

Four-Point Hoists (Type M, 4 required) 2200 Pounds 
Hydraulic Pump 35 
Frame (with slings & 40,000-lb hook) 1172 
Plumbing and Oil 188 
Hydraulic Motors (k required) 88 
Conductor Reel 50 

v 

Bl 
70 

Total System Weight 3733 Pounds 

Single-Point Mission Weight 3733 Pounds 
Multi-Point Mission Weight 

(Remove frame with slings & hook) 2561 Pounds 

Power Required 

Single-Point Mission 
Multi-Point Mission 171.8 HP 

A. 
Figure 21.   -5 Configuration. 
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-6 CONFIGURATION 

General Description 

No single-point hoist,    Hydraulically powored zero-moment hoists 
with cables Joined to a common hook for a single-point capability 
and reeved over hydraulically powered traction sheaves for the 
four-point system. 

BL 
7C 

System Components and Weights 

Four-Point Hoist Ctype L, 4 required) 
Hydraulic Pump 
Traction Sheaves 
Hydraulic Motors {k required) 
Conductor Reel 
Hook and Swivel (40,000-lb Capacity) 
Plumbing and Oil 

Total System Weight 

Single-Point Mission Weight 
Multi-Point Mission Weight 

(Remove hook,  swivel^ 
conductor reel) 

2200 Pounds 
35 

2k0 
88 
50 

190 
188 

2991 Pounds 

2991 Pounds 

2751 Pounds 

B 
7 

Power Required 

Single-Point Mission 
Multi-Point Mission 179.1 HP 

WL- 
260 

WL- 
50 

A. 
Figure 22.        -6 Configuration. 
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-7 CONFIGURATION 
.:• 

General Description 

No single-point hoist,    Hydraulically powered zero-moment hoists 
for the four-point system.   Cables joined by a master hook 
carried by one of the four-poini ! o sts to provide single-point 
capability. 

System Components and Weights 

Four-Point Hoists (Type L, 4 required) 
Hydraulic Pump 
Hydraulic Motor 
Plumbing and Oil 
Hook and Swivel (40,000-lb Capacity) 
Conductor Reel 

Total System Weight 

Single-Point Mission Weight 
Multi-Point Mission Weight 

2200 Pourds 
35 
88 

188 
192 
50 

2753 Pounds 

2753 Pounds 
2753 Pounds 

Power Required 

Single-P.iint Mission 
Multi-Point Mission 171.8 HP 

Figure 23.       -7 Genfigurmtion. 
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-11 CONFIGURATION 

General Description 

Single-point mechanically driven,    Hydraulically powered zero- 
moment hoists for the two-point system. 

System Componenta and Weights 

Single-Point Hoist Cfype A) 
Clutch-Reverser Unit 
Two-Point Hoist (Type G, 2 required) 
Hydraulic Motors (2 required) 
Angle Gearboxes (2 required) 
Hydraulic Pump 
Shafts and Couplings 
Plumbing find Oil 
Structure 

Total System Weight 

Single-Point Mission Weight 
(Remove two-point hoists) 

Multi-Point Mission Weight 
(Remove single-point hoists) 

I960 Pounds 
124 
200A 
U 
U3 
35 
6 

174 
40 

/^O Pounds 

2426 Pounds 

2470 Pounds 

Power Required 

Single-Point Mission 
Multi-Point Mission 

94.0 HP 
8^.3 HP 

WL 
50 

Figure 24,       -11 Configuration, 
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-13 CONFIGURATION 

General Description 

Single-   and two-point hoists mechanically driven 

System Components and Weights 

Single-Point Hoist (Type A) 
Clutch-Reverser Unit 
Two-Point Hoists (Type F, 2 required) 
Angle Gearboxes    (k required) 
Shaft and Couplings 
Clutches    (3 required) 
Structure 

Total System Weight 

Single-Point Mission Weight 
(Remove two-point hoists) 

Multi-Point Mission Weight 
(Remove single-point hoist) 

I960 Pounds 
124 

20A4 
$3 
45 
48 
40 

4344 Pounds 

2300 Pounds 

2384 Pounds 

Power Required 

Single-Point Mission 
Multi-Point Mission 

94.0 HP 
61.1 HP 

Figure 25.       -13 Configuration. 
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-13 CONFIGURATION 

General Description 

Single- and two-point hoists mechanically driven 

System Componente and Weighta 

Single-Point Hoist (Type A) 
Clutch-Reverser Unit 
Two-Point Hoists (T^pe F, 2 required) 
Angle Gearboxes (4 required) 
Shaft and Couplings 
Clutches (3 required) 
Structure 

Total System Weight 

Single-Point Mission V/eignt 
(Remove two-point hoists) 

Multi-Point Mission Weight 
(Remove single-point hoist) 

I960 Pounds 
124 

2044 
83 
45 
48 
40 

4344 Pounds 

2300 Pounds 

2384 Pounds 

_  [ 

Power Required 

Single-Point Mission 
Multi-Point Mission 

94.0 HP 
61.1 HP 

Figure 25.   -13 Configumtion. 
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-Ik CONFIGURATION 

General Doacrlption 

Single-point hoist is a dual drum type mechanically driven. 
Cables are reeved over hydraulically powered traction sheaves 
for the two-point system. 

System Components and Weights 

Dual Drum Single-Point Hoist ('^ype D) 
Clutch-Reverser Unit 
Hook and Swivel  UO,000-lb    Capacity) 
Traotion Sheaves (2 required) 
Conductor Reel 
Clutches (2 required) 
Angle Gearboxes (2 required) 
Shafts and Couplings 
Plumbing and Oil 
Structure 

Total System Weight 

Single-Point Mission Weight 
Multi-Point Mission Weight 

(Remove 40,000-lb 
capacity hook) 

2138 Pounds 
124 
192 
120 
50 
32 
36 
6 

24 
40 

2762 Pounds 

2762 Pounds 

2570 Pounds 

Power Required 

Single-Point Mission 
Multi-Point Mission 

90.6 HP 
63.8 HP WL- 

260 
WL- 
230 

V 

WL- 
50 

Figure 26,       -14 Configuration, 
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-15 CONFIGURATION 

General Description 

No single-point hoist,    Hydraulically powered zero-moment hoists 
for the two-point system with a beam, lockable to the aircraft, 
tc provide single-point capability. 

System Components and Weights 

Two-Point Hooks  (Type H, 2 required) 
Suspension Beam with Hook & Slings) 
Conductor Keel 
Hydraulic Pump 
Hydraulic Motors (2 required) 
Plumbing and Oil 
Structure 

Total System Weight 

Single-Point Mission Weight 
Multi-Point Mission Weight 

(Remove beam with hook & slings) 

21UU Pounds 
1106 

50 
55 
U 
174 
40 

3613 Pounds 

3613 Pounds 

2507 Pounds 

1 ower Renuired 

Single-Point Mission 
Multi-Point Mission 174.8 HP 

ft- 

81 

WL- 
260 

WL- 
?30 

Figure 27.       -15 Configuration, 
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-17 CONFIGURATION 

General Description 

No single-point hoist.    Mechanically powered conventional 
hoists with cable Joined to a conmon hook to provide single- 
point capability. 

System Components and Weigh- s 

Two-Point Hoists (Type F, 2 required) 
Clutch-Reverser Unit 
Angle Gearboxes (4 required) 
Shafts ar.d Couplings 
Clutches (2 required) 
Conductor Reel 
Hook and Swivel (40,000-lb   Capacity) 
Structure 

Total System Weight 

Single-Point Mission Weight 
Multi-Point Mission Weight 

(Remove 40,000-lb capacity hook) 

21A4 Pounds 
124 
60 
38 
32 
50 

192 
40 

2680 Pounds 

2680 Pounds 

2488 Pounds 

Power Required 

Single-Point Mission 
Multi-Point Mission 123.9 HP 

Figure 28,       -17 Configuration. 
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-18 CONFIGURATION 

General Description 

No single-point hoist.    Mechanically powered conventional hoists 
with cables reeved over hydraulically powered traction sheaves 
and Joined to master hook for single-point capability. 

System Components and Weights 

Two-Point Hoists (Type F, 2 required) 2U4 Pounds f 
Clutch-Reverser Unit 124 \ 
Traction Sheaves (2 required) 
Hook and Swivel    (40,000-lb    Capacity) 
Angle Gearboxes    (4 required) 
Shafts and Couplings 
Clutches      (2 required) 
Plumbing and Oil 
Structure 

Total System Weight 

Single-Point Mission Weight 
Multipoint Mission Weight 

Powered Required 

Single-Point Mission 
Multi-Point Mission 125.1 HP 

21U Pounds 
124 
120 
192 

50 
40 
16 

6 
40 

2732 Pounds 

2732 Pounds 
2732 Pounds 

/ 
y 

A. 
Figure 29        -18 Configuration, 
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TABLE XVII 

% 

- 

Conflg. 
Nuicber 

-1 

-2 

-3 

SUMMARY 
SlfCLE-POINT PLUS FOUR-POINT 

LOAD SUSPENSION CONFIGURATIONS 

Description 

Total   
System 
Weight* 

(lb) Drive 
Hoi 

Single-point hoist mechanically driven. Hydrau- 
lically powered zero moment hoists for the four- 
point system. 

Single-point hoist hydraulically powered by one 
or two motors,    Hydraulically powered zero- 
moment hoists for the four point system. 

Single- 
driven, 

and four-point hoists mechanically 

Single-point hoist mechanically driven.    Two 
mechanically driven, dual drum hoists with 
cables reeved over hydraulically powered 
traction sheaves for the four-point system. 

4396 

/f287 

4213 

U30 

Mech.    Con 

Hyd.     Con 

Mech.    Cor 

Mech.    Con 

-5 

-7 

No single-point hoist,    Hydraulically powered zero-     3733 
moment hoists for the four-point system with a 
frame,  lockable to the aircraft, to provide 
single-point capability 

No single-point hoist,   Hydraulically powered 2991 
zero-moment hoists with cables Joined to a 
common hook for single point capability and 
reeved over hydraulically powered traction 
sheaves for the four-point systea. 

No single-point hoist,    Hydraulically powered 2753 
zero-moment hoists for the four-point system. 
Cables joined by a master hook carried by one 
of the four-point hoists to provide single- 
point capability. 

*Add 103 pounds for single-point hoist with 
Add 362 pounds for single-point hoist with 

87 

/l' 



FOUR-POINT 
FIGURATIONS 
 Single Point   Four Point  

Cable System Cable      Total    System 
Hoist      Length     HP        Weight* Hoist    Length     HP       Weight 

Drive     Type (ft)     Reqd        (lb) Drive   Type        yft)     Reqd (lb) 

Mech.    Conv. 80 9^.2      2396 Hyd.      Zero        50 84.8     2436 
Mom. 

Hyd.      Conv. 80       132.5      2287 Hyd.      Zero        50 84.8     2327 
Mom. 

Mech.    Conv. 80 94.2      2261 Mech.    Conv.      50 58,0     2233 

Mech.    Conv. 80        94,1      2450        Mech.   Dual       50        64#9     2470 
Drum & 
Trac- 
tion 
Shelves 

3733 Hyd.      Zero        80       171.8     2561 
Mom. 

2991 Hyd.     Zero       80       179.1     2751 
Mom. 

2753 Hyd.     Zero       80       171.8     2753 
Mom. 

hoist with 100 feet of cable 
hoist with 150 feet of cable 

B. 



TABLE XVIII 

SUMMARY 
SINCLE-POINT PLUS TV/O-POINT 

LOAD SUSPENSION CONFIGURATIONS 

Config. 
Safesc 

Total 
System 
Weight» 
(lb) Drive 

Hoist 
Type 

U30 Mach. Conv. 

43U Mech. Conv. 

2762 Mech. Dual 
Drum 

-11 

-13 

-U 

-15 

-17 

-18 

Single-point mechanically driven.    Hydrauli- 
cally powered sero-moront hoists for the two- 
point system. 

Single- and two-point hoists mechanically 
driven. 

Single-point hoist a dual drum type mechani- 
cally driven.    Cables reeved over hydrauli- 
cally powered traction sheaves for the two- 
point system. 

No single-point hoist.   Hydraulically powered 
zeroHBoment hoists for the two-point system 
with a beam, lockable to the aircraft, to 
provide single-point capability. 

No single-point hoist.   Mechanically powered 
conventional hoists with cables Joined to a 
common hook to provide single-point capability. 

No single-point hoist.   Mechanically powered 
conventional hoists with cables reeved over 
hydraulically powered traction sheaves and 
Joined to a master hook for single-point 
capability. 

3613 

2680 

2732 Hyd.      Trac- 
tion 
Sheav 

*Add 103 pounds for single-point hoist wit) 
Add 362 pounds for single-point hoist witl 
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11 

WO-POINT 
FIGURATIONS 

Single Point TWo Point 
Cable       System 

Hoist  Length  HP  Weight* 
Drive  Type    (ft)  Reqd   (lb)  Drive 

Mech. Conv, 

Mech. Conv. 

Mech. Dual 
Drum 

Cable Total System 
Hoist Length HP Weight 
Type   (ft) Reqd   (lb) 

80   94.0  2426   Hyd.  Zero   50   86,3  2470 
Mom. 

80 

80 

94.0  2300   Mech. Conv.  50   61.1  2384 

90.6  2762 Hyd. Trac- 
tion 
Sheaves 

63.8     2570 

3613        Hyd.     Zero       80      174.8     2507 
Mom. 

2680        Mech.    Conv.     88       123.9     2488 

Hyd.  Trac- 
tion 
Sheaves 

2732        Mech.    Conv.     92      125.1     2732 

nt hoist with 100 feet of cable 
nt hoist with 150 feet of cable 

B, 
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LOAD ACQUISITION AND RBLEASE 

SINGUE-fOINT MODE 

The single-point mode offers the most versatile and safest method for ac- 
quiring and releasing external loads. It is equally adaptable to ground 
and hovering type pickups. Since the cargo hook is connected to the cable 
by means of a swivel assembly, there is little resistance to rotation of 
loads being lifted. Because of this feature, bulky loads will have to be 
carried below the main landing gear; less bulky loads may be snugged up as 
close as in any of the multi-point systems to permit higher forward speeds« 
The effect of oscillating loads on the stability of the aircraft is mini- 
mized, since the hoist Is located close to the center of gravity of the 
aircraft. This is more fully discussed in the AIRCRAFT - LOAD INTERACTION 
section. Hovering pickup, by any of the methods requiring the use of a 
beam to convert the multi-point system to single point (as in the -5 and 
-15 configurations), will present inherent hazards to both ground crew and 
to vehicles during both pickup and release. Therefore, the use of these 
systems is not recommended. The physical size of the hook, which weighs 
192 pounds, will require that the vehicle sling be carried to the hook. 
A short leader line from the sling will facilitate this type of hookup and 
enable the ground crewman to hook jup without having to cliJnb to the top of 
the vehicle to make the connection. 

In-flight release of cargo will be possible by using the electrical hook 
release. Use of tandem-dual cable cutters (see page 54) will ensure that 
cargo can be Jettisoned In the event of a malfunction of the electrical 
release. Normal load release will be made after the cargo Is put on the 
ground. Four methods of load release are possible: two for the pilot and 
two for the ground crew« The pilot can open the hook either by the elec- 
trical release, or. In the event of emergency, by shearing the cable with 
the tandem-dual cable cutters. The ground crewman can open the hook with 
the manual release knob or can slide the load ring off the hook by re- 
tracting the keeper on the hook in the event of a malfunction of the 
manual load release« An automatic touchdown release, whereby the hook 
automatically opens when the cargo is put on the ground, can be incor- 
porated. This feature adds another release mode and provides greater re- 
dundancy. 

Towing by the single-point hoist requires the use of special equipment of 
the type used on the CH-54A (see Figure 30, page 92) if cable loads are 
expected to exceed 16,000 pounds. This limitation is detailed in the 
AIRCRAFT-LOAD INTHIACTION section, page 96, 

TWD^POINT MODE 

The two-point mode is adaptable to either ground or hovering pickups, de- 
pending primarily upon t.he type ef terrain for the method to be used« 
Ground pickup offers the safest method and should be used whenever circum- 
stances permit« 
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Two-point hovering pickups are inherently more rieky than those nade in 
the single-point mode.    This is because of the possibility that upsetting 
loads could be transmitted to the aircraft if it should drift and cause 
one cable to become tight before the other was attached.   This risk can be 
largely eliminated by reeling out enough cable to put the hooks on the 
ground with adequate slack to permit attachment to the cargo.    Since the 
hooks weigh 87 pounds,leader lines from the cargo slings, or vehicle 

' attachment   points, will greatly facilitate hookup.    These lines can be 
attached to the hooks instead of requiring the hooks to be carried to the 
attachment points.    Lifting cargo with a C.G. located midway between pick- 
up points from a hovering attitude will be performed with the load sensi- 
tive control energized.   When cable loads are equalized, the synchronized 
lift control will be engaged and the load can be snugged into position. 
Beeping (individual control of hoists) is available to allow control of 
cargo that has an asynmetrical center of gravity.    These control systems 
have been fully described in the HOIST SYSTEM AND COMPONENTS DESIGN section 
page 12. 

In-flight trimming of loads to compensate for the effects of the aero- 
dynamic drag can be attained by engaging the load sensitive control«    The 
advisability of making such in-flight adjustment at other than hovering or 
at very low forward speed conditions is questionable.   Preliminary analysis 
indicates that multi-point loads will assume a stable aerodynamic position 
for reasonably adjusted cable lengths at any given forward speeu.    In- 
flight changes In cable lengths may affect aircraft stability and tend to 
produce ptiching oscillations.   Further evaluation utilizing wind tunnel 
tests is desirable to obtain qualitative data upon which the limitations 
or advisability can be based» 

Normal load release will consist of synchronized lowering of the load to 
the ground from either a hover or the landed position of the aircraft. 
After the cables are slackened, the hooks can be opened electrically by 
the pilot or manually by the ground crew.    In the unlikely event of both 
electrical and manual release failure, a ground crewman can slide the 
load ring off the hook load beam by retracting the spring loaded keeper on 
the hook.    In the event that no ground crewman is on-site, it will be 
necessary to keep a slight tension (a cable tension indicator is provided) 
on the cables to permit the load to pull off the hook in the electrical 
release mode.    This is necessary since tho hook load beam is spring loaded 
for automatic relatching.    As in the single-fjoint mode, a tandem- dual 

• cable cutter on each hoist will provide emergency release by shearing both 
cables. 

The addition of a cockpit controlled, manual hook release, if practical, 
will not permit safe in-flight Jettisoning of loads by hook release.    Only 
by the combination of electrical and manual hook release motion in the 
cockpit could this be considered as a possible method to be used.    Even 
this combination of motions should not be considered as rji acceptable 
means of in-flight Jettisoning, since malfunction of the hook unlocking 
mechanism could still occur.   Only by use of the tandem-dual cable cutters 
mounted on the hoists can a safe in-flight load Jettison be performed. 
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Towing la feasible within the 24,000-pound capability of the aft hoist. 
It Is not feasible to use both hoists for greater tow capabilities because 
of the difficulties of obtaining equal cable loads. 

FOUR-POINT MODE 

The four-point system is equally adaptable to ground or to hovering pickup« 
Ground pickup offers the safest method and should be used whenever circum- 
stances permit. As in the two-point mode, it should be standard procedure 
during hovering pickups to have the hooks on the ground with adequate 
slack in the cables to permit their attachment to cargo. Since the hooks 
weigh 59 pounds, it is possible to attach the hooks to vehicle pickup 
points without the use of leader cables which are required for both the 
single- and two-point systems. Use of leader cables may be desirable, 
however. 

Lifting cargo with a C.G. located midway between pickup points from hover- 
ing attitude would be performed with the load sensitive control energized. 
When cable loads are equalized, the synchronized lift control will be en- 
gaged and the load will be snugged into position. Beeping (individual con- 
trol of hoists) is available to allow control of cargo that has an asym- 
metrical center of gravity. Lifting cargo with a C.G. that is not sym- 
metrically located with respect to the pickup points could result in the 
cargo assuming an extreme angle with the ground (see Figure 12, page 46). 

In-flight trixoning of loads to compensate for the effects of aerodynamic 
drag of the cargo can be attained by engaging the load sensitive control. 
The advisability of making such an adjustment, as more fully discussed on 
page 111, is questionable. Norme 1 load release will consist of synchro- 
nized lowering of the load to the ground from either a hover or the landed 
position of the aircraft. After cable slack is observed, the hooks can be 
opened electrically by the pilot or manually by the ground crew. As in 
the two-point system, a ground crewman can slide the load ring off the 
hook load beam by retracting the spring loaded keeper on the hook in the 
event of failure of the other release systems. If no ground crewmen are 
available, it is necessary to keep some tension (a cable tension indicator 
is provided) on the cables to permit the load to pull off the hook when 
released from the cockpit. As in the single- and two-point systems, tan- 
dem-dual cable cutters provide emergency release. 

To achieve maximum safety, it is recommended that in-flight load release 
be accomplished by shearing the cables. It is not considered safe with 
present stage of the art release systems to attempt an electrical hook re- 
lease in flight because of the Inherent risk if one or more hooks fail to 
open. 

Should one or more of the hooks fail to open, the entire load would be 
transferred to the cables supporting these hooks and could cause the air- 
craft to become uncontrollable. Since many loads to be carried may be 
well within the ultimate (falling) strength of one or more of the cables, 
it is not possible to assume cable failure as a backup release system. 
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In-flight release of any multi-point load should therefore be accomplished 
only by use of the tandem-dual cable cutters. 

Limited towing (12,000 pound maximum) can be accomplished by using the 
left rear hoist. Any method of towing requiring that two or more hoist 
cables be Joined presents inherent load sharing problems. 

95 

Mx^mmmstsui 



AIRCRAFT - LOAD INTERACTION 

STABILTTI OF SUJM3 LOADS 

The stability of the load Is the major limitation on forward speed when 
carrying slung loads.   An oscillating or spinning load can transmit periodic 
forces to the aircraft which are detrimental to performance and handling 
qualities.   High density spherical or cube shaped loads» such as a cargo 
net filled with ammunition, are generally aerodynamically stable and do not 
impose limitations on the aircraft.   Low density, nonayianetrical loads, such 
as a helicopter fuselage, are aerodynamically unstable and require some type 
of stabilizing device.    Stabilization can be accomplished by multi-point 
suspension or by use of a email parachute attached to the load through a 
swivel Joint. 

The major advantage of a multi-point suspension system is the restoring 
moosnt it generates when the load is displaced in yaw.   With either the 
two- or four-point suspension system, pods can be pulled snug against the 
aircraft, thus conpletely eliminating the yaw divergence problems.   This 
stability contribution of multi-point systems deteriorates as cable length 
increases.   Figure 31» page 97, shows the change in static directional re- 
storing stability, Ni^, with cable length for both the two-   and four- 
point systems with a typical load of 25,000 pounds. 

M    -      W     (X2   * y2?   ft-lb per degree (23) 

where 

W is the load, pounds 

x is the longitudinal distance between cable attachment 
points, feet 

y is the lateral distance between cable attachment 
points, feet 

L is the vertical distance between the load and cable 
attachment point, feet 

At yaw divergence speed, the restoring torque of the system Just equals the 
unstable aerodynamic moment of the load. Figure 32, page 9&» shows the 
variation of static directional stability of a helicopter fuselage with 
forward speed when slung at various distances below the fuselage. It can 
be seen that the four-point system provides a benefit of 5 knots in for- 
ward speed over that of a two-point system. Beyond 60 knots, a stabilizing 
device would be mandatory. 
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AIRCRAFT - LOAD INTERACTION | 

STABILXTT OF SLUNS LOADS 

The stability of the load is the major limitation on forward speed when 
carrying slung loads. An oscillating or spinning load can transmit periodic 
forces to the aircraft which are detrimental to performance and handling 
qualities. High density spherical or cube shaped loads» such as a cargo 
net filled with ammunition, are generally aerodynamically stable and do not 
inpose limitations on the aircraft. Low density, nonsymnetrical loads, such 
as a helicopter fuselage, are aerodynamically unstable and require some type 
of stabilising device. Stabilisation can be acconplished by multi-point 
suspension or by use of a email parachute attached to the load through a 
swivel Joint. 

The major advantage of a multi-point suspension system is the restoring 
moasnt it generates when tlie load is displaced in yaw. With either the 
two- or four-point suopension system, pods can be pulled snug against the 
aircraft, thus completely eliminating the yaw divergence problems. This 
stability contribution of multi-point systems deteriorates as cable length 
Increases. Figure 31» page 97» shows the change in static directional re- 
storing stability, Nw^, with cable length for both the two- and four- 
point systems with a typical load of 25,000 pounds. 

N -  W  ULjtJp ft-lb per degree (23) 
T 57*3*' 

where 

W is the load, pounds 

z is the longitudinal distance between cable attachment 
points, feet 

y is the lateral distance between cable attachment 
points, feet 

L is the vertical distance between the load and cable 
attachment point, feet 

At yaw divergence speed, the restoring torque of the system Just equals the 
unstable aerodynamic moment of the load. Figure 32, page 9&* shows the 
variation of static directional stability of a helicopter fuselage with 
forward speed when slung at various distances below the fuselage. It can 
be seen that the four-point system provides a benefit of 5 knots in for- 
ward speed over that of a two-joint system. Beyond 60 knots, a stabilizing 
device would be mandatoiy. 
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The loads considered as typical are listed in Table XIX, page 101. 
Although actual wind tunnel data are not available for these vehicles, it 
is felt that high density loads, such as the personnel carrier and the 
self-propelled mortar, will need son» additional stabilisation in the 
single-point mode and none in either of the multi-point modes.   Based on 
wind tunnel tests of storei made for the S-60 Flylig Crane, the 5-ton 
wrecker will require a drag parachute for stabilization at speeds of 100 
knots on all suspension aystems.   The 155 mm howitzer will require added 
stabilization in the single-point system and little, or none, on either 
of the multi-point systems. 

CEOTER-OF-GRAVITr SHIFT 

None of the loads evaluated will present any C.G, problems for either the 
single-   or tandem-rotor aircraft.   For the single-rotor type, all C.G.'s 
are within the F.S. 526 to 574 allowable limits.   With the exception of 
the 5-ton wrecker on the multi-point systems, all C.G.'s are at» or near, 
F.S. 550.    In this case the ovarall C.G. is at F. S. 569 within allowable 
limits.   Similarly, for the tandem-rotor type, all C.G.'s are within the 
F.S. 527 to 589 allowable limits.   Except for the 5-ton wrecker on the 
multi-point systems,all C.G.'s are at F.S. 557.   In this case the overall 
C.G. is at F.S. 576, which is within allowable limits. 

TOWIIC CAPABILITT 

Towing characteristics of the single-rotor evircraft were calculated with 
the aid of a computer program.   Figure 33, page lOQ shows trim control 
settings for a zero skew angle (aircraft plane of symnetry parallel to and 
coincident with the direction of the tow force).   Experience in towing with 
the RH-3A, and in particular pilot's connents, dictates maximum pitch and 
roll attitudes of -220 and + 10° respectively.   Figure 33 indicates that 
there will be no difficulty in meeting the roll attitude requirement but 
that the pitch attitude restriction limits the qpyl"^ tow cable tension 
to 18,000 pounds.    In this situation the cable angle, relative to the 
earth, is 6°, tow cable length is 475 feet, and altitude is 50 feet. 
Lateral and longitudinal control positions show adequate control margin; 
trim positions are such that the pilot can execute a recoveiy in case the 
tow cable is suddenly released. 

An increase in tow capability would be possible if special towing gear 
(see Figure 30, page 92) were fitted to the aircraft.   This gear will move 
the tow cable reaction point further aft and is similar to that used on 
the CH-54A. 
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AIRCRAFT CONTOOLLABILITT 

Neither the single-   nor the tandem-rotor aircraft should experience angr 
trim difficulties during load acquisition or normal load release with the 
single or multi-point systems.   Figure 34, page 10^ shows trim control 
positions for the single-rotor type both with and without external loads* 
A parasite drag correction was made to the computer program for each load* 
No pitching moment corrections were made, as the lines of action of maent 
contributing forces are at, or very near, the aircraft CG.   The parasite 
drag corrections are In reasonable agreement with wind tunnel tests} 
estimated parasite drag corrections are shown in Tcble HZ* 

TABLE XIX 
ESTIMATEP PARASITB DRAG 

Item No. * Vehicle Parasits DrmCft2) 

38 155 MM Howitzer 18 

49 Personnel Carrier 16.7 

83 5-Ton Wrecker 49 

86 Self-Propelled 33 
Mortar 

«Item number in Appendix I 

As shown In Figure 34, significant changes from the baeie aircraft trim are 
required for some loads.   If the load should be Jettisoned, the aircraft 
would respond as if a sudden input were applied to the controls*   Figures 
35 and 36, pages 103 and 104, are time history relationships to the aircraft 
equations of motion for the more adverse trim situations in Figure 34* 
The aircraft will rise rapidly after the self-propelled mortar is jetti- 
soned from a hovering attitude and at 60 knots forward speed, as shown in 
Figures 35 and 36.   In both situations, a reduction in collective pitch 1« 
necessaxy to prevent an excessive rate of clint)* 

Figures 37 and 38, pages 105 and 106, show that the most critical situations 
in pitch for Jettisoning of the 5-ton wrecker are in hover and at 60 knots 
forward speed.   As seen from these time histories, the pitch response is 
controllable with the automatic stabilization equlposnt engaged*   Due to 
ths basic instability of the aircraft in pitch. Jettisoning of the load 
with the automatic stabilization equipment off should be accompanied by a 
corrective control input* 
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Neither single- nor tandem-rotor aircraft should exhibit any adverse trim 
changes when reeling in, or out, the entire length of cable on the single- 
point hoist if cable travel limitations are kept within proper limits. In 
order to keep resulting stick motion equal to or less than that corre- 
sponding to values on the CH-5M, it is necessary to require the use of a 
double layer drum hoist if a 150-foot cable length is required. 

VERTICAL OSCILLATION 

Divergent vertical oscillation (vertical bounce), potentially inherent in 
all heavy lift helicopters carrying external cargo, is dynamically a 
forced response of the aircraft's first fuselage mode and coupled cargo 
mooe at one times main rotor (ip) excitation frequency. Although the air- 
craft's basic fuselage mode frequency may be well removed from its Ip 
operating speed,the attachment of a relatively large load though a flexible 
suspension cable can shift the fuselage bending mode to within the Ip 
ranje, as shown in Figure 39, page 108. 

Depending on the ratio of the load mass to that of the fuselage, the input 
parameters, and the amount of inherent system damping, the resulting fuse- 
lage response can vary from small, convergent, uncomfortable cockpit levels 
to amplitudes divergent to aircraft structural integrity. Therefore, it is 
necessary to analyze the coupled load suspension/fuselage bending mode 
characteristics and to incorporate positive control to decouple the first 
fuselage and load suspension modes. 

Dynamic decoupling is achieved in the heavy-lift helicopter by incorporat- 
ing an isolator with variable stiffness characteristics as a function of 
load, as shown in Figure 40, page 109. The Isolator provides essentially 
constant first fuselage and load suspension vertical frequencies, both well 
separated from Ip frequency excitation throughout the load application 
range (see Figure 41, page HO). These results were analyzed by using a 
Sikorsky Aircraft free vibration program on the IBM 7094 conputer using 
70 degrees of freedom, as shown in Figure 42, page 112. Vertical, longi- 
tudinal, and pitch motions are included in the progranming analysis. 

The heavy lift helicopter isolator requirements of Figure 40 are similar 
to those of the CH-54A. The isolator on the CH-54A has been flight-tested 
and proven to be effective in providing the required dynamic decoupling. 
Therefore, a similar isolator configuration is planned for the heavy lift 
helicopter. 

POD JETTISON 

In the event of an in-flight emergency, such as loss of one or more engines, 
it may be desirable to Jettison a cargo loaded pod in order to increase the 
probability of effecting a safe emergency landing. Such a procedure is 
possible, when the pod is supported by the multi-point hoists, by shearing 
the cables. Preliminary analysis Indicates that there should be no re- 
sulting pod pitching problems and that the pod should clear the tail cone 
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on the single-rotor heavy lift helicopter. Whether the pod will clear the 
main landing gear is dependent on the landing gear design and aerodynamic 
forces and cannot be determined at this time. The interference effects 
between the pod and the fuselage are the major unknown factors and will 
have to be evaluated by wind tunnel testing before the use of in-flight 
Jettisoning can be considered safe. 

A pod used to carry personnel requires the use of fixed fuselage pod locks 
to ensure that accidental in-flight Jettisoning cannot occur. If the pod 
is used to carry cargo, it is desirable to permit in-flight Jettisoning« 
Thus it is necessary to include provisions in the locks for an explosive 
bolt release. The use of replaceable nonexplosive bolts when carrying 
personnel and explosive bolts when carrying cargo would introduce a serious 
human factors problem. For this reason the use of explosive bolts in the 
fuselage pod locks would be undesirable« hence precluding ary possibility 
of in-flight Jettisoning of the pod. 

IN-FLIGHT ADJUSTMENT OF KULTI-POINT HOISTS   

All multi-point systems have the capability of in-flight adjustment of one 
or more of the cable lengths.   The advisability of making such in-flight 
adjustment at other than hovering or vt/y leu forward speed conditions is 
questionable.   Preliminary analysis indicates that multi-point loads will 
assume a stable aerodynamic position for reasonably adjusted cable lengths 
at any given forward speed.    In-flight changes in cable lengths may affect 
aircraft stability and tend to produce pitching oscillations.   Further 
evaluation utilising wind tunnel tests is desirable to obtain qualitative 
data upon which the limitations and/or advisability can be based« 
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PROBLEM AREAS AND PROPOSED SOLUTIONS 

MSCHANICAL LOAD RELEASE FROM COCKPIT 

One of the perfo? .nance objectives of this study is to provide for two 
methods of cockpit controlled load release« electrical and mechanical* 

c The mechanical release objective presents a major problem area« 

One approach is the incorporation of a hydraulic line in the central cor« 
of the cable.    The electrical conductors would then be used to replace one 
of the outer strands of the cable.    The conductors would be suitably pro- 

• tected by wire braiding and would not support any of the loads.    There 
would be no loss in strength of the cable, since, in the standard non- 
rotating construction, the outer layer of strands have substantially 
greater strength than the inner layer.    Unfortunately, the size of the 
hydraulic line in the central core would, even with 3000 psi oil supply, 
give a relatively small output force.    Leakage problems would have to be 
eliminated, and the added complexity required would probably negate the 
advantages expected by having a redundant hook release method. 

Another possibility is the use of a push-pull mechanical cable in the core 
with the electrical conductors woven into the outer strands as described 
above.    Unfortunately, the smallest available size of the cable is 3/8 
diameter.   Also, this type of cable does not lend itself to operation if 
it is forced to maintain a helical position.   Considerable design and 
development work would have to be done in order to solve these two basic 
problflos. 

A third approach is the use of a mechanical release line supported on a 
separate, constant tension cable drum.    A hydraulic or electrical motor 
drive would provide the tension required for hook release.   The mechanical 
release line would be attached to the hook*   The primary problem to be 
expected is that of this line winding around the primary load suspension 
cable.   A secondary problem is that of the line becoming entangled in the 
equipment to be hoisted.   An added weight penalty would also be incurred, 
and system complexity would be increased. 

A fourth solution is the design of a cable strip-off feature.    This fea- 
ture requires incorporation of a clutch to let the load pull the cable off 
the drum.    In addition, some protective device is required to prevent the 
free falling load from overspeeding the gear train.   While this approach 
offers the most feasible method of providing a redundant method of load 
release, controllable from the cockpit, it results in the loss of both 
cable and hook.    It also requires design of a clutch which can be released 

, under ful"  load. 

Although it does meet the specific requirement for pilot operated mechani- 
cal hook reloase, a system utilizing radio control was also investigated* 
In this system radio signals are used to operate a battery cowered release 
mechanism in the hook.   Two or more separate and distinct radio signals 
must be used to trigger the hook release to prevent operation by randoa 
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radio signals.    In addition, the hook batteries require regular recharging 
to ensure proper operation. 

In suDnary» the development of a cockpit controlled mechanical hook re- 
lease for any hoist system is considered to be a major problem area, 
whether or not it is integrated with the primary suspension cable.    No 
problems exist with the design and fabrication of the cable sizes required 
for any of the hoists if only electrical conductors are required to pro- 
vide the power for hook actuation. 

Several of the configurations under study require a separate electrical 
conductor cable to provide the electrical power required to open the hook 
of the single-point hoist.    Such a cable would be suitably protected by a 
braided wire Jacket and wound on a reel.    The use of a separate electrical 
oouductor cable eliminates the need for conductors in the core of load sus- 
pension cables when a beam is used to convert from multi-   to single-point 
hoist mode, as in the -5 and -16 configurations.    It is more a matter of 
opinion than of fact that use of a separate electrical conductor cable 
offers advantages over that of conductors buried in, and suitably pro- 
tected by, the load suspension cable, 

TWo alternate solutions for the requirement of a separate mechanical cock- 
pit controlled load release are proposed. 

The first alternative is simply reliance on the manual ground controlled 
hook release as the backup method of release.    The use of a tandem-dual 
cable cutter controlled from the cockpit will serve as a secondary 
(emergency) release« 

The other solution is to provide a cable strip-off feature in addition to 
the systems described above.   Although this concept can result in loss of 
cable and hook (as well as load) if used under emergency corjdltions, it 
does provide a release mode entirely independent of the normal electrical 
release system for additional redundancy, 

WEIGHT 

All of the systems evaluated which offer separate functions for the single 
and multi-point hoists (the -1, -2, -3, -4, -11, and -13 configurations 
sumnarized in Tables XVII and XVIII, pages 87 and 89 ) weigh slightly more 
than tho 4000-pound goal. However, the combined function systems (the -5, 
-6, -7, -14, -15f  -17, and -18 configurations) will still provide an appre- 
ciable weight savings. 

This separate function system weight penalty must be balanced against the 
redundancy offered by having two separate, independent systems available 
as well as the ability to reduce the aircraft empty weight for any specific 
mission by the removal of the major components of the system not to be vised. 
This capability reduces the system weight well below 4000 pounds, and even 
below the weight of the combined function systems. All systems which re- 
quire the combining of functions offer a total system weight below 4000 
pounds. They offer no redundancy, however, and cannot be reduced in weight 
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to a noticeable degree by removal of major components, 

SYNCHRONIZATION OF MULTI-POIWT HOISTS 

Synchronization of the cable travel (hook position) has been considered 
by several Investigators to be a major problem area in a hydraulically 
powered multi-point hoist system.   The inclusion of an electrical feed- 
back system will limit the marl mum variation in hook position to within 
7 inches in a total cable excursion of 50 feet.    In addition, the use of 
a relatively simple one-time check-out procedure will "zero ouc" most of 
the instrument error and further reduce the cable length variation to 
approximately 1-1/2 inches (see ERROR ANALYSIS, page 148). 
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COMPARATIVE RELIABILITY AND MAIWTAINABILITI ANAUSIS 

A study to compare the reliability, maintainability, and unavailability 
of the various configurations (single-point plus multi-point and multi- 
point alone) of the subject system has been made« Table XX gives the re- 
sults of this preliminary study. The results are valid on a relative 
basis; however, on an absolute basis they are subject to considerable 
variability because of the limited data atailable at this time« 

For each configuration considered, a failure or malfunction rate is givun 
for both a aingle-polnt and a multiple-point mission. These rates are not 
to be interpreted as abort rates (unable to complete missicr) but rather 
as rates of unscheduled maintenance actions. The failure rate for the 
single-point missions is the rate of malfunction expected for executing a 
single-point mission only. For exaiqple, with the -1 configuration, in 
1000 hours of single-point mission flying, an average of 5.59 failures 
would be expected. Similarly, for the multi-point mission,the failure rate 
is associated with the type of mission only. 

Also included in Table XX are conparative values for the maintenance man- 
hours per flight hour and unavailability for the various configurations. 
Unavailability is the complement of availability« These numbers are for 
the cargo handling system only. 

Table XX also includes estimates of mission reliability data for the 13 
external cargo handling system configurations. These data are presented 
in three columns as follows: 

1. The column headed "Single-Point Only" gives the abort rate 
for the single-point system only. For example, in 1000 
hours of single-point mission flying, the -1 configuration 
would experience an average of 1.86 aborts. 

2. The column headed "Multi-Point Only" gives the abort rate 
for the multi-point system. For example, in 1000 hours of 
four point missions., the -1 configuration would experience 
an average of 3-46 aborts. 

3. The column headed "Combined System" gives the abort rate for 
the cargo system as a whole for a 1.76-hour and a .463-hour 
mission. This assumes that either the single^oint or the 
multi-point system could be used for any mission. Where 
there is no redundancy, the lowest abort rate for single or 
multi-point suspension is applicable. 
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EVALUATION PROCEDURE 

INTRODUCTION 

As an aid In selecting the external cargo handling system configuration 
that best meets the ütO,OOO-pound payload requirements of the heavy lift 
helicopter« an evaluation procedure employing both qualitative and quanti- 
tative factors pertinent to the system design was employed. 

Productivities or costs are calculated for each of the competitive cargo 
handling designs. These results are combined with qualitative factors 
and are evaluated in a comparison matrix. The matrix attempts to quantify 
the qualitative factors in relation to productivity or cost by assigning 
relative weighting values to each of the parameters. These relative 
weighting values are based on Jud^nent. Each of the cargo handling sub- 
systems is then scored. Systems within 3 pet to 10 pet of each other are 
considered to be equivalent. 

DISCUSSION 

This section presents a discussion of the methodology used by Sikorsky Air- 
craft to select an optimum cargo handling subsystem for the heavy lift hell- 
copter system. The classic steps in devising a good selection process are: 

1. Acquire complete understanding of the operational concept 
and the functional requirements of the system and subsystem. 

2. Establish criteria of effectiveness and/or cost as a basis 
for system selection. 

3. Identify all relevant factors that are pertinent to the cost 
and effectiveness of the operation. 

k»   Classify all relevant factors into qualitative and quantitative 
categories, 

5. Quantify all the factors that are possible. 

6. Construct a mathematical simulation model relating all quan- 
tifiable factors to the criteria of selection. This model 
could consist of a simple equation or It could consist of a 
complex set of equations requiring computer processing. 

7. Exercise the simulation model to determine effectiveness 
and/or cost. 

8. Examine all qualitative factors. 

9. Evaluate and relate all factors and select optimum system. 
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One of the most important steps in the evaluation process is to acquire 
complete understanding of the system operational concepts and mission 
requirements.   A comprehensive missions analysis is required to develop 
the technical requirements for the heavy lift helicopter and its cargo 
handling subsystem«   These missions and operational analyses are presently 
in progress at Sikorsky Aircraft, but as in all concepts, such analyses 
are difficult to perform because of the uncertainty of so many of the 
basic parameters.   Some of the more comp.Tex factors of such an analysis 
include consideration of the types of loads to be transported and their 
frequency distribution, frequency distribution of operating ranges, new 
loads packaging concepts and methods of suspension, logistics and main- 
tenance problems of field conversion of single-point and multi-point sus- 
pension equipment, etc. 

These factors are difficult to define at this time because the crane con- 
cept is still relatively new.   Even though the U.S. Arny has had over 2 
years of field experience with the CH-54A in the Continental U.S. and in 
S. Viet Nam, new operational concepts are formulated almost daily.   This 
is complicated by the fact that the heavy lift helicopter configuration 
has not been fully defined. 

For the purposes of this study, the mission profiles described in the 
BASIC DATA section (pages 3 and 4) were used, assuming equal distribution 
of single-point and multi-point suspensions loads and equal distribution 
of long and short range operation.   Future missions and operational analy- 
ses may modify these assumptions, and therefore changes to sons of the 
conclusions of the evaluation may result. 

The criteria of effectiveness used to evaluate the cargo handling sub- 
system can be either productivity of the heavy lift helicopter crane 
system or total system cost.   The effect of the cargo handling subsystem 
on the performance or cost of the total heavy lift helicopter crane qrstem 
is important, not the absolute differences of values for the cargo han- 
dling equipment alone.   For example, one cargo handling subsystem may be 
more reliable but heavier than another subsystem.   The more reliable sub- 
system may not be the better one, since it is possible that the gain in 
eystem productivity due to the higher reliability may be more than offset 
by the loss in productivity due to the increased weight. 

Relevant factors that are considered in the evaluation process include 
weight, reliability, power required, maintainability, stability, safety, 
load acquisition and release time, design compromise to the heavy lift 
helicopter airframe, versatility, logistics problems due to conversion, 
development problems, and cost.   Most of these attributes can be quanti- 
fied into productivity or cost relationships.   However, factors such as 
versatility, airframe design compromise, and logistics problems are non- 
quantifiable at this time.   These attributes will be analysed qualitatively 
and will be considered on the basis of past experience and good Judgment. 
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DESIGN CBJECTIVES 

As mentioned earlier. In order to evaluate the various cargo handling sub- 
ieysteas effectively, all factors pertinent to the performance effectiveness 

and cost of the operations must be identified. The interrelationships and 
the sensitivities of these factors are determined by combining them into a 
single effectiveness parameter of either system cost or productivity (ton- 
miles/hour). It was felt that system productivity was as accurate as cost 
and was much easier to use, so productivity was selected as the criterion 
of effectiveness. 

A discussion of the relevant factors is presented in the following para- 
i graphs to ensure that quantitative ratings of these parameters as used in 

the productivity formula are considered in their proper perspective and 
are not accepted as unequivocal ratings. 

System Weight 

Calculations have been made to determine the overall system and special 
mission weights for each of the alternative hoist systems under considera- 
tion.   The mission weight is defined as the weight of equipment required 
to accoaplish a specific mission, such as a single-point load, and is 
lower than the system weight in most configurations because major compo- 
nents of the single-   or multi-point system could be removed prior to per- 
forming a mission. 

There are several other design considerations which must be taken into 
account while minimizing system weight. For example, a design for miniami 
weight might not be as satisfactory as a design which permits interchange- 
ability of moving parts because of the savings in maintainability and lo- 
gistics. Extra design features for ease of maintainability such as acces- 
sibility or quick disconnects can become more important than an associated 
weight penalty. 

System weight plays an important part in the determination of the produc- 
tivity of a configuration.   Although each alternative hoist system is de- 
signed for a 20-ton capability, the aircraft performance is penalized by 
system weight.    This penalty may affect system effectiveness in terms of 
reduced productivity if a constant gross weight heavy lift helicopter is 
assumed; or if the gross weight is increased to maintain a 20-ton payload, 
the penalty will be increased procurement cost. 

Another consideration which should be taken into account when calculating 
system weight is the type of supporting structure within the airframe. 
The single-   and the tandem-rotor aircraft configuration will be affected 
in different ways by the many possible hoist system configurations.   Sx- 
ternal placement of the motors, pumps, and hoists will affect the drag, 
while internal placement will disrupt the location of fuel cells and pas- 
senger or cargo coopartments; thereby, additional structural weight pen- 
alties will be required. 
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These conmants have been made to show that the beet system Is not neces- 
sarily the one having the lowest system weight. There are structural 
weights associated with each system which have only been estimated. In 
addition, there are other design factors which demand a degree of sophis- 
tication resulting in slightly increased weight. 

Safety 

The factor of safety is one which must be expressed in qualitative terms 
rather than in quantitative terms. The design of a system may be reviewed 
and rated as either safe or unsafe. Naturally, those criteria responsible 
for an unsafe rating must be corrected before the design is acceptable. 

One of the most critical factors considered within the category of safety 
is the stability of the load. As the aircraft speed increases, the lead 
stability changes and this in turn affects the controllability of the air- 
craft. Speed is one of the more sensitive items in the productivity study, 
so maximum speed allowable within the limits of safety is desirable, and 
that system which allows the greatest speed within safety limitations is 
regarded as the best. 

Each of the suspension systems is capable of carrying any type of load by 
using various combinations of bridles. However, the manner in which the 
load is supported has a direct bearing upon its in-flight stability« 
Oscillations of a load affect control of the helicopter because of the 
changing drag factor and the change in location of the center of gravity 
of the load. Suspension of a load by a four-point system provides the 
most stable means of support and hence allows the greatest forward air- 
speed. Precise control of the load during flight permits even greater 
load stability throughout the changing attitudes of the aircraft. This 
can provide the safest system capable of the highest airspeed. However, 
load stability is also dependent upon its density. High density loads can 
be carried satisfactorily from a single-point system; high drag-low density 
loads such as downed aircraft cannot be stabilized even through the use of 
multi-point hoists, and drogue chutes are required to prevent in-flight 
oscillations. In these cases, safety of flight demands low airspeed; 
hence, productivity is a poor measure for coopering alternate hoist con- 
figurations. 

Reliability 

Reliability is generally regarded as the likelihood that a given system 
will function normally. With a system as sophisticated and expensive as 
a heavy lift helicopter, it is important that the cargo handling subsystem 
be as reliable as possible. Failure of the cargo handling system could 
result in grounding the entire helicopter system. 

Reliability is measured in terms of failure rates or unscheduled mainte- 
nance requirements. Thus, a multi-point system would be considered less 
reliable because, with a larger nunfcer of components, there are more 
chances that something will fail. A review of the type of failures should 
be made because many would occur to those components which have a direct 
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association with the raising and lowering of a load.    If this Is true, It 
might still be possible to lock the cable drums In position and utilize 
the extended cable or cables as a form of bridle.   This would allow utiliza- 
tion of the helicopter to perform a mission with performance somewhat de- 
creased due to load Instability. 

In several of the configurations studied there are duplicate systems, 
single and multi-point, so that failure of one system would not neces • 
earily result In an aborted mission.    Through the use of bridles or slings, 
both the single and multi-point sys^e&s can handle all types of loads. 
Thus It Is necessary to evaluate the penalty of greater system weight and 
higher maintainability of both e. single <uid multi-point system against 
higher mission reliability. 

Maintainability 

The factor of maintainability is most easily represented by cost«    The 
maintenance man-hours per flight hour for each system can be measured and 
converted Into dollars by using standard labor rates.   Hcwever, when the 
factor of maintainability Is to be Included in the productivity formula, 
it Is represented as a function of availability. . The availability of the 
heavy lift helicopter is penalized by the downtime due to maintenance. 
This may not be completely true, howe/er, because the scheduled mainte- 
nance and sometimes unscheduled maintenance of the cargo handling system 
can be done simultaneously with maintenance of the aircraft Itself.   The 
fallacy of 'M.e method is that in comparing two closely rated systems, the 
factor of time attributed to maintainability receives the same emphasis 
as other time factors such as loading time which have a direct effect on 
mission accomplishment. 

There are other factors to be considered in the area of maintainability 
which may not appear in the availability figures.    Standardization and 
comnonallty of parts is important when considering the storage and han- 
dling of spares.    Accessibility and vulnerability of conponents Is impor- 
tant, particularly for those components which may be removed for weight 
saving purposes for dally missions.    Check-out of the system without start- 
ing the main engines and rotor blades Is important,  since It permits the 
check-out to be completed by the ground crew Instead of the pilot.   Char- 
acteristics of this type are not always taken into account by quantitative 
measures and as availability, but they should be considered in the selec- 
tion of the recomnended system. 

Size 

The physical size of the systems does not appear In the productivity analy- 
sis because it does not directly affect the size or weight of cargo which 
can be transported.    It 1» important to consider the physical size of the 
system when considering its installation within an airframe.    Size is less 
significant when the system is to be mounted on a crane type helicopter 
than if it is to be mounted within an existing cabin.   It Is assumed that 
the configurations will all be competitive in size and that it would be 
feasible to install ary of the systems in an aircraft. 
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Power Requlreinent 

It is difficult to determine the sensitivity of the power required for 
several alternative systems, especially In a productivity model. If the 
basis of comparison is cost, dollars per horsepower are readily assigned 
and provide a relative rating. If the conqaarison ie to be made on the 
basis of productivity, differential power required would be translated 
into pounds per horsepower and the total pounds would be subtracted from 
payload. 

System Cost 

Initial system cost is considered to be important but by Itself can be 
very misleading.    Not only should lifetime cost be considered, but lo- 
gistic cost due to maintainability and reliability must be considered, 
AU of the above-mentioned design objectives can be measured as a function 
of cost and can be related to the cost of the overall system operation. 
In addition, there are several other qualitative factors which are not 
easily assigned a dollar figure but do affect operating costs of the 
system. 

Qualitative Selection Factors 

The preceding paragraphs discussed the design objectives assigned in the 
cargo handling work statement provided by the Amy.    There are other de- 
sign criteria which may be considered of less significance but which 
should have some bearing on the system selection.   Examples of some of 
these are as followst 

Ground Handling Time 

Minimum ground handling time is important during load attachment 
because it has a direct effect on helicopter hover time.   If the 
assumption is made that this system would be used to cany Amy 
Division equipment between 10 and 20 tons, 30 pet of that equip- 
ment must be attached while the helicopter is in a hovering posi- 
tion.   Hookup time then becomes a factor which could influence 
the choice of a system.   The time required for ground preparation 
of the load, such as the bridle attachment prior to arrival of the 
aircraft, should not be Included.   This time should perhaps be in- 
cluded with maintainability, since it directly affects availability. 

Versatility 

Tat current study has shown that the one- , two- , and four-point 
systems are each capable of handling any type load through different 
combinations of bridles.   The degree of effectiveness with which the 
different systems can handle all loads ie not the same.   Therefore, 
further information on the type of loads to be carried could also 
influence the selection of a system. 
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The sis« of pods to be used for hospitals, troop transports» or 
coonand posts should be standardized in height and width and perhaps 
in multiples of length. These could then be transferred to or from 
railroad and hlßhiraj vehicles. As the super transports such as the 
C-5A become a reality, much Amgr equlpasnt will be packaged In con- 
tainers being specially designed for efficient loading and unloading. 
These containers will remain Intact from shipper to destination so 
that compatibility with a helicopter handling system is ioportant. 
Similarly, there is growing Interest in the Fast Deploymsnt Logistic 
(PDL) and in programs which include Amphibious Helicopter Assault 
Ship (LHA) plans for unloading ships by helicopter. 

In addition to the pod or container, pallets must be accoomodated 
for aerial flight. Pallets can be used not only for loading small- 
sized containers but for transporting multiple vehicles or trailers 
with their associated towing vehicles. Power suspension is extremely 
Important in these situations to prevent loss of load during flight. 

Another element of versatility to be considered in selection of a 
system depends vpon the desirability of splitting loads among several 
destinations. A multi-point system could be used to make more than 
one drop without requiring assistance from the ground for rearrang- 
ing bridles or making other adjustments. Limitations for this type 
of operation are established by helicopter center-of-gravity limita- 
tions and by the weight of the cargo being carried. 

After considering the advantages of multi-point systems due to the 
greater flexibility in manipulating the load, investigations should 
be made to determine that the pilot or other crewman has the means 
of controlling the load. This includes means of knowing the position 
of the load and individual tensions on the cables. Knowing this in- 
formation is only part of the problem. The remainder of the problem 
is providing the means of Independently operating the cables so as to 
reposition the load. Even with adequate visual facilities to sight 
the load, displays are required in the aircraft due to the difficulty 
of depth perception when the ends of the cables are more than 20 feet 
below the aircraft. 

Structural Design Conpronises 

At the outset of the study, the philosophy was to define a cargo 
handling system without reference to a particular type of airframe. 
It was felt that this would ensure the best type of cargo system 
which then could be attached to any type of airframe. As different 
rating methods were tried and different mission profiles examined, 
no single factor or group of factors seemed to give any of the 
alternative systems significant advantages. As various criteria 
were considered, the Impact of the method of installation within an 
airframe became more relevant. The effect of systom weight was 
briefly mentioned but there are other considerations in both the 
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single- and tandem-rotor configurations which could influence 
selection of a system. In addition to the structural arrangeaent 
of these types of helicopters, each has inherent handling charac- 
teristics which will tend to influence the relative Merits of the 
systeas. The criteria of compatibility should be considered at 
least as strongly as the other qualitative criteria« 

Productively Armftyw-lw 

Productivity is the rate of pay load delivery for a given mission. This is 
the major quantitative parameter that will be used to compare the perform- 
ance effectiveness of the various cargo handling designs. The best con- 
figuration enables the heavy lift helicopter to deliver the greatest 
amount of payload over a specified distance in the shortest period of time. 
Productivity is a function of payload, radius of operation, availability, 
mission reliability, and total time to accomplish the mission. The weight 
differences of the various cargo handling designs are accounted for by 
modifying the payload to penalize any cargo handling design that is heavier 
than the base subsystem. The reliability and maintainability of the equip- 
ment are reflected in availability and in mission reliability. Lead 
stability are reflected in cruise speed, acceleration, and deceleration of 
the heavy lift helicopter. Complexity of cargo hookup and release is re- 
flected in loading and unloading time. The equations and the assumptions 
used to determine productivity are described below: 

Productivity Payload x Distance x Availability x Mis. Re^.  ,    * 

where 

Payload 

Avail. 

Mis. Rel. 

t  « 

n ■ 

h - 

capacity of the aircraft less the difference in 
weight between the configuration in question and 
the lightest configuration (lightest configuration 
has 20-ton payload;. 

assumed base availability of the aircraft less 
difference in unavailability between configuration 
in question and least available configuration. 
Assume aircraft has .65 availability. 

percentage of missions which, once initial, will 
not be aborted due to cargo handling system 
failure. 

t9 + n (t7 + ^ + t3 + t5 + t8 + t2 + t4 + t6) (25) 

number of round trips 

time to accelerate to cruise speed with load 
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t2 ■ time to accelerate to cruise speed without load 

t* ■» time at cruise speed with load 

ti « time at cruise speed without load 

tc ■> time to decelerate with load 

b^ - time to decelerate without load 

tm •" time to load 

tg ■ time to unload 

tn » time to warm up 

The cargo handling qjrstems have been evaluated for single and multi-point 
cargo suspension for the following missions: 

12-ton transport;  One round trip of 100-nautlcal-mlle radius 
carrying 12 tons outbound only. 

20-ton transport:  One round trip of 20-nautical-mile radius 
carrying 20 tons outbound only. 

The assunptions made in the productivity analysis are shown in tabular 
form; 

1 + ^ Pt.  4 Pt.  1 I- 2 Pt.  2 Pt. 

Time to warm up, min 3 

Acceleration without load« n.m./aec  4 

Cruise speed without load, kn       130 

Angle of climb 30° 

Deceleration without load, n^m/eec A 

Hoist speed, fpn 60 
(lower and raise 20 ft) 

Time to load, min 1/2 

Acceleration without load, n.m./sec 3 

Cruise speed with load, kn 60 

Deceleration with load, n.m./sec 3 
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3 3 3 

U k k 

130 130 130 

30° 30° 30° 

U 4 h 

30 60 30 

2 1/2 1 

3 3 3 

60 60 60 

3 3 3 



1+ it Pt.  4 Pt.  1 -f- 2 Pt.  2 Pt. 

Time to unload, min l/2      2     l/2     1 

Note: For loads carried single point and assuming the hookup 
is made with the least number of hooks available. 

The same productivity fornmla applies for loads carried on the multi-point 
suspension and assuming the hookup is made with the largest number of 

1 + U Pt. i.Pt. 1 + 2 Pt. 2 Pt. 

Hoist speed, fpm 30 30 30 30 

Time to load, min 2 2 1 1 

Cruise speed with load, kn 100 100 80 80 

Time to unload, min 2 2 1 1 

The results of the productivity calculations for each configuration are 
given in Table XXI, page 129. An average productivity for these data is 
also presented. 

QUALITATIVE EVALUATION 

As has been previously indicated, many of the factors governing the selec- 
tion of an external cargo handling system cannot accurately be quantified 
and included in the previous evaluation method« These factors mast there- 
fore be ranked solely on the basis of judgment and past experience. These 
factors are then combined with productivity in a comparison matrix to 
select the best system. 

It is difficult at this point in the study to establish accurate cost in- 
fopmation. Therefore, to simplify preparation and evaluation, the 13 con- 
figurations have been given a relative ranking for prototype hardware and 
development costs« The following factors are included in the qualitative 
cooparlson matrixt 

FACTOR RELATIVE WBISHTIN& 

Productivity 20 

Safety 10 

Cost & development effort 5 

Versatility 5 
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FACTOR REUTIVE WSIGHTIMS 

AirframB eonpatiblllty 5 

Productivity is gXvn a weighting of 20 because it is a function of weight, 
reliability, and «aintainabillty, as well as load stability in flight and 
acquisition tins. 

Safety, which includes evaluation of potential safety hazards in all opera- 
tional phases including load acquisition, flight, and load release has 
been given a weighting of 10. In ranking the various configurations, the 
single-point lead suspenaion has been considered the safest for flight 
conditions, since triple redundancy is provided (tandem-dual cable cutters 
and cable strip-off) for emergency Jettisoning. Two-point and four-point 
suspensions are considered to have approximately equal safety characteris- 
tics. While the four-« point has a lower overall cable cutter reliability 
than the two-point, a four-cable suspension is considered to offer suffi- 
cient redundancy to offset this factor. 

The cost of prototype hardware and development effort, versatility, and 
the coopatibllity of the system to the airframe have been given weighting 
factors of 5. 

A suanary of the results of the qualitative conparison matrix for the 
heavy lift helicopter is presented in Table XXII, page 130. Configurations 
with scores within 5 pet of each other are considered to be approximately 
equivalent. 
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SUMKARY 

All 13 configurations studied during Phase 1 have been evaluated with re- 
spect to the following parameters: 

1. Weight 

2. Reliability 

3. Safety 

4. Maintainability 

5. Physical Sise 

6. Power 

7. System cost 

6. System development effort 

9. Technical confidence 

10. Redundancy 

11. Versatility 

12. Airframe coopatibility 

On the basis of this Phase 1 investigation, an external cargo hand] lag 
system incorporating a mechanically powered single^point hoist and hydrau- 
llcally powered multi-point hoists is considered to best meet the require- 
ments of a 40,000-pound-payload heavy lift helicopter. 

For a single- plus four-point system the -1 configuration 
is re commanded. 

For a single» plus two-point system the -11 configuration 
is recomnanded. 

The major factors leading to this selection are as followat 

1. While the -1 and -U separate function configurations are 
heavier than the combined function systems and exceed the 
4000-pound goal by approximately 10 pet as a total system, 
the capability of major component removal results in a 
single function weight of approximately 60 pet of the de- 
sign goal. 

2. Separate function systems such as the -1 and -11 configurations 
provide better aerial cargo system availability, since the mal- 
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function of one System does not necessarily down the aircraft. 
The single and multi-point systems of these two configurations 
have entirely separate power sources. This provides greater 
drive system reliability than that of the separate function 
Systeme. 

3« A single-point load suspension is considered the safest for 
flight conditions, since the normal electrical release mode is 
backed up by an emergency system with triple redundancy* Bven 
total malfunction of ell release modes does not Inherently pro- 
duce aircraft instabilities, as in the case of partial failure 
of any of the multi-point systems combined to perform single- 
point missions. 

4. The -1 and -U configurations require the least development 
effort to achieve the declred goals of this program. In addi- 
tion, the proposed clutch-reverser unit for the mechanical drive 
single-point hoist can be replaced by either the variable speed 
drive unit or a hydraulic motor if these Systems prove to be 
advantageous as the state of the art Is advanced. 

5. The -1 configuration was selected rather than the -2 primarily 
because It utilizes different power sources for the singlu- 
and the multi-point hoist systems. A hydraulic motor, pump, or 
clutch failure would not prevent use of the aircraft for a cargo 
handling mission. In addition, both the pump and the motor pro- 
posed for the -2 configuration require further developmental 
effort. 

6. The -1 and -11 configurations can be adapted to either the slngle- 
or the tandem-rotor aircraft. They are easily adapted to the 
single-rotor type because of the proximity of the accessory gear- 
box and the single-point hoist. Addition of a gearbox between the 
drive shafting connecting the fozward and aft rotors is required 
to provide a power (source for the clutch-reverser unit on the 
tandem-rotor aircraft. 

The -1 configuration utilising a single-point hoist and four multi-point 
hoists is considered the better of the two, especially for the single- 
rotor aircraft, because of its versatility and coapatiblllty with air- 
frame and structure. 

1. For short-range missions, the single-point load suspension is 
the most versatile. It requires lower hookup and release times 
and has higher hoisting speeds. Analysis indicates that the 
four-point system has only a slightly better aircraft cruise 
speed advantage over the two-point system for missions of 
longer range. However, the four-point load suspension has 
better versatility, since no special bridle or rigging is re- 
quired to cany a wide variety of vehicles, as is the case for 
any two-point system. 
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2. The -1 configuration Is more compatible with the airfraae 
Btructvre, since it requires only one well for the single- 
point hoist installation. The single-point hoist is partic- 
ularly adaptable to the single-rotor helicopter, since it is 
located directly under and utilizes the main tranamission 
support structure. The four-point hoists are located out- 
board of the fuselage structure on davit type structures 
with suitable aerodynamic fairings* 

3. The -11 configuration with a single- plus two-point load 
suspension requires three airframe wells. In addition to 
a small airframe weight penalty, these wells utilize the 
crane-type fuselage cavities normally used for fuel tankage. 
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PHASE II 

 PRELIMINARY DESIGN 

DISCUSSION 

The external cargo handling system selected for the preliminary design 
phase of this study is a single- plus four-point arrangemsnt utilizing a 
mechanically driven single-point hoist and four hydraulically driven zero- 
monent hoists as shown in Figures 68 and 69» pages 251 and 253* 

The single-point hoist is capable of raising and lowering a 40,000-pound 
load 100 feet at a rate of 60 feet per minute. The single-point hoist 
drive train consists of a clutch-reverser unit, two angle gearboxes, and 
several sections of shafting. On the single-rotor heavy lift helicopter, 
the clutch-reverser unit is mounted on the accessory gearbox (Reference 3> 
Figure 38, page 245) permitting operation on the ground from the auxiliary 
power plant with the rotors stationary as well as from the rotor system in 
flight. 

The four-point hoists are rated at 11,550 pounds at a speed of 30 feet per 
minute and contain 50 usable feet of cable. These units are hydraulically 
driven by a pump mounted on the accessory gearbox and utilize a hydro 
electric feedback control system to ensure synchronized load lifting. The 
four-point hoists can be operated on the ground without the rotors turning 
when the accessory gearbox is driven by the auxiliary power plant. 

Both the single-point and the four-point hoists are readily removable from 
the aircraft when missions requiring minimum empty weight are to be uhder- 
taken. 

For the tandem-rotor heavy lift helicopter, the single-point hoist has 
been located with the drum axis parallel to the aircraft longitudinal 
centerline (B.L. 0 as shown in Figure 70, page 255)• This arrangement was 
selected to accomnodate the somewhat smaller lateral trim moment capability 
of the tandem. Since the hoist is driven from the interconnecting shaft- 
ing, it cannot be operated from the AFP on the ground with the rotors 
locked. 

The investigation conducted herein, as well as the experience gained on 
the CH-5AA Sky crane, has clearly demonstrated to the authors that the basic 
preliminary design of any external cargo handling system is interrelated 
and should be conducted concurrently with that of the U 3ic airframe. 
This is particularly true for the mechanically driven r ngle-point hoist 
system selected. This system is undoubtedly more sutt -d to the single- 
rotor heavy lift crane type helicopter (where the authors1 experience lies) 
than to the tandem. Several other single-point hoist designs, although 
somewhat more complex, might be more appropriate for the tandem in view of 
its lateral trim limitations. Included among these are: 
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Large diameter, narrow width multi wrap drum 

Capstan type« zero-noment 

Traversing dru« 

Two part, doubled reeved 

If rotor locked ground operation is mandatory, the use of hydraulic power 
will most likely result in an appreciable weight savings at a slightly 
lower mission reliability (see Table XX, page 117)« 

The hydraulically powered four-point hoist system is equally adaptable to 
both tandem-   and single-rotor helicopters,    nie structural and hydraulic 
system design problems associated with hoist mounting drive and control 
are similar for both aircraft.   The four-point hoist installation for the 
tandem-rotor heavy lift helicopter is shown in Figure 70, page 255« 
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SINGLE-POINT HOIST SYSTBl 

HOIST 

The singl«-point hoist. Figure 71» page 257i is a one-part,  single-reeved 
type.    The cable is wrapped In a single layer on a grooved drum, which is 
coated with a 0.25-inch-thlck polyurethane .-ubber Jacket and is attached 
to one end of the drum bj a pin and clan?) tjpe fitting.    Kven winding of 
the cable on the drum is maintained bj a level wind mechanism consisting 
of a ball screw driven bellmouth assembly.   The level wind structure is 
free to rotate about the drum axis so that towing loads, with the cable 
swing 60° aft, will not result in high loads being reacted through it. 
In ad lit Ion, the level wind contains scrub rollers which provide the power 
required to pull the cable off the dram without the need for an added 
weight on the hook.   The scrub rollers are adjustable to compensate for 
wear. 

Limit switches are also mounted on the level wind.   All gearing required 
to power the ball screw and scrub rollers is supported in one level wind 
support arm.   The bellmouth assembly is mounted on the ball screw nut and 
a reaction pipe.   The reaction pipe provides the restraint required to 
transmit the rotary action of the ball screw into linear motion of the 
bellnouth-nut assembly.    It also reacts the moment created when lateral 
cable swing is encountered.    The bellmouth assembly contains the cable 
cutters which are used to shear the cable in the event of an emergency. 
A split, easily removable wear liner is also contained in the bellmouth 
assrably. 

A Weston brake (Reference 6) is provided to prevent the load from dropping 
in the event of a power failure.    It functions automatically and is lo- 
cated between the first and second stages of the hoist reduction gearing. 

A hydraulically powered free reel clutch assenfcly is built into the hoist 
gearbox to penait the hook and cable assembly to be Jettisoned in the 
event of a hook release malfunction.   A manual control valve actuated by 
a push-pull control cable from the cockpit diverts flow from the aircraft 
utility system to the free reel clutch assembly.    It is reusable and re- 
sets automatically when the hydraulic pressure is removed.   The Weston 
brake is located between the input shaft and the free reel clutch assembly 
so that it does not affect proper free reeling operation. 

A completely sealed slip ring assembly it provided to penait transfer of 
electrical control and power signals to the electrical conductors in the 
core of the main suspension cable from the f rcraft's electrical system. 
A quick disconnect is provided to permit fleui removal of the cable with- 
out affecting the slip ring assembly. 

A conventional gear reduction system with an overall reduction ratio of 
/UO to 1 is used.   The first and second reduction stages of 4*190 to 1 
and 3*513 to 1 are conventional spur gears.   The third stage of reduction, 
30.111 to 1, is a compound planetary tystem.   All internal gearing is 
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splash lubricated and completely sealed.   Oil fill, drain« and level plugs 
are provided. 

Auxiliary drives are conventional spur gears.    These gears are coated with 
a dry film lubricant and in addition are lightly coated with grease.    The 
fosars are enclosed by weathertight fiber glass shields which are easily 
removable for inspection and servicing.    A shear Joint is provided to pro- 
tect the ball screw assembly in the event that excessive side loads should 
tend to Jam the level wind assembly.   Replacement of the shear pin, follow- 
ing the removal of the cause of Jamming, is possible without disassembly 
of the hoist« 

A cable length potentiometer is provided.    It is easily accessible both 
for maintenance and/or replacement.   An anti-backlash cover is provided 
to prevent the cable from Jumping off the drum in the event a load is air 
dropped. 

CLUTCH-REVERSER UNIT 

A clutch-reverser unit mounted on the accessory drive gearbox provides the 
power to operate the main hoist.   It is a conventional reversing gear 
similar to the type commonly used in marine applications.   The unit con- 
sists of five spur gears, two oil actuated wet plate dutches, and a bevel 
gear set as shown in Figure 72, page 259*    The oil used to engage the 
clutches and to provide clutch plate coolant when the hoist is inoperative 
is supplied by a gear punp through appropriate solenoid operated valves* 
This clutch control-lubrication pump is mounted OB the accessory gearbox« 

The clutches are spring loaded in the disengaged position.   To hoist the 
load, oil at 250 psi pressure is supplied to clutch number 1.    Clutch 
number 2 remains disengaged«   To lower, the sequence is reversed«   When 
hoist operation is not required, boih clutches nuobers 1 and 2 are dis- 
engaged.   The holet drive shafting is therefore stationajy except when 
loads are being raised or lowered«   Smooth clutch engagenoat is attained 
by a modified form of pressure modulation accomplished by use of an orifice 
between the accelerator and force cavities« 

When the clutch is engaged, pressure oil enters the accelerator cavity. 
Since the accelerator cavity displacement is small, the pressure drop is 
momentary.    The clamping force is then generated by a controlled pressure 
buildup in the force cavity created by the metering of a «Ball amount of 
oil required through the orifice in the accelerator piston«   A sehenatie 
showing this operation is shown in Figure 43« 

The mechanical variable speed drive unit of Appendix II, page 2^5/ 
vestigated as an alternate means of providing power to and reversing di- 
rection of the single-point hoist« 
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CABLE 

The single-point hoist cable is stainless steel and is of 16 x 19 non- 
rotating construction.    It has an outside diameter of 1.39 inches and a 
guaranteed ainimum breaking strength of 150,000 pounds.    The individual 
wires are .060 inch in diameter and are made from heat treated type 302 
stainless steel.    The 18 x 19 construction, IB strands with 19 wires per 
strand, gives a flexibility greater than that attained in the 16 x 7 
cable presently used in the CH-54A main cargo hoist. 

The core of the cable contains seven electrical conductors of stranded 
wire construction.    They are helically wound and encased in a tough, re- 
silent, plastic Jacket.   Five of these conductors are required to trans- 
mit the electrical power required to operate the actuating solenoid in the 
cargo hook.    Two conductors are spares; thus, field level maintenance per- 
sonnel can "wire out" defective conductors without removing cable.    This 
"wiring out" is possible by using the following procedure: 

(a) Remove hook from swivel assembly and slip ring assembly 
from swivel. 

(b) Remove slip ring asbeably from hoist by pulling only fair 
enough out of housing to service, 

(c) Check continuity to determine good conductor, 

(d) Connect good conductor to proper terminals after 
removing defective corductor. 

(e) Reinstall slip ring in hoist. 

(f) Reinstall slip ring in swivel assembly and hook into 
swivel. 

(g) Check for normal hook operation. 

Embedding the conductors in the core of the cable protects them from 
damage due to rough handling and from adverse environmental conditions. 

Three design features have been incorporated in the single-point hoist 
design to provide good cable fatigue strength.    Abrasion type wear, which 
results from cable slippage on the drum during the starting cycle, will be 
appreciably reduced by the use of a hard rubber Jacket molded onto the 
aluminum drum; an added advantage is that drum wear is also reduced.    In 
addition, a drum diameter greater than the minimum permissible based on a 
standard wire diameter to drum ratio is used.    This results in a stress 
level in the cable, dua to winding on the drum, which is A2 pet lower than 
that which would result if the minimum permissible diameter of 24 inches 
were used.   By the use of a single layer design on the drum, the abrasion 
wear which would occur at cable crossovers if a multiple layer design were 
used is completely eliminated. 
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The ostlmcied stretch In the cable, based on preliminary tests conducted 
on a 5-^oot sample length of 18 x 19 cable« is equal to 1.53 x 10'° inchei 
per foot of cable extended per pound of load or at maxLnum load and cable 
length: 

Cable stretch - (1.53 x ICT6) (100) U0,000) - 6.22 inches  (26) 

ifrfirigT.T.Aingx)s QOMPOHEOTS 

Hook-awivel Assembly 

The hook-swivel assenbly provides the means for attaching cargo to the 
•ingle-point hoist cable. It permits free rotation of loads about the 
cable centerline and transmits electrical control and indicator signals 
tram the hoist cable to the hook. 

The assenbly consists of a swivel assenbly and a hook assembly. These 
assemblies are integral units and can be quickly separated for either 
maintenance or replacoment. 

SHITSI 

The swivel asseobly consists of a main housing assembly and a slip ring 
assembly.   The main housing is threaded to accept the cable and contains 
a sealed grease packed thrust bearing.   Two lugs permit attachment to the 
hook assembly.   The slip ring assembly, which is a completely sealed unit, 
is bolted into the lower part of the housing.   An electrical conduit, with 
suitable shielding to prevent wear due to rough usage, connects the slip 
ring to the hook assenbly.    An AN 4064 type dehydrator, suitably protected 
from abuse, is also installed to indicate excessive amounts of moisture 
contamination without the need for disassembly.   The complete assembly 
weighs approximately 48 pounds. 

Hook 

The hook assembly is of the open throat or self-loading design.   A toggle 
linkage is used to lock the load beam in position.   A rotary solenoid pro- 
vides power to open the locking linkage which allows the load to open the 
load beam.   The load beam ia restrained, following load release, by a re- 
placeable rubber bumper.   The beam is returned to the locked position by 
an Integral spring.   Integral microswitches are incorporated to provide 
the signal required to indicate load beam position.   A compression nprlng 
mounted at the load beam pivot point and a microswitch provide the means 
to initiate the automatic touchdown release mode.   While the load is being 
supported on the load beam, the spring is compressed and the microswitch is 
not actuated.   When the load on the beam is reduced below 150 pounds (by 
putting the load on the ground), the spring extends and the microswitch is 
actuated.   This signal causes the solenoid to open the locking linkage and 
thereby release the load« 

The solenoid is completely enclosed and sealed in a weathertight housing. 
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All mlcroswltches are conpletely sealed. An AN 4064 type dehydrator, suit- 
ably protected from abuse, is Installed to indicate excessire aaounts of 
contamination without the need for disassenbly. A manual release control 
knob is mounted on the outside of the hook. It pemits manual opening of 
the same locking linkage as the solenoid and provides a redundant hook re- 
lease method. A knob design is used instead of a lever, since it is less 
subject to accidental fouling from slings and other load attachasnt type 
equipment. 

Two handles, one on each side, are provided to facilitate ground handling 
of the hook. A rugged keeper is spring loaded to permit load rings to be 
slid onto the load beam with ease and yet to prevent them from sliding off 
under adverse loading conditions. The complete hook assembly weighs 102 
pounds. 

Decoupler 

The single-point hoist decoupler (or isolator) is a nonlinear spring for 
which the spring constant increases as the load increases. By varying the 
stiffness of the spring with load, it is possible to maintain a constant 
natural frequency for the load and cable system. This system frequency is 
sufficiently removed from the one per revolution of mean ratio excitation 
frequency to eliminate any tendencies of vertical oscillation (vertical 
bounce). 

A liquid spring is used in this application. It is provided with a 10,000- 
pound preload and low friction seals to minimize the operational coulomb 
friction (less than 5 pet of the applied load) and breakaway force (less 
than 250 pounds). 

The incorporation of a reentrant short pipe type orifice in the liquid 
spring retards the return stroke of the Isolator when a load is air dropped. 
IMs eliminates the use of shock struts and causes a consequent reduction 
in both weight and complexity. 

An integral load cell permits cable loads to be measured. A charging cy!U 
Inder, pressurized by the aircraft's utility hydraulic system, compensates 
both for temperature induced pressure changes and any leakage that may 
occur. 

CONTROLS AND INDICATOR SYSTEM 

Single-point hoist and hook controls are available to both pilots and to 
the hoist operator (aft-facing pilot). 

The master control for the hoist is located on the console between the 
pilots. It consists of a master switch, which energizes either the single- 
or four-point hoist system, and a station selector switch, which permits 
hoist operation by either pilot, copilot, hoist operator, or all three« A 
three-position rocker switch located on all three collective piLch sticks 
allows the hoist to be raised, lowered, or stopped. This switch is spring 
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loaded to the off position. A guarded cable shear switch located in the 
overhead console between the pilots permits the cable to be cut in the 
event of an emergency. 

The free reel release lever located in the center console on the floor be- 
tween the pilots permits the cable and hook assembly to be jettit-oned in 
the event of an emergency. The master switch ensures that only the appro- 
priate hoist system will be capable of free reeling. 

A cable cutter test panel is located in close proximity to the shear 
switch. It can be used to permit prefllght checking of the firing circuit, 

A similar shear switch and a test panel are located on the bulkhead to the 
right of the hoist operator. A free reel release lever is also provided. 

Cable length and cable load indicators are provided for both the pilot and 
hoist operator. 

The master control for the cargo hook is located in the center console be- 
tween the pilots. It contains a station selector switch which permits 
hook operation by either pilot, copilot, or hoist operator, and a mode se- 
lector switch which can be placed on ELEC. REL., AUTO. REL., or SAFE. 
PiieV-wtr" switches on all three cyclic control sticks permit the hooks 
to be opened. 

Lights in the main advisory panel and at the hoist operator's station in- 
dicate when the hook is in the AUTO REL. condition or when it is in the 
OPEN position. 
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FOUR-POINT HOIST SYSTEM 

HOIST 

The four-point hoists (Figure 73» page 26l) are universally mounted and 
are of the one-part, single-reeved type. The universal mounting, as 
shown by Figure 69, page 253» permits the hoist to be pivoted through a 
cone with an included angle of 60°. This enables attachment to loads of 
the wide variety of physical dimensions that are within the load carrying 
capability of the H.L.H. Figure 3» page 13, shows the space envelope for 
the load attachment points that are within the hoists capability without 
exceeding the 60° included cone angle. 

Since the hoist is mounted in a universal joint, small side loads will be 
reacted in the level wind support structure. Figure kk  illustrates this 
condition. To reduce wear of both cable and bellmouth, two nonpowered, 
Polyurethane rubber coated rollers are integrated into the bellmouth 
assembly. 
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Figure hU,     Four-Point Hoist Attitude at 
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The "able is wrappsd In a single layer on a grooved drum which ie covered 
by a 0,25-lnch-thick noldad rubber Jacket which la attached to the drum 
by a pin and clamp fitting.   A level wind mechanism, consisting of a ball 
screw driven roller bellmouuh assembly, ensures jven distribution of the 
cable across the drum.    Scrub rollers are used to provide the tension re- 
quired tw» pull the cable off tL* drum and are adjustable to compensate 
for wear. 

The power required to drive the scrub roller and the ball screw is supplied 
by a chain drive from a drum mounted sprocket.    The roller bellmouth assem- 
bly Is supported on a ball screw nut and a reaction pipe.    The reaction 
pipe provides the restraint necessary to transmit the rotary motion of the 
ball screw into a linear motion of the roller bellmouth-nut assembly.    The 
cable cutters, which are used to shear the cable in the event of an emer- 
gency, are located in the roller bel3iouth assembly. 

A tueston brake is provided to prevent the load from dropping in the event 
of a power failure.    It functions automatically and is located between the 
first and second stages of the main drive gear train. 

A hydraullcally actuated fiee rsel clutch similar to that used in the 
single-point hoist (see page 136) is incorporated in the hoist. 

A completely sealed slip ring a8sn.nbly is provided to transfer electrical 
signals from the aircraft to the main suspension cable on the hoist«   A 
quick disconnect fitting permits hoist cable reiLoval without affecting the 
slip ring assembly. 

Microswitches are provided to limit cable travel, and a cable length poten- 
tiometer is provided.    A feedback control system potentiometer and clutch 
assembly is also integrated in the hoist drive train. 

An anti-backlash cover prevents the cable from Jumping off the drum in the 
event that a load is air dropped. 

The power gear train consists of four reduction stages with an overall re- 
duction ratio of 51A«4 to 1.   The first and second reduction stages, 4*52 
to 1 and 6.27 to 1, are conventional spur gears.   The third and fourth 
stages, 4*90 to 1 and 3*70 to 1, are conventional planetary gear sets. 
AU of this gearing is splash lubricated and completely sealed.   Oil fill, 
drain, and level plugs are provided. 

HYDRAULIC JYSTBI 

PlIBP 

The hoist pump is a yoke type in which the inclination of the yoke estab- 
lishes the angle of the swashplate, to which the displacement of the pump 
is proportional. When the yoke is rotated across the center, or no-flow, 
position the direction of flow through the pump can be reversed« The pump 
displacement is controlled by a single stage servo positioner. The signal 
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to the valve is electrical, and control power is supplied by the replenish- 
msnt hydraulic system.    If either the control signal or control pressure 
is interrupted» the pump returns to the no-flow position.    The magnitude 
and polarity of the electrical control signal determines quantity and 
direction of pump flow.    The control system is designed to permit seven 
delivery positions: 1/4 flow, 1/2 flow, and full flow in both directions 
and zero flow.    The pump displacement is 1.8 cu in./rev.    It is rated at 

, a flow of 45 gpm at 6000 rpm and weighs 20 pounds. 

Motors 

The motors are of the fixed displacement type whose direction of rotation 
• depends on the direction of flow. They have a displacement of 0.95 cu in./ 

rev and an output power, at 3000 psi, of x7.5 horsepower. They weigh 10 
pounds each. 

Hydroelectrical Feedback arstea 

The basic hydraulic system is a pressure demand type in which the direc- 
tion and rate of flow are established by control of the hoist pump and the 
pressure developed is determined by line losses and the load. This type 
of system eliminates the heat generation of a system which uses a pressure 
compensated pump at anything less than full load. The system is closed 
and does not contain a reservoir. Losses from the system through pump and 
motor leakage are made up by a separate replenishment system. The pump 
supplying the replenishment system also provides control pressure to the 
hoist pump controller and cooling flow to the hoiet pump. 

Synchronized operation of all four hoists is obtained by use of a hydro- 
electrical feedback system which utilizes servo controlled flow divider 
valves to control the flow to individual hoist motors, as shown by 
Figure 45» page 146. 

The division rf flow between forward and aft and between port and «tar- 
board hoists is established by servo controlled flow divider valves. The 
signal to the flow dividers is derived from a comparison of the signals 
from rotary potentiometers on each hoirt. The output signals from the 
potentiometers on the forward pair of hoists supply two amplifiers. The 
output of one amplifier is proportional to the algebraic sum of the signals, 
tiue output of the other is proportional to the algebraic difference between 

• the signals. The potentiometers on the aft pair of hoists supply two 
similar amplifiers. The outputs from the sunning amplifiers of both for- 
ward and aft pairs are supplied to another amplifier, the output o- which 
is proportional to the difference between the two supply signals. The 
output of this amplifier controls the flow divider valve which detennines 

«      the distribution of flow between the forward and aft hoist pairs. 

Division of a flow between port and starboard hoists, fonrard or aft, is 
effected by a flow divider valve which is controlled by the signal from 
the differencing amplifier of the appropriate hoist pair. 

During lowering of a load the signal to the flow divider valve to correct 
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an error must be of the opposite sign to that to correct an error when 
raising a load. To achieve this, the polarit7 of the potentiometers is 
reversed when the direction of movement is reversed. 

Operation of the hoists individually is accomplished by supplying bias 
signals to the two relevant flow divider valves to direct flow to one 
hoist only. During this beeping operation, the output of the pump will 
be l/4 of its full flow delivery to prevent overspeeding of the hoist 
motor. 

The forward or aft hoists may be operated in pairs by supplying a bias 
signal to the forward/aft division flow divider and a centering signal 
to the other approp .ate flow divider valve. During this dual^beeping 
operation, the output of the pump will be 1/2 full flow delivery t« pre- 
vent overspeeding of the hoist motor. 

Magnetic clutches between the potentiometers and the hoists will dis- 
engage during beeping and reengage for collective operation. Thus the 
system can be trimmed for any load shape and the established cable lengths 
will be maintained during collective operation. 

The system will be somewhat load sensitive. A heavily loaded hoist will 
lag initially until the bias on the flow divider valve is sufficient to 
compensate for the unequal loads. The hoists will then operate at the 
same nominal rate. If collective operation is stopped at this stage and 
errors are recovered by beeping, the hoists will continue to operate at 
the same rate and the load will remain level when collective operation is 
resumed. This occurs because, during beeping, the potentiometer settings 
and hence the signals to the flow dividers were unchanged and the resis- 
tances of the circuits remained balanced. 

System Components 

The flow divider valves provide the means of varying the resistance of 
each hydraulic circuit to achieve equal flow rates to each hoist regard- 
less of the load. The valve is comprised of two stages. The first stage 
is a torque motor operated, flapper-nozzle type which establishes pilot 
pressurer in response to the differential signals in the colls. The sec- 
ond stage is two spool type throttle valves which are positioned by pilot 
pressures from the first stage. In operation, an electrical signal to the 
valve causes the second stage spool to move from the center position and 
provide increased restriction to flow in one leg. The Increase in re- 
striction is proportional to the magnitude of the electrical signal. 

Two sizes of valves are required, one handling a total flow of 45 gpm to 
control the division of flow between forward and aft hoist pairs, the 
other to control the division of flow between port and starboard hoists 
and to be capable of passing 22.5 gpm total flow. Two of the latter type 
are to be used, nie three valves will be mounted together to make one 
contact unit and to eliminate connecting plumbing. 
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The potentiometers are high precision 10 turn type with a total resistance 
error of + l/2 pet, a linearity error of .03 pet, and a resolution error 
of .03 pet. 

Electromagnetic clutches are used to drive the potentiometers. Since they 
are of the magnetic particle type, they will not be affected by tempera- 
ture and humidity. Wear and adjustment requirements will be negligible, 
since there it no contact between the driver and driven elements. 

The main system lines will be of stainless steel with a 1-inch O.D. and a 
.065-Inch wall thickness. Lines to the individual hoists will also be of 
stainless steel with a 3/4-inch O.D. and a .049-inch wall thickness. 

BRROR ANALYSIS 

A hydroelectrical feedback system (page 145) is ^sed to provide eynchro- 
nous operation of the four-point hoist system to minimize the variation in 
hoist operating speeds due to differences in load, motor leakage, mechani- 
cal and hydraulic efficiencies, and errors introduced by the flow con- 
trol components. Errors are introduced by the sensing elements, by hy- 
steresis in the control eonponents, and by drum and cable diameter toler- 
ance. 

Difference in hoist positions can be caused by the errors in the control 
elements (steady state errors) or by bias in the system necessary to 
accomaodate different loads, leakages, or efficiencies (dynamic errors). 
The latter can be removed by beeping the offending hoist (or hoists) until 
the load is level (or at the desired attitude) and then continuing collec- 
tive operation. As this dynamic error can be eliminated, it will not be 
coi sidered in the error analysis. The steady state error is that differ- 
ence in hoist position which cannot be sensed by the potentiometers 
(resolution error), or is 5nsufficient to actuate the flow divider valve, 
and that difference in hoist position which is necessaiy to canpensate to 
linearity and total resistance tolerances of the potentiometers. The 
specification of the potentiometers will permit a maxi mm total rebistance 
error of + 1/2 pet, a maximum linearity error of + .03 pet, and a maximum 
resolution error of + .03 pet. The flow divider valve will have a hy- 
steresis of not greater than 1 pet of its rated signal, i.e., the signal 
to direct all flow to one port, and the control system is so designed that 
a discrepancy of 6 inches in hoist position will produce this rated signal. 

The steady state error is composed of two components: one part is depend- 
ent upon the amount of cable travel; the other is independent of cable 
movement. The total resistance tolerance produces an error dependent upon 
cable travel; other control system errors are Independent of cable move- 
ment. In assessing the steady state error, it is unnecessary to consider 
the linearity of the flow divider valves or amplifiers, as in the steady 
state these components will always be operating at the same point of their 
characteristic. The errors made possible by the linearity and resolution 
tolerance of the potentiometers is a function of the total hoisting capac- 
ity;!.e., the error introduced by the linearity error of .03 pet is .18 inch. 
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The tolerance on total resistance produces an error of .5 pet of the move- 
ment of the hoisting (i.e., after L feet of hoisting the error could be 
.005 L feet). 

Total errors in the system are sunmarized belowt 

Jfrror 1B « 
Percent 50-Foot ßystem 
Errors (inches) 

Errors Dependent on Cable Travel: 

Cable drum diameter tolerance ^.0^5 £.006L 
Cable diameter tolerance t,020 ±.0Q3L 
Pot. total resistance ±.50 ±.060L 

tolerance 

Errors Independent on Cable Travel: 

Pot. linearity tolerance ±.09 "t,16 
Pot. resolution ±.C0 ±,18 
Flow divider valve dead band - ±.06 

where:    L is the distance traveled in feet 

With the data shown above, it is possible to derive a formula describing 
maximum cable length discrepancy between any two hoists: 

Error, inches   -   .138 x cable travel in feet + 0,% (27) 

These data are shown graphically in Figure 46* 

The total system error may be effectively reduced in service by the use of 
a calibrated, parallel connected, trimming potentiometer on each hoist. 
A one-time check-out procedure, which requires extending the cables a full 
50 feet and then reeling in to the in-limit stops, is required.    The dif- 
ference in cable lengths extended after the "fastest" hoist reaches its 
limit stop is measured and the trimming potentiometer is adjusted to com- 
pensate for the error of the out-of-time hoists).   This adjustment may 
compensate for errors due to potentiometer total resistance tolerance and 
could theoretically reduce the 7-3/4-inch error in 50 feet to approximately 
3 inches.   Practical considerations, such as the desire to reel in at no 
load, would probably reduce the actual error to a value slightly greater 
than 4 inches in 50 feet.   This approach will require further investigation« 

CABLE 

i-; 

The four-point hoist cables are stainless steel and are of 18 x 19 non- 
rotating construction.   They have an outside diameter of 0.79 inch and a 
guaranteed minlaai breaking strength of 49*000 pounds.   The individual 
wires are .035 inch in diameter and are made from heat treated type 302 
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stainless steel. The 16 x 19 construction, 16 strands with 19 wires per 
strand, gives a flexibility greater than that attained in the 7/6 diameter 
16 x 7 cable presently used in the CH-54A main cargo hoist* 

The core of the cable contains seven electrical conductors of stranded 
wire construction* They are helically wounu and encased in a tough, re- 
silient, plastic Jacket. Five of these conductors are required to trans- 
nit the electrical power required to operate the actuating solenoid in the 
cargo hook. Two conductors are spares; thus field level naintenanee per- 
sonnel can "wire out" defective conductors without removing the cable* 
This "wiring out" procedure is identical with that described for the 
single-point hoist cable on page 139. Embedding the conductors in the 
core of the cable protects them from damage due to rough handling and fron 
adverse environmental conditions. 

Three design features have been incorporated in the four-point hoist de- 
sign to provide good cable fatigue strength* Abrasion type wear, which 
results from cable slippage on the drum during the starting cycle, will be 
appreciably reduced by the use of a hard rubber Jacket molded onto tha 
aluminum drum; an added advantage is that drum wear is also reduced. In 
addition, a drum diameter greater than the minimum permissible based on a 
standard wire diameter to drum ratio is used* This results in a stress 
level in the cable due to winding on the drum, which is 56 pet lower than 
that which would result if the minimum permissible drum diameter ef 14 
inches were used* By the use of a single layer design on the drum« the 
abrasion wear which would occur at cable crossovers if a multiple layer 
design were used is completely eliminated* 

The estimated stretch in the cable, based on preliminaiy tests conducted 
on a sample length of 16 x 19 cable. Is equal to 4*75 x 10~° inches per 
foot of cable extended per pound ef load or at maad— load and cable 
length: 

Cable stretch - (4*75 x lO"6) (50) (11,550) - 2*75 inches   (26) 

MTsrTCT.T.Aircnus COMPOMSMTS 

Hook-Swivel Assembly 

The hook-swivel assembly provides the means for attaching cargo to the 
hoist cable* It penolts free rotation of loads about the cable cenberline 
and transmits electrical control and indicator signals from the hoist 
cable to the hook« The use of a swivel asse«d>ly permits individual leads 
to be carried on the four-point hoists* This feature will permit individ- 
ual leads, such as fuel bags, to be carried to and off leaded at separate 
sites* The assembly consists of a swivel assembly and a hook assembly. 
These assemblies are integral units and can be quickly separated for either 
maintenance or replacement* Figure 74, page 263, shows the hook-swivel 
assembly. The relative sizes ef both the 40,000 pound and the 11,550 
pound capacity hooks are also shown* 
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StfiTOl 

The mrlTsl asNnblj consists of a main housing asseobly and a slip ring 
assenbly. The nain housing is threaded to accept the cable end fitting 
and contains the sealed, grease packed thrust bearing. Two lugs permit 
attachment to the hook assembly, k slip ring assembly, which is a com- 
pletely sealed unit, is bolted to the lower part of the housing. The 
complete assembly is identical in design to the single-point hoist swivel 
assembly described in detail on page 140. The swivel assembly weighs 21 
peunds. 

Heok 

The hook assenbly is of the open throat, or self loading, design. It is 
similar in design to the 40,000-pound-capacity hook used for the single- 
point hoist which is described in detail on page 140. One feature, the 
autematic touchdown release, has been eliminated in the 11,550-pound-capac- 
ity hook as a safety feature. Appendix III describes a typical four-point 
mission and serves to illustrate why the elimination of the automatic 
touchdown release is considered a safety feature. The complete hook 
assembly weighs 31 pounds. 

Isolator 

The four-point hoist isolator (or decoupler) is a nonlinear spring for 
which the spring constant increases as the applied load increases. The 
isolator consists of two air-oil accumulators, a servo valve, a housing 
containing two pistons, and a load cell. Any relative motion of small 
amplitude between the load and the aircraft is absoibed by the two accumu- 
lators. The acctnulators receive and release hydraulic fluid Into the 
chamber below the lower piston as it moves up and down relative to the 
housing* The resulting spring rate, therefore, is a function of the pneu- 
matic characteristics of the accumulators. Sudden load release is damped 
out by the movement of the tapered pin which is attached to the upper 
piston through a fixed orifice. 

The load position is maintained taydraulically by the action of the servo 
valve and isolator feedback linkage. 

The . cvrulators contain gages to permit check-out for proper precharging 
and a service valve to permit recharging as required. 

A separate lead cell is attached between the isolator and hoist attachment 
fitting, thus pendttiag field replacement without disassembly of the 
isolator. v*gvre 75» page 265» shows the isolator* 

The complete isolator nssoably weighs 38 pounds. 
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CONTROLS AND INDICATOR SISTEM 

Four-point hoist and hook controls are available to the pilot and copilot 
and to the aft-facing pilot (hoist operator). In addition, a special con- 
trol box with a coil cord extension is provided for use by a dismounted 
loadnaster. The master control for the hoist systems is located on the 
console between the pilots. It consists of a master switch, which ener- 

*      gizes either the single- or four-point system, and a station selector 
switch, which permits hoist operation by either pilot, copilot, aft-facing 
pilot (hoist operator), loadnaster, or all four. 

As in the single-point hoist system, the three-position, rocker-type switch 
located on all three collective pitch sticks allows the hoists to be 
raised, lowered, or stopped. The four-point hoist selector control is 
located as an extension of the pilots1 and the aft pilot's collectlvo pitch 
stick. The control consists of seven selector buttons. These buttons are 
narked to permit operation of hoists number 1, 2, 3, and U}  numbers 1 and 
3 (forward); numbers 2 and 4 (aft); or all four hoists simultaneously. 
The buttons are located in precise visual orientation with the hoists to 
be operated, as shown in Figure 47, page 155, which is the view of the aft- 
facing pilot when operating the hoists. 

The cable length indicators are of the tape type and are spatially orien- 
ted with the appropriate hoist.* Cable load indicators are of the dial 
type, to avoid confusion with the length indicators, and are also located 
so that they are oriented, by the eye, with the hoist whose lead they in- 
dicate. 

The master control for the four-point hooks is located in the center eon- 
sole between the pilots. It contains a station selector switch and a hook 
selector switch. The hook selector switch allows hook nunbers 1, 2, 3, 
and 4 or all hooks to be operated. The actuation of the hook(s) is can- 
trolled by push-button switches on the cyclic sticks. 

Lights in the pilot's advisory panel indicate when the hook load beam is 
open. The aft pilot is provided with similar indicator lights. 

The free reel release lever (described on page 142) permits all four cable 
and hook assemblies to be Jettisoned in the event of an emergency. A 
guarded cable shear actuation switch is located in the overhead console 
between the pilots and penits all four cables to bo cut simultaneously in 
the event of an emergency. A hoist selector switch spring loaded to the 
All position is included in the same panel. It also permits selection of 
any of the individual cables for shearing in event of an emergency when 

,      carrying individual hoist loads. A cable cutter test panel is also pro- 
vided to pemit preflight checking of the firing circuit. Shear actuation 
controls are located on the bulkhead to the right of the aft-facing pilot« 

. 

«This typo of instrument correlates more naturally with cable loafth 
than the dial typo» 
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The diflBounted loadnaster's control, shown In Figure 47* la a hand held 
control for both hoist and hook actuation. It consists ef seven hoist 
control Mlecter posh buttons and is slailar to that arailable to the 
pilot and copilot. A toggle switch permits the desired hoistCs) to be 
raised, lowered, or shut off. Pour toggle switches, spring loaded to the 
OFF position, pemit any of the four hooks to be opened. If all four are 
to be released at once, the "gang bar" is used to ensure simultaneous re- 
lease. 
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ENGINE    TORQUE    METER- 

SINGLE - POINT 
CABLE    LOAD   INDICATOR 

SWGLE-POINT 

CABLE   LENGTH    INDICATOR 

HOOK CONTROLS 

LOADMASTER 
CONTROL 

Figure kl»   Controls and Indicator«, Single- and Four-Point Hoists. 
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LOAD AND STRESS ANALYSIS 

INTRODUCTION 

The hoist coraponentt evaluated herein have been designed to achieve a mini- 
mum service interval of 3600 cycles or 200 hours of continuous operation. 
One of the design objectives as set forth in the contract was that the 
system shall have a minimum service interval of 1200 cycles. Defining a 
cycle as reeling in and reeling out all the available cable at full load, 
the minimum service interval of 1200 cycles is equivalent to 66,7 hours 
of operation for both the single- and four-point hoists. The hoist bear- 
ings are selected on the basis of a minimum B-10 life of 200 hours or 
static nonbrinell capacity, whichever is more critical. For the nost part, 
bearings on the cable load side of the Westen brake are selected on the 
basis of static capacity, while those on the input side are selected on 
the minimum B-10 life requirement. 

The 200-hour service interval corresponds to 3600 cycles of operation as 
defined above. In actual operation, the load and cable travel will often 
be less than the maximum. The true service life of the hoist components 
should therefore exceed 3600 actual service cycles, and 200 hours should 
be used as the governing factor for overhaul. 

The selection of materials for the hoist components evaluated in this 
study is based on Sikorsky Aircraft's extensive test and production air- 
craft experience. All materials considered for the hoist are currently 
used in similar applications on production aircraft, 

DESIGN CRITSRIA 

Gearing 

Jlaterial AMS 6260 (SAE 9310) Steel 

Spiral Bevel Gears 

Bending Stress,    Fb =  30,000 psi 

Compressive Stress, Fc = 200,000 psi 

Spur Gears 

Bending Stress,    Fb =  36,000 psi (one-way bending) 

Bending Stress,    Fb =  32,000 psi (reversed bending) 

Compressive Stress, F  = 150,000 psi 
C 
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Shafting 

Material AHS 6260 (SAÜ 9310) Steel 
Ftu  - 136,000 psi 

AMS 5000 i,SAS 4340) 5teel 
Ftu  »= 200,000 psi 

Bending Stress   =  20,000 psi 

Torsional Stress =  30,000 psi 

Drums 

erial 7Ü75-T6 Aluminum 

Compressive Stress, Fcu = 72,000 psi (ultimate load) 

Housings 

Ihtnriax AZ 91C Magnesium Casting 
ZK 60A Magnesium Forging 
7075  Aluminum Forging 

Planetary Carrier Plates 

Material 6AL - 4/ Titanium 

Bending Stress, Fb = 40,000 psi 

Slope,  0  ■  .0010 inch per inch 

Bearings 

All bearings used in the single and multi-point hoisL components are an- 
alyzed by the methods of References 1, 2, and 13. The bearings are design- 
ed for a B-10 life of 200 hours or for static capacity, v/hichever is worse. 
Static capacity is checked with the cable at limit load. Under these con- 
ditions, the allowable load ratings of the bearings are as follows: 

Rotating bearing, Fallow = 1.25 Co (29) 

I'onrotating bearing,  allow ~ 3 Co (30) 

where 

Co ■ Basic static load capacity of bearing 

Level wind drive bearings are designed for 200-hour B-10 life using loads 
derived from the power necessary to drive the level wind ball screw when 
the cable is at 30° side angle. Static capacity is checked using limit 
load conditions and 30° side angle, 
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SINSLE-POIlir HOIST 

The main drive train of the single-point hoist (Figure 71, page 257) coa- 
siets of three stages of gearing. The 4«190/1 ratio first stage of gear- 
ing is a spur gear set whose pinion is driven through a Thomas coupling 
from drive shafting connected to the accessory gearbox. Torque flows 
through the input pinion and the input idler to the input gear. The out- 
put of the first stage gear drives the input side of the Weston brake. 
The Weston brake is arranged to raise the load with all components driving 
as a unit, to lower the load in the reverse drive direction with the plates 
slipping, and to hold the load with the power off. The output of the Wes- 
ton brake is splined to a quill shaft connected to the input side ef the 
frfee reeling clutch. This clutch has drive plates that are preloaded by 
Belleville washers and contains a hydraulic cylinder that can coopress the 
washers in the event of an emergency, thereby releasing the drive train 
and allowing the load and cable to strip off the drum. The output of the 
free reeling clutch is a quill shaft connected to the second stage  513A 
reduction ratio spur pinion arid gear set. 

The third reduction stage consists of a 30.111/1 ratio compound planetary 
with one fixed ring gear ana one output rljjg gear. The driving sun gear 
of this planetary is integral with the second stage gear shaft. Since the 
planetary plates carry no load, they are used only to position the plane- 
tary. The main drum is driven directly by the output ring gear of the 
compound planetary. All other components, such as the level wind, slip 
rings, and cable length potentiometer are driven off the main drum through 
spur gears. 

The normally fixed input housing is isolated from the mounting structure 
by bearings allowing the reaction torque to be absorbed by a liquid spring 
load isolator. 

Design Data 

Normal cable load ,. 40,000 lb 
Limit cable load m 100,000 lb 
Yield cable load w 115,000 lb 
Ultimate cable load m 150,000 lb 
Cable diameter » 1,.39 inches 
Useful cable length ■» 100 feet 
Mean drum diameter ■3 34 inches 
Cable angle - static as + 30ü (starboard. port) + 30° (forward) 

- 60° (aft) 
Cable angle-dynamic " + 15° (starboard. port) + 15° (forward) 

- 30° (aft) 
Input speed • 3000 rpm 
Overall reduction ratio ■> 443.218 to 1 
1st stage spur ratio ■ 4.190 to 1 
2nd stage spur ratio " 3.513 to 1 
3rd stage compound 
planetary ratio St 30.111 to 1 

Pitch line velocity - 60.2 tjm 
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Figur« 48  is a schematic of the basic drive gearing arrangement. 

INPUT SHAFT 

VESTON BRAKS 
3rd STAGS 
COMPOUND 
PUNBTARI 

Figure 48. Gearing Schematic, 
Single-Point Hoist. 

Drum Design 

In the Phase I Design Analysis section of this report the» the single-point 
hoist width and diameter were conservatively chosen at 15 Inches and 39 
Inches respectively for 100 feet of cable to maintain the single-rotor 
heavy lift helicopter's lateral cyclic stick movements within desirable 
limits, see page 18. A more detailed aerodynamic trim analysis, based on 
the 3-inch permissible control stick travel of Reference 10,* indicates 
that the allowable lateral C.G. shift Is 9 Inches to the right and 8.4 
Inches to the left. Figure US  shows the C.G. shift due to hoist loads. 

*Note: The longitudinal control displacement of 3 inches from the 
Initial trim position is considered to be applicable to 
lateral trim conditions In the absence of a specific limita- 
tion for lateral stick dlsplacment limits« 
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EmauuL LÜAD 

-  CO of AJRCBkn 

CG OF AIRCRAFT 
WITH KETERHAL LOAD 

Figure 49.    Center-of-Gravity Shift Due to 
Hoist Load At Maximum Limits of 
Cable« 

From Figure k9t 

Aircraft gross weight 
External load (31) 

For an external load of 40,000 pounds, the single-rotor heavy lift heli- 
copter of Reference 4 has a gross weight of 79,071 pounds.   Using the mini, 
mum permissible C.G. shift equal to 8.4 inches (to the left) and solving 
for In we obtain 
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tyj,'  HAHti'lIM«* i'-if*mMt 

8.  7?.07Ji 
8•*  A0,000 

16.6 inches 

On the bMle of this analysis, a drum diameter as small as 24*0 inches can 
be utilized. A drum mean diameter of % inches has been chosen, however, 
to provide for good cable life and adequate space for the hoist gearing 
and housings. 

With this size drum, 12 cable wraps are required for 100 feet of cable. 
With the 12 active and 3 "dead" wraps spaced at a 1.5- inch pitch, the 
drum width is 22.5 inches. The total cable travel is 18 inches (or 9 
inches to right or left of the aircraft centerline). 

Utilizing the drum analysis of page 30, the drum thickness for a 34-inch 
7075 aluminum forged drum is 1,UU inches. 

Ka.1or Structural Mambers 

Figure 50 shows the location of the major structural bearings in the 
single-point hoist. 

Figure 50. Drum and Support Structures, 
Single-Point Hoist. 
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Cable side loads are transmitted from the bcllaouth, through the level 
wind ball screw, and into the level wind am. On the main structure! the 
Timken bearing drum support reacts all the thrust loads from the level 
wind arm« The end view shown in Figure 51 locates the load isolator and 
fore and aft maximum cable limits* 

FWD 
P 

LOAD 
ISQUTOR 

ND 

60°  AFT 

Figure 51*   Load Isolator and Support 
Structure, Single-Point Hoist* 

Table mil aunmarises the bearing reactions, A, 6, C, and D, for various 
load conditions* 
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Figure 52 is a sketch of the input housing shewing the critical section 
and bearing reactions for the worst case load (cable out, 30° forward). 

/— LOAD ISOUTOR ABM 

Pc SI N 40 

Pc COS 40 

Figur« 52#       Input Housing« Single-Point Hoist, 

At critical section a-Sf 

do      -   ?3 

-   22.625 
.  JT    (V* - V) z 

32 

JL      (23.00(A -22.6254) 
32     *"    ^   23.000 
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"b 

"b 

Using equation (6), w« obtain 

76.02 in.3 

9.9 RCT 

9.9   (57,820) 

572,420 

9.9   RcH 

9.9   (36,680) 

363,130 

^v   "f^MbH 

572,420   -H» 363,130 

677,880 in.-lb 

677.880 
76.02 

(32) 

(33) 

(34) 

(35) 

8,920 pal 

Figure 53    shows the bearing reactions and critical section for the worst 
load condition (cable in, 30° forward) on the drum and support housing. 

R 
RB\ 

BM 

i/hsM * 

'7t KDH   R^ 

Figure 53«       Drus and Support Housing, 
Single-Point Hoist. 
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At critical section a««, 

do      -   IU.2 

dj       -   12 

Using equation (32), wo obtain 

A 32 14.2 

Z        -   137.7 

^    -   11.9   (93,510) 

M^    -   1,112,770 

^H     "   13-9   ^ 

My,    -   U.9   (55,870) 

Hu,     -   664,850 

Usii« «quation (35X^0 obtain 

»h      -   1,112,770  ■** 664,850 

)%      -   1,296,250 ln.»lb 

Using equation (6), we obtain 

.     Xt29^2?0 
137.7 

- 9,aoi»i 

(36) 

(37) 

fb    - 9,aoi»i 

Mounting attaetemt loads 

Figaro   54 is a seheaatic drawing of the hoist housii^s showing the 
Mounting feet locations« 
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From a atatical equilibrium analysis of the system« the ■minting feot 
loads are found to be 

BA - pc[ i220.9^   (1,56 + C08 e   - 1-632 8in e) - •082l] (38) 

% - Pc [ 
X
7

C
8
0

>g ^   (cos 9 + 1.046 sin 9 -1) + .0345] (39) 

He - Pc [ 
aei22.9OB ^ (1'56 + C08 ö " i-^Z sin 0) - l.?36ol (40) 

Rß - Pc [ ^'nJ0*-   (C08
 ö + 1.046 sin 9 -1) + .5178] (41) 

Foots A and C contain 2 bolts in each foot; hence, the bolt load Is found 
by dividing the reactions at A and C in half. It is assumed that foots A 
and B share the shear loads.   The foot shear loads are given by 

SA   -   Sg   -   I /   (sin © cos 0 + sin 40P)2 + (sin 0 sin 0)2        (42) 

The worst case of bolt tension occurs in bolt D for cable out, zero side 
angle, 30° forward angle.   Under these conditions the applied bolt load 
is 101,550 pounds.    The total bolt load is given by 

where 

Pa   ■»   applied load   »   101,550 lb 

Pi   »   initial bolt preload 

K     «   pet of applied load felt in the bolt 

For a flange thickness of 1.25 and a bolt diameter of .875, 

K     »   .295 

Pi   -   30,000 lb(l80,000 Ftu bolt, 7/8 diameter) 

Using equation (43)» we obtain 

P »   (.295) (101,550) + 30,000 

P        -   59,960 Ib-Maadmum bolt load 

PalloKable   "   Ö6'100 lb 
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Tht 1«T»1 wind ball screw end loads ars transmitted Into the rigid drive 
half of the level wind am. The two level wind arm bearings react all 
the MMnt caused by side cable loads and transfer the ocoent directly 
Into the hoist side Mounting plate. The worst case of stress In the 
level wind am occurs under ultimate cable load conditions and 30° side 
angle. Figure 55 shows the level wind side am and critical section. 

P awj* 

i    r                     < 

U.75 
1           TIP. 

T 

16. 

n25 

H-9.0 -* 

sBcnoi k-k 

Figure 55.  Critical Section, Level Wind 
Mechanism, Single-Point Hoist. 
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At critical section AA, 

X -   3.A61 

Ix -  317 

z -   57.3 

% »   P (»In 0) 1 

\ -   (150,000) (sin 30°) (12.2) 

% -   915,000 in.-lb U4) 

Using equation (6), we obtain 

f   .  ?1?.000 
rt)       57.3 

fb  - 15,970 pal 

For a 7079-T6 aluminum forging, Ftu - 71,000 pai 

M.S.   =   ^   -1 

¥ «?     .     71.000     n 
M-S- 15^70     1 

M.S.   «   +3.45 U5) 

The bending nooent on the hoist centerline is given by equation (/»4): 

Mj,  - (I50,000)(8in 30°) (a.5) 

»^  - 1,612,500 in.-lb 

This moment is taken out by the two level wind ball bearings. 

P   - Ü. 

P   .  1.612.500 
rbrg      li.5 
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Pbrg " ^0»2001b (46) 

The static capacity (Co) of these bearings is 82,000 pounds.; therefore, 

rbrg 
M0t200 

82,000 1.71 Co 

M.s, .  P allonable ^ 
rbrg 

Substituting in equation (48^ 

(47) 

(48) 

M.S. 

M.S. 

?Co 
1.71 Co 

+ .75 

-1 

The level wind beUaouth utilizes a screw to keep the cable tracking in 
the grooves of the drum.   A ball screw is used to reduce friction and in- 
crease   efficiency of the system.   Reaction torque of the ball screw is 
provided by a fixed reaction pipe which also serves to stiffen the support 
structure.   The basic ball screw data are given below: 

Screw diameter 

Ball diameter 

Thwmds/inch 

Lead 

No. of turns of balls 

Operating load 

Maximum static load 

2-1/2 

3/8 

2 

.5 

7 

35,280 lb (Reference 11) 

196,000 lb (Reference II) 

Since the drum pitch is 1.5 inches, the ratio from the drum to the screw 
is 

RR 

RR 

screw 
11 rum 

1.5 
1 
3 (49) 
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Hence the ball screw must turn three times faster than the drum.    The 
axial loads felt by the screw are given by 

Pa (normal)   =   P(nonnal) 3in ^ max 

Pa (normal)   =   400G (sin 30°)    =   20,000 lb (50) 

Pa (max)        =   PJJJJ^   sin 0 max 

Pa (max)        «=   150,000 (sin 30°)   =   75,000 lb (51) 

These loads are below the allowable loads for the ball screw as given in 
Reference 11 for 1 million inches of ball travel.    For 12 wraps of cable, 
1 million inches of travel is equivalent to 27,800 cycles of hoist opera- 
tion. 

The screw must also be designed to avoid buckling as a column. 

L «29.5 (distance between supports) 

d    (effective)   «=     2.31 o 
di "     1.75 

I .937 in.A 

The critical buckling load for pinned ends is given by 

Pcr - 
L2 

Pcr - ^2 (30xio6)(.927) 
(29.5)2 

pcr . 318,800 lb (52) 

The torque required to turn the screw against the axial load Pa is given 
by 

-  -^ (53) 2T^ 

The efficiency iy is conservatively assumed to be 90 pet (Reference 8): 
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1normal 
20.000 LÜ 
2 T(.9) 

1normal 1,770 in,-lb(at level wind ball screw) 

The scrub roll is a rubber coated roller that pulls the cable off the drum 
when lowering and is free wheeling when ra 3ing the cable. The cable is 
loaded against the scrub drive roller by the scrub roll pulley which is 
adjustable to compensate for wear and to obtain the proper initial tension. 
The scrub roll pulley is mounted on the bellmouth and travels along the 
ball screw, keeping the same relative position with the cable as shown in 
Figure 56, 

1 BALL SCRE 

DRIVING   SCRUB 
ROLLER 

Figure 56.     Bellmouth, Scrub Roller,and Ball 
Screw Assembly, Single-Point Hoist. 

To provide a minimum tension of 50 pounds in the cable at all times, the 
normal force required on the pulley is found by 

F, n 
T (54) 

lamming that the coefficient of friction is .3, we obtain 

.3 
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F      »    167 lb n 

This force produces a torque on the scrub roller given by 

T       =     P   -A. 
"   2 

T       -     167   Zjp- 

T  «  230 in,-lb(torque required to drive scrub rolls)      (55) 

Weston Brake 

The Weston brake is used to raise the load with all units locked, to hold 
the load with the input power removed, and to lower the load at the same 
speed as the motor. The important design considerations are adequate heat 
dissipation in the discs when lowering the load, the proper lead angle of 
the unlocking device to prevent self-locking if the angle is too low, and 
failure to lock if the angle is too high. For heat dissipation, the plate 
pressure must be 1CM, 

d0 - 9.00 

di - 6.00 

n =7 friction surfaces 

T - 6430 in.-lb (W),000-lb cable load) 

The brake discs are SAE 1095 steel against high friction bronze. For 
these materials operating in oil, the coefficient of friction is 0.07. 

Pa 

P 

Ö T 
1—7Z 

T /i di(do - di ) n 

if (.07)(6.00)(9.00 - 6.00 )(7) 

Ta     « 96.3 psi (56) 

Pa (allowable) - 150 psi 
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Screw Data 

5 - 1 ^ triple thread 

lead « 1 = 2.25 

; 

The lead angle is given by 

arc tan (—r"-) 

a «   arc tan 2.25 
irU.25) 

a =   arc tan .16851 

a =   9° 3/f' (57) 

For proper operation (Reference 7)» 

60<      a   <     12° (58) 

Heat Rise in V/eaton Brake 

When the Weston brake is used to lower the load, all the energy of the 
load must be absorbed by the brake. This energy is the work done per 
revolution times the number of revolutions required to lower the load. 
Assuming that a 40,000 pound is being lowered 100 feet, we obtain 

t  = i (59) 

where 

t ■ time to lower load, min 

L = length of cable, ft 

V «s cable velocity, fpm 

100 
löTä 1.661 min 
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Heat generated is givan by 

H       =   3L    Btu (60) 
778 

where 

R.   =    energy expended in ft-lb 

E^      =    (2 ir T)(rpni)(t) (6l) 
; 

* where 
i 

T       - torque   ■ 536 ft-lb 

rpm   =   716 

E.      =   2 7r(536)(7l6)(l.66l) 
K 

\     -   ^,010,000 ft-lb 

H       .   ^.010,000 
H 778 

H       «=   5»150 Btu per Weston brake lowering operation 

The temperature rise after one lowering operation is 

; At     "   C^CoW, (62) 

j where 

At ■ temperature rise, ^ 

C. = specific heat of brake parts = .12 Btu/lb/0? 

Wb = weight of brake parts that will heat up, lb 

Co = specific heat of oil «= .55 Btu/lb/0F 

W0 = weight of oil surrounding brake, lb 

While the drive train and surrounding castings weigh 589 pounds, it has 
been conservatively assumed that 150 pounds of metal and 25 pounds of oil 
which surround the Weston brake are the effective heat sink during a low- 
ering operation. Using equation (62), we obtain 
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At     "     (.12)(150)1M.55)(25) 

At     «     162 0F 

The temperature rise is 1620F in one braking operation.   Between opera- 
tions, the plates will cool by convection and radiation. 

Free Reeling Clutch 

The free reeling clutch is normally engaged by the axial load caused by 
the compression of a stack of Belleville washers.    Since this clutch never 
slips, it is designed on static torque capacity and can have a high plate 
pressure.    In addition, there will be very little oil on the plates and 
the friction torque will be governed by the static coefficient of friction. 
The larger Tiraken bearing carries the axial clutch load during normal 
operation but has no relative rotation between inner and outer races.   The 
ball bearings used to prevent rotation of the hydraulic cylinder rotate 
during normal operation but carry no load.   When the free reel clutch is 
disengaged, these bearings must withstand the axial load created by the 
hydraulic cylinder necessary to compress the Belleville washers and free 
the clutch plates. 

During free fall of the load, high rotational speeds are produced, causing 
dynamic tensile stresses in rotating parts.   An analysis is made showing 
the effect of inertia on final speed after free fall and also the effect 
of stresses in critical parts due to the high rotational speed. 

r.   ,       -   T        , x3.75 x F.S, (63) 
design norcial 

Assuming a factor of safety of 1.25, we obtain 

T design - 6430 x3.75 x 1.25 

T design - 30,140 in.-lb 

do - 6.00 

dl 
= 4,00 

n • 11 friction surfaces 

M «= .25 (static) 

Using equation (56)» we obtain 

Pa 
- 8     (30.140) 

/     «.»\/i      M.^\/     ss^jL            i      :/VA2\    in 

t 
- 
■ 
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Pa     -   3A8 psi 

The axial clutch load necessary to produce this pressure is 

IT Pa   di(d0 - dj.) 
a 

y (3/i8)U.00)(6.OO - 4.00) 
"2 

4370 lb (64) 

Belleville Washer Design (Reference 15) 

The Belleville washer must provide a preload of 4370 pounds on the clutch 
plates for proper torque. This load must be produced before the spring 
becomes flat so that further compression can take place in order to re- 
lease the clutch plates. The stack of Belleville washers is shown in 
Figure 57. 

"i 

Figure 57.   Belleville Washers, Fl«ee Reeling 
Clutch, Single-Point Hoist. 
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R - 3.00 

r - 2.00 

t - .120 

h - .156 

.  <1 C E t4 (65) 
a        R2 

where 

C-^ is a function of 8/t and h/t and is given by a 
curve in Reference 15. 

C ie a function of R/r and io given by a curve in 
Reference 15. 

With the value« of R/r - 1*^ - 1.5 and C » 1.94 substituted in 
equation (65)> we obtain 

c. .  A?70 (?»oo)2 , 
1     1.94(30 x 106)(.12) 

C1     - 3.26 

For three springs in parallel, 

cl  - ^  - i»0? 

For this ^ and f - 1.3, 7  - .7, 
t       t 

8  - .7t - .084 

For two springs In series, 

A  "28 (66) 

A  - (2)(.7)(.120> - .168 

The amount left for compression to release the clutch is 

clutch plate clearance * 2h - A 
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clutch plate clearance ■» 2(,156) - ,168 

clutch plate clearance ■ ,1UU (67) 

To find the force required to flatten the springs and release the clutch, 

8 
t 

h 
t 

1.30 (68) 

C1     -  1.A2 

For three springs in parallel, 

C1  -  3(1.42) 

Cj  =  4.26 

With these conditions the force required to flatten the springe is given 
by equation (65): 

p       .       4.26(l.9/tK30xl06K.12^ 
* (3.00)2 

P 5710 lb - Force required to flatten springs 

Drum Speed After Free Fall of Load 

The Isolated drum and load are shown in Figure 58.   The mass polar anent 
of inertia, J, of the drum includes all rotating Internal parts from the 
drum to the free reeling clutch.   These parts are related to the speed of 
the drum by the ratio of the speed squared« 

Figure 58.   Free Falling of Load, 
Single-Point Hoist. 
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5)F    ■»     ma 

W-T   -     -     a 
g 

ZM  »    Ja 

TR     ■ aa-  Jl 

Here, the acceleration Is due to gravity:    a   *   g 

Also, 

a       -     RwT 

s    -   i.t2 

Solving for u» and eliminating time, t, and cable tension, T, 

u> 2 V/ S 

R2 rn: 

(69) 

(70) 

(71) 

(72) 

(73) 

(74) 

(75) 

rpodrum 
=   20 2 W S g 

W R2 + g J 
final drum speed after fall (76) 
of weight W through distance 
S. 

4736 in.-lb/sec' for all rotating parts of the single- 
point hoist from the drum to the 
drum to the free reel clutch and re- 
flected to the drum speed. 

for R   =   17,      g   =   386 in./sec2, and J   »   4736 in.-lb/sec , 

rpod rum 
= 20 2 \l S (386) 

s    \T (17)2 + 386 U736) 

rpodrum ^fWM 
Fig\ire 59 shows a plot of drum speed increase factor versus distance of 
fall for various weights. 

If J 0,    the equation for RPM of the drum reduces to 
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3Q 
rlmdpum   =     T 

rpn^^    =   9.549   J 2.671   £ (77) 

As can be seen in Figure 59, when heavy loads are on the hoist and the free 
wheel unit is released, the drum inertia has little effect on the final 
rotational speed over that of a free falling body. 

The stress due to high rotational speed on a cylinder of constant thick- 
ness (Reference 6) is 

r max 

t max 

(3 ±yj 
32 

16 g 

g (do - qr 

(3 + v ) do2 + (1 - v ) d i] 

(78) 

(79) 

The free reeling clutch shaft is normally turning at 716 rpm. After free 
fall of 100 feet with a 40,000-pound cable load, the shaft is turning at 
53,104 rpm. The free reeling clutch output side reaction plate is the 
most highly stressed member under these conditions. 

For this plate. 

do 
= 6.00 

di = 0 

P - .283 lb/in.3 

V - .3 

01 - rpmx    * 

01 E 53,104   3* 

01 B 5,561 rad/sec 
(80) 

Using equation (78), we obtain 

f 
r max 

0 + »?) (.2ß3)(556ir ,, oo  o)2 
32      38?    l *    ; 
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frraax=   8^160 psi 

Using equation (79i we obtain 

t max 16 (386) 
(3 + .3)(6.00)2+ (1 - .3) (C)2 

t max 168,300 psi 

The free reeling clutch output plate is made fron AMG 5000 steel whose 
ultimate tensile strength is 200,000 psi and whose yield strength is 
176,000 psi.    The maximum tensile stress produced in this part by high 
speed rotation is therefore below the yield strength. 

Gear Design 

The face width of the spur gears in the single-point hoist may be governed 
by bending stress or Hertz stress. The formulas for these stresses are as 
follows: 

1.5   Wt   h 
X       F 

21 x 106   Wt 
sin 2 0 F CdP "   V 

(81) 

(+ for external gear) /^v 
(- for internal gear) 

The tangential tooth load, W., is given by 

W4 ($3) 

The torque, T, is found by dividing the torque at the drum by the appro- 
priate gear ratio (from the drum to the gear in question): 

P  d c  m 
2 RR (&) 

Table XXIV summarizes the bending and compressive stresses for all the 
spur gear teeth on the pingle-point hoist. The tangential tooth loads on 
the level wind gears are derived by finding the torque required to turn 
the level wind feed screw to overcome the axial load caused by a 30° side 
cable angle. Since the gear tooth ultimate tensile strength is greater 
than 3.75 x bending stress allowable, the lowest margins of safety occur 
during normal operating conditions; hence the ultimate bending stresses 
have been omitted. 

Shaft bearing reactions caused by gear loadc, may be found by well-known 
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methods, as shown In Reference 3« All bearing loads, ratings, and lives 
are tabulated in Tables XXV and XXVI for nonaal and static conditions. 

Drive System Shafting 

The drive train shafts may be subjected to bending stresses, torsional 
stresses, or a combination of both. In bending, the hoist shafts are 
critical under normal load fatigue conditions, since the endurance limit 
multiplied by the ultimate load factor is less than the ultimate tensile 
strength of the material. In torsion, however, the shafts are critical 
under ultimate load conditions. The single-point hoist shafting has been 
analysed by the methods of Reference 3 and the results are given in Table 
XXVII. 

Cable 

The cable for the single-point hoist is designed for a 150,000-pound ulti- 
mate load. This load is derived by the following method. 

Pult  - Plimit x F-S- ^5) 

Plimit - Pnomal ^ (G F^tor) (86) 

For the single-point hoist, the G Factor is 2.5 and the factor of safety 
for ultimate load conditions is 1,5« 

Plimit " ^A000 (2«5) - 100,000 lb 

Pult  " 100,000 (1.5) - 150,000 lb 

The cable breaking load is given by 

P  -  FtuKA (87) 

where 

K - Area Factor - .71 

A « Total Area of all Strands 

For the single-point hoist, the wire diameter is «060 in. and the num- 
ber of wires is 342 (16 x 19 construction) 

.2 
A  - No. of wire» -?^ d 
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A       «     18 x 19 x  -J-   (.060)2 

A       -     .967 in? (88) 

Ft     -     250,000 psi 

P       -=     (250,000)(.71)(.967) 

P       ■»     171,600 pounds - cable breaking strength 

SIMGLE-POIWT HOIST DRIVE SYSTEM 

Clutch-Reverser Unit 

The clutch-rererser \mlt Is the power source and directional control for 
the single-point hoist.   Power is taken from the accessory gearbox to 
which the clutch-reverser unit is mounted.   The 1.364 to 1 reduction gear- 
box consists of three mutually geared shafts, two of which contain hy- 
draulic clutches as shown in Figure    72.   One clutch is used for raising 
the load while the other is used for lowering the load.   The hydraulic 
control system prevents both clutches from simultaneously engaging. 

Design Data 

Input rpm « 5995.2 
Output rpm « 4396*5 
Reduction ratio =        1.364 to 1 
Input torque *     957 in.-lb    (40,000-lb cable load) 
Horsepower ■      91 

The gear tooth bending and coopresslve stresses are found by methods simi- 
lar to those used in the single-point hoist and are sumarized in Table 
XXVIII, page 193. 

Bearing loads and lives are found by methods similar to those of Refer- 
ence 3.   AH bearing loads, ratings, and lives are tabulated in Table XXIX, 
page 1914-,for the clutch-reverser unit. 

Clutch Analysis 

Both the load lifting and lead lowering clutches of the clutch-reverser 
unit are Identical in design.   The load lowering clutch can have a much 
nailer capacity than the load lifting clutch, since it oust only over- 
cone friction in the system.   The unite are made identical because of 
cost and assembly reasons, since their weight is snail. 

The clutches are hydraulically actuated by a supply pressure K.1 250 psi. 
The axial load is given by 
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{ 

P^     -     P A (89) 

where 

P   ■   pressure   ■   250 psi 

A   -   piston area   -   7.903 in.2 

Fa   -   250 (7.903) 

Fa - 1980 lb 

The torque capacity is given by 

T - X ^do + di)n ^90) 

where 

d - plate outside diameter   «   3.82 

d. ■ plate inside diameter     ■   2.00 

n " number of friction surfaces   «   16 

/i ■ coefficient of friction   «   ,07 dynamic   (Reference 5) 

T     -   1980 (t07)    (3.82 + 2.00)(l6) 
U 

T     -   3220 in.-lb 

On the low-speed (4396.5 rpm) shaft,this torque is equivalent to 224 horse- 
power which is well above the 94 horsepower design criteria even when using 
the very conservative coefficient of friction of ,07. 

Using equation   (56),  the plate pressure at a torque of 3220 in.-lb is 

p     .      8 ^3220) 
a ir (.07)(2.00)(3.822 - 2.002) 16 

Pa   -     366 psi 

The clutch plates are lubricated by a constant oil supply and only slip 
during acceleration of the load. 
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Upper Angle Gearbox 

The upper angle gearbox (Figure 72) is mounted directly on the output of 
the clutch-revereer unit«  The 1.172 to 1 reduction ratio le acconpllehed 
by a single set of spiral bevel gears which turn the drive shaft downrard 
and sideward toward the hoist angle gearbox. 

Spiral Bevel Gear Data 

a a Shaft angle s 139° 30» 

0 = Pressure angle - 20° 

^ " Spiral angle - 35° 

Pd m Diametral pitch ts 6 

*? « Number of teeth in pinion - 29 

% 
C= Pitch dianeter of pinion - A.833 

h m Number of teeth in gear - 3A 

dg - Pitch diameter of gear m 5.667 

F - Face width - .86 

Hn m Contact ratio m 1.35 

Table XXX sumaarizes bearing lives for the four tapered roller bearings 
in the reverser output angle gearbox for 40,000-pound cable load. 

TABI£ XXX 
BEARING LIVES AND LOADS- 
UPPHl ANGLE GEARBOX 

Loads (PoundsT '   Basic 
Radial 

Location Thrust Radial 
Radial 

Bauivalent 
Life 

(Hours) 

Input Pinion, Gear End U83 1070 1455 1800 662 

Input Pinion, Input End 0 238 711 865 700 

Output Gear, Gear End 216 1110 1356 1240 1020 

Output Gear, Output End 0 400 400 510 5250 
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Lower Angle Gearbox 

The lower angle gearbox (Figure 72) is ■ounbod on the airframe near the 
hoist Input, A drive shaft connects the input to the output of the revers- 
er angle gearbox« while another drive shaft connects the output to the 
hoist input pinion. The 1*25 to 1 reduction ratio is accooplistied by a 
single sot of spiral bevel gears. 

Sniral Bevel Gear Data 

a - Shaft angle B 80° 

0 - Pressure angle &: 20° 

^ - Spiral angle = 35° 

Pd - Diametral pitch " 6 

** - Number of teeth in pinion = 20 

% 
» Pitch diameter of piruon = 3.667 

h " Number of teeth in gear = 25 

dg = Pitch diameter of gear - 4.167 

F ta Face width s= .88 

«P ' Contact ratio = 1.40 

Table XXZ1 summarises bearing lives for the four tapered roller bearings 
in the hoist input angle gearbox for 40»000-pound cable load. 

TABIE XXXI 
BEARING LIVES AND LOADS- 
KWHl A1PLE GEARBOX 

Loads (Pounds) Basic 
Rfldlal 
Ratine Location Thrust Radial 

Radial 
Eouivalent 

Life 
(Hours) 

Input Pinion, Gear End 895 1625 2852 12,020 540 

Input Pinion, Input End 0 705 1646 7,870 800 

Output Gear, Gear End 875 :.8io 3140 11,910 476 

Output Gear, Output End 0 873 1329 6,140 903 
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FOUR-POINT HOIST 

The main drive train of the four-po;,.nt hoist consists of four stages of 
gearing as shown iu Figure 73» page 261, A hydraulic motor drives the 
first stage spur pinion, idler, and gear of reduction ratio A.517 to 1. 
The first stage ge-r shaft drives the input section of the Weston brake. 
As in the single-point hoist, the Weston brake turns as a unit when rais- 
ing the load, slips at the same speed as the input when lowering the load, 
and holds the load with the input power off, A hydraulically powered free 
reel clutch similar to that used in the single-point hoist permits the 
hook and cable assembly to be Jettisoned in the event of a hook release 
malfunction. It is located between the Weston brake and the second stage 
spur pinion. The second stage of gearing is a 6.273 to 1 reduction ratio 
spur pinion gear. A conventional planetary (sun gear driving, rin., gear 
fixed, cage output) third stage of ^,903 to 1 reduction ratio is driven 
from the second stage gear. The output cage of the third stage planetary 
drives the sun gear of the 3.702 to 1 reduction ratio fourth stage con- 
ventional planetary whose output cage is bolted directly to the drum. 

The level wind ball screw is rotated by a chain drive whose drive sprocket 
is attached to the drum side plate. The main support is a two-way swivel 
arrangement which does not allow the transmission of any moment loading 
into the airframe. A hydraulic load Isolator is mounted between the air- 
frame and hoist to dampen load oscillations. 

Design Data 

Normal cable load 
Limit cable load 
Yield cable load 
Ultimate cable load 
Cable diameter 
Useful cable length 
Mean drum diameter 
Cable angle (static) 
Cable angle (dynamic) 
Input speed 
Overall reduction ratio 
Ist Stage spur ratio 
2nd Stage spur ratio 
3rd Stage planetary ratio 
4th Stage planetary ratio 
Cable pitch line velocity 

11,550 lb 
32,300 lb 
37,200 lb 
48,500 lb 

.79 In. 
50 ft 

22.19 in. 
4^0°  (any direction) 
+15°  (any direction) 

2750 rpm 
51if.356 
4.517 
6.273 
A.9Q3 
3.702 

31.06 f^m 

Drum 

The drum for the four-point hoist has a mean diameter of 22.19 Inches and 
a length of 10.5 inches. The analysis of this component is summarized 
in Table VIII, page 30. 
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Ka.lor Structural Members 

Figure 60 shows the location of the major structural bearings in the four- 
point hoist. 

CABLB OUT 

-8.50 —*--275 

/~    GABU nr 

Fl<nrs 60«  Major Stmetursl MMüMT», 
Psur-Psint Hoist* 

Cable loads are transmitted to the side plates as tensile loads. No 
thrust can be transmitted because of the zero-moment mounting. 

From a consideration of static equilibrium, 

\ Cable In 

( Cable Out 

The minimum cross section on the side of bearing B is shown in Figure 61 . 

HA 
% 

RA 

. .0667?« 
- 1.0667P, 

- .555»« 

(91) 
(92) 

(93) 
(94) 
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Figure 61.     Sid« Plate,   Pour-Point Hoiet. 

At section a-«, 

base -   6.5 

height 1.50 

Z 
^ 

Z 6,5 (|T50)2. 

Z 2.208 

\ 
2.75 Hß 

for?c 48,500 lb (ultlMte load) 

*b 2.75 (1.0667) (i»8,500) (cable in) 

Mb 142,300 in.-lb 

Proa equation (6) 

fb - 
142.300 

2.438 

'b - 58,370 psi 

(95) 

(96) 
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Leva?. Wind Mechanlan 

The level wind mechanism In the four-point hoist has axial forces induced 
due to the angle of the cable when it is in its limit positions. This 
condition is illustrated in Figure 62. 

Figure 62. Induced Axial Loads in Level Wiwl 
Ball Screw, Four-Point Hoist. 

Fran Figure 62, 

tan 0 - 
X 
T 

^ - Pc »in 0 

For small angles sin 0 s» tan 0, 

pa - 
Pc f 

X - 3.5 in. 

T . 35.35 in. 

(97) 

(98) 

(99) 
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p» = p. -111 ra -   rc 35.35 

Pa =    .099 Pc 

pa normal -   .099 (11,550) 

Pa normal"   ^0 lb 

pa ult       "    -099 (48,500) 

Pault       «   ^00 ^ 

Ball screw data 

Ball circle diameter ■ 1,5 
Ball diameter = 5/32 
Lead of thread » 1/4 
Turns of balls = 5 
Operating load «= 5240 lb    (Reference 11) 
Max static load = 31,500 lb (Reference 11) 

The normal load is less than the operating load for 1 million inches of 
travel, as shown in Reference 11.    One million inches of travel in the 
four-point hoist corresponds to 71,430 cycles of operation (3830 hours)* 

The ratio from the drum to the ball screw is given by equation (49). 

"" "     7/8 

2 
RR -    -f 

Hence the ball screw must turn 3.5 times as fast as the drum to keep the 
bellmouth of the level wind in the same relative axial position as the 
cable takeoff point on the drum. 

If we assume that the ball screw shaft is simply supported, the critical 
buckling load can be found from equation (52). 

L      -  15 

d.     -   1.4 (effective) 

di     -   .90 
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I -   .1564 in.4 

P -     ir23Oyio6 (,^64? 

(15)2 

P »   2O6,0OO-lb 8cr«w buckling load 

The torque required to turn the screw against the UAC^pound normal load 
is given by equation (53). 

T) "     .90   (Reference 8) 

T .    luo 
normal 2   TT {$ 

Tnormal     '     50.4 in.-lb 

The scrub roll is a rubber coated roller whose pitch line velocity is 9,8 
pet greater than the cable pitch line velocity when the cable is reeling 
out.    A one-way clutch disengages the roller when the cable is reeling in. 
An adjustable pulley, which rides with the bellmouth and ball screw, is 
used to load the cable against the scrub roll rubs on the cable, keeping 
a slight tension in it to keep the cable tracking in the drum grooves when 
the hook is unloaded. 

Weston Brake 

The Weston brake in the four-point hoist is similar in design to the 
Weston brake in the single-point hoist.   The lining and screw data are 
given below: 

d0     -     5.25 

dj     -    3.25 

n     »     6 friction surfaces 

/i    -       .07 

T     -   1130 in.-lb    (11,550-lb   cable load) 

From equation (56), 

P     . e Wo)  
* v (.07)(3.25)(5.252 - 3.252) 6 

Pa     »     124 psi 
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* 

Screw data: 

2i - 3 tripl« thread 

lead = 1   -   .3333 

^    - 1.917 

The lead angle, a  , is calculated using equation (57). 

a      «■      arc tan   2 L«22321i 
l.»yXf 

a      "       arc tan   ,16603 

a      "      9026' 

This value meets the requirement for proper operation as given by 
equation (58). 

Heat Rise in Weston Brake 

When the Weston brake is used to lower the load» all the energy of the 
load must be absorbud by the brake.   This energy is given by the work done 
per revolution times the number of revolutions required to lower the load. 
For a 11,550-pound load being lowered 50 feet at 31.06 fpm.the time to 
lower is calculated using equation (59). 

Heat generated is given by equations (60) and (61). 

H 2 xr (%.2)(608.e) (1.61) 
778 

H      -   7if6 Btu 

It has been conservatively assumed that 50 pounds of metal and 10 pounds 
ef oil which surround the Weston brake are affected by heat when lowering 
the load. The temperature rise after one lowering operation is calculated 
using equation (62), 

At  "  .12 (50) + .55 (10) 

At  - 65°? 
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Free Reeling Emergency Release 

As In the single-point hoist, an emergency free reel release has been pro- 
vided. This unit Is a clutch whose plates are axially loaded by Belleville 
washers. A hydraulic piston compresses the washeru to release the clutch 
plates. The clutch Is designed to carry the ultimate cable loa' with a 
factor of safety of 1.25. 

P «V 
Tdeslgn  " -2wr x F« S« 

T      - ^8.500 (22.19)   x , 2r 
design  *  2 (113.86)     X 1'25 

Tdeslgn  " 5,910 ln.-lb doo) 

d0     « 3.00 

di      - 2.00 

n     •= 1A friction surfaces 

fi = .25 (static) 

Using equation (56), we obtain 

p      „    8 (5910)  
a 

ir (.25)(2.OO)(3.002 - 2.002) U 

Pa     - U3U psl 

The axial clutch load necessary to produce this pressure is given by 
equation (64). 

p    . n U&LU&SQI (3.00 - 2.oo) 
a 2 

F «     1360-lb   axial load required by Belleville washers 

The Belleville washers design for the four-point hoist is similar to the 
Belleville washer design for the single-point hoist.    The same stacking 
arrangement is used;    two sets In series of three washers In parallel for 
each set.   Using the nomenclature of Figure 57» page  1791 the data and 
results are as follows: 
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R   - 1.88 
c   ■» 1.06 
t   «= .069 
h    = .103 
C    - 1.57 
Cl- 1.50 

8  - .050 
A - .100 

Clutch plate clearance   =    .106 

V.'ith these values substituted in equation (65) the force required 
to flatten the springs is 1A50 pounds. 

Drum Speed After Free Fall 

By substituting appropriate values in equation (76), the curves shown by 
Figure 63 have been plotted to show the ratio of rpm before and after fall 
versus distance of fall for various cable loads. 

As was the case in the single-point hoist, in the four-point hoist the 
inertia has little effect over that of a free falling weight, when the 
weight Is large. 

The free-reeling clutch shaft is normally rotating at 608.8 rpm.    After 
free fall of 50 feet with a cable load of 11,550 pounds, the free reeling 
clutch shaft will be rotating at 65,780 rpm.   At this high speed, rota- 
tional stresses will be induced into the outer clutch plate holder (larg- 
est member on shaft).   For this part. 

do = 3.90 

di = 3.25 

t> = .283 lb/in.3 

V s .3 

Using equation (80),we obtain 

u    •= 65780   -^j- - 6888 rad/sec 

Solving equation (78), we obtain 

f =    0 + t?)        (.28??(6888)2    (o 90 . , 25)2 
^ max 32 386 u.yu - jj.o; 

frmax   =     1520 psi 
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h max   =   ,2ii [63T/     [(3 + .3)(3.90)2 f (1 - .3)(3.25)2] 

ft m^   ^      125,200 psi t max 

The free reeling clutch output plate is made from AMS 5000 steel whose 
ultimate tensile strength is 200,000 psi and whose yield strength is 
176,000 psi.    The maxlinum tensile stress produced in this part by high- 
speed rotation is therefore below the yield strength. 

Gear Design 

The bending and conpressive stresses in the gear teeth of the four-point 
hoist are found by methods similar to those used on page 185 for the 
single-point hoist.    The level wind drive for the four-point hoist is a 
chain and sprocket arrangement and is covered in another section.    Table 
XXXII summarises the bending and compressive stresses for all the spur 
gear teeth on the four-point hoist. 

Planetary Plate Design 

The planetary carrier plates of the third and fourth stages of gearing in 
the four-point hoist are subjected to steady bending stresses,   6AL-4V 
titanium is used because it is lighter than steel plates.    The plates may 
be designed for maximum slope or maximum stress.    The allowable stress 
and slope is given below: 

fb allow   e   ^O»000 P8i 

^ allow     "   »001 k"* Per i110*1 

Plate stress is given by 

fh -         12_T_L      [is + t] 
b nd^do-di -1.2d)    [ Vj 

(101) 

where 

T      ■   sun gear torque 

-   geometry factor   »   1 " t^1 (102) 

■   sun gear diameter 
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1 

n 

dP 

d 

g 

t 

do 

= (ds + dp) sin I 

■ nunber of pinions 

■» pinion diameter 

*» 0,D. of inner race of pinion bearing 

= distance between plates 

= thickness of single plate 

« outside diameter 

■» inside diameter 

(103) 

Plate slope is given by 

0 16 TL3 
n da E lz (d   - d., ) 

i£ y) (104) 
o       1* 

where the symbols are the same as those used for the stress fomtula. 

For the 3rd stage planetary, 

g       «   1.50 in. 

t       »   7330 in.-lb (ll^50-lb   cable load) 

dB     -   2.583 in. 

dp     -   3.75 in. 

n      «=   4 pinions 

d      «=   2.31 in. 

1       •=   U.U16 in. 

L      -   1.315 in. 

d0     «   9.84 in. 

d±    -   2.75 in. 

t       «     .28 in. 

B      -   I6xl06 psi 

Substituting in equation (101), we obtain 
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f.        .        .  . . ..        (12?(7?30)(1.?1?) .       (lt?0 ± 28) b a)(2.583)(4.47e)(9.84 - 2.75 - 1.2 x 2.31) (<28j2 

fb      -       13,UO psi 

Substituting in equation (104) we obtain 

0       -       (I6)(7^0)(l.ßl?)3 Ü^fi ± 2ß) 
a)(2.583)(l6 x 106)U.478)2(9.a - 2.75) (.28p 

0        - .00092 inch per inch 

For the 4th stage planetary, 

g - 1.83 in. 

T - 35,960 in.-lb (11,550-lb cable load) 

ds - 4.700 in. 

dp " 4.000 in. 

n ■ 6 pinions 

d « 2.18 in. 

1 - 4.350 in. 

L - 1.303 in. 

d0 - 12.375 in. 

^ - 5.000 in. 

t » .36 in. 

E - 16 x 106 psi 

Substituting in equation (I0l),we obtain 

f.     -     _     ..     (i2)(??,?6o)(it?o3)        (^«e? t M 
b (6)(4.70)(4.35)(12.375 - 5.0 - 1.2 x 2.18) (#36)2 

fb      -     16,280 psi 

Substituting in equation (104)! we obtain 

0       .       (16)(15.969)(1,W?)3  Oiffl t M 
(6)(4.70)(16 x 106)(4.350)2 (12.375 - 5.00) (.36)3 
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0      «= .00095 inch p«r inch 

Level Wind Drive Chain   
i 

The level wind drive chain is designed for a normal torque of 50.A inch- 
pounds. The chain and sprocket data are given below: 

r' 

y         Number of Teeth in Drive Sprocket « 63 
Number of Teeth in Driven Sprocket - 16 
Diameter of Drive Sprocket ■= 7.560 
Diameter of Driven Sprocket « 2.160 
American Standard Chain #35 
Chain Pitch - .375 
Average Tensile Strength = 2100 lb 
Rated HP for 17-Tooth Sprocket = .061 
Correction Factor for 18-Tooth Sprocket  = 1,05 
RPM of Driven Sprocket =18.7 

HP T x ran 
63,025' 

HP  .  ?<U (ISI?) 
63,025 

HP  - .015 (105) 

This is well belcw the allowable HP of .061 from Reference 12 for 15,000 
hours of chain life. The maximum tensile load in the chain is given by 

p   m      2 ■r normal  / pcable ult   \ rmax    ~ A P vi     i u        rcable normal 

P^^ - 2 (?o.4)    fa*. 500) 
"«^     2.160      (11,550) 

W - 196 lb (106) 
This is well below the average tensile strength given in Reference 12. 

Bearing Design 

%     Shaft bearing reaction caused by gear loads may be found by well-known 
methods, as shown in Reference 5« All bearing loads, rating», and lives 
are tabulated in Table XXXIV for nonal and static ultimate conditions. 

Drive System Shaft Stresses 

The drive train shafting of the four-point hoist may be subjected to bend- 
ing stresses, torsional stresses, or a combination of both. In bending, 
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the holst shafts are critical under normal load fatigue conditions, since 
the endurance limit multiplied by the ultimate load factor is less than 
the ultimate tensile strength of the material.    In torsion, however, the 
shafts are critical under ultimate load conditions.   The four-point hoist 
shafting has been analyzed by the methods of Reference 3» and the results 
are given In Table XXXIII. 

TABLE XXXIII 
CRITICAL SECTION SHAFT STRESSES - POUR-POINT HOIST 

Location Critical Section 

lype of 
Critical 
Stress 

Stress 
(psi) M.S. 

Input Pinion Shaft 

Input Idler Shaft 

Input Gear Shaft 

Free Reel Clutch 
Input 

Free Reel Clutch 
Output 

2nd Stage Pinion 
Shaft 

2nd Stage Gear 
Shaft 

Output Pinion Brg. Rad.     Bending       5,770       2.47 

Bearing Radius Bending       8,030       1.49 

Spline Undercut Bending       1,100     17.18 

Torque Shaft 

Torque Shaft 

Bearing Radius 

Webb Connection 

Torsion     21,070       3.13 

Torsion     57,610 .51 

Bending       8,930       1.24 

Bending     12,280 .63 

Note:    Torslonal stresses are critical under ultimate load 
conditions. 

Cable Breaking Strength 

For the four-point hoist the G factor is 2,8 and the factor of safety for 
ultimate load conditions is 1.5.    Using equation (85) to determine the re- 
quired cable breaking strength, we obtain 

ult 11,550 (2.8)(1.5)   =   48,500 lb 

The cable to be used has 342 wires (18 x 19 construction) that are .035-in. 
diameter.    Solving equation (88) to determine cable area,we obtain 

A   =   18 x 19 x  -?-   x .035^   «=    .329 in.' 

Solving equation (87) to obtain cable breaking strength, we obtain 

P   »   250,000 (.71)(.329)   -   58,400 1b 

212 



L9WU9n 

« 

« 

« 

« 

TABLE   XXXIV 
SUMMAHT OF BEARINC LIVES AND LQADS- 

FOUR-POINT HOIST  

.. 

Special Load 
ML 

Input Pinion, Gear End 

Input Pinion, Outboard End 

Input Idler, Outside End 

Input Idler, Inside End 

Input Gear, Outeide End 

Input Gear, Weston Brake End * 

Free Reel Clutch Main Tindcen 

Free Reel Clutch Piston Isolator*» 

Free Reel Clutch Washer Preload** 

2nd Stage Pinion, Input End (Roller) 

2nd Stage Pinion, Outboard End (Roller) 

2nd Stage Gear, Input End 

2nd Stage Gear, Planetary End 

3rd Stage Planetary, Pinion Bearing 

4th Stage Planetary, Pinion Roller Brg. 

Level Wind Ball Screw Thrust Bearing 

Main Drum Support Bearing (Brg. B Fig. 60) 

Secondary Drum Support Brg. (Brg. A Fig.60) 

Free Reel Piston On 

Free Reel Piston On 

Cable Max. In or Out 

Cable In 

Cable Out 

2750 

2750 

2750 

2750 

606.8 

606.8 

0 

608.8 

608.8 

608.8 

606.8 

97.1 

97.1 

53.2 

17.0 

18.7 

5.3 

5.3 

Brg. Loa 
Cable 

Thrust 

1360 

U50 

1450 

0 

0 

0 

0 

0 

0 

3200 

0 

0 

Note: Any bearings not shown carry no load (or negligible load | 
^Static loads not felt from input to Weston brake. 

**Free reel bearings loaded only when free reel piston act: I 
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zABLs miv 
SUMMARX OF BBARI1C LIVES AND LOADS- 

FOUR-POIMT HOIST 

Special Load 
Condition RFM 

Brg. Load « Liolt 
Cable Load 

(P - 32.300 lb) 
Thrust  Radial 

Static Cap. 
1.25 Co 

(3 Co for 
Zero HPM) 

Brg. Load 0 Normal 
Cable Load 

(P - 11.550 lb) Dynamic 
Thrust  Radial  Caoacitv 

Life 
(Hours) 

2750 - «Ü 0 495 1,740 263 

2750 - - - 0 165 1,740 7,110 

2750 - - - 0 286 965 233 

2750 - - - 0 286 965 233 

606.8 - - - 0 152 5,090 1,030,000 

608.8 - - - 0 178 5,280 714,400 

0 1360 0 25,700 1360 0 - 

Free Reel Piston On 608.8 U50 0 1A,900 1450 - 

Free Reel Piston On 608.8 1A50 0 11,400 1450 0 - 

608.8 0 2570 4,150 0 920 5,420 9,860 

606.8 0 2570 4,150 0 920 5,420 9,860 

97.1 0 32^0 4,780 0 1,160 4,890 12,860 

97.1 0 1900 2,570 0 680 2,300 6,640 

53.2 0 79A0 8,000 0 2,840 5,520 1,330 

17.0 0 U,260 17,850 0 5,100 19,100 43,480 

Cable Max. In or Out 18.7 3200 170 7,650 1140 60 5,270 19,290 

Cable In 5.3 0 3A,450 53,400 0 12,320 14,290 4,860 

Cable Out 5.3 0 17,950 23,600 0 6,420 16,200 50,030 

t shown carry no load (or negligible load). 
t felt from input to West on brake. 
ngs loaded only when free reel piston activated. 
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WEIGHT ANALYSIS 

A weight analysis based on the preliminary design (layout) drawings of 
Appendix III has been made of all the components comprising the 40,000- 
pound-capacity external cargo handling system. A detailed weight break- 
down for the mechanically driven single-point hoist with a usable cable 
length of 100 feet and the hydraulically powered four-point hoists is 
presented in Table XXXV. For comparison with the weight estimates of 
Phase I, the weight for an 30-foot single-point hoist is Included in 
parentheses* 

The calculated weight of the complete single- plus four-point system is 
4974 pounds, including controls wiring and aircraft supporting structure 
peculiar to the hoist system. Of this, approximately 2200 pounds (single- 
point hoist and input drive shaft) is readily removable when missions re- 
quiring minimum aircraft empty weight are to be undertaken utilizing four- 
point suspension. Similarly, if only the single-point hoist is to be used, 
the four-point hoists c/>n be removed, providing a weight reduction of 2236 
pounds. The weight of the cargo handling system chargeable to aircraft 
empty weight is then: 

Single-Point Mission (four-point removed) ■ 2738 lb 

Four-Point Mission (single-point removed) ■= 2704 lb 
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TABLE mV 
WEIGHT SUMMARX- 

^0.000-POUM) ggngMhL CARGO HANDLINE SYSTEM 

Weight 
(ib) 

It«a Component Assembüjr Syetem 

Single-Point Hoist System 

Single-Point Hoist 

Drum and Bearings 
Gearing and Housings 
Supports and Bearings 
Level Wind Assembly 
Potentiometer, Cable 

Cutters 
Anti-Backlash Cover 
Lubricating Oil U gal) 
Free Reel Unit and Controls 
Cable 
Hook, Swivel, & Slip Ring 
Decoupler (Isolator) 

Drive Train 
Clutch-Reverser 
Upper Angle Gearbox 
Lower Angle Gearbox 
Shafting and Bearings 

Control Unit, Display Wiring, Etc. 

Four-Point Hoist System 

353 
589 
180 
257 

1U 
58 
28 
71 

hUO 
150 
130 

46 
21 
23 
28 

2406 
(2133)* 

2270 
(I960)* 

120 
(173)* 

16 
(0)« 

2568 

Four-Point Hoist 
Drum and Bearings 89 
Gearing und Housings 184 
Level Wind and Supports 48 
Potentiometers, Potentiom- 

eter Clutches, Switches, 
Cable Cutters 13 

Anti-Backlash Cover 16 
Lubricating Oil (2 gal) 14 
Free Reel Unit 19 
Cable 76 
Hook, Swivel, & Slip Ring 52 
Isolator 38 
Hydraulic Motor 10 

559 
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TABLE XXXV (continued) 

Item 

Weight 
(lb) 

Component Assembly System 

Hydraulic Subsystem** 
Hydraulic Pump 
Lines, Fittings, Fluid 
Filters 
Flow Divider /alves 
Relief /alve 
Shutoff Valves 

Free Reel Control 
Display, Control Boxes, & Wiring 

Structure (2 Davits) 

111 
20 
90 
18 
12 

2 
4 

36 
35 

150 

Single-   Plus Four-Point Cargo Handling System 4974 

^Weights in parentheses are those estimated in 
Phase I for hoist with SO feet of cable, 

♦"Hydraulic punp, filters, relief valve, and a portion 
of the lines and fittings will also be used for 
engine starting system.   Weight chargeable to engine starting 
is 35 pounds. 
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MAIHTAINABILITT AMD RELIABILITY 

INTRODUCTION 

A compreheneive maintainability and reliability study was made of the 
heavy lift cargo handling system. This study was based on the system de- 
scription of pages 134 through 156 and the drawings of Appendix III. The 
reliability and maintainability characteristics indicate that a combined 
system reliability of .969 can be expected, with an estimated .0718 main- 
tenance man-hours per flight hour. A failure mode and effect analysis was 
also completed. 

Considerable effort was also expended in a study of the safety aspects of 
the system; primary emphasis was placed on capability of jettisoning a 
load carried on the four-point suspension system. A reliability block dia- 
gram of the cable cutter system was prepared. This diagram shows that the 
least redundancy occurs at the explosive charge and cutter and indicates 
that primary emphasis should be placed on adequate testing of these com- 
ponents to achieve maximum safety. 

RELIABILITY AND MAINTAINABILITY CHARACTERISTICS 

The selection of a mechanical drive for the single-point hoist and a hy- 
draulic drive for the four^point hoists greatly increases the reliability 
and maintainability of the cargo handling system. Detail design, based on 
field experience with the cargo handling system on the CH-5JVA,has served 
to maintain these qualities, as shown in Table XXXVI, page 220, 

FAILURE MODE AND EFFECT ANALYSIS 

The results of a failure mode and effect analysis are sumnarized in Table 
XXXVII, page 222. Failure modes considered were only those that the re- 
liability analysis indicated were the most probable. In all cases, the de- 
sign is such that these failure modes are minimized, or features are in- 
cluded in the basic design of the system, to avoid detrimental effects on 
the mission. 

SAFETY CONSIDERATIONS 

Considerable time has been spent studying the safety aspects of the cargo 
handling systems. The single most critical consideration is the jettison- 
ing of a four-point load. Should one of the attachment points fail to be 
released, the results could be catastrophic. Because of this, tandem-dual 
cable cutters at each hoist are used. The wiring is redundant to each 
cable cutter, and further, the redundant wiring Is routed through the air- 
frame in such a way as to reduce the vulnerability of the cutter charge 
ignition circuit significantly. This redundancy is required to ensure the 
proper level of safety. 
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TAPLE XXXVI 
RELIABILITY AMD MAINTAINABILITY CHARACTERISTICS 

Single- 
Point 
Syst«". 

Four- 
Point 
System 

.986 

Combined 
System 

Mission Reliability ♦ .995 .9999** 

Systam Reliability ♦ .985 .933 .969*** 

MTBUMA, Hours 32.5 7.2 15.8 

Mean Time to Repair, Hours .383 .364 .377*** 

Maintenance Burden, MMH/FH .039 .U8 .0718«** 

Inherent Availability, Percent 99 96 97.8»** 

«Based on a 30-minute mission and two conplete cycles. 

««Assumes complete redundancy of systems. 

«««Based on a 70-30 distribution of single- to four-point missions. 

The ignition circuit is provided with a built-in test circuit which is 
used on the preflight check to ascertain that all circuits are functional. 

Figure 64 is a reliability block diagram of the cable cutter system pro- 
vided for each hoist. This diagram shows the redundancy employed in each 
of the systems. Note that the electrical source and the control switch 
are shared for each hoist. 

In this diagram each parallel path provides a successful operation for 
that particular function. The diagram for the successful cutting of all 
the cable in the four-point system would shew four of the diagrams of 
Figure 6h in series. 

From the diagram it can be seen that the least redundancy is at the charge 
and cutter. Therefore it is recommended that adequate testing of these 
components be undertaken to ascertain with a high degree of confidence that 
their reliability is consonant with the overall reliability desired of this 
system. 

INSTALLATION AMD REMOVAL 

Single-f oint Hoist 

Removal is accomplished simply by disconnecting the input shaft, loosening 
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6 bolts, and disconnecting the electrical lines at a quick disconnect 
fitting. The hoist Is lowered from the aircraft by means of a special 
support equipment bridle and cable attached to the lifting points on the 
hoist support structure. The cable passes through airframe mounted pulleys 
and can be attached to a truck or wheeled vehicle or vehicle winch to 
lower the hoist to the ground. 

Four-point hoist removal is accoioplished by loosening 4 bolts and dis- 
connecting with hydraulic and electrical quick disconnects. The four- 
point hoists are lowered by means of the same cable bridle system, which 
is supported over a similar pulley arrangement, as that utilized for the 
single-point hoist. 
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GROWm POTiSNTlAL 

* 

Both the mechanically driven single-point hoist system and the hydrauli- 
cally driven four-point hoist system have potential for increased capac- 
ity.   Growth to 50,000 pounds for these systems can be accomplished in 
incremental stages of modification and payload increase.    The following 
paragraphs summarize the stages of improvement or "break-pointr", the modi- 
fications necessary, and the estimated weight increase. 

SINGLE-POINT HOIST SYSTEM 

Design Data; 

Capacity (pounds) 40,000 
Ultimate Load Factor 3.75 
Usable Cable Length (feet) 100 
Cable Spaed (ft/min) 60 
Power Requirements (HP) 9A.2 

Stage 1 Growth Capacity   «   45,000 lb 

The first "break-point" in the single-point hoist system growth is in the 
ultimate (breaking) strength of 171,600 pounds for the single-point hoist 
cable (see page 187). For an ultimate load factor of 3.75» the maxunum per- 
missible cable load is 

p   w,      «       171,600     „   ^5 goo lb cable 3,75 H^OW J.U 

The power required at /»5,000-lb capacity is 106 HP.    At this load and 
power level, the only modifications necessary in the single-point hoist 
system are as follows: 

1. Drum (p. 30) Increase thickness from 1«44 to 
I.65 inches. 

2. Planet Pinion Bearings Increase bearing size from 114 
(p. 186) series to 212 series for increased 

static capacity. 

3. Level Wind Ballecrew Increase taper roller bearing size 
Bearings (p. 189) for increased static capacity. 

The estimated weight increase for the stage 1 growth is 62 pounds. 

Stage 2 Growth Capacity   •=   50,000 lb 

To obtain a capacity of 50,000 pounds at the 3.75 load factor, a 1,52- 
inch-diameter 16 x 19 cable is required.   Maintaining the same drum diam- 

I 
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eter and width reduces the useful cable length to 90 feet.    The power re- 
quired is 118 HP. 

The necessary modifications to the hoist are 

1. Cable (p. 187) New 18 x 19,1.52 inch diaaeter . 

2. Cable Drum (p. 30) Increase thickness to 1.85 inches 
and change pitch to 1.625 inches. 

3. Planet Pinion Bearings Same as Stage 1 change. 
(p. 188) 

U,    Level Vfind Balls crew       Change pitch to .541 inch, 
and Nut (p. 172) 

5. Level Wind Ballscrew       Same as Stage 1 change. 
Bearings (p. 189) 

The estiirated weight increase for the above modifications is 170 pounds. 

FOURJQINT HOIST SYSTEM 

Deoiffi Datat 

System Capacity (pounds) 40,000 
Hoist Capacity (pounds) 11,550 
Ultimate Load Factor 4.2 
Usable Cable Length (feet) 50 
Cable Speed (ft/min) 30 
Power Requirements (HP) 84.8 
Hydraulic Requirements 

Pressure (psi) 
Flow (fpn/hoist) 

3500 
11.1 

StaKe 1 Growth Syetm Capacity "   48,000 lb 
Hoist Capacity =   13,900 lb 

As was the case tdth the single-point hoist system, four-point capacity 
growth ie paced by the ultimate (breaking) strength of the cable. The 
•79'*lnch cable nas a breaking strength of 58,400 pounds (see page 212), 
giving a dynamic capability of 13,900 pounds. The modifications to the 
system to achieve this capability are 

1. Drum (p. 30) Increase thickness from 0.61 to 
0.97 inch. 

2, Ist Stage Planet Pinion Increase bearing size from 1911 to 
Bearings (p* 213)                      110 series for increased static 

capacity. 
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3* 2nd Stage Planet Pinion    Increase bearing size from 110 to 
Bearings (p, 213) 208 series for increased static 

capacity. 

4«    Planetary Carrier Plate Increase plate thickness to ,31 to 
(p.   207) reduce deflector. 

5.    Hydraulic System Increase pressure from 3500 to 4000. 

The estimated weight increase for the above modifications is 25 pounds per 
hoist. 

Stage 2 Growth System Capacity   =   50,000 lb 
Hoist Capacity     «   1U,U50 lb 

To achieve a four-point hoist system capacity of 50,000 pounds at the 4.2 
load factor, a cable with a breaking strength of 60,700 pounds is required; 
inasmuch as this is such a minor increase over the actual cable strength 
of 56,400 pounds,a small reduction in ultimat    load factor is recommended. 
The load factor at 50,000 pounds is 

Ultimate Load Factor   «   ffif99     -   4.03 
14,450 

In addition to increasing the hydraulic system pressure to 4000 psi (as is 
required for Stage l), it will also be necessary to Increase the hydraulic 
motor displacement by 12 pet by reboring the existing motor. 

■i 
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COMPONENT AMD 5YSTBM DEVELOPMENT PLAN 

DISCUSSION 

Ths following paragraphs outline the developmsnt effort suggested for the 
heavy lift cargo handling system of this report. For the endurance test 
phase of both th« single- and four-point hoists, the construction of a 
special test facility that can be used for both the single- and foar- 
point hoist systems will be required. No attempt has been made to provide 
a schedule for ths fabrication of such a facility, although its estimated 
costs are presented on page 230. 

While the plan presented is directed toward the systsmatic development of 
the full-size aircraft hardware, several areas are suitable and are rec- 
oanended for developmsnt effort in advance. Among these are the investi- 
gation of synchronous operation of the four-point hoist systam (where the 
hydroelectrical feedback system can be developed in model form) and the 
reliability of hook release of both the single- and four-point hoists. 

TBST PROGRAM 

The following test programs are reconnended to develop and qualify the 
heavy lift external load handling system. 

Mechanically Driven Single-Point Hoist 

All components of drive train and single-point hoist will be utilised in 
all phases of the test program except the static load test. 

1. Static Load Test: 

Conduct a static load test on single-point hoist 
to limit load (100,000 lb) 

2. Endurance Testt 

Conduct a 3600-cycle endurance test at the following 
load spectrum: 

Cycles Distance (ft) Load (lb) Cable Position 

800 100 40,000 vertical 

2400 100 30,000 vertical 

200 100 20,000 vertical 

100 100 0 vertical 

50 100 30,000 15° lateral 
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Cycles  Distance (ft) Load Ub) Cable Position 

50       100 30,000 15° aft 

3. Environmental Test: 

Conduct an environmental test on the single-point 
hoist and drive train. 

High Temperature Test 
Lour Temperature Test 
Sand and Dust Test 
Rain Test 

Note:    All tests to be in accordance 
with MIL-B-5272C 

Hydraulically Driven Four-f oint Hoists 

1. Static Load Test: 

Conduct a static load test on a four-point 
hoist to limit load (29,000 lb). 

2. Endurance Test: 

Conduct a 3600-cycie endurance test on a four-point 
hoist at the following load spectrum: 

Cycles Distance (ft) Load ftb) 

800 50 
13 

11,550 
11,550 

2400 50 
13 

8,650 
8,650 

200 50 
13 

5,800 
5,800 

200 50 
13 

0 
0 

3.   Environmental Test: 

Conduct an environmental test on the four-point hoist, 
control system, hydraulic ptmp, motor, and lines te 
the following requirements: 

High Temperature Test 
Low Temperature Test 
Sand and Dust Test 
Rain Test 
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Note:    All teats to be In accordance 
with MIL-E-5272C 

U»   Sjrstem Test: 

Conduct a 200-cycle test to demonstrate synchronous 
operation of the four-point hoist system and the 
adequacy of the hydroelectrical feedback control 
system at varying load conditions. 

Hook Swivel Assembliee 

1. Qualification and Enviromnantal Tests: 

Conduct a 3600-cycle release test on both the 
single-   and four-point hook asseablies. 

Conduct separate environmental tests at the 
conditions outlined for hoists. 

2. Functional Test: 

Conduct a hook functional test in conjunction 
with respective hoist endurance test. 

BSTIMATBD DEVBLOPMEWT COSTS 

Based on preliminary data available at this time. It is anticipated that 
the configuration recomaended can be developed for the estimated prices 
set forth below: 

Single-Point Four-Point 

Engineering Design $270,000 $240,000 

Prototype Hardware 225,000 250,000 

Tooling 100,000 40,000 

Ground Tests 50,000 70,000 

Test Facility (lOO-ft height) $300,000 
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SCHEDULB 

Months 
1 

Single-Point Hoist 

Design 

Fabrication 

Development Tests 

Endurance 
Environmental 
Static 

Four-Point Hoist 

Design 

Fabrication 

Development Tests 

Endurance 
Environmental 
Static 

System Test 

Hook & Swivel Assemblies 

Design 

Fabrication 

Qualification Test 

0 6 12     18 24 30 

D 
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1          1 
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CONCLUSIONS 

1« A separat« function eyotem that Incorporates a mechanically 
driven single-point hoist and four hydraulically driven 
multi-point hoists best meets the external cargo handling 
requirements of a 40,000-pound-payload, single-rotor heavy 
lift helicopter on the basis of reliability, safety, main- 
tainability, redundancy, versatility, and technical confidence. 

2« The single- plus four-point system described above weighs 
4974 pounds. For missions requiring single-point load sus- 
pension, the four-point hoists are readily removable, making 
the cargo handling system weight chargeable to aircraft weight 
empty 2738 pounds. Similarly, for four-point missions re- 
moval of single-point components results in a cargo system 
weighing 2704 pounds. 

3. The mechanically driven single-point plus the hydraulically 
powered four-point hoist system has a capability of growth 
to 50,000 pounds. All major components of both hoists except 
the cable drum have adequate margins of safety to acconaodate 
a 25-pet growth. The single-point system can be tip-rated to 
50,000 pounds for 170 additional pounds. The weight increase 
for the four-point system is 100 pounds. 

4. With the use of a hydroelectrical feedback control system, the 
toted cable length error (difference between individual cable 
lengths) in 50 feet of travel of the four-point system Is 
7-3/4 inches. This error may be further reduced to 4 inches 
by a one-time calibration procedure. A study should be under- 
taken to determine if these limits are within acceptable limits 
for equipment in the U.S. Amy inventory. 

5. The hydroelectrical feedback system proposed for the four* 
point system lends itself to evaluation and development in 
model form. Further effort in this area is recommended. 

6« Thin investigation has led the writers to believe that acquisi- 
tion and release of loads carried by four-point suspension will, 
for the most part, be accomplished with aircraft en the ground 
or from a "wheels light" hover. It is therefore concluded that 
an analysis of mission requirements is in order to determine If 
some other four-point cable length night better meet the heavy 
lift multi-point requirement. The limited investigation per- 
mitted within the scope of this contract has led the investi- 
gators to believe that a major portion of heavy lift helicopters 
should be equipped with powered four-point hoists with a majdaaa 
capability not exceeding 20 feet. Further study in this area 
is definitely required. 
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7* The us« of manually actuated control valves which divert fluid 
from the aircraft utility hydraulic eyetem to provide the power 
to operate the cable free reel clutches in the single- and the 
four-point hoists meets the requirement for a pilot actuated 
manual load release system. 

8. In-flight release of loads under emergency conditions is more 
safely acconplished in the single-point mode (for an equal 
nuaber of release components) where electrical, free reel, 
auto touchdown, and two explosive release aystems are pro- 
vided. For the four-point system, only the use of the tan- 
dem-dual cable cutters is recomnended for in-flight release 
of loads under emergency conditions. The use of the free 
reel system to release loads in the four-point mode would be 
practical if the primary release system failed at the time that 
the aircraft waa hovering Just off the ground at the drop 
site, however. 

9. The evaluation of current production cargo hook-ewivel 
assenfcliee design indicates that further efforts are required 
to achieve the degree of reliability required. The swivel 
design and method of sealing the slip ring as proposed herein 
should add appreciably to the reliability of these components. 
A comprehenisve program to study and evaluate the reliability 
of pilot controlled load release would be invaluable to the 
aerial cargo handling qystem designer. 
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APPENDIX I 
SURVEY OF MILITARY VEHICLES 

The % vehicles lirted in Table XXXVIII represent the U.S. Amor equipment 
considered in the design of the cargo handling system of this study.   It 
is based on a survey conducted by the U.S. Any Combat Developments 
Command   (Reference 14)« 

An item nuober has been assigned io each piece of equipment to provide a 
more convenient form of reference within the report.    This procedure was 
necessary because the official "line nuiid3ern of all the equipment was not 
known. 

The equipment is listed in order of increasing weight.   To prevent the 
table from becoming unwieldy, a special set of appreviations was devised. 
These abbreviations, listed below, apply only to Table XXXVIII. 

List of Abbreviations 

ABN. airborne 
AMB. ambulance 
AMMO. ammunition 
AMPH. amphibious 
ARMD. armored 
ASLT. assault 
AIX. auxiliary 
AVIB. assault vehicle launch bridge 

CARR. carrier 
C-C combat weight 
CGO. cargo 
CMD. command 

DRVN. driven 
DSL. diesel 

ENCR. engineers 
EQUIP. equipment 
EXP. experimental 

FT. full track 

GAL. gallon 
GEN. generator 

H height, inches 
HOW. howitzer 

IND. industrial 
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L 
LT. 
UWB. 

length, inches 
light 
long wheel base (trailer) 

mm 
MED. 
MTD. 
MTZD. 
MULT. 

millimeter 
medium 
mounted 
motorized 
multiple 

OBS. observation 

PERS. 
PROP. 

personnel 
propelled 

RD. 
RECONN. 
R/h 
RKT. 

road 
reconnaissance 
reduced height 
rocket 

SP. 
SPD. 
STLR. 
SUP. 
SVC. 
SWB. 

self-propelled 
speed 
semi-trailer 
supply 
servicing 
short wheel base 

T 
TLR. 
TRACT. 
TRANSP. 
TRK. 
TRKD. 

ton 
trailer 
tractor 
transporter 
truck 
tracked 

VEH. vehicle 

W 
WHIT. 
WKR. 
WPH. 
WWN. 

width, inches 
wheeled 
wrecker 
weapons 
with winch 

nwB. extra long wheel base 

YD. yard 
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Figur« 65.       Typical Military Vehicle. 

TABISZZSmi 
UST OP MILITARY VHilCUBS 

Model 
Ho. DesiÄnation 

Wfligjj^ 
L 

Diaeneione 

(inches) 
Itea 
No. 

Net           C-C 
(Tone) 

■tyH- 

1 M-100 TLB. AMPH. OGO. 
1/4-T 

0.283 0.533 109 57 42 - 

2 M-U CART RKT.TRANSPT. 
318« 

0.340 0.340 221 58 31 58 

3 M-27A CARR.LT.NPH. 
1/2-T 

0.398 0.985 117 46 28 - 

U - PROP.»EQUIP. 
AUZ. HOW. 

0.AA9 - - - - - 

5 M-91 LAUNCHER, MULT. 
RKT. 115 *a 

0.625 0.625 152 90 67 - 

6 XM-34 LAUNCHEB, RKT. 
318» 

0.659 1.117 126 62 50 13 

7 M-KXL TIÄ.,0G0. 3A-T 0.670 1.420 147 74 85 53 

6 OH-13 HELICOPTER, OBS. 0.859 1.400 365 90 143 112 
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TAPMS mm (ffontlnwl) 

Model 
No. Designation 

Weicht 
Item 

No. 
Net           C-C 

(Tone) 
L W     H 

(inches) 
R/K 

9 M-151 TRK. UTILITY 1.137 1.417 132 63 71 53 

10 M-332 TLR., AMMO. 1.175 2.225 153 86 56 - 

11 T-3 TRANSPOHTSR, 
LIQUID 1000 GAL. 

1.200 4.200 155 102 64 - 

12 M-200A1 CHASSIS TLR. GEN. 
2-1/2-T 

1.205 4.705 165 93 40 - 

13 M-U9 TLR., WATER 
1-1/2-T 

1.300 3.948 157 80 73 - 

U M-105A2 TIÄ.. CGO. 
1-1/2-T 

1.325 2.700 166 83 98 58 

15 M-38AIC TRK., UTILITY 
1/A-T 

1.333 1.733 109 57 42 - 

16 - TLR., BASIC 
UTILITI 2-1/2-T 

1.350 4.850 198 98 44 - 

17 M-170 TRK., AMB. lA-T 1.482 1.767 155 61 79 - 

18 XM-102 HOW., 105 mm 
TOWED- SP, 

1.530 1.530 - - - - 

19 M-2A2 HOW., 105 mm 
TOWB) 

2.490 6.350 236 85 62 - 

20 UH-1B HELICOPTER, 
UTTLITI 

2.328 3.600 481 103 157 90 

21 ÜH-1D HKT.TCOPTHi, 
UTTUTT 

2,328 3.600 481 103 157 90 

22 M-37 TRK., CGO. 3A-T 2.850 3.600 185 74 90 64                      | 

23 M-37 TRK., CGO. 3A-T 
WWN. 

3.000 3.725 190 74 90 64                      1 

24 M-U6 STLR., VAN SHOP 3.400 6.000 276 95 136 - 

25 - TRK., FORK LIFT 
2-T 

3.400 3.400 - - - - 

26 M-11QA1 STLR., STAKE 6-T 3.570 9.570 276 95 104 38 
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Model 
No. Designation 

Wei«ht Dimensione 
Item 

N9i 

Net           C-C 
(Tons) 

I W     H 
(inches) 

R/H 

27 M-A3 TRK., AMB. 3/4-T 3.585 4.275 206 75 92 - 

28 M-U9A3 STIÜ., VAN, 
COO. 6-T 

3.590 9.590 275 96 135 - 
f 

29 M^05 HAWDLING UNIT, 
762 ran RKT. 

4.315 4.315 338 96 130 81 

30 - TLR., LOW BED 
8-T 

4.915 32.915 281 102 58 - 
1 

31 M-9 BUlXDOZSt 5.000 5.000 146 36 78 - 

32 OV-1 AIRPLANE, OBS. 5.328 6.659 525 110 156 - 1 

33 M-273 TRK., TRACT. 
2-1/2-T SWB. 

5.590 5.590 228 94 98 81 

34 M-345 TIR., FIAT BED 
10-T 

5.630 15.630 536 98 56 - i 

35 M-48 TRK., TRACT. 
2-1/2-T IWB.WWN. 

5.921 5.921 254 94 98 82 

36 M-35 
(XM-aOE) 

TRK., CGO, 2-1/2 
-T LWB. 

6.233 11.408 262 96 112 86 

37 N-56 GUN FT., 90 mm 
ABN. 

6.250 8.750 2a 88 88 - 

30 M-11M1 HOW., 155 m 
TOWED 

6.350 6.350 288 96 81 - 

39 M-35 TRK., COO 2-1/2- 
T DWB^WWN. 

6.A40 11.790 276 96 112 86 

40 M-129 STLR., VAN SUP. 
12-T 

6.750 18.750 345 96 140 - 
% 

a M-49C TRK., TANK, FUEL 
SVC. 2-1/2-T 

6.978 6.978 262 96 98 90 
* 

42 - SCRAPER, TOWH) 
7-1/2 YD. 

7.060 7.060 - - - - 

A3 M-49C TRK., TANK, FUEL 
SVC, 2-1/2-T WWN. 

7.200 7.200 277 99 130 - 
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TABLE XXXVIII (continued) 

Model 
No. Designation 

Weirfit DimenBlone 
Item Net           C-C 

(Tone) 
L W     H 

(Inches) 
H/H 

kk - LOADHi, SCOOP TYPE 7.200 
1-1/2 YD3 

7.200 209 84 81 - 

45 M-127A1 STLR., STAKE 12-T 7.200 19.400 345 97 109 58 

46 M-131A3C STIÄ., TANK, FUEL 
SVC. 

7.400 7.400 353 98 110 - 

47 M-172A1 STIR. LOW BED 
25-T 

7.430 32.430 141 115 68 - 

48 MT 2D GRADER, RD. MTZD. 
DSL. DRVN. 

7.460 7.460 264 81 85 - 

49 M-114A1 ARMD. RECONN. 
CARRIER   -FT. 

7.500 7.500 169 92 80 - 

50 M-313 STLR. VAN, EXP. 
6-T 

7.500 323 98 134 - 

51 M-220 TRK., VAN SHOP 
2-1/2-T 

7.543 10.043 267 96 131 - 

52 M-342 TRK., DUMP 2-1/2 
-T 

7.583 10.083 273 96 101 83 

53 M-342 TRK., DUMP 2-1/2 
-T WWN. 

7.790 10.290 273 96 100 100 

54 M-109 TRK., VAN, SHOP 
2-1/2-T WWN. 

7.823 10.291 277 99 130 - 

55 • TRACTOR, FT., LOW 
HHEED, DSL. DRVN., 
LT. 

7.988 7.988 175 99 78 - 

56 CH-47A HFJICOPTBR, CGO., 
MED. 

8.000 16.500 600 145 222 - 

57 M-129 STLR.,  VAN SUP. 
12-T 

8.010 30.010 345 96 140 - 

58 - TRACTOR, WHID. IND.8.050 
DSL. DRVN. LT. 

8.050 194 96 90 - 

59 - TRK., FORK LIFT 
3-T 

8.400 8.400 - - - - 
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TABLE XXXVIII (continued) 

Model 
No. Designation 

Weinht Dimensions 
It« 
No^ 

Net           C-C 
(Tons) 

r" W     H 
(inches) 

R/H 

60 M-270A1 STLR., LCW BED 
WKR. 12-T 

8.750 20.750 597 97 121 80 

61 M-52 TRK.,  TRACTOR 
5-T    SWB. 

9.200 9.200 258 97 107 87 

62 M-292 TRK., VAN EXP. 
2-1/2-T 

9.500 12.000 329 97 139 - 

63 M-54 
(XM-656) 

TRK., CGO. 5-T 
1KB, 

9.616 14.616 299 97 116 86 

su M-113 CARRIER, PERS. FT . 9.878 11.308 192 106 80 - 

65 M-108 TRK., WKR., CRANE 
2-1/2-T WWN, 

9.893 10,143 303 96 100 - 

66 M-54 
(XM-656) 

TRK., CGO.,  5-T 
LNB, WWN. 

9.973 14.973 314 97 116 86 

67 M-577 CARRIHl, CMD.P0ST 10.700 
LT. TRKD. 

11.650 192 106 106 - 

68 M-51 TRK., DUMP 5-T 
WWN. 

11.333 16.333 282 98 111 88 

69 XM-106 MORTAR, SP„PT. 
4.2    in. 

12.538 192 106 80 - 

70 M-60 TRK., WKR„LT. 
2-1/2-T 

11.980 12.980 303 96 101 - 

71 M-78 HEAT & TIEDOWN 
UNIT 762 mm RKT, 

12.032 12.032 370 96 95 - 

72 - 1X)ADER, SCOOP TTPE 12.200 
DSL. DRVN.1-1/2 

12.200 248 105 97 - 

73 mm GRADER, RD.,MTZD. 
DSL. DRVN. 

,12.390 32.390 311 96 111 93 

74 M-139 TRK.,  STAKE 5-T 
BRIDGE TRANSP. 

13.400 13.400 369 114 114 - 

75 M-123C TRK., TRACTOR 
10-T 

14.200 14.200 280 114 113 92 
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TABI£ XXXVIII (continued^ I 
| 

Item 
Not. 

Model 
No. DesiRnation 

WeiÄht Dimensions ! 
Net            C-C 

(Tons) 
L    w   r" 

(inches) 
m 

76 CL-60 AVIB. U.300   14.300 338   158     73 - 
■ 

f                77 

1 

— LOADER, SCOOP 
TYPE DSL. DRVN., 
2-1/4 YD3 

14.414   14.414 248   105     97 — 

|                78 

-■ 

M-551 AHMD. RBCONN./ 
ABN.  ASLT. 
VEHICLE 

15.000   15.000 252   115     95 - 

79 M-115 HOM. 8-in. 
TOWH) 

15.288   15.288 432   112   108 ~ 

80 - TRACTOR,  FT. 
DSL. DRVN. LOW 
SPD., MED. 

15.666   15.666 196   116     88 - 

81 M-162A1 STLR. LOW BED 
60-T 

16.348   76.348 4a   144     a - 

82 M-246 TRK., TRACT. 
XIWB. WWN.5-T 

16.415   16.415 352     98   132 89 

83 
i 

M-62 TRK., WKR., MED., 
5-T WWN. 

16.700   16.700 310    97   103 - 

M-386 LAUNCHER, 762 mm 
TRK., MTD. 

17.291   17.291 389   114   105 - 

i 

M-572 HANDLING UNIT, 
318 mm TRK, MTD. 

19.850   19.850 339    96     97 - 

j                         86 M-84 
(XM-106) 

MORTAR, SP., FT., 
4.2 in. 

20.561   20.561 221   129   109 - . 

87 M-15A2 STLR. TM,, 
TOANSPORTER 

21.300   71.300 462   146   105 - 

68 
• 

(XM-551) TANK COMBAT, 
FT. LT. GUN 
76 mm (ARMD. 
RECONN./ABN. 
ASLT. VBH.) 

25.400   25.900 280   126   122 108 

1                           89 M-M 
(M-i09) 

HOW. SP., FT., 
155 lau 

29.000   29.000 325   140   134 127 
s 
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TABI£ XXXmi (continued) 

Item 
No, 

Model 
No. Designation 

Weight 
Net           C-C 

(Tons) 

Dimensions 
L W     H 

(inches) 
R/H 

90 M-55 
(M-110) 

HW.GP. FT. 
8 in. 

45.000 45.000 325 140 146 117 

91 M-60 TANK, COMBAT 
FT. 105 mm 

47.150 47.150 366 143 126 - 

92 M-60 LAUNCHER,  AVIB 47.650 47.650 274 143 127 - 

93 M-102 COMBAT, ENDR, 
VEH. 

51.800 55.000 337 148 IP? - 

94 
M-88 TANK RECOVERY 

VEH. MED. 
54.000 56.000 326 135 127 - 
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APPENDIX II 
MECHANICAL VARIABLE SPEED DRIVE 

INTRODUCTION 

A mechanical variable speed drive concept, designed and developed by the 
Incoming Division, AVCO Corporation, was investigated as an alternate to 1 

the clutch-reverser unit of page 137 as the drive for the mechanically 
powered single-point hoists. 

i 
This concept provides an infinitely variable bidirectional output rotation 

4 mechanism.    The unit proposed for the hoists of this study is a modified 
form of the traction mechanism employed in the constant speed drive units 
for A.C. generating systems used on the Navy AAE.   Over 1000 of these 
units have been produced and approximately 500,000 operational hours have 
been accumulated. 

DESCRIPTION 

The proposed actuator combines an epicyclic gear differential coupled to 
an infinitely variable ratio traction transmission.   This combination re- 
sults in a unit capable of Infinitely variable, stepless, bidirectional 
output rotation. 

The variable ratio section consists of two flywheel members, called to- 
roids, which are concentric with the drive shaft.   Their dished surfaces 
form a toroidal space and contain four rolls, mounted in yokes and fas- 
tened to a fixed cage.    A precalibrated load bolt squeezes the toroids 
against the rolls and provides the traction for power transmission.    Speed 
ratios are changed by varying the angular position of the rolls with re- 
spect to the drive axis.   The control rod motion can be linearized with 
respect to output speed if desired.    The differential section is an epi- 
cyclic gear train and is so designed as to permit equal and opposite out- 
put speed.    The planet cage rotates as a function of the position of the 
rolls in the ratio change section. 

Table XXXIX gives the applicable design data of the unit.  Figure 67, 
page 249. gives the output power and torque versus rpm relationship. 

/ 
It should be noted that added cooling is required for this unit. It will 
be provided by an electric motor driven blower/heat exchanger unit of the 
type used on the CH-3C and CH-53A. This unit will be interlocked so as to 
function only when the variable speed drive unit is in operation. Figure 

1     66 is included to sho« the physical dimensions of the complete unit, less 
heat exchanger. 

It has been estimated that it would require approximately 16 months to 
complete the design, fabrication, and prototype developmental testing 
required prior to delivery. 

245 



TABLE XXXIX 

DESIGN DATA, 
MECHANICAL VARIABIZ SPEED DRIVE 

Input Speed 

Output Speed 

Power Capability 

Control Power (max) 

7000 rpm 

Plus or minuo 1000 rpm 

225 HP maximum (lifting load) 
115 HP maximum (lowering load) 

.01 HP at maximum acceleration 
rate of 1300 rpm/sec 

Control Force 45 lb at control rod for 
maximum acceleration 

Efficiency 93 pet 

Lubrication MIL-S-81087 (Weps) Type 1 

Oil Flow 20 lb/min 

Cooling Requirements 500 Btu/min 

Operating Temperature -650F to 3500F 

Weight (Estimated) 

Dry weight with 
integral oil 
reservoir and pump 10? lb 

Lubricant 6 lb 
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247 

A- 



13.00 »i 

eed Drive. 

ß. 



1200^ 

1000 

800 

3 
ü-   600 

c 
2 

2   400 
3 
O 

200 

-800 400 0 400 

OUTPUT   SPEED - RPM 

800 

Figure 67*   Output Paver and Torqua ▼» 
Output Speed» Variable %>eed 
Drive* 

249 



r 

APPBJDH III 
CAHOO HA1DLI1C STSTPt DRiWIlCS 

BEARING  bUPPORT 
VISCOUS  DAMPED 

PULLEY-HOiST 
REMOVAL/ INSrALLATION 

CABLE - HOIST 
REMOVAL/   IMT-_LATI0N 'i     ''    \ 

MAIN   GEARBOX 

BEARING   SUPPORT 
VISCOUS   DAMPED 

AIRFRAME STRUCTURE ' 

HOIST MOUNTING  BOLTS - 

LOWER   ANGLE BOX 

SlNGtf-POINT HOIST 

Figure 68,    Single-Point Holet Installation,   Single-Rotor H.L.H, 
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CLUTCH-REVERSER   UNIT 

UPPER  ANGLE   BOX 

COUPLING   (TYPICAL) 
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SUPPORT  DAVIT 

UNIVERSAL   JOINT 

> 

LOAD   ISOLATOR 

Fi«nrt 69.   Fwr-Point Holst Installation, Singlt-Rotw H,L.H. 
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NIVERSAl    JOINT 

LOAD   ISOLATOR 

4 ttj 

- > 

10   FREE   m tL  CLUTCH 

( ONTROL   bYSTLM 

- FREE    REEL   CLUICH 

HOIST    REMOVAL   PULLEY 
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EMOVAL   PULLEY 

PUSH-PULL CABLE 
TO   AFT   FACING 
PILOT 

RETURN    TO   A/t 
UTILITY   HYDRAULIC 
SYSTEM 

FROM   A/C   UTILITY  HYDRAULIC  SYSTEM 

-FREE   REEL   MODE   SELECTOR  VALVE 

- 10 SINGLE POINT HOIST 

MANUAL CONTROL VALVE 

MANUAL CONTROL   VALVE 

TO FREE REEL CLUTCH 

FOUR  POINT  HOIST 
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HYDRAULIC   PUMP 

HOIST   DRIVE 
GEARBOX 

CLUTCH-REVERSER  UNIT 

INCHES 
0    5    10 
UliMililll 

SCALE 
HOIST INPUT DRIVESHAFT 

figur* 70.   Singl«-  Plua Four-Point Hoist InaUUatioa, TaadM-Botor HJ.,H, 

A. 
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BALL SCREW 

PUSH-PULL  CABLE 
TO  AFT  FACING 
PILOT 

TO FREE REEL 
CLUTCH 

•—TO MODE SELECTOR 
VALVE 

MANU«. CONTROL 
VALVE 

—    I—RETURN   TO A/t 
UTILITY  HYDRAULIC 

INPUT SHAFT 

DECOUPLER 
REACTION   ARM 

FREE  REEL 
CLUTCH  ASSY 

DUAL - TANDEM 
CABLE   CUTTERS 

BELLMOUTH   ASSY 

WEAR   LINER- BALL SCREW 

REAUiC-M  Pl( 

Figur* 71.   SlngL«-P«int Hoist. 
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•TO MODE SELECTOR 
VALVE 

WU«. CONTROL 

iLVE 

TURN   TO A/t 

LITY  HYDRAULIC 
JTEM 

ANTI-BACKLASH  CO\ 

— CABLE LENGTH POTENTIOMETER 

SLIP RING ASSY 

SCRUB ROL 
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REACTION  PIPE 
CABLE DRUM 

COMPOUND   PLANETARY 
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SECTION A-A 
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ANTl-BACKLASH  COVER 
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»NT 

SECTION  B-B 
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x;-   INPUT SHAFT-FROM 
'    ACCFSSORY  GEARBOX 

"y 

Plgur« 72. Clutch-RtTerwr Unit and Angle GaarboxM« 

/ CLUTCH No. 
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COOLING OIL 
FITTING (TYP) 

HIGH   PRESSURE 
OIL FITTINGS (TYE) 
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DETAIL A 

10 FREE REEL CLUTCH 

DETAIL A 
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LOCKING  LATCH 

LOCKING  LINKAGE 

SOLENOID 
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BUMPER 
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Tigar* 7k»   Cargo Hook, ^»(XXWPound Capacity. 
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TRUNNION 

Figur« 75* Isolator, Feur-f «Int Hoist« 
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APPENDIX IV 
TYPICAL SEQUENCE OF OPERATIONS 

INTRODUCTION 

To provide a better understanding of the operation of the proposed single- 
and four-point cargo handling systems, typical missions involving both 
systems are described below. Two missions are described for the four- 
point system. The second mission is included to show methods that can be 
used to assure safe operation under adverse loading conditions. 

No in-flight emergencies are described. Standard procedures for in-flight 
emergencies for the single-point mission, in all cases, should be the 
jettisoning of the load by the hook release method. If a malfunction did 
not permit the hook to release the load, the cable would then be sheared 
by the tandem-dual cutters or would be free reeled off the drum. In a 
multi-point mission no hook release would be attempted. Instead, the 
cables would be sheared by using the tandem-dual cable cutters. 

Prior to all missions the cargo handling system should be checked out by 
the crew chief, with the APP providing the power, before the pilots enter 
the aircraft. 

SINGLE-POINT MISSION 

Mission; Fly to pickup area for bulldozer which is to be transported 
to clear area for observation post. 

Terrain; Bulldozer in level field but 70-foot trees surround drop 
area on mountain top. 

Load:   Prerigged in a sling with sling legs attached to a nylon 
ring at apex. 

Sequence: 

1. 
2. 

3. 
4. 

5. 
6. 

7. 

Aircraft flown to pickup area, hover over bulldozer. 
Reel out cable, ground crew slides nylon ring on 
load beam of hook. 
Load is lifted off the ground by the aircraft,. 
Pilot checks aircraft controllability. If satisfactory, 
he signals aft pilot (hoist operator) to reel in on 
single-point hoist to cable length required for best 
flying qualities. 
Aircraft is flown to drop site and hovers above trees. 
Hoist is reeled out and hook is placed in auto touch- 
down mode. 
When load is placed on the ground and the cable tension 
drops to 150 pounds, the hook opens, releasing the load. 

267 



8, Hook control is placed in safe and hoist cable is 
reeled in. 

9. Aircraft departs drop site when hook is reeled in 
sufficient distance to assure clearance with tail rotor. 

10,    Aircraft returns to base. 

Note:    In the event of a malfunction of the automatic 
touchdown release,  the electrical release would 
be used. 

FOUR-POINT MISSION - STA?IDARD LOAD 

Mission!    Fly to pickup area for self-propelled mortar which is 
to be transported to forward area. 

Terrain;    Vehicle located in level field, to be put down on 
relatively rough terrain. 

Load; Rigged for four-point pickup; no single-point sling 
available. 

Sequence! 

1, Aircraft flown to pickuo area and landed near vehicle, 
2, Vehicle driven under aircraft; hookup is made by 

ground crew. 
3, Hoists reeled in until load is a foot off the ground, 
4*    Cable load indicators are checked to ensure that load 

falls within the C,G. limits of the aircraft. 
5. Aircraft is lifted off into a hoverj flight controls 

checked out as satisfactory, 
6. Aircraft flies to drop site, which is found to be too 

uneven to permit landing. 
7. A low altitude hover is established, 
8. Hoists are reeled out until vehicle is several feet 

below the wheels of the aircraft, 
9. Hover altitude is slowly reduced until load is on 

the ground and all four cables are slack. 
10«    Electrical hook release is actuated and all four hooks 

open. 
11, Aft pilot (hoist operator) confirms that all hooks have 

released and aircraft hovering altitude is slowly in- 
creased until it is confirmed that a.11 hooks are free. 

12, Hoists are reeled in until a safe length is reached, 
13, Aircraft returns to base. 

Notes: (1) Step 10 requires the use of electrical release of the 
hooks.    If the auto touchdown release were provided 
and were to be used under these conditions, the load 
release could result in adverse loads being felt by 
the aircraft. 
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These loads would result if one side of 
the vehicle touched the ground first. 
This would cause the hooks on this side 
to open, and the resultant loss in load 
on the aircraft would cause it to roll 
about the hooks that had not released. 
For this reason, the automatic touchdown 
release is not provided for the four- 
point hoist hooks. 

(2) If one or more hooks fail to open, a ground 
crewman must be available to climb up on 
load and manually release the hooks. If 
no crewman is available, or hook(s) cannot 
be opened, the hoist cable(s) can be free 
reeled off the drum(e) or sheared with the 
tandem-dual cable cutter(s). 

FOUR-POINT MISSION - NONSTANDARD LOAD 

Mission; Fly to pickup area for bulldozer which is to be transported 
to forward area. 

Terrain; Vehicle located on rough terrain, to be put down on a road 
in fozvard area. 

Load;   Rigged for four-point pickup, but pickup points not symnetri- 
cally located about C.C. of vehicle. 

Sequence; 

1. Aircraft flown to pickup area. 
2. Rough terrain and unknown condition of pickup points, 

or reasonable suspicion of same, results in a 15*- to 20- 
foot hover being established over vehicle. 

3. Hoists reeled out until hooks are on the ground and the 
cables are slack. 

km   Hookup is made by ground crew. 
5. Vehicle is slowly lifted off the ground by the aircraft; 

r               hoists are not reeled in. 
6. Vehicle swings forward, as vehicle C.G. is too far for- 

ward relative to the pickup points. 
7. Pilot corrects for load swing with azimuth control 

(cyclic control stick) but feels that too much fozvard 
i stick is required to permit forward flight. 

8. Pilot requests aft pilot (hoist operator) to trim load 
by reeling in on aft hoists. 

9* Aft hoists are reeled in but vehicle assumes an extreme 
nose-down attitude (or maximum cable load is reached 
and hoists stall). 
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10. Hoist operator informs pilot that he has run out of 
trim control with the hoists. 

11, Pilot rechedcs cyclic control and decides that not 
enough improvement has been made to warrant an attempt 
at forward flight, 

12, Pilot informs hoist operator that it is a "no go" <ind 
asks that load be leveled up. 

13. Vehicle is leveled up by lowering aft hoist cables, 
1A.   Hover altitude is slowly reduced until load is on 

ground and all four cables are slack. 
15. Electrical release is actuated and all four hooks open, 
16. If time permits, the pickup points on the vehicle are 

repositioned and another attenpt is made or a sling is 
rigged to permit single-point lifting.    A single-point 
sling, with adjustable length legs, could be quickly 
set to compensate for the nonsymmetrical C.G. of the 
load so that it could be carried level. 
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