W TR T AR TR

M TN N AT T T PP o, e
ity P LAy . K e

Trrrny I

HIGH PERFORMANCE HELICOPTER HOIST PROGRAM

Louis J. Lawson, et al . |

Lockheed Missiles and Sf)ace Company

Prepared for: !

Army Land Warfare Laboratory

August 1972.

DISTRIBUTED Y

Natnonal Technical Information Smice
U. S. DEPARTMENT OF COMMERCE
' 5285 Port Royal Road, Springfield Va. 22151

AD-7.51-217




g
e

'

A

Bty by

e rh ALt s P o . g A Sl st ! BRI B

Y
r
3

s
§
:
i
.
i
g
1

e YN L e,




. P T . T R IREE . D) THNTY
T S T A S LTS TR R R 30t aascciataac st TIPS TN

- I e T TR
TR S L VT TR B L AT IR S e T B
B R oS _ .

UNCLASSIFIED {
!ﬂ:um; sluugsnln

DOCUMENT CONTROL DATA - R & D 1
(Securlty clasallication of tlile, of ob ¢ ond indesni

151; must be d when the vversll repert Is classllied)

26, AEPORT SECURITY CLASSIFICATION
Lockheed Missilis & Space Company, Inc. { Unclassified ’
1111 Lockheced Way 26, GROUP

Sunnyvale, California 94088 N/A 3

3 REFQAT TITLE

HIGH PERFORMANCE HELICOPTER HOIST PROGRAM
(Phase I ~ Final Report)

! ONIGINATING ACTYIVITY (Corperate suther)

i

”
S

s
el il LA LAK I

4 DESCRIPTIVE NOTES (Type of ropert snd inclueive dates)

W T,

. AUTHONS) (Firef nume, middie inltlal, lost neme)
Louis J. Lawson

SRS AiD e

¢ REPOAT CATE 6. TOTAL NO. OF PAGKS T6. NO. OF + .~
- 15 May 1972 152 14
3 %s. CONTRACYT ON GRANTY NO.

8. ORIGINATOR'S REPFPORT NUMBENRIS)

DAAD05-72-C-0099 LMSC-D2674717

]

e rar BN A ERLE St & vl e S M p B BT A

%12 b PROJECTY NO. 3
é‘ . . g‘r.n:l'l:‘:nouf NO(S) (Any other numbsrs that mey be assigned 3
4 “ 1
3“.’}_‘ 10 DISTRIBUTION STATRMENT 3 \
E} Each transmittal of this document outside the agencies of the U. S. Govern- :
7 3% ment must have prior approval of the U. S. Army Land Warfare Laboratory. 3 ;
14
é g"» 1Y SUPRLEMENTARY NOTES 12. CPONBORING MILITARY ACTIVITY A
3 ¥ U. S. Army Land Warfare Laboratory 3
3 i Aberdeen Proving Ground E
: Maryland 21005 2
3 & Ty sesTRacT é j
4 3 This report presents a feasibility study on a flywheel powered personncl %é :
3 ¥ rescue hoist for helicopters. It includes investigations of flywheel configurations, 3 ;
1 materials, and associated equipment including bearings, seals, and pumps. Also g
3 : included are discussions of human factors considerations and design considerstions = ;
‘ # affecting component selection, hoist configuration. and hoist installation. Par- Z
; ticular attention is given to the carability of a 13.5-1b, 73.5 w-hr flywheel to k:
3 . provide the short duraticn high power required to affect rescue hoisting speed i
: as high as 500 ft per min. without overtaxing the helicopter's limited accessory 3 i
3 power capacity, é; i
f: :
E Details of itiustrations in 2
this docurment may be better 5
F ~~_ studied on microfiche B
é &

e 2 A Rt
DD "°™ 1473 ' o UNC1ASSIFIED 2
Technty Classification E

Py a it




I ARV

T T T R T T L O T ™ T T I e i P R TSR TR Iy 08T 53 T T T T T T O o

7y
D P

DI VNN, s, . it ot s 8 2

= ty Class 3
— ) 9
4. . ) LINK A P LINK 8 LiNK ¢ 4
KEY WORD] 4
AOLE wr noLg wy noLE& wy 'é
Hoist F
Flywheel Energy Storage ?
3
3
3
k]
b
p
E i
: 4
3 i
3 £
: !
: 1
3 :
: i
3 s
;
3 ] :
{ :
; :
4
% z
: H
1
3
— A
' \D UNCLASSIFIED
( Security Classificetion
i
" e NS e T |




: e, X
)
. )
% _—
- 3
3 R
= 'J“f",;
3 3
f v?
S " 5
Y
3
3
’

fea
\

Ty

\‘\ W

Chiri T e )
a

AR LIS
Lk Y daa =

gyl

ko sbis
“
'

"
e
LA

;‘# 3 ‘u.‘\ o
E RIS

D qﬂ"o‘y&m‘ﬂm Ty . M
foestayidisind -I h'.:r m; -
RSN HE R B A R sy

ol

~
[
<

TECHNICAL REPORT NO. IWL-CR-02M72

HIGH PERFORMANCE HELICOPTER HOIST FROGRAM
PHASE I

FINAL REPORT

Contract No. DAADOS-T2- C-C099

By

L. J. Isvson, J. H. Duddy, R. R. Gilbert, M. R. Helvey,

E. H. Jacnbsen, R. Ruth, and W. T. Wada
Ground Vehicle Systems

Lockheed Missiles & Space Company, Inc.
Sunnyvale, California

August 1972

AFPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

Us. S. ARMY IAND WARFARE ILABORATORY
Aberdeen Proving Ground » Maryland 21005

o i PRI T 2T R, ey ey

(rakacie s

. o S gt ke
vt e xv) N
et R T n VSRR e S st MR

A chBAREAl PRI

N " _&-&:J




- vg s TR T, T AT
I TE YRR S T N RN W T T TR T R WA, S5 7T TP IO A O ST R R E *

-

LMSC-D2674117

5
i
4
K
b
3
i
4
i

h 1
Ay

. Sty ;
", .*ﬁ:.‘é;‘{}%’a’l}f,h::' Neadr LY
e - - LR A e

e

SUMMARY

&

[RGRT RS
.

1
Lol L TN DA

ot

The purpose of the Phase I, High Performance Helicopter Hoist Program
is to determine the feasibility of utilizing flywheel energy storage to provide
high speed retrieval of personnel and materiel while hovering. A further
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objective is the provision of a prelitninsry design of the optimum hoist con-

figuration which will interface with existing and new U, S, Army helicopters
used for air rescue operations.
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RESULTS AND CONCLUSIONS

An optimized hoist design layout has been completed which will operate at
hoisting speeds up to five times faster than the present hoist without addi-
tional power from the helicopter during hoisting operations.

A moderate capacity kinetic energy flywheel weighing 13,5 1b can provide

sufficient power during hoisting operations to minimize helicopter vulner-
ability.

FIrrvR

A practical transmission system coupling the drive, motor, flywheel, and
cable mechanism can be built,

Tests of candidate steel cables and ropes for use with the hoist have shown
synthetic rope to oifer several advantages.

Human factors studies and testing have pointed up many deficiencies in the

presently used hoisting methods and equipment which can be improved with
a new hoist system.
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The life-cycle cost and cost effectiveness of the optimized high performance
hoist are predicted to be substantially below present levels as a result of
improved availability and reduced flight time for reacue opexations.

A safety anslysis has shown that the high performance hoist can alleviate

hazards associated with hoist rescue operations without introducing signi-
ficant new hazards.

RECOMMENDATIONS

A two-phase program leading to the design and fabrication of a high perform-

ance helicopter hoist and ancillary equipment suitable for military potential
testing is recommended.

The recommended prototype hoist development program includes the follow-
ing:

Hurneo, factors analysis of entire hoisting system

¥ <rifl .«tion cesting of rope handling characteristics

Design »~d fabrication of high performance hoist

Design a._.d fabrication of improved traction sheave for rope lowsring
Comprehensive testing of hoist system prior to military wtentﬁl

tests
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Section 1
INTRODUCTION

NEIZD FOR IMPROVED HOIST

The ascent and descent speed of existing helicopter hoists employed by the
U. 8. Army in medical evacuation and rescue service is limited to approxi-
mately 100 fpm. During hover, the helicopter, its personnel, and the res-
cuee are highly vulnerable to enemy attack. This vulnerability can be re-
duced by increasing the operating speed of the hoist so as to minimize hover
time. The existing limitation in hoist speed is imposed basically by con-
straints on available power from the helicopter and by the need for keeping
the weight of the hoist to a minimum. The conflicting requirements for
holding power consumption and system weight to present levels while sub-
stantially increasing hoist speed can only be met by the incorporation of an
energy storage system intc the hoist. Thus, energy could be taken from the
aircraft electrical system enroute to a rescue mission and stored for use in
effecting high power retrieval operations.

The constraints imposed on the weight of the present hoist have necassitated
operat.on of the electric drive motor into its overload rating even for 1 )0
fpm hoisting operationa. Thus, only a limited duty cycle is available prior
to the need to wait for the motaor to cool. This limitation can result in the

nced for added hovering or circling time to a rescue mission.
With the hoist powered by stored energy, the full capabilities of the air-
craft's electrical and hydraulic systems are available for electronic, con-

trol boost, il'umination, and other equipment which may be i'equired to
function during medical evacuation and rescue operations.
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With a substantially increaeed hoisting s‘peed,‘ less hover time ‘ia required
to pick up 2 given number of men from a given héight. This, in turn,
reduces: (a) power taken from the engine. (b) the probability of an engine
failure during hover, (c) mtuion time, (d) fuel consumption, and.(e) attri-
tion due to enemy action. Converoely, more men can be evacuated from a
given spot before hostile action ie brought 2gainst the hovering or loitering

aircraft, ngh speed hoists can make rescue operations from higher hover
heights feasible where this is desired.

During rescue or evacuation hoist operations (wh'etl;er in a combat zone or
not), the helicopter is almost always in an undesirable operating region, as
defined by the so-called ''dead man's curve." To illustrate this.point; the
Height-Velocity Diagram for a UH-ID aircraft is shown in Fig. 1-1. It may
be seen that except for hovering operations in a very high wind, the aircraft

is in an unsafe operating zone during rescue operations where an engme
malfunctios. would resuit in loss of au'craft and crew.

1

KINETIC ENERGY AS A SOLUTION o

In the search for a practical ;nergy storagel means with near-term avail-
ability which would be suitable for the helicopter hoist appliéation, consider-
ation was given to several techniques. Most of th'e se applicable techniques
have been previously applied to vehicle pr’opulsioh. Recent studies {1 #nd
2)* and hardware development programs (3 and 4) have resulted in charac-
teristics data based on presently available energy storage systems in suit-

able form for comparative evaluation. A summary tabulation of these data
is shown in Table 1-1. '

The excellent match of kinetic energy storage characteristics to the high
performance hoist demands became obvious on the basis of the comparative

data with other storage techniques. The flywheel can provide highly accept-

*Numbers in parentheses designate references which are listed in
Section 10 of this report.
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Skid Height Above Ground-Fee

500
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NOTE: Avoid cqntinuous cp&eration in
: Cross-Hatched area

:Gross Weight 8700 lbs.

Gross Weight 6990 lbs

True Airspeed - Knots

Fig. 1-1 Height-Velocity Diagram for UH-lp

(Density Altitude = 2, 300 ft)

Figure 1-1
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; Table 1-1
ENERGY STORAGE COMPARISON 3
Energy Power Deep {75%) %
; Storage Phenomena Density Density Discharge Cycle §
1 (whz /1b) (w/ib) Life (Cycles) o §
Compression of Gases 1.51 >5000 > 107 3
z Hydraulic Accumulator 3.5 >5000 >10' © b
Elastic Deformation:
i Steel Spring 0. 04 >1000 >107 i
Natural Rubber Band 4,00 35 1000-5C00 3
Electrochemical Reaction: '5
Lead-Acid Battery 8 35 300.500 i‘
: Nickel-Cadmium Battery 14 35 1000-3000
Kinetic Energy: J
3 Maraging Steel Flywheel 25 >5000 >107 g
' AISI 4340 Steel Flywheel 15 >5000 >107
able energy density levele which favorably influence hoist weight or operat- g

ing duty cycle. At the same time, the flywheel can provide high levels of

power to make available the high power required for high speed retrievals

which is desirable in helicopter rescue operations. The high flywheel energy

density makes possible rapid recharging or spin-up. In addition, the fly-

wheel has almost unlimited deep discharge cycle life which is fully compati-
ble with the 10-year design aservice life requirements of military equipment.
The review of comparative data prezented in Table 1-1 revealed the flywheel

to be the only practical energy storage means with the desired combination
of characteristics.

PV PIRPRPPRET UT 2. T T YT VN DT P DR S T

The cffectivity provided by the use of flywheel energy storage in the hoist

system offers several operational advantages for medical evacuations and

rescue operations. For example, the enargy stored in the flywheel can be

discharged rapidly to effect high cable speeds, and can be charged as slowly
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as desired. This being the case, the storing of energy can be accomplished
by using & smaller portion of the electric, hydraulic, or mechanical power
available within the aircraft. Furthermore, the filywheel system can con-

S A Y ]

SRR I

|
|
|

TR

tinue to operate in case of failure of an aircraft's electrical or hydraulic
systems,

29 L

PURPOSE OF DESIGN STUDY AND TRADEZOFFS PROGRAM

The first phase of the High Performance Helicopter Hoist Program which is
described in this report is intended to provide design study information and
technical tradeoffs data suitable to determine the feasibility of applying

kinetic energy storage to an improved helicopter hoist capable of being used
by the U. S. Army aboard helicopters presentiy in the field as well as anti-

7
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* cipated new helicopter systems. The major thrust of this program is directed

. é toward improvement of medical evac:ation operations in combat zones al-

g ; though attention is given to supply and rescue missions involving lowering

e and lifting of personnel and strategic materiel.

g ; The specific objectives of the design study and tradeoffs program are the j

R following: ]

: e Assessment of the operational deficiencies of the present U, S. : 3

] Army helicopter hoist, medical evacuation methods, and rescue 1} d
ancillaries N

;E e Determination of the helicopter/hoist interfaces and constra‘nts :

especially for the UH-1H helicopter as currently used for medical
evacuation missions
e Assistance to the U. S. Army Land Warfare Laboratory (USALWL)}

. in establishing realistic military characteristics for a high speed
utility helicopter hoist

e e et ireiiad et e

R O bty et

i3

Review of flywheel technology to determine the optimum capacity
and configuration of the flywheel assembly for the hoist

STy
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e Determination of the moet feasible drive configuration for the
3 flywheel and czblie handling systems

e Preparstion of preliminary layouts of the optimum high perform-
ance hoist assembly

P

Recommendation of subsequent program phases (if feasibility is

shown) leading to a prototype heist suitable for military potential
testing. . . )
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Section 2
APPROACH

The High Performance Helicopter Hoist Phase I Program conducted for the

USALWL was intended to be an objective agssessment of the feasibility of an

improved utility hoist using kinetic energy storage. The technical approach
followed by Lockheed Missiles & Space Company, Inc. (LMSC) in conducting
this program is described in the succeeding paragraphs.

PRESENT EQUIPMENT AND OPERATING PROCEDURES

At the beginning of the program an examination was made of the present
rescue hoist and its operation. This investigation included the helicopter,
boom, traction sheave, pendant, swivel, intercom system, hook, jungle
penetrator, etc., as well as the hoist itself. To gather data on the present
system trips were made to U. 5. Army Combat Developments Command
(USACDC), Fort Belvoir, Virginia; USACDC Medical Service Agency, Fort
Sam Houston, Texas; Crissy Field, Sixth Army Headquarters, San Fran-
cisco Presidio (three trips); and Bell Helicopter Company, Fort Worth,
Texas. An additional trip was made to Western Gear Company, Lynwood,
California, to inspect a next-generation hoist which is under developm :nt.
A Breeze hoist, used in the present system, was requisitioned by USALWL
for LMSC use and tests were conducted. A mockup of the UH-1H cabin
area was made and the hoist installed for space, time, and motion evalua-
tions. From this review of the present system it was concluded that the
program should be widened in scope. The modified approach used in con-
ducting the Phase I program is shown iu the flow diagram of Fig. 2-1. The
present hoist system review made it apparent that present e:quipment falls
short of meeting even current requirements in terms of performance and
reliability. From this it was concluded that the techniques and materials
presently employed could not be projected io achieve the performance

2-1

A sttt e i snls AR




e da et Stiee oo i VAt utel S AR N A A . ’ e
3
) 3
3

yoeoaddy 1-z ‘813

™~

~~

‘

™~

0

m / A8otouyday

. sIdjPowreIvyg $93 pipuwy OSHWT

L PIYMATT [ I TOOYMALg \ motaoy ,
“ 3 193138 ysHqwsy
: -
m '
W SUOIIVIIVA
£ us
; uﬂnwnM“Q uoedIytoedg aduwIsioy
A T 030l urumy
m ysTqms 1891
4 ;
m / : 1euuos xa g
m Away 3
_m uSisaq MITAZIIUY i
: NoRg x9mog :
: e An $01IVUIDG vxY ~
W UOISSIIN , ulqe) ~
: ueq dn yool 3
ma neg
5 1JeIDITY :
; uopeIyuon h marady ]
) pueuUnUOIIY E
. TAT 2 OSWT Buyrpuey istoH i
7 aulg Izevayg
3 89y 1897, !
¢ Ul ]
: Sunsioy ucuo.”wﬂm wﬂ“ﬂ
: 19919g wnimAy ]
m II esweyg g saury anyvIIITT :
”,‘ unig URSIOH feg———]  3s10H ‘
: _ 389 ysxwag M

Lo et e s YA S ARG L ¢ & sk ar g b L o it R e B




T T

-

LMSC-D267477

desired in a next generation rescue hoist, Not only should new technolcgy
be applied to the pcwer supply, but also to the hoisting line and line handl-
ing. Although not included in the scope of the present study, a well-
balanced, high performance hoist system should eventually include improve-

ments in the man-machine interfaces such as evacuee attachment and ope-
rator controls.

The review of present equipment and its operation also formed a basis for
judgements as to the degree of improvement which could be reasonably
expected of the next generation.

POWER COMPONENT PARAMETERS

Pased (n the desired improvement in the state of the art, typical mission
scenarios were defined by LMSC in conjunction with USALWL. Testing with
human subjects verified the feasibility of increased hoisting rates which
interviews with Army personnel with a variety of experience indicated to be
desirable. The number of lifts per hover, the loads, and the height of the
lift established the mission hoist « 1ergy requirement.

Energy for the high performance hoist is supplied by the helicopter turbine
engine-driven generator which powers the electric hoist motor. The motor,
in turn, drives the flywheel which stores energy to provide for peak power
demands. In this manner the performance drawbacks of the present hoist
motor are overcome. The shunt-type motor chosen for this drive has a
fixed maximum gzpeed making runaway impossible. Inasmuch as the motor
is not required to operate in an overload condition during heavy, high lifts,
it is no longer necessary to wait to cool between hoist cycles. Estimates
of hoist dweil times between lifts which assumed continued use of present
cvacuece attachment equipment and teciiniques were made in proportioning
the motor and the flywheel, Based on the scenarios the output of the motor

was cstablished as well as the storage capacity of the flywheel, and a motor
specification was written.
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A computer-aided analysis presented a spectrum of {lywheel candidates,
which were of a modified hyperbolic shape, selected for its minimumn weight
characteristic. A numnber of these candidates were eliminated by a maxi-
mum diameter constraint imposed by the requirement that the bulkiness of
present equipment not be exceeded. Selection of the flywheel was made

PRRR PPVt s B

3
z based on a two-to-one usable speed ratio, which was judged to retain a *
1 reasonable reserve. A review was made to assure that the design speed :

é_ was well within senl and bearing limits. The flywheel material was selected

to provide the low stress level required by a safety analysis.

PETOYTrew
B Firat £TA0 e e he e st

HOISTING LINE INVZSTIGATION

In broadening the scope of the High Performance Hoist Program, investi-

gation was made into hoisting line materials and hoisting line handling tech- |
3 niques. This investigation was in the form of literature search, vendor

3 contact, and shop testing. In the test evaluation special attention was given
to the capstan drive (at both present and desired speeds) and to 3/16 in., f
19 x 7 nonrotating, stainless steel wire rope, since they were bases for '
comparisons. In addition to other types of wire rope, various synthetic '
ropes and webbings were included. Webbing had the distinct attraction of .
avoiding the level winding problem. Tests and other types of cvaluatipn of ;
hoisting materials included an examination of the following characteristica:

Frictional heating Extreme temperature effects

Fleeting Cut vulnerability

e Elongation ¢ Rotational damping

e Shock attenuation e DBounce damping
g e Traction e Torsional stifiness
e Cold flow e Whipping : ‘
e Speed capability ¢ Fleeting characteristics ;
3 e Bending fatigue e Spooling characteristics .
: e Abrasion resistance e Kinking

° °

e °

°

Stretch induced spin
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DESIGN LAYOU™

A preliminary design layout was made using the motor specification and the
characteristics selected for the flywheel. The flywheel housing, ancillary
equipment, gear reductions, brake, clutch, and storage drum were included.
The storage drum inner and ouier diameters (and hence the total reduction
ratio) were both dependent on the hoist line material selection. Design de-
cisions were made to use a controllable dissipative clutch and spur gearing

reduction. Layout variations were established, using this basic ''power

pack" assembly, to indicate aircraft installation options, such as pylon and
separate unit mountings and hoist line handling and material options,
USALWL and LMSC joined in selecting from these variations the most
promising combination recommended for design, fabrication, and testing of

a2 prototype hoist in a subsequent program phase. ;

2-5

\
- m;d
2o .4 Tl el %2 A FeFe 5 = [= X PR IR T -




Ei
E;Z

¥, 5 F TR T S TR ¥
Xy I & v

LMSC-D267477
;'* Section 3
3 REQUIREMENTS STUDY
’gg . The principal areas of study necessary to define the operational require-
’;‘;; menta of the high speed helicopter rescue hoist are described in the follow-
§ ing paragraphs,
‘J HOIST CONTROL REQUIREMENTS
3 The rescue hoist is a part of a large, complex, integrated man-machine
{ system consisting of: the crew aboard the aircraft; the helicopter; ground
; personnel and equipment at the aircraft's home base; communication equip-

ment; a variety of devices for attaching the evacuee; and, ground personnel
at the rescue site.

»

N et AT
"

The pilot has cornmunication links with his ccpilot, his home base, the hoist
operator, and ground personnel at the rescue site. He also controls a guil-

lotine switch for cutting the hoisting line in case of an emergency.

The hoist operator is in communication with both the cockpit and the ground.
In addition to the guillotine switch, he also controls: a 3-way, variabl«
switch for ¢.scent, stop, and descent; a 2-way switch for extending and rz-
tracting the hoist boom, and a hoist on-off switch over and above these

operator actuated controls, the machine itself performs various automatic

control functions. The hoist units, which are eventually controlled, are

the drive motor, boom actuator, clutch, brake, descent drive, and guillo-
tine.

The following typical hoist operations indicute the interrelationship of man-
ual and automatic controls.
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Descent Command

With the storage drum stopped, the flywheel declutched, and the hoist line
either fully or partly reeled in, the operator moves the contrel switch in

the "deecent’ direction releasing the brake and gradually incressing the

3y xS

E
é

= payout speed by actuating a variable speed drive (separate from the ascent f}
h drive). Descent speed, from creep to maximum, is regulated by the con- ) e

3 “, :,..:"_ trol unit utilizing a tachometer which senses line speed and provides feed~ ;
' back data to the control loop. This provides for variationsa in load from ;

zero to maximum weight,

b rd

b Ground Proximity Problem

4 Consideration wae given to the problem of a partly payed out load impacting
the ground at or near maximum descent speed. The load could conceivably
! .. be a human, fragile cargo, or durable cargo. The maximum descent rate

’ 4 which has been selectad would be roughly cquivalent to a one-foot free fali,
which would not be a problem for durable cargo. It is not anticipated that
injured men would be lowered un the line, and a trained, able-bodied soldier
R would be subjected to only the equivalent of jumping off a one-foot step.

Furthermore, in the case of clear visibility the man being lowered can use

et o L B P 2 AN A € oL BTN s A

R PR

an arm signal to decelerate in close proximity to th. rround. Fragile cargo
should be either packaged to attenuate shock, or lowered tc a man on tre

TR

i A

]
i
! ground who has radio communication with the aircraft. This man on the !
3 ground can iindirectly command deceleration at the proper moment. 4
o
3 Deceleration at End of Line i
;:;;. > i%
% The lowering of a load until the end of the line is reached is a special case. :
31 Not only will a limit switch signsl the stopping of the reel (brake on — descent
2 drive off} before the end of the line is payed out, but a transducer will sigaal
i% for an zuiomatic deceleration and stop several feet before the end of the

line i reached, preventing an abrupt jerk.
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Aacent Cormnmand

With the storage drum gtoppud, 2he flywhee) declutched, and the Loist line
either fully or partly payed out, ‘he operator moves the control in the
"ascent" direction. The breke is automatically disengaged and the clutch
engaged to accelerate and lift the foad. The acceleration rate is automatic-
ally contrelled not to exceed 0.5 g and jerk not to exceed 0.3 g, even in the
event the operatecr pushes the switch to full speed. These rates were estab-
lished to be compatible with huinan comfort (11). Maximum speed will be
directly proportional to flywhee! speed, allowing a two-to-cne variation,
depending on the energy level of the flywheel at & givea instant. Uantil this
flywheel related speed is reached, speed is controlled by ths ascent control
unit, compensating for differences in load weights,

Mid-Ascent Problems

Although minimum hoisting time is achieved by holding the ascent control
full on, problems may occur, especially in woocded arcug. In the event of
such &« problem:, the cperator can manually vary the ascent rate from ifuil

on to craep, or even bring the hoist to a full stop. This technique of uging

& slow reel-in can be used to take up slack in a line attached to 2 load resting
on the ground before going into full speed.

Deceleratior at F'ull Reel-In

As the human or cargo load approaches the helicopter zkid gear, fuli~speed
operation becoines more hazardous. A transducer sanses the amount of
line remaining payed out and, at the proper position of the load, begins an
automatic ascent deceleration program. The ascent control gradually re~
lcases the fiywheel clutch and engages the brake. Speed is contrclied, com-
pensating for differencas in weights of the load. A limit switch at fuli reel-
in fully engages the brake and fully disengages the flywheel clutch.

3-3
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HOIST PERFORMANCE REQUIREMENTS

A series of helicopter hoist rescue mission scenarios were defined for the
purpoae of establishing the helicopter hoist performance requirements.
Tha study included the {clicwing parameters:

Lift heignt

Lift speed

Weight per 1t

Total weight lifted par mission

Dwell time at top and boftom: of lifi cycle
Energy inpu: to hoist fxom helicopter
Flywheol erergy reguirements

» & & ¢ & & O

Table 3-1 summarizes 12 of the mission scenarios considered. Thesx were
prescnted to the DSAL WL project nfficer 2nd a mutuail conciusion arrived

at between USALWL and LMSC selecting misaicn sconario "D as the typi-
«al rescue mission., Thkia scenario consists of five 200-1% Lifts followed by
twe 400-1b 1ift in rapid succession for a total iifted weight of i, 800 ib, Ave-
rage 1ift speed ia 500 {t/min,

ENERGY STORAGE REQUIREMENTS

Having established scenario D as the salected mizsion, energy raquire.nente
for the hoist werc computed using the follcwing assumptions:

& Drive motor cuiput = 2 hp continuvous

e Total lossex from motor to fiywhaesl (iacluding il encillary
icases) a 1 hp maxirnum

Flywhesl to heist hook efficianty = 30 percent

Maximum hoist height = 2i0 f¢ .
Average hoist or lower rate = 8, 33 ft/sec or 500 ft/min.
Maximum load = 600 1b for one hoist par mission

& o @

o U A

. LS AR i S Pl Sk Rt s TRy PR IR oz e




ey e

Hoisting erergy in w-hr. = Weight' (height)/2, 655

3 I
_ |
3 Table 3-1
WORST CASE, MISSION SCENARIOS
No. of Hoist Operations: | Weight
: Scenazio " . Hoisted
e : 200 Lb'] 400 Lb) 600 Lb] Total (1b)
% A 9 0 0 9 1,800
] B 7 1 0 8 1,800
b b c 6 0 1 7 1, 800
& D. 5 2 o | 7 1,800
- E 4 1 ] 6 | 1,800
‘ F 3 3 1 o | .6 1,800

- B G 2 2 1 5 1,800
% H 1 4 | o 5 1,800
a 1 0 3 1 4 1,800
g J 0 2 1 3 1,400

. = K 5 1 i 2 1,000

; : L o 0 1 ' 600 |
F § HMotes: .

= ¥ 1. Asssme 600-1b hoist is always accomplished

: last. \
£ 2. Assume all hoists are 210 ft at 8. 33 f¢/sec
o aversge rate. :
? 3. Energy considerations:

- Energy input to fiywheel = Z%g—%%’—"- = 12.43 w-hrlmiz;.

: Flywhoel energy in w-hr = Hoi"%‘-‘g-?n"ﬂ

: *faximum hoist or lowering time = éég = 0,42 min.
: &
\§: )
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3 LMSC-D267477
=

e Dwell times at top and boitom are the foilowing:

Load (lbl Pwell Time (min. )
200 0.25
f : 400 0.50
] 600 1.00
3 (Note: No Dwell Time is required at top prior to the first or

safter the last hoist)

Energy requirements are as foliows:

PO I

Hoisting energy 142,37 w/hr

177.9? w/hr
Eneray into flywheel during mission 122,84 w/hr

‘ Flywheel usable energy 55.13 w/hr

Flywheel energy

% B0 it it ekl

b

Table 3-2 summarizes the energy calculations for all 12 missions.

HUMAN FACTORS CONSIDERATIONS

A cursory human factors engineering evaluation of the personnel rescue
hoist currently in operational use by the Army was conducted during Phase
I. The primary objective of this evaluation was to determinc whether or not
the hoist is designed to permit the operator to do his job with efficiency,
speed, and safety. This evaluation involved: {i) operation of the equipment,
(2) observation of others operating and being hoisted by the equipment, {3)
interviews with active-duty Army helicopter crew members and medical
personnel who have been involved in rescue operations in Southeast Asia
using this equipment or other methods, and (4) reviews of hoist and UH-~1H
publications. it rapidiy became apparent that, so iar as the hoist itself is
concerned, deficiencies in performance that led to the award of this contract
are related to:

e Problems of design

@ Problems of integration into the UH-1 family of helicopters
¢ Problems of application in the field
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LMSC-D267477 :

It also became apparent that the blame for unsatisfactory operation in the ;

ficld zhould not rest entirely with the hoist. The hoist is only one component )

of the total ""rescue system' that is requirad to affect recoveries of imperiled
troops or downed airmen., Other components of this tctal "system' are
equally responsitle for unacceaptable delays in exiracting rescues from the
ground through jungle canopy or tree lines, and for the added risks such

delays impocee ou the helicopter, its crew, and the rescuees who may already
have been taken zboard.

LA e Sl

E AR A Kb AT R

In other words, making a better hoist is not going
to solve the whole problem, even though a8 more durable, relizble, maintain-
ablie, and operable hoist design is required for this application.

Lheant ot AR Al

An overview
of the "rescue system' councept will clarify this point and disclose what can

he done to improve the personnel-related elements of the hoist itself as well
as hardware-related design or performance deficiencies.

An "'optimized rescue system' capable of meeting all of the Army's opera-

tional requirements in Viet Nam is shown schematically in the left-hand

column of Fig., 3-1. All of the elements of an idealized system, as shown

in Fig. 3-2, are represented in this concept of the point-design rescue sys-
tema. These include & Jpecially-designed aircraft; an optimized hoist sub-
system integrated fully with the airframe, powerplant, crew compartment
arrangement, and aircraft performance/stability envelope; optimized crew

stations; trained and qualified personnel equipped with the necessary per-

e ey S i e S g

sonal reatraint and protective gear; adequate logistic support; and rescuees
who are familiar with their responsibilities in preparing for and collaborating
in their safe and expeditious rescue from the combat scene. All of the ele-
ments of this system arc develeoped together as & matched set so they will

function together in a highly efficient manner with minimal risk to personnel
and equipment.

Obviously, this ideal system departs significantly from the real world of

operational, economic, and time constrainta. Some of these realities and

constraints are listed in the center columsn of Fig. 3-1. They are the causes

or the effects of the rescus system as it exists operationally today. This
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cxisting system is simply an overlay of hardware, procedures, and doctrine,
a collateral assignment, as it were, for helicopter units in-being, hastily
assembled to meet an urgeni but relatively infrequent need in the combat
zone - a need not sufficiently compelling t» warrant the dedication of specific
aircraft, crews, and equipment to do the job whersver it might have to be
done within the combat radius of the assigned helicopter type.

Lt dotibed e o1

This existing
system, comprising people, hardware, and the procedures for its use and

maintenance, is shown schematically in the right-hand column of Fig. 3-1.

w
e e TSR R RV

When the '"optimal rescue system' is compared side-by-side with the exist-

ing, it is obvious that the present assembly of components will not achieve X

P e T

the performance of the specially-designed system. Even though this is

readily apparent, certain remedial actions can be taken to improve the sys-
F tem in operational use today.

i

Two avenues are available for improving performance, One involves im-
provements in the design of hardware subsystems. The second avenus avail-

able relates to the Personnel System, which the Army defines as the Human
System Components and all of the aspects of design, personnel selection,

training, job performance aids, and human performance testing necessary to
assure that Army personnel will do their jobs accurately, rapidly, and safely, '
and with minimal demands upon supporting organizations, The five eiements :
comprising the Personnel Subsystem (PS) concept are illuatrated in Fig. 3-2,
: together with the questions these PS elements are designed to answer curing
; the system development process. In effect, the PS concept (in use ‘vithin

. DoD since the mid-Fifties) treats both people and hardware as system com-
E ponents. As with hardware components, people can be zelected for their
suitability to perform required functicns, they can be modified through train-
ing to achieve improved performance cr additionxl capabilities not available
in the "off-the-~shelf design, ' and they can be tested to assure satisfactory
performance as part of a man-machine system. Although this is an over-
simplification of the concept, the potential for improving the performance of
any syatem lies at least in part in improving the performance of the human
components. Figure 3-3 illustrates this parallel in outline form.
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Since improvements in system performance can be achieved by modifying ]

either the hardware or the human components or both, several degrees of
freedom are available in selecting remedial actions.

Ll ki

Figure 3-4 traces a
path through a series of possible modifications in the Personnel Subsystem:

and hardware subsystems, any one of which has the potential of improving
performance.

F¥ T PITRR

Note that most of the PS modifications involve: (1) increasing
the knowledge or skills of the rescuees by training, briefing, better printed

PREPIPRIN RN

) (or painted) instructions, or voice-communicated instructions, or (2) in-

ety Weamatitasd

creasing hoist operator performance by improving his knowledge and skills

by training, practice in operations, and improved job performance aids. ;

Since humar factors engineering is the hardware-oriented PS element, im- : ;

L provements in the design of the rescue device and the hoist and its related i

3 w 3

components can also enhance rescuee and operator performance. Some of

these remedial actions are, perhaps, beyond the scope of the USALWL mis-

1 sion. Most that are directly related to the design of the hardware and the

procedures for its use are not. The main thrust of this an” future phases

should therefore concentrate on these remedial actions until such time as

Nt 2 W0

U PR

an optimal system is established 28 a firm requirement by the Army.

it Bl a4 xMERS L

Problem of Deaigx_‘x

AR AT

As stated above, evaluations of the existing hoist and the procedures for its ;

use disclosed several operability problems related to hardware design.
most significant of these are listed below:

i.

The

Manual hoist controls incorporated into the control handle/cable
; . assembly are designed for left-hand operation. Since the left
) hand is frequently used to guide or to provide tension on the cable,

noist controls are frequently operated by the right hand, just the
opposite of what they were designed for.

PR .1 2Lt PR NSRS
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Control ''feel" (feedback) in the two-apeed range control swtich is

poor. The '"breakout" force to switch from OFF to SLOW, ard

3 from SLOW to FAST is high, making "inching" (small movements
3 of the cable) difficult. '
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Control feel" in the intercom switch is likewisz poor, but in g
this case because it is soft. '

"
=

~—ve

k|
. The pyrotechnic or ballistic cable cutter is unreliable. This

is a Flight Safety requirement; aircraft have been lost because

st

There is no direct indication of we length of cable payed out %
i

a jungle penetrator or other recovery device has caught in trees

and neither the hoist operator nor the pilot was able to cut the ;
cable to prevent upsetting.

ME A A

s ..,
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- i ton

Exposed hoist mechanisms arc potentially hazardous and visually

distracting during operations. They are easy to damage acci-

dencally or willfully, if an operator wishes to abort a migsion.
The need to provide tension on the cable and to control the hoist {

simultaneously forces the hoist operator to lean way out ot the
compartment,

Poor downward visibility usually requircs him tc
do the same thing,

’ el
PPN DU SRS . AV s N

This is a stressful operation at best, requir-
ing ultimate confidence in the restraint harness and safety strap
assembly that connects him to aircraft structure.

PP S . e |

The hoist itself
does not offer an obvious and convenient hand hold for hanging on.
The hoist boom swings into the area needed by the operator to ]
man-handle rescuees into the aircraft,

PN R o S

Problems of Integration

Certain problems associated with hoist operation have arisen because of the
requirement to install the unit in the UH-1 family of helicopters.
referred to as problems of integration:

1.

s
P I £

These are

Installation and assembly of the hoist by one man in one hour is
desired by TM 55-1520-210-10, Operator's Manual, Army Model
UH-1D/H Helicopters, and UH-1-24, Installation and Operating

Instructions - Internal Rescue Hoist, Revision A, dated 14 May
1971.
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The hoist assembly exceeds the maximum weight specified
for a one-man lift in MIL-STD-1472A, Table X, however.
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The tasks of the hoist operator must be performed in squatting,
stooping, kneeling, or prone positicns due to the limited internal
height of the UH-1D/H cabin. All of these working positions are
inefficient for man-nandling rescuees, and lengthen the time
required for installing the hoist and performing personnel rescue/
recovery operations.
Instructions for installing the hoist are not simpile or particularly
lucid, Frequent installation and removal as required by combat
needs does decrease the time required to perform these tasks
because of learning and practice effects. Reductions in performance
times could be achieved at the outset, however, by utilizing PIMO-
formatted operation and maintenance manuals instead of conventional
TM-formatted manuals.
The UH-1 skid-type landing gear common to this family of helicopters
interferes with downward visibility, diminishes penetrator clearance as
the cable is payed out and retrieved, interferes with the rescuee as
he is being brought up to the aircraft, and lengthens the time de-
voted to positioning an able-bodied man for retrieval into the air-
craft cabin. The skid gear seriously impedes retrieval of injured
or disabled rescuees, requiring careful positioning and rotating on
tze part of the operator {o prevent the reascuee from being further
ininred by the gkid gear; this, of course, introduces further delay
axd lengthens turnaround time.
The langiy of the hook anu attached rescue device {jungle pene-
trator, sling, ox other device) is such that the rescuee is below
the level « the cabin deck when the cable is fully raised. This
also results in delays in positioning the rescuee for retrieval
(pulling/dragying) into the airzraft.
The jungle peneilrator is an innovative concept and apgarently the
beat device currently available for extraction of rescuees through
tree-covered ground. Its design is not optimized for deployr;xent
and mounting without assistance, however, and its appearance is

pusezling to the untrained user. The longest delay in a typical mis-

s : N S
hjﬂd}.\.w-. St ap P raien e ) el hen e ab

it

s s A T e L S 2 St

A N
RPN R 2 FRCNIPY e SRS ¥l o) FUPRER VRS TR, ¢ R A AV NS

PRI P PRCLINICTI e PUNR IR PR Lyt

[EURPRET I PN 1174 F TN

L




S e et R T TSR TR T A G BT R b 2 b33 1 "‘“‘“""’""'MMMWWNWQWFQ

~e

LMSC-D267477 §

Noas

sion timeline is due to the time necessary to figure out what to do
with it, bow to mount it, and how to restrain yourself on the way
up. The time required is lengthened for 2 two-men lift, even
though such lifta are parformed infrequently, Three-man lifts are

never tried with the penetrator, even though it was designed for
that maximum capability.

S8

Problems of Application

Certain problems have arisen as a result of the manner in which the hoist
kas been used in the field, or rather, mis~applied. As suygested above
under problems of design, the hoist iz vulnerable to willfui negligence ox

intentional destruction through jamming, over-temperature operation lead-

v GBI N ¥ IR Y

ing to motor failure, and intentional breakage because vital components are

exposed. While this type of damage cannot be entirely eliminated, redesign

of he hoist and incorporation of protective covers can result in significant

reductions in downtime and improvements in equipment availability when
: ’ rescue missione must be performed,

The performance of personnel rescue or extraction missions is hnzax:dcus
uander the best conditions in & non-hcstile environment. Under combat con-
ditions, dweil time in hovering flight often means flirting with death, Reduc-
ing the time r‘equired in hover for a given lift is therefore 2 criticsl factor
in aurvivability., The lack of hoist reliability and the widespread practice of
limiting lifts ¢c two men as a maximum have led to a condition of "under
using’’ the hoist. In other words, the full capacity of the hoist/aircraft is %
rarcly utilized during any one ground-to-aircraft lift cycle, thus increasing §
the number of cycles and the time required to rescue & given number of men. *%
Overloading the hoist/aircraft during lifts is very rare because of the up- g
setiing moment imparted to the vehicle during the lift. The tendency, then,

is to underlcad. The only way of knowing what impact 2 load will have on an
aircrait is to apply collective pitch to raise the load off the yround before

hoisting in order to determine whethez the limits of aircraft controllability
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are being approached, There iz, however, no way of knowing whether the
limit of hoisting capacity ie being cpproached Moreover, there is nc way

of knowing whether the hoist is resching its limiting temnperature; the opeira-
tor simply has to comply with the cautions set down in the applicatle instruc-
tions in order to avoid an over-tamporature condition, Once the limited
number of consecutive lifts hag been performed, the helicopter must fly
around until the hoist motor hus cooled, lack of direct readings of capacity
remaining and of temperature, then, results in further delays and the ex-

penditure of precious time and fuel in coocling the unit before continuing the
rescue/extraction migeion.

Human Factors Consideration in the Hi@ Performance Hoist

While it is recognized that the development of an oy timized ""rescue system'
{Fig. 3-1) ia beyond the scope of this effort and excesds the mission of the
USALWL, significant strides can be made in the achievement of improved
performance of existing system elemeats, including the hoist, the operator's
controls and displays, the pendant hook, the jungle penetrator, and the related
peraonnel subsystem elements that do fall within the responaibility of the
procuring activity. Many of the problems of design, integraiion, and appli-
cation reporizd akove can be minimized and some completely eliminated
through the prudent 2pplication of the systems apprcach azd related human

factors enginesring principles during the development of the high perf-rmance
hoigt concept.

Of the two proposed deaigns, the preferred concept shown in Fig. 7-21, Sect. 7,
was cvalved on the basis of a systems approach. It incorporates innovations
that eliminate the scurcos of some of the problems enumerated above. Flace-
ment of the hoivt and the exteasion boom at op:posite sides of the helicopter
cabin results in & moxe favorable distribution of weight about the longitudiasl
centerlines cof the aircraft and permits the boom and integral pulley to reach
farther out of the cabin than with eithar the existing or the new boom-mounted
units, Clearance past the skid gear is significently increased; this simplifies

3-18
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the task of raising the rescuee up to the threshold of the cﬁbin and drawing
him inside. The hoist and drive unit no longer consume valuable space in
the primary ingress opening. Their separalion irto two units for installa-
tion in the aircraft results in smaller, lightei- units that should be easier

for one msn to install, one &t a time. Thix configuration should also be .
more versatile than the existing design, permitiing instaliation in a yﬁriety
of helicopters, not just the UH-1 family, As shown, the basic design of ’
this unit wiil esaentially eliminate design protlems 6 aad 8 and integration
problems 1, 4, and 5, noted above. : '

An electromechanical guillotine device for severing the cable and a slmple
guarded mechanical backup are suggested as alternatives to the extstmg gas-
operated device to increase reliability to an acceptable level, ' This effort
will addreas design problems 1 thro:.lxgh 5, «nd result in recommendations
for reconfiguring the pilot's hoist conircls as well.

As inldicated in the discussion of personnel cubsyster modi!fications to
improve overali system performance, aitention should be.paid to the pre-
paration of installation and operating instructions for the rede'signed hoist,
including material for insertion in the UH-1D/H -10 Technical Manual, and
to the preparztion cf supplemental training and iﬁmiliarization requiren;lents.
Adoptaon of PIMO-formatted operating and maintznance manuals may be pre-
mature uurmg Phases I and It of the high performance hoist developme 1t
effort; therefore, it is recommended that their preparation be deferred until
the agsignment of prodect responsibility is made to a commodity comman?.

In the interim, preliminary operiting instructions will be provided.

increasing the rate of deacent and ascent from 100 fpm t> 500 fpm will not
result in significant accelssation stress upon the crewman descending with
the hoist or the reacuee ascending on & jungle penetrator. Accelerations

will be experiznced in the plus G direction {(eyebells down); tolerance in

3-12
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this dircction along this axis far exceads the rotes of onset and levels that
will bo expsrienced during holating operations.

Redezign of the hook to prevent accidentzl release of & rescue device will be
required. In addition, it would be very desirable to review the design of the
jungle penstrator in detail, and to determine the wayz in which that device
can be reconfiguved to assure that its use is nbvious by design. If significant
improvements in "bozarding time'' cannot be achieved over those experienced

in the field, alternative derigns will be explored and the most promising con-
figuration will be recommended for further development.

3-20
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Secticn 4
FLYWREEL STUDY

Better materiais for fabricating flywheeis and the use of computer analyais
in determining optimized flywheel shapes and operating speeds has in recent
years greatly advanced flywheel technology. Its use as a highly cffective
energy storage device has enhanced its suitability for many applications
including passenger automobile and mass trensit vehicies, Its ability to
store more energy per pound than almost any other form of energy storage

system makes it & strong contender for use on board & helicopter where any
form of energy is at 2 premium,

FLYWHEEL DESIGN STUDY

Energy is put into a flywheel by increasing its rotational speed, thereby
impazting an increase in kinetic energy to the rotating mass of the flywheel.
This stored energy is used by the load connected, cuusing the flywheel to
elow down, Cocmmon practical applications of the flywheel are seen in the
internal combustion engine and the inertia aircraft starter.

The spacific energy of 2 flywheel is represented by the simple relatio) ship:

m:xs%

where:

E is specific energy in in. -1b/1b

KS is the fiywheel shape factor (dimensionless)

& is the material design working streas level in psi
/A is the material density in 1b/in. 3
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: ' FLYWHEEL SHAPE . |

Flywheel shape factors for several flywheel geometries are shown in
Table 4-1.

* Ly,
aidar wns e A RN,

L 4G | TR,
*

The superior energy density of the constant-stress fiywheel may be attri-
buted to the fact that all particles of the flywheel are placed in bi-axial
stress to a uniform predetermined working level. 3y couteast, in the rim-
typ= flywheel, only the cuter band of particles of the rim are at the maxi-
mum predetermined working atress level and this band is only in uni-axial

: hoop stress. An obvious choice for the helicopter hoist flywheel wouid be 2

tapered disc of exponential or conical cross-asection.

Ly
- LR B4 e

PR & A b

DA e

PR T

i
Table 4-1

Y
FLYWHEEL SHAPE FACTORS FOR VARIOUS GEOMETRIES .
Shape Factor 1
¢ Flywheel Geometry (Kg)
3 Constant-Stress Disc (OD —s~ o} 1.00
Modified Constant-Stress Disc (typical) 0.931
Truncated Conical Disc 0. 806
i Flat Unpierced Disc 0. 606
" Thin Rim (5 —o~ ) 0. 500
: Shaped Bar (OD —a= o0) 0. 500
Rim with Web (typical) 0. 406 :
E Single Filament (about transverse axis) 0,333
3 Flat Pierced Disc '0, 305

4-2
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In order to optimize the design of the flywheel, tradeoffs must be made
involving flywheel speed, diameter, minimum thickness, maximum stress,
and weight. In order to facilitate this process, various existing LMSC fly-
wheel designs were rescaled with respect to speed and diameter to give

the resultant minimum thickness, maximum stress, and weight. The use
of some type of steel was assumed since previous studies have shown that
only steel has the neceasary high strength to density ratio for good energy
density and relatively high density for midimum diameter. A programmable
calculator routine was written for this purpose. The calculator outputs
were arranged in matrix form to facilitate evaluation. A typical set of cut-
put is shown in Fig. 4-1. The flywheel scaled in Fig. 4-1 is a constant
stress exponential disc with a rather large hub-to-tip thickness of 7. 12,
giving a4 shape factor of 0,93, An examination of the results in Fig. 4-1
shows the maximum stress levels to be very low,

It i8 possible to reduce the flywheel weights shown in Fig. 4-1 by using an
exponential flywheel with a lower hub-to-tip thickness, but this will alsc
cause an increase in maximum stress. Figure 4-2 shows the same matrix
using a "flatter" exponential disc with a hub-to-~tip thickness 07 2,17, giving
a shape factor of 0.81, Comparing results of the two matrices, it is seen
that the flatter disc (Fig. 4-2) has lower weights and higher stresses. Be-
cause the stress values are so low in either case, the flatter shape was
chosen because of its lower weight. Further flattening (toward a flat d’sc)

does not appear warranted as the stresses increase faster than the weight
goes down.

In sclecting the final speed and diameter, tradeoffs were made among speed,
diameter, machinability (minimum thickness), bearing life, bearing losses,
envelope dimensions, safety, gearing requirements, and weight. The speed
and diameter finally chosen were 28, "00 rpm and 12-in, diameter.
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FLYWHEEL MATERIAL

The maximum stress in the flywheel is seen from Fig. 4-2 to be 60,916 psi.
This stress level is sufficiently low for 2 number of high atre= cn steels to
be suitable. In order to maximize safety factors, the alloy chosen was
4340. This alloy cen be heat treated as high as 260, 000 pai while maintain-
ing good ductility and elongation, permitting safety fuctozs as high as 4:1.

GYRODYNAMICS

The most obvious and useful characteristic of a fiywheel is its ability to
abzorb, store, and release rotational energy. A secondary characteristic
is the precessional torque effect which is detrimental in the case of the heli-
copter hoist. Precession torque is developed bv the flywheel and imposes
relatively high radial loads to the flywheel support bearings whenever a dis-
turbing moment acts on the flywheel in a direction normal to the flywheel
spin axis. This gyrodynamics effect depends upon a special form of Newton's
law which states that .. rapidly spinning body rigidly resists being disturbed
and tends to react to a disturbing torque by precessing in & dircection right
angles to the disturbing torque. The upsetting torque is imposed by rota-
tional movements of the helicopter. Roll, pitch, and yaw motions are com-
mon 0 helicopter flight and these motions could easily impose the disturbing
torque upon the flywheel unless the flywheel was suspended in a gimba) or
other mount which could not transmit the disturbing torque.

The magnitude of the precession torque is calculated as follows:

T

n

P Ian )

where:
Tp = precession torque, ft-1b
filywheel inertia, ft-1b/ ae:c2

I
w flywheel rotational speed about its spin axis, rad/sec
£) = rotational speed normal to spin axis, rad/sec
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Discussiona with the stability and controls group engineer at Bell Helicoptar
regarding roll, pitch, and yaw rates of the UH-1H helicopter established
that 2 1. 0 rad/sec rotational speed was not uncommon and is the rate nor-

mally used in analysis involving extreme helicopter maneuvers,

Although the bearing loads as a result of precession torque loads are rela-
tively high, the system does not require special suspensions or gimbal
mounts, The cumulative effect of ther short duration loads are not suf-

ficient to cause any great harm to or sexriously reduce the life of the fly-
..aeel bearings. (Reference Appendix A2.)

The calculated precession torque for the selected flywheel at rated flywhee.
speed and 1. 0 rad/sec disturbing rotation rate is 132 ft-1b which is resisted

at each support bearing by a radial force of 396 1b. The effect upon heli-
copter control is minimal,

A more detailed analysis of these precession forces are included in Appen-
dix A2,
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Catastrophic disirtegration, in turn, could
conceivably be the result of overspeed, fatigue failure, deficient physical
properties or balliatic or crash impact,

- [ — e e st et DA, 5. ;‘
é
LMSC-D267477 !
i
. f‘
Section 5 ;
s SAFETY AND COST CONSIDERATIONS
& SAFETY CONSIDERATIONS
{’ The flywheel powered hoist is primarily intended to alleviate some of the
;;; hazards presently associated with helicopter hoist rescue operations due to
§; a shortening of hoisting and hovering time. It is necessary to be assured
] % that the addition of the flywheel does not introduce significant new hazards
g which would offset this advantage (sce Fig. 5-1). All forms of stored
3 ' energy can be hazardous if the energy is released in an undesired manner.
- i Furthermore, the flywheel is also a gyroscope and as such can transfer
: ',éf precessional forces into the airframe., MHigh precessional forces could ad-
: i
] e versely affect the stability and centrol of the aircraft.
o
: : Investigation of the gyroscopic effects of filywheel hoist installed in a UH-1 E
3 ' helicopter indicates that these effects are not significant. With a fuselage
pitch rate of one radian per second, a roll moment of 132-£t-1b is generated.
Thi: is equivalent to a 132-1b man moving one foot laterally which is well
within the controllability of the aircraft. :
: ]
1 Undesirable release of energy stored in the flywheel can be in the form of: :
: catastrophic disinteygration, transfer of moment into the airframe, excessive ji
1 heating, or excessive vibration, g
g
3

el

The Loist system under consideration is not in any danger of critical over- ﬁ
1 speed. The helicopter generator itsel! maintains a maximum operating speed e
due to the requirement of not exceeding the maximum rotor design epeed ﬁ

Nr )

beyond an established margin. Furthermore, voltagz protection can be pro-

vided in case of voltage regulator failure. The hoist motor maximum speed
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selection is well below the burst speed of the flywheel, thus ensuring against
overspeed and possible bursting of the flywheel. The design decision to dis-
engage the flywheel from the drum during the descent phase assures that
energy from the descending load cannot add speed to the flywheel,

A potential fatigue failure problem could exist if the flywheel were subjected
to sufficient stress cycles resulting from repeatedly spinning the flywhe=i
from rest to full speed. To assure that this does not occur, a design cri-
teria of 10, 000 stress cycles is establizhed (equivalent to an annual average
of i, 000 full cycles for a ten-year life). Since consecutive lifis of 200.1h
do not constitute full cycles, this assumption seems to be conservative,

The stress level of the selezted flywheel i8 61, 000 psi at a design speed of

28, 000 rpm. Material selection and hardening can readily provide a 4-to-1}
safety margin.

A flywheel could also fail if its physical properties are less than specified.
To assure that this does not occur in the manufacturing process an overspeed
spin test can be run on each flywheel, over and above normal quality control
procedures. Furtherinore, precautions must be taken to pi1event deteriora-
tion suc™ as corrosion during storage. Finally, inadequate maintenance
gshould b. guarded against. Unit replacement with depot overhaul of the fly-

wheel chamber is recommended to avoid maintenance deterioration.

Severe impact on a flywheel spinning at full speed must be considerrd. The
only impacts which can be conceived as having sufficient magnitude to destroy
a spinning flywhee! are crash landing and 2 direct hit by a projectile. The
results of a balliatic impact upon a fully stressed flywheel are not known at
this time. Sach a hit may be radial, axizl, or oblique. Even if it is eventu-
ally eatablished that the prot ‘i*v of the flywheel bursting is relatively

high, the probability of the . ‘s relatively low,
cular area of the flywheel is less
within the helicopter such as the flight .

The total cir-
+ch amaller than vital targets

~ilot, engine, and trans-
mission, It is unlikely that this full circular taxget will be presented. It
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is much smaller in edge view or obhliquity. Furthermore, adjacent equip-

mexit such as the electric motor and hoiat drwm can provide shieiding from
small arms fire.

The poseibility of a {lywheel disintegration greatly increasing the radius of
destruction in a fatal crash requires that ndzguate crash load criteria be
agsigned to the flywheel assembly. It is foriunate that the flywheel cccupies
the safest location in the aircraft in respect to ianding impact. It is most
vdlnerable in the event that the helicopter fails from a considerable height
and lands flat on the side of the fuselage on which the flywheel is installed.
Otherwise, the full ground impact ia greatly attenuatsd by progressive
deformation of the landing gear, fuselage pan, cabin structure, mounting
structure, and flywheel enclosure. The flywheel at full design speed exper-

iences 140,000 g's at tae outer rim, Current vertical crash load rriteria

.requires that helicopter installed eguipment? hold together at 45 g's. Ifa

4/1 stress safety factor is used, tue flywheel will burst at 560. 000 g's
applied in a radial direction at the cuter rim.

If a significant portinn of the momentumn stored in the flywhee!l is suddenly
transferred into the airframe, an uncon¢‘rolicble moment could result, With
the selected configuration this would be a roll moment. The momentum
transfer could result from a bearing, gear train, or vacuum f{ailure, or
from a distorted housing. It is anticipated that in each case the transfer
would be over a considerabl. iangth of time. However, during the critical
portion of the hoist operaticn, the pilot may be using all available lateral
cyclic pitch. To aveid additional mor nt being applied the flywheel is
instalied so that any roll moment would be in the opposite direction from
that imposcd by the suspended lord. It iz not anticipated that even with a
light suspended load the roll moment imposed by 2 faulty hoist aszembly in
the opposite direction would exceed the control available to the pilot. How-
ever, if future investigation proves that this is indeced a significant problem,
automatic emergercy jettisoning of the flywheel assembly is a distinc: possi-
bility. In this event the moment imposed by the fiywheel can shear a section
at the top mouating and rotate outboard on a pivoted bottom mounting.

5-4
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A flywheel can generate heat by either rubbing on its housing or by a sudden

vacuum failure, In the case of friction heating with contact with the housing

an ignitable substance it not present. However, in the case of a vacuum
failure, both combustible 0il and air might be evbjected te heating. Fortu-

nately, there is come operational experience in this arez. The following
guotation is from Reference 9,

"The flywheel tip is traveling at 132, 000 {set per minute (mach 2. 3)
in an evacuated housing (2 cm Hg abs}. It was originally feared
that if a leak occurred and a lubricating oil - air mixture entered
the housing, there was danger of a fire or explosion. Several
leak:. of this type have occurred and, so far, the only effect has

been flywheel slowdown and increases in flywheel housing temper-
atures approaching 350°% | . .

-

‘This indicates that is possible to design a fiywheel and its assembly no that
ignition temperature is not ackieved.

An unbalanced flywheel can produce vibrations varying in magnitude with the
degree of unbalance and varying in irequency from zero up tc order of 500
Hz. All critical frequencies in between will be passed through as the fly-
wheel slows down. Much of this vibration will be attenusted by the inatalla-
tion mounting. However, it is anticipated that cut-of-balance problems can

be avoided by design, quality comtrol, and maintenance procedurss.

OSSR

COST CONSIDERATIONS

Cost considerations invelved in introducing a new high performeance rescue
hoist include varioue sa_octs of the total life-cycie cost of the hoist, and the

eifzcit of the new hoizt upun the coet-effectivenass of the votal air rascue
syatem.

Life-cycle cosgts include all development, procurcment, and operat-
ing expeaditures, inciuding impact upen the Army’s logistics system,. over
the life of produci frmn the "cradle to the grave. !
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Life-Cycle Costs (Figm’e 5-2)

. . s

N L]

A new, high performance hoist will have certain non-recurring start-up ' ﬂ

costs including prototype engineering, tcst and evaluation, production |

engineering, documentation and tocling, service and éperation manuals,
initial spares, and introduction of a new line item.

The relative signifi-
carce of these costs in comparieon to the total lifz-cycle cost is deperdent

upon the time duration of the life cycle. If this equipment is tied to one -
type of aircraft, which will be phased out in the not-too-distant future, these ,.
3 costs will be relatively high. T avoid this situation a design goal has been
1 established to make the hoist compzatible with a wide viriety of configurations,

so that it will not become obsolete with the introduction of the next generation
of helicopters.

: Initial acquisition cost varies with average unit cost and the number of units

required to supply a selected number cf aircraft, The averagé unit cost is -
sensitive to complexity, weight, . production quantity, and production rate. ’
I i3 rot anticipated that theve will be a reduction in complexity or weight

PNATT K PTR RS

TN,

with the introduction of 2 new, higher performance hoist. Hcwever, a
design goal for the new hoist is to provide 'sufficient versatility fox the

hoist to be applicable to more than one type of aircréft, so that average
unit coast advantages can be obtained.

: The number of units reguired to supply a given size of helicopter flez2t may
well var; between different hoists, de;pending on relative operational avail-
ability. If hoist availability is low, as in the cage of the existing equipment, :
a large maintenance float quantity is required to keep the desired number of »
aizcraft squipped. The new hoist concept has unloaded the electric motor
incrensing its reliability and eliminated the fatigue problem oif a wire rope

% running through a capstan. The flywheel itsclf is a long lffe, highk reliability
3 ccmponent. Hoiet availability will be improved if the new design incorpo-
rates field drum replacement, which wili mean that the hoist will no longer
be sent tc a reasr echelon to change a hoist cable,
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Increased motor reliability, increared hoisting line life, and field replace-
ment of hoisting iine also have operating cost advantuges reflected in re-

] duced maintanance manhours and reduced consumptior. of spare parts. Fur-
t thermcore, if synthetic rope is used in place of the present stainless steel
wire rope, the cost of a replacement hoist line can be reduced to a half,

g Helicopter rescue heist operational training costs can be very significant
3 since considerable coatly flight time is required. The costs of a pilot, co-
a pilot, and instructer must be included, as well as that of the students. The

numnber of hoist lift cycles experienced by the student is indicative of his
degree of training, and more lift cycles per flight hour are possible with the
substitution of a high performance hoist for present equipment. Further-
more, the number of students aboard the helicopter, observing each others
performance can be profitably increased, if each has the opportunity to
operate the hoist himself during the instruction session.

Rl A Tl d et

Cost Effectiveness (Figure 5-3)

Lol Lokt

The cost effectiveness of the rescue hoist must be viewed as part of the

cost effectiveness of the total vascue system. Thlie measure of efiectiveness

for this total system could be exprcased as '"dollars per man rescued. '

The high performance hoist has & five times increase in speed and doer not

: require & cooling off period between cy<les. Thus, for a given flight time

more men can be evacusted. Conversely, less flight time is required to

rescue & given number of men. Dollars per flight hour can be established
for any particular aircraft.

However, the primary purpose of high performance from &8 rescue hoist is
to evacuate more men, while spending lcss time hovering. Extended hover
time means increased vulnerability due to engine failure and ground fire.
Not only must the cost of helicopters lost be added to the total cost of
rescue operations, but any helicopter crewme:
from the total men reecued.

i st E= s e b e i S SRR

+ must be subtracted
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In addition to an increase in hoist spesd, the selected hoist design has the
potential capability of in-flight replacement of a drum and its hoisting line.

This feature could 2liminate a portion of mission aborts resulting from a

requirement to use the guillotine. Being able to complete the rescue on

the same mission with a new line obvicusly pregents a significant increase
in dollars per man rescued.

Cost effectiveness of the rescue system is drastically affected by aircraft
availability rate, which is in turn affected by the availability of the hoist.

Thus, the planned improvement in hoist availability is sifnigicant in terms
of cost effectiveness as well as life~-cyzle cost.
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Section 6
DESIGN STUDIES

FLYWHEEL SPIN-UP TECHNIQUES

Only a limited supply of electrical power is reserved for hoist operation

during any rescue mission. The present hoist uses a maximum 117 amp

from the helicopter 28 V d.c. supply. Since the proposed high performance
hoist is constrained to work to this same maximum power consumption or
less, the flywheel 8nin-up technique used must be efficient.

The inefficiencies of utilizing a motor to drive & hydraulic or pneumatic
pump and, in turn, ucing the pump flow and pressure to drive the flywheel
with hydraulic or pneurnatic motors is obvious. The tradeoff study then
becomes simply a comparison of motor parameters in connection with asso-
ciated requirements such as inverters or connecting mechanical drive sys-

tems. Table 6-1 briefly summarizes three possible ways of spinning up the

flywheel. =

The advantages of a system coupling the motor shaft directly to the flywheel
shaft are many.. High speed with no gear system promises low weight and
simplicity. Unfortunately, commutative problems limit motor speeds to
about 18, 000 rpm, well belcw optimum flywheel operating speeds. The a.c.
motors requiring no commautation could meet the high speed characteristics
required of a direct flywheel shait connection but it requires an expensive,

complicated inverter for changing the helicopter electrical system d.c, cur-
rent into a usable a.c. current. '

The best system shown as number 2 in the tzable incorporates & step-up gear

ratio to permit the flywheel and motor to both operate at its uwn optimized
speed.
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FLYWHEEL /HOIST DRIVES

Coan dhs BN

A detailed trade study considering many types of drive systems for connect-
ing the flywheel powered shaft to the hoist mechanism was conducted. The
most obvious results of this study establishes the fact that commercially
available variable drive units in the 10 - 20 hp categozy are limited to maxi-
mum output speeds of 3, 500 to §000rpm and package weight was generally i

too heavy for serious consideration for the lightweight, high performance
hoist requirements.

JURRC

Table 6-2 is a brief surnmary of the trade study of the ]
drive systems considered for the hoist transmisasion.

" e -« B
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Dris : systems lacking the controllable variable cutput speed characteristics
: was abandoned early in the study in favor of the variable drive systems since :

this feature is considered essential for an optimized hoist design.

The basic variable speed systems are usually classed as mechanical, hydrau-
lic, and electrical.

A wet

In gencral the simplest and least expensive of these is ;
the mechanical drive systemn with the electrical and hydraulic system offer- *
ing higher horsepower capacity and wider speed ranges. Fortunately, the
relatively low power requirement of the hoist drive makes the mechanical
drive system an excelient candidate for the hoist.

TORTRI TR AT

Most variable speed
F mechanical drive systems have a limited variable speed or stepped speed

capability and are not classed as having an infinitely variable speed ra-.ge,
such as is possible with a hydrostatic or some electrical drive syst-ms

PP SRR i

where output speeds can range from zero speed to maximum design speed

] . without sacrificing torque., However, certain mechanical drives do have

"“infinitely variable speed' within its operating speed range. The dissipative

clutch has infinitely variable speeds from 100 percent dowsn to ebout 10 per-
cent of input speed.

2 e, B A Wb KDL

i,
i

. "
LR

The results of this trade study clearly establishes the discipative clutch
drive as the prime candidate for use in the helicopter hoist drive.

¥,
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Table 6-2
FLYWHEEL /HOIST DRIVE
Control- y
ability Eff. State of | Weight
Type Configuration Infinite ) Art Lb (1)
Variable
52.Mogor
Gan. ™4 Motor
Hyd. Hydrostatic
w'l;:l::\:t. Pump | Motor |Hoiut Yes 80-85 Yes 72
Clutch
Hyd. Hydrostatic
]
Trans,
with Pump{Motor | Hoist || y., 97 Ye: 100
Clutch
Dic'l:lit‘;:ive Q' % Hoist Yes 10-98 {2) Yes 40
Mech.
T;;‘:;' ! Trans. Hoist No 85-9% Yes 35
Ratio
Mech, _,l
vl;:,"i:‘;ie Tr‘n.. Hoi.t Ye‘ 75’90 Y (% } 1 20
” yi
Ratio 3’
Hydro
C‘i‘::::;t — Hoist Il No 98 (4) Yes Heavy
Fill
Hydro
‘lxai:‘li:tli:e Hoist Yes 0-98 Yes Heavy
Fill
Notes: (1) Weight of commercizlly availabie unit
(2) Wide range due to slip range assamed 10/1
(3) Generally classified as friction or traction drive
(4) Full rated speed only
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CABLE HANDLING TECHNIQUES

The method used for cable handling on the prosent hoist is the capstan type

drive system. This consists of routing the cable over two parallel driving

drams and through a ilevel wind machanism into a storage druwm under low
stress and constant tension,

A second method used for handling cable is the powered drum drive system.,
This consists of driving the cable storage drum directly with ths cable under
load tension. Normally, some type of level wind mechanism is used in con-
junction with this type of drive, either an independent level wind or a system
which moves the power drum loagitudinally.

Level wind mechanisms are used primarily to insure consistent cable wind

on drum by ccntrolling fleet angle, This is copsidered necessary because

of the characteristics of the wire cables normailly used on hoists. The cable
must be wound uniformly on the drum with no space between adjacent strands

and no bunching on any part of the drum. Otherwise, the cable tends to foul,
baclwind, or jump as it comes off the deurn.

A series of tests were run to evaluate the "gelf-level wind' characteristics

of the normally used wire cable, the swaged wire cable, and the plastic

braided rope. The iatter two are deing considered as alternates to the nor-

mally used cable for this hoist application,

(Reference Cable Test Rcport,
Appendix B.)

The results of the tests indicate the plastic braid rope has the best level
wind characteristics at the larger fleet angles; the swaged wire rope was
slightly worse; and the normally used wire cable was worst of all,

One of the design objectives is to retrofit the present hoist configuration
which requires a short distance from the drum to the power sheave; the com-
bination of fairly wide drum width and short center distance results in large
fleet angles which the piastic rope tolerated better.
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Thus, this sclf-level wind ability makes it possible to develop a hoist with
& powered drum and without level wind mechanism which will result in a

more compact, lighter unit which will fit within the spxce constrainte of the .
present system, I

The compliance of the plastic braid is an advantage for self-wind design
since even with the poor levzl winds experienced with large fleet angles
the piastic rope came off the drum smoothly v_nith - variation in wind-~off
speed. This compliance is also helpful in reducing the accelerztion and
deceleration loads experienced near the top and the bottom of the lift cycle.
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Section 7

: ‘ PRELIMINARY HOIST DESIGN

2 ‘ 4

% . Figure 7-1 shows a preliminary layout of the hoist design assembly

% which incorporates the best overall configuration bas2d on design studies,

% trade studies, and tests conducted during thiz program. The major com- ]

% ponents of the design include the:

B

g‘» ® Flywheel drive motor

% ¢ Flywheel

g} ¢ Drive system clutch and brake

’gj e Drive gears and shafts

?i; e Housing

g’:; ¢ Rope drum

A :

"

g - FLYWHEEL DRIVE MOTOR :

?} y

% The spin-up of the flywheel to be used for energy storage for the high per-

e M

formence helicopter hoist could be accomplished by a hydraulic, pneumatic,
or electric motor. However, since neither hydravlic power or compressed
air is available in suitable form, the most obvicus choice of moter tvae is
electric. In this way no incompeatibility with the existing hoist -to-helicopter
interface results,

Electric Interface

The presently operational hoist uses a maximum armature currcnt of 110
amperes and a field currentof 6, 5amperes 2t a nominsl 28 V d.c. from the
helicopter electrical syastern, This represents « maximum clzciric power
of 3262 watts. The assumption has been made in this study that the same
maximum electric power is available for the new high performance hoist.

7-1
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Fig. 7-1 Preliminary Layout — Hoist Aszgembly
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The maximum input motor power then is 4,37 hp, such that even with a 60
percent motor efficiency, 2.6 hp is available for the gpin-up of the flywheel.

RS AR R
PAREOS i 0%
Reidadd FANLOLRA =S

Electric Motor Speed Range

" &
3’¢§f‘k 7

37
-‘»?Z"?,*‘,#

e

A preliminary search of suitable d.c. electric motors in the 2-to-2. 6-hp

Vi mngs

renge has shown that the maximum normal speed range for 28 V d.c. ma- g
chine~ of this capacity is from 8, 000 to 18, 000 rpm. Since electric motors

4

arc gencrally sized by the torgue requirement, it is desired to operate the

moter at the highest practical speed to minimize motor torque and, there-

R AP P NS B

fore, size and weight for the horsepower required. The desirzbility of
o matching the moter maximum speed to that of the fiywheel (operational
speed range from 14, 000 to 28,000 rpm) in order to eliminate the need for
a speed increaszer between motor and flywheel is also obvious.

A detailed survey was then made of aill known gupplicrs of Lhigh performance
g d.c. motors of the type required for the new hoist. The vendors contacted
E - in this survey are listed below:

Airborne Accessories Corp., Hilleide, M. J.

Ajax Corp., Rechester, N.Y.

Ametek/Lamb Eleciric, Kent, Ohio

B&B Motors & Controls Corp., New York, N.Y,
Baldor Electric Ce., Fort Smith, Ark.

Bogue Electric Mfg. Co.. Paterson, N. J.
Borg-Warner Corp., Morse Chain Div., Ithaca, N. ¥.

Borg-Warner Corp., Pesco Froducts Div., Bedford, Ohio
Brook Motor Cozrp., Chicago, iil.

Century Electric Co., St. Louis, Mo.
Demag Material Handling Corp., Solon, Ohio
Doerr Electric Corp., Cedarburg, Wisc.
Eaton, Yale & Towne Inc., Dynamatic Div., Kenosha, Wisc.
Electronic Specialty Co., Thomaston, Cnnn.
Gells Mfg. Co., Fairmont, W. Va,

Gerbing Mg, Corp., Elgin, I,

Hitachi America Inc., New York, N. Y.

G. K. Heller Corp., Las Vegas, Nevada
Hoover Electric Co., Los Angeles, Ca.
Marathon Electiric, Wausau, Wisc.

» Ba etedan Lty e Fa SOBE S TN L VWA, RN
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North American Rockwell, Boston Gear Div., Quincy, M=ass.
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H. K. Porter Co., Inc., Pittsburgh, Pa.
Rae Motor Corp., McHenry, I,
Reuland Electric Co., City of Incdustry, Ca.

Robbins & Myers, Inc., Springfield, Ohio
Seco Electronics Corp., Hopking, Minn,

Singer/General Precision, Inc., Hertner, Cleveland, Ohio
Skurka Enginesring Co., Los Angeles, Ca.

Standard Precision Div., Electronic Communications, Witchita, Ka.
Sterling Electric Motors Inc., L.os Angeles, Ca.
Task Corp., Anaheim, Ca.

Westinghouze Electric Corp., Aerospace Electrical Diiv., Lims, Ohio

Westinghouse Eiectric Corp., Mac Motor/Gearing Idiv., Buffalo, M. Y.
T. B. Wood's Sons Co., Chambersburg, Pa.

The survey results showed that no standard motors are available in this
horsepowar range with rnaximum operating speeds higher than 13, 000 rpm.
The limit oa motor speed is the result of commutation problems.

Two means of achieving the desired 28, 000 rpm motor speed were considered,
The first alternative ia the design of 2 highly speciel machine with brush and
commutator modifications suituble to permit operation at the desired speed.
The design of such motors was proposed by three of the contacted suppliers.
The development costs and risks sssociated with the design of such a2 new
machine appesx to be unwarraxted in this program. A second alternative for
the high speed motor is the design of a special brushless d.c. motor which
uses a solid-siate inverter to provide z,c. motor excitation such that brushes

are eliminated. At present such inachines are being manufactured by two

suppliers in fractionzl horsepower sizes. The development of a new brush-

less d.c. integral horsepower machine for the hoizt application is felt to be
too expensive at this time although the development risks are amall,

As & result of the motor supplier survey, it was conciuded that the electric
motor for direct drive of the flywheel was not av=ilable within the time and
cost constrainty of the anticipated development program. Thus, it is recom-
mended that a &.c. motor with a maximum spsed of 14, 006 rpm be uses in
conjunction with a 2:1 speed increasing gearbox to drive the flywheel. Such

a motor is well within the spesd »ange of motors currently beirg manufactured
by several suppliers.
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Electric Motor Type

The somewhat unique nature of the load impoased by the fiywheel on the elec-
tric motor during spin-up and the need to avoid any poseibility of overspeed
are major coasiderations inthe selection of the rnctor tyr » to be ised.

Series D, C. Motor

Traaitionally, drives in which a constant horsepower characteristic iz re-
quired are accomplished by series type d.c. motors. The diagram showing
the bazic connection and the torgue-speed curve of 2 typical 2.5 hp series
motor is shown in Fig. 7-2, The series motor shown can provide the high
torque levels desired for startup and then deliver power to the flywheel at
essentially constant horsepower over a wide speed range. However, since
the spinning losses (bearing drag, zeal drag, and windage) of the flywheel are
expected to be quite low even at speeds subgtantially in excess of the maxi-
mum operating speed of 28, (00 rpm, the motor torque~-speed curve (Fig. 7.2)
rhows that the sgeries type motor will continue to accelerate the flywheel above
the maximum operating speed. Since this possible runaway capability is un-

desirable, the series motor was rejected for the high rarformance hoist
applicatien,

Shunt D, . Motor

The shunt field type d.c. motor hes a definitely limited no load speed such
that overspeed under light load conditions can be avoided. At the same
time, the shunt d.c. motor can prcride sufficiently high torque for flywheel

accelerations and can supply feirly constant horsepower over the flywheel
2:1 operational speed range.

The diagram and torque-speed curves of a suitabie shunt type d.c. motor
is shown in Fig, 7-3, The effect of variation of the resistance in series
with the shunt field is shown by the three torque-speed characteristic curves

7-5
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Fig. 7-2 Series D, C. Motor Charactaristics

7-6

—

St 33 b iR

1

2 s v pewtud Ahas sedie ad i




g e+ —— R
e e T e — R AL e T e LT ey S W ries S N RIS et o AR AN FEERATION
f{mﬁm WA ovs- SRS LT T AR @g?ﬁ,’ﬁw s ool X% 3 k3 IR Ll Wﬁ{

LMSC-D267477

G nree s 28V D.C. Line ——-t

Comnutating
Fiem

Armature

“Stabilizing
Field

b VTR
R R

Shunt Field
+_______M Vs s MAV_
e

Field Resistanc

(Rp)

4 20¢
%.
K 55
: &
;.
5
. W 1 = Maximum
g - 2 By
z- &
H = ~ 3
. £ S. i
B v
: F ~ z
s d
3 Q - %
: Z, =~ 2
“ W, =0 5
g > [ y \
e b
1 c - 3
3 = nd 3
3
3 . 0 [ 3} 3 i . .‘%
3 0 2 L (S B %
: Torque (Lb-Ft) 5}%
] ki
|
4 Fig. 7-3 Shumt D.C. Motor Characteristics i§§

s o T AR T . packn s o S ST AR




= W
. ,3”,.'.4?4. e ;a“iﬁ_ i 2 0 e oy RA%EW,.’«5’.’.«@3’?‘5@:{'@,‘ﬁ}., R WICTe s oet

¥

R I T e ...

LMSC-D267477

of Fig. 7-3. A relatively simple automstic speed control system similar
to that shown in the diagram, Fig. 7-4, can be used to provide for spin-up
of the flywheel. The typical {lywheel acceleration prnfile is alsc shown in

'; Fig. 7-4 bty the *eavy curves superimposed on the shuw. *.c. motor charac-

3 teristics. As the maximum operating speed for the motor (14, 000 ¥pm with

a 2:1 speed increaser) is reached, a bzlance is achieved betwsen flywheel

spinning losses and motor torque capability as shown in Fig. 7-4. However,

if the flywheel spinning losses lor any reasor. are reduced, the motor speed

can only increase to about 110 percent at maximum operating speed. Thus,

flywheel runaway is positively avoided by the use of the shunt type d.c.

motor. It also should be noted that the typical flywheel acceleration profile

follows the desired cconstant horsepower curve rather closely such that

minimal sacrifice in flywheel spin-up time results from the absolute over-
: speed control provided by the shunt type motor.

TTX TETTRT IS TP RO

TG T FEOTS

The switching of field resistance values as shown ir Fig. 7-4 can be accrm-
plished by an automatic relay circuit which uses a speed signal derived from
: the speed increasing gearbox. As a motor speed of approximately 4, 560 rpm
3 is zeached, a speed discriminator will operate & relay with make-before-
break contacts to add resistance in series with the shunt field of the motor,
Similarily, as a motor speed of approximately 9, 000 rpm is resched, the
speed discriminator will again act to cause the operation of 2 second relay

/ to further increase the rezistance in series with the shunt field. The motor
speed control circuit can avtomatically operate in the reverse manner as a
motor speed of about 8, 500 rpm is reached as a result of powe:r being taken
from the flywheel during hoisting operations.

Finalized Motor Specification

The flywheel drive motor study and vender survey has resulted in a motor

specification suitable for motor procurement in the subsequent phases of the
high performance helicopter hcist program.

7-8

Mol scadsinal




. —— . e TR TR TR R T T, TR,
N - - YT — mm‘wﬂ,ﬂ IS Asnk i it MG A Rt
IR T T Y RIRET e e S AR o

-

: LMSC-D267477 3
. ?
2 " :s.
28v D.C. Line -pvy
3 i i
] 3 Commutating ‘
. B Field -
g Eo. ; Armature ' N,
i & Stabilizing
E Field
g ¥
{ & .
, 9 Shunt Field

Field Registance Switch (or Relays)

20 - (R

T
T G RIRERE S

S

ki Il v

Balancing Speed (14,000 RPM)

\( Re (Position 3) 3

~
~

A DA RN O A A S, SR

15 ke

U L L

A A S S
e

~

s
P
2

[
(o]

/

Lo

N
¥

e ——

or Speed (103 RPM)
Il
/
!
’ /
: /
/
/
.' / ’lﬂw
v
&
(%Y
<
S
o
b |
N

3 e Typical

. = Flywheel

Acceleration

3 0 s A -]
: 0 2 L 6 &
] Torque (Lbokt)

5

Fig. 7-4 Flywheel Drive Motor Characteristics
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The spccification for the flywheel drive motor is as follows:

D.C. Voltage: 28 volts nominal
Motor Horxrsepower: 2.0 continuous

. Enclosure Type: Explosion proof-fan cooled

Motor Type: Shuat with commutating and stabilizing fields as required ) :
3 Direction: Fully reversible ]
No Load Speed: 16,000 rpm maximum . :

Full Load Speed: 14, 000 rpm

Duty Cycle: 2,6 hp: 15 min. on, 15 min. off, continuocus
Efficiency: 65% or higher
Mounting: Sqguare flange

TP %

Electrical Connections: All leads brought out 6 in.
Internal Shaft: 0.50 pitch diam., interunal spline ;
Weight: Not to exceed 15 1b 3

1 A A A KA A i adnwes)

TR

S e A

A second round of inquiries to d.c. motor vendors who have responded to the

: initial survey indicated that a motor in accordance with the above specifica-

s

o

: tions could be sunplied by at least four suppliers using conventional manufac-
: turing techniques.
5

Flywheel Spin-Up Characteristics

The spin-up characteristic for the flywheel of the high performance he'icopter
hoist is shown in Fig. 7-5. Based on the reasonable assumption thct an ave-
rage of 2.0 hp will be delivered to the flywheel through the 2:1 speed increas-
: ing gearbox, the spin-up time for a 73.51 w-hr flywheel is seen to be less
than 180 sec. In addition, the plot of Fig. 7-5 shows that the flywheel will be
in the usable speed range (14, 000 to 28, 000 rpm) in approximately 44 sec.

PRVTR IO RO SHe? PO P R LIV RO S 410 PSR

[EPOERITPPY L ¥ S 031 PR

o el dog b i

FLYWHEEL

Specific study areas of importance unique to the flywheel such as type of
material, flywheel gyrodynamics, and safcty analysis are presented in

LAl L i b
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May. Speed = 28,000 AP
Max. Kinetic Energy = 73.51 w-hr.
Flywheel Speed (105 RPM)

Avg. Input HP = 2.0

T e

b
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Fig. 7-5 Flywheel 5pin-Up Characteristic
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Section 4 of this raport. Other areas mors mecharical in neture are pre-
sented her ..

Flywheel shaft size is primarily sized by the desire to keep the flywheel
operating speed substantially below the '"natural frequency' speed, other-
wise known as ''critical speed.' This is done in order ts minimize the prob-
lems associated with the high speed operation at near or above the critical
flywheel speed. Calculated critical speed is 82, 000 rpm providing a margin
of 3 to 1 over the nominal flywheel speed of 28, 000 rpin. Actual inargin is
less since the calculation assumes infinitely stiff bearings and bearing sup-
port structure. Assuming the radial flexibility of the support bearing and
support to be lO6 1b/in, reduces the critical speed to 51, 000 rpm, still pro-
viding a consezrvative margin in excess of 1, 80,

DRIVE SYSTEM CLUTCH AND BRAKE

Trade studies established the mechanical clut'ch as the prime candidate for
connecting flywheel power to the hoist., ILtke the flywheel drive motor, it
is primarily sized by the torgue requizements. Higher operating speeds
require less torqua and thevefore require smaller clatches. The shaft
epeeds in the hoist range from 28, 000 rpm fiywheel down to the 240 rpm of
the rope drum. Commercially available clutches nominally have maximum
operating speed in the range of 3,000 - &, 000 rpm. Th~n desire to minimize
weight leads tc higher apeady whers practicable. Calculations and dijcus-
sions with clutch vendors eatabliehed that 12, 000 rpm would be compatible
with the power reguirementz of the hoist, Accordingly, 2 detailed survey
wz s made of known suppliezrs of clutches and preliminary specifications
written for a clutch., Vendors contacted in the survey are listed below:

Amesrican Precision Indusiries Inc., Delaware Div., East Aurorz, N.Y.

Borg Warnsr. Rockford Clutch Division, Rockford, i,

Borg Warner Corp., Spring Div,, Bellwood, ill. &0104

Custum: Products Corp., Polyclutches Div., North Haven, Conn. 06473
Faton Towne & Yale, Fawick Div,, Clsveland, Chic 44111

Eiectrical Company, Div, of Valcor Cays Union, N. J, 07083
%ormaprag Clutch Co., Warren, Mi.

Horton Mfg. Co., Inc.. Minneapoiis, Minn, 58414
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General Time, Industrial Controix Div., Farrington, Conn., 06790
Goodyear Tire & Rubber Co., j.0s Angeles, Ca.

K-M Clutch Co., Ontario. Ca. 91764 :

Kelsey Hayes Co., Meguon, Wisc., 53092

Machine Components Corp., Flainview, N. Y. 11803
Maxitorq, The Carlyle Jchnson Co., Manchester, Coan.
Mercury Clutch, Canton, Ohic

Philadelphia Gear, King of Prussia, Pa. 19406

Pitts Industries, Inc., Dallss, Texao 75234

Precision Specialties, Inc., Pittman, N. J. 08071

The Bendix Corp., Utica, N. Y, 13503

The Conway Clutch Co., Cinecinnati, Ohio

The Hilliard Corp., Elmira, N, Y. 14902

The Marquette Metal Products Co., Cleveland, Ohio
Tol-O-Matic, Inc., Minneapolis, Minn. 55415

Twin Disc, Racine, Wisc.

Sawyer Industries, Inc., Arcadia, Ca, 91006

Western Gear Corp., Lynwood, Ca.

Two types of clutches were considered in the survey; & standard clutch for
use with a hoist design incorporating selective speed control utilizing two or
three fixed gear ratios for varying the lift rate and secondly a controllable
variable slip clutch for providing an infinite speed control through its slif

renge. The basic requirements established during the preliminary dedign
were as follows.

Hoist Clutch and Brake Assembly {Fixed Specd System)

The clutch assembly shall perrmit the engagement, drive, ard disengap._ment

of a powered shaft to a load shaft. This cycle corzesponds to the hoist lift

cycle where the load starts from rest, is accelerated to hoisting speed dur-
ing clutch engagement, then runs at fulk lifting spe=d until the clutch is dis-

engaged and the ioad decelerates to rest and is helo ®3 » brake. The clutch-

ing action during engagement and disengugement shall be smooth and without
jerk.

The brake shall te used to hold the load at any pos- .ion whenever the hoist
is not in its lifting mode. This braking action must be coordinnted with the
clutching action to ensure sutomatic brake actuati “n whenever the clutch is
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disengaged or whenever the driver~ shai! is stopped for any reason. In addi-
tion, the brake shall be capable of ~ontinuously slipping the torque loads to
permit the controlled lowering and stopping of the hoist load.

The clutch-brake enveiope shape, size, and weight 1. mits have not bzen
established since these parameters are highly dependent upo:. the type of
clutch proposed. LMSC will determin~ exact requirements after reviewing
proposed candidate designs. As a goal, the Llutch and drake should be as
small and light as possible consistent with good aircraft design practices.

Driving shaft and driven shaft arrangement may be concentric or end to end
as dictated by design.

Detail design requirements are as follows:

e Driving side speed, 12, 000 rpm
Driven eide speed, 0 - i2, 000 rpm
Driven side load inertia, 0.003 1b in aecz (ref. 12,000 rpm speed).
Does not include inertia of clutch or brake parts.
9 The steady load torques (references to 12, 000 rpm) are:
f1) 16 in. -1b minimum
{(2) 82 in. -1b maximum
e The angular accelaration rate of the cintch driven side shall not
exceed 800 radians per aecZ
e The clutch shall be capable of countinuously providing a minimnum of
one smooth engagzment-drive disengagement cycles per minute
Ambient temperature ~ange, .25°F to 125°F ‘
® Actuation power source:
(1) 28 V d.c. elect..c2l, or .
(2) 80 psi lubricetirg oil pressure
e Life requirement {minimuwn)
(1) 12,090 hr of operation witiout cve-haul
(2) £,(00 clutch engagement-d-ive-disengagement cyycles
{3) 1,000 brake o' ppirg cycles; maximum brake slip time, 25 sec.
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Speed requirement may be reduced if supplier- design canmot operate at
12,000 rom.

LTI

Reduced speed designs must account for the difference in

'
Sy e Rawyan r b T

torques, mass moment of inertia, and acceleration rate which are refarenced
to 12, 090 rpm in these requirements.

Hoist Clutch and Brake Assembly (Variable Speed Systen )

ML SATNAN WM ST

The requirements fur this clutch and brake assembly are ident‘cal to the

-bove requirement except the clutch action during the drive y- = ion of the

ar v g AT SRR RS

lift cycle must provide controlled torque between driver and ar;ve:. sides

permitting controlled hoisting rates below the clutch "'fully-engaged! speed
of 12, 000 pm,

N

-

e A

The desired variable speed range is 5 to | whick requires slip speeds ranging
from 0 to 9, 600 rpm.

Duration of slip time to be a maxi. .um of 25 seconds
during any lift cycle,

PORITRTES MR TR R

The brake requirements were included with the clutch since its requirements

iends itself to 2 more compact design when designed to utilize ccnmon parts
with e clutch where possible,

Sk et e

The survey results showed that no standard clutch or brake capablc of meet-
ing the requirement exists.

P A

However, two companies responded with a2 zcept-
able special design proposals {7 meet these requiremente. These crmpanies

are Philadelphia Gear Co., Synchrodrive Div,, and Wentern Gear Corpor-
ation.

The arceptable proposale incorporated slip type clutches which operate by
. slip snear action of & hydroviscous fluid to tranamit torque from the driving
surtace to the driven surface within the clutch. This "slipping clutch"
principvle is the same action that is used in the '"Synchrodrive' transmissions
maruafsctured by the Philadelpaia Gear Corp. On the Synchrodrive units the
input shaft is usually at a fixes speed and the output speed is regulated by
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!

controlling the clutch alip terque. The slip torque is regulated by an electro-
hydraulic controller which compares the.feedhack eignal obiained from a
tachomater or other transducer with a refersnce slignai proportidnel to the
desired cutput sperd. The difference between feedback and reference signal
is amplified and oparates a servo valve which, in turn, contrcis the torqué )

of the clutch through a h ydraulic piston and actuating raschaniamas.

The clutch nlate always operates with a film of oil between driver and
driven surfaczaz. The oil is introduced at the inner diameter of the plates ‘
where centriiugel force and oil grooving on the plates assures the proper
flow and d:sivibutiyn of cil for the lubrication and cooling requirement as
well as mainirirning the oil film for transmitting torque. Figures 7-6 and

7-7 show typical efficiency and speed modulation characterietics of the
slip clutch design.

The clutch torque characteristic as shown in Fig. 7-7 shows: the ability of
the clutch to maintain a steady, almost flat torque speed curve from about

5 percent to 60 percent of the slip range at full ioad torque and up to 80 per-

cent at 20 pexcent of fuil lcad torque. This capability to closely modulate

the slip speed even at very low load torque is especially iniportant since
even light loads will have accurate speed control.

The clutch actuation pressure iz provided by a gerator ‘ype servo presrure
purnp mourted (¢ and driven by the same sha$t which drives the hoist trans-
mission system lubrication system:.

All components of the drive system
share the same oil aupply.

HOIST CONTROI. SYSTEM

The control system is an electrohydraulic servo system (Fig. 7-8), designed

to provide a variable controlled hoizt lifting rate from a trawl speed (approxi-

mately 50 fpm) to the meaxir.im 500 fpm. This is accomplished by a hydrau-

lically controlled "slipping clvich" where the input speed/output speed ratio

CE-S T T . i ), 1 m")wﬂ'ﬂ"‘]!vk -
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is regulated through a speed range of approximately 10 tc 1. In operation,
the cluich pack tranasmits torque by hydroviscous shear of the oil film be-
tween the driving and driven surfaces of the clutch. The driving plates
are mounted on the shaft and the driven plates to the clutch housing. The
clutch torque is proportional to the axial clamping force applied onto the

ciutch pack, thus permitting the relatively simple electrohydrzulic method

of speea regulation. Increasing the clamp up force increases the clutch

torgque proportionately decreasing the slip ratio between the input and output
speeds. Speed control is obtained by an electronic controller which com-
pares the fesdback signai obtained from a magnetic tachometer with a
reference signal proportional to the desired outpur. The difference between
feedback and reterence signal is amplified and operates the servo valve
which, in turn regulates the clutcn torque by regulating the hydraulic pres-
sure. The electrical operation of the controller syatem coupled with the
stiffness of the hydraulic system provides response times in milliseconds
and speed regulation easily within £1, 0 percent of the maximum apeed.

Speed regulation as low as 0.25 percent may be achieved if necessary.

Lowering System Control

The lowering control is actuated by the same thumb control used for lift
but iz stherwise completely independent of the lift control system. The lift

modulatir~g clutch is completely disengaged during the lowering cycle, thus

removin g the flywheel from the bzist drive systern. Thc lowering molor

is actuated as the thumb switch iv meoved in the '"down’ direction and increases

in down speed proporticnal to the switch motion, The spring loaded switch

is designed to provide the opzarator with a speed versus thumb pressure

reiationship. The spring alec provides a "dead man' emergency system

stop action by automatically returning the switch to the neutral off position

whencver the operator's thumb is remnved from the switch,
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FLYWHEEL ANCILLARY REVIEW

The auccess of the flywheel installation depends largely upon the powey
function of mechanical ancillary components s1ch as the flywheel support
bearings, flywheel housing seals, and vacuum pump. LMSC has conducted
within the past severzl years a number of studies and test programs related
to these iterns. The experience gained has heavily influenced the selection
and design of these components discussed in the following paragraphs.

Bea rings

Findings from previous LMSC atudies (4) and analysis of specific require-
ments of the rescue hoist flywheel resulted in the selection of simple conrad

type bearings with cage design and dimensional tolerances suited to high speed
running characteristics.

The basic bearing parameters are:

e Bearing Size

Bore diameter 20 mm
Outer diameter 42 mm
Width 12 mn.

e Dynramic Drag Torque: 0,28 in.-lb, max. at 28,000 rpm
¢ Load and Speed Schedule - per table in Appendix A2
° Ll 0 lifc - 7,000 hr minimum per schedule

The flywheel is supported in a atraddle mount arrangement between a pair

of single-zow, deep-groove, conrad type ball bearings. The bearing mount-
ing arrangement ''fixes'' the inner race of both bearings to the flywheel shaft.
The outer race of only ¢. . Zearing is fixed while the other is spring loaded
axially to effect a face-to-face duplex mounting arrangement. This arrange-
mernt locates the flywaeel shaft while maintaining sufficient preload on the
bearings sc that the bklls are in contacc with the raceways at all tiraes,

thus eliminating the possibility of ball skidding. Previous LMSC studies

7-20
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show that a lower cost special design with nominal ABEC 1 tolerancea except

for specified concentricity and roundness limits would v zk satisfactorily for
production design quantities,

i D

The roundness, face-to-race squareness, and
: . conforming raceway concentricity would provide the necessary high speed

running characteristics comparable to an ABEC 5 bearing, However, pro-

totvpe heoists will utilize bearinge made to ABEC 7 tolerances, normally
stocked by mzanufacturers for the machine tool industry.

. e B A

The ball retainer ‘
in either case is a lightweight, outer-race riding type suited to the high

speeds. Lubrication and cocling oil for these bearings arz provided by two
oil jets per bearing impinging intc the space between the ball retainer and
inner race, One oil jet per bearing is normally sufficient but two per bear-
ing is used to provide redundancy as insurance against oil starvation in cage
of a clogged oil jet. The oil jet orifice is 0.030Q in, in diameter as a result
of experience which establishes this as the smallest practical jet diameter
normally able to pags foreign materials, e.g., lint, metal particles, and
products of wear commonly found in transmission oil systen:s,

The violent oil misting action cr~ated when the oil jet imping, s the rotating :
bearing race and balls also supplies lubrication for the rctary face ceals. :
Large drain passages are provided tu ensure thorough draining and scaveng-
ing of the '"used oil' from the space surroundiag the bearinga and aealx.

This will ensure against unwanted heat and absorption of power due to chura-
ing pockets of oil.

$ 7 Aubbis i

Werlasata®l.

The bearing bore diameter selected is based principaliy on the minirmum dis-
meter shaft that can be used and still maintain the critical speed of the {ly-
wheel above its rotational speed, Operation above . vitical gpesad changes

the spin axis from the bearing axis to the center of gravity of tne flywhsel.
For example, 2 flywheel with an imbaiance of 0. 001-in, displacemen:, wili
have its center of macs 0.001 in. from ths beering axis.

4 d s AR TRA B AL

[RTAPTPSer L Y

At 3necds be'owy
critical, the flywheel center of mass will orbit around the keseing apla aris
causing a rotating centrifugal force on the bzarings.
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The formula for certvifugal force is:
4 CF = mrus’
Where: :
b CF = centrifagal force (1b}
m = mass (l1b- seczlft) )
r = displacement of CG from spin axis (ft) ;
j @ = rotational apeed {rad/eec) §
: Figure 7-§ illustrates the imbalauce plotted against rotational speeds gen- :
erally appiied to rofating components common to industry. An imbalance
of 0.0002-in. diaplacemeat for the flywheel agsembly is uced as the prac-
., tical limit for simple bmlancing equipment. The centrifugal force created
y thie iinbalance ie the steady rotating force imposed upon the bearings.
) [ s
3 gﬁ AUTOMOTIVE
3 FLYWHEEL
. < juig > & = W @0y
.'~ .0
- 3 o 68 AUTOMOTIVE
o WA o ¥y
:x é - o - e bcw.,i
= 24 SROTCR ARMATURE (3, 600 { PM)
& g ANTEGEAL HORSEPOWER)
k> e on @ Ny = = J [y
~ . ',,AI‘ .
: g SR, NG X SUPERCHARGER 0.000025 IN.
?7; - < W > SR > ﬂi. «y - J 2
o 500 1500 .60 24,600
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Fig. 7-9 Flywheel Imbtalance Displrcement Vs. Rotational Speed
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Yacaum Pm

In order for the flywheel assembly to function eificiently, it must be houged
in a chamber permitting it to rotate in 2 very low gas pressure environment.

Windage losses with even small amounts of air surrounding the flywheel can

- be detrimental by incurring a heavy horsepower lcss to the system. The

hoist flywheel is designed to operate in 2 vacuum level under 5. 0 mm of

mercury. This pressure level was determined primarily by the two power

absorbing functions shown i~ Fig. 7-10. These are: (1) windage loss, and

{2) vacuum puinp power requirement. The curves representing flywheel

windage loss and vacuum pump power requirement crosas at about 4.9 mm
Hg indicating the sum total of these two losses to be the lowest at that point.

The vacuum level can be classed as followas:

e Low vacuum 760 to 25 mm Hg
e Medium vacuum 25t 1073 mm Hg

@ High to ultrahigh vacuum 10°3 mm Hg and up
Commoaly used vacuum systems fall iuto the low vacuum levels aszociated
with the needs of the processing or materiei-hendling industries or into the

high to ultrahigh vacuum utilized in the laboratories to simulate space con-
ditions.

The vacuumn level regquired for the flywheel chamber ranges from 3V mm
Hg down (o uader 5 mm Hg, depeanding cn fiywheel and flywheel housing
design. Industrisl pumps are ususlly of the vane or pistoa types and the
vacuum pressure level is limited to about 28 to 29 in. of Hy ~ith shaft
speeds seldom exceeding 3, 500 rpm. Figure 7-1! showe the

isic types
of vacuum pumps that are corr.nercially available.

Pumps are arranged
from left-to-right in ascending crder with respect to vacuum leval capability.

The hoist flywheel raquires a simple, reliable, maintenance-free pump. Of

those depicted in Fig. 7-11, the rotary vane comes closesi to these requize-
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Fig. 7-10 Power Loss Vs. Flywheel Chamber Air Pressure

Curves showing flywheel viindage losses vs. flywhcel
housing air pressure. Also shown is a vacuum pump
power Vvs. air pressure curve and curves combining

windage and pump power. Note minimum losses occur
at under 5 mm Hg. air pressure.
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ments. However, its lowest vacuum levels only approach the upper limits
of air pressure that can be tolerated within the fiywhes! »ousing. The others

have the neceesary vacuum capability but are teo complex, expensive, and
heavy for effective use on the transmission.

The final selection is the gerotor type mechanical pump shown in Fig. 7-12,
it is a lightweight, simple, mechanically-driven pump used successfuily for

many ycars as a fluid pump for transmiassions and hydraulic systemas.

The operation of th pump is illustrated in Fig. 7-13. The pumping mechan-
ism consists of two «.ements, an inner rotor snd cuter rotor.

The inner
element alwiys hae one less tooth than the outer.

The volurmne of the '"missing t»coth'' multiplied by the number of driver teeth
determines the volun:e of fluid pumped at eack

evolution (cubic displacement
per revolution).

The number of teeth muy vary, depending on such design

considerations as volume to be pumped, speed, and available pump envelope,
but the inner element always has une less tocth than the outer.

As the toothed elements, mounted on fixed centers but eccentric to each
other, turn, the chamber beiween the teeth of the inner and outer elements
gradually increases in rize through approximately 180 deg of each revolution
until it reaches its maximurn size — equivalest to the {full volume of the 'miss-
ing tooth.” During this initial half of the cycle, the gradually eanlarging cham-
ber is exposed tc the suction port creating a partial vacuurn into which the
liguid flows. During the subsequent 180 deg of the revolution, the chamber

gradually decreases in size as the teeth mesh and the fluid is forced out the
discharge pors.

The pump configuration, conciating of &n iaternal gear and mating rotor,
provides inhcrent advantages suited to the higher speeds associated with the
flywheel transmission. Both elementa revolve in the same direction and

the relative speed between them is proporticonal to the tooth ratio; thus,
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l Fig. 7-12 Geroi>r Type Mechanical Pump — Cross Section

Fig. 7-13 Operating Cycle of Gerotor Pump
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high shaft speeds result in low relative pump element speeds. Rotor spezds
of 7,000 tc 8,000 rpm on medium-g¢ized pumps (2~in. diam.) are common,

and speeds approcaching 60, 000 rpm have been run successfully on smalier
unita,

The basic sizing formaula for a vacyurn pump is:

c. = 23 (vnog(P’) + -..-F__Q°+Qz
p AT P2 2
where
Cp = purap load capacity (cfm)
AT = pumpdown time (min)
V = free volume in fiywheel housing (ft3)
Px = initial pressure (mm Hé. sbs)
P, = final or working vacuum pressure (mm Hg, abs)
Q, = outgassing load (Torr-cfm)
Qz = leakage load (Torr-cim)

The pump size using the formuia is 3,20 cfm. Detailed pump calculations
are given in Appendix A3. ‘

The first term of the formula is governed primarily by the volume 2ad >ump-
down time. It represents the pump size required if outg‘auing an’' cakage
are assumed to be zerc. The second part represents the pump size require-
ment due to outg&uin.g and leakage. The small outgassing surface areas
involved and the type of materials used for the flywheel and housing contri-
bute to a negligible outgassing load, conservatively eatimated as 0.1 Torr-
cfm. The leakage rate Q, is the most important factor in sizing a pump

for a flywheel housing. A plot of pump sixe versus lsakage rate is gshown
in Fig. 7-14,
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Sincce the primary use of a gerotor type pumrp is for positive pressure, there

was little information availablz for its use as a vacuum pump. Discugsions

with engineering personnel representing the W. H. Nichole Company [Wal-
tham, Masa.) provided the necessary impetus for further investigation.
Tests were conducted on a two-element pumnp assembly at the Nichols Com-

pany and at the LMSC Ground Vehicle Test Facilities in Sunnyvale, Califer-
nia (ref. Appendix A3).

The important pararneters under test ware as
follows:

Maximum vacuum level attained

Pumpdown time

[ ]

Driving power requirements

The tests simulated the conditions that a vacuurn pump would encounter in a

flywheel transmission. The conclusion drawn from the test results is that

the pump provides the performance requirements necessary to rmake it
acceprable for use as the vacuum pump in the flywheel transmission.

Test
results are summarized in the following paragraphs.

The pump sustains low air-pressure levels congistently under 5.0 mm Hg,

ard the pumpdown time to 10 mm Hg never exceeded 25 sec, even at the low-
est test run apeed of 5,200 rpm.

Figure 7-15 shows a typical pumpdown
time plot from the test recorder.

It should be noted that the pump used was not designed specifically for the
application — it was designed for use as a scavenger pump in a gas turbine.
The only adaptation made for vacuum pump operation was to provide approxi-
mately a 10-in. head of oil in a atandpipe on the diao_::harge pert. This en-

surad continuous lubrication for the rotors and provided 'cil sealing" be-

tween parts. In normal use of the gerotor-type pump (in a pressure or

scavenging application), there is no need for these special fextures because
the fluid flow through the pump is sufficient to lubricate and to disperse
heat. However, as a vacuum pump, it does not have the oil flow necessary

for lubricstion and conling. A second set of pump elements, adjacent to the
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vacuum elements and driven by the same shaft, provide the necessary cool-

ing for the vacuum pump elements and also provides scavenging for the fly-
wheecl support bearings and seals.

PP URGIRR TP IV SO W PE P

Rotary Shzit Seals :

The rotary seal &round the flywheel asupport shaft must minimize oil and air
leakage into the flywheel vacuum chamber to maximize flywheel efficiency
and to permit the use of a reasonably small vacuum pump. The leakage
rate is the primary factor in determining the pump size.

The importance of low leakage is illustrated in Fig. 7-14 which shows that
only a 0. 14 cfm pump is required for pumping down the small fiywheel hous-

ing volume and the added capacity requirement is proportional to air leakage.
In other words, the smaller the leak, the smaller the pump.

Labyrinth type seals were eliminated from consideration because of its high
leaknge rates and only rubbing seals studied.

In the rubbing seal category, a second major breakdown divides the contact

type seals into two types. The first is the lip seal with its sealing action

provided by an interference fit bstween a smooth rotating shaft surface and

a flexible sealing element. The seaiing element is usually made of leather

or synthetic elastomers and the interference fit is usually augmentec by
spring pressure provided by a garter type or finger type spring. The second

contact type seal is the ""face seal" which creates dynamic sealing in a plane

vertical to the shaft axis. This type of seal has two parts —~ the seal cart-

ridge, consisting of the housing, end face (nose) element, and spring assem-
bly; and the rubbing ring, which is the mating element that provides & smooth
flat sealing surface. For high speads, the end face is normally made of

carbon and treated to reduce friction, and the mating ring is made of close-

grained cast iron or steel. Table 7-1 is a brief summary of characteristics

of the two groups of contact seals.
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SEAL CHARACTERISTICS

Parameter

Lip Seals

Pace Seals

Nominal Speed Rating
Life

Dynamic Friction
Cost

Ease of Replacement

Misalignment
Tolerances

Fluid Leakage
Cas Leakage

St

0 to 3, 000 fpin
Good

Good to poor
Low

Good

Excellent for axial
runout; good for
radial runout

12 to 48 drops/day

0 te 50, 000 fpm
Guod to excellent
Good to excellent
High

Normal

Excellent for radial
runout; good for axial
runout

2 to 3 drops/day

0.1 Torr cfm

where:

necessary for maximwm system cfficiencr.

=z mean radius of seal nose (in.)

D.se. T.
hp = ‘-_5-3_62'5”‘,
P = axial force (Ib)
AL = coefficient of friction
r
N = shaft speed (rpm)

I A P S GOk SR LRI
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In addition to the high speed and lew leakage requirement, low drag loss is

Preliminary figures for pcwer loss were obtained using the coefficient of

friction of carbor bearings and applying it to the following formula:

Values thus obtained were used for all the preliminary flywheel seal lossea.
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Additionally, high speed tests were conducted on a Cartriseal face seal.

Figure 7-16 shows the drag versus speed relationship of the seal with vari-
ous nose loads. Seal losses were about double that origirally estimated for
the test seal but is expected to be reduced down to about the original values

by using a dense hard chrome finish on the rubbing ring.

Calculated loss at rated flywheel speed is 0, 055 hp per seal.

INSTALLATION CONSIDERATIONS

There are four optional locations in the helicopter for the installation of the
hoist and »nom assembly. Consultation with military users has indicated the

ability to use all locations is not necessary, and the optimum location for the

boom assembly is the right forward position. The selection of this location

permitted certain design advantages which were used in one of the configur-
ations.

There are certain problems with the present hoist installation which became

evident daring operation of the hoist in the helicopter cabin mockup (Fig. 7-17).

One of the problems is that with the hoist boom arm fully extended the hoist
cable passes within 12 in. of the helicopter landing skid; as a rescuee is
raised, there is inadequate clearance as the skid is passed (Fig. 7-18).
Another problem is that with the jungle penetrator installed, the bottom of
the penetrator will not clear the floor with the hook in the up position, so
that the boorn assembly cannot be rotated inside the helicopter with a load on
the penetrator. A third problem is that the hoist portion of the hoist assem-
bly infringe.e on the needed rescue epace which makes it difficult for the

hoist operator (Fig. 7-19), There are two installation configurations being
considered.

The first configuration (Fig. 7-20) consists of mounting the hoist package
near the botiom of a vertical pole in the same manner as the present con-

figuration, with the hoisting rope coming off the drum. going through a sheave

7-33
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(1.795 ID, 2.505 OD, x 0. 735 long)

Fig. 7-16 Drag Torque and Horsepower Relationships
Vs. Seal Speed
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mounted near the base of a2 horizontal boom member, then going through a

traction sheave mounted in the end of the horixontal boom and on down to
the load.

The second configuration consists of mounting the hoist package, either on
the ceiling or a vertical pole, placed diametrically opposite the existing
hoist installation, taking the hoisting rope across under the ceiling and run-
ning along side a vertical pole through a set of roller guidec and out of a
traction sheave at the end of the horizontal boom member. See Fig. 7-21.

The second configuration has several advantages over the present installa-
tion in that by moving the hoist portion to the other side, the lateral moment
loading produced by the installation will be minimized. Thie will allow the
use of a longer boom arm without changing the existing moment loading;

this also will provide additional clearance (approximately 5 in.) between

the hoisted load and the helicopter skid.

Another advantage of this approach is due to the remowval of the hoiat fxom
the bottom of the vertical pole, thue providing additionzl clearance in the
working area for the operator. This arrangement also iends itself to easy
replacernent of the hoisting ropa during a rescue mission. In the event of
a rope hang-up the rope could bs cut with the guillotine or a backup cutting
device and a replacement rope drum and rope carzied on the helicopter
could be installed on the hoist, restrung on the boom assembly, and the
rescue operation continued without returning to bese.

7-38
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Fig. 7-20 Preliminary Laycut - Boom Mounted H
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Se.tion 8
FUTURE PROGRAM PLANS

e A s ECRMVAAT s

The following plans are recotnmended for subseguent program phases, which
will provide for the design, fabrication, and testing of a prototype hoist
based on the concept selected in the present phase as the most promising.
The two subsequent phases described below are in turn intended to bz fol-
lowed by a military potential evaluation. Figure 8-1 depicia the testing
aspects of the entire program .n terms of verificatiors. The preaent phase
has selected the most promising concept. Phase II in turn verifies that this
concept performs under simulated, specific conditions. Phase Ul verifies
that critical components will be satiefactory and that the completed asazin-
bly does indeed perform as intendc:d. This is, in turn, followesd by a veri-
fication that the hoist also performs adequateiy under actual flight condi-

tions and that this performance is suitable to actual operational conditions.

A schedule for Phases Il and III is precented in Fig, 8-2.

PROGRAM PLANNING, DIRECTION, AND COORDINATION

Planning, direction, and coordination will be provided for all aspects ¢’
Phase Il and Phase lli. These tasks include such functions as interface
with the Contracting Officer's Representative, schedule and cost control,

coordination of task groups, and coordination of Government/Contractor
conferences.

PHASE II — FINALIZE HOIST DESIGN CONFIGURATION

In Phase 1l the neceasary verification tests and design analyses will be con-
ducted by the contractor to establish the suitability of the design prior to
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the start of the final detailed design in Phase III. Phase II will begin with
the contract award and exterd for a period of four months.

Finalize Requirements

The configuration previously selected as the most feasible for a high per-
formance hoist will be reviewed (in conjunction with the Contracting Officer's

Representative) and the following hoist characteristics will be established as
design goals:

Maximum weight

Volumetric and dimensional limitations
Operational duty cycles (with loads and rates)
Mounting and installing constraints

Control requirements

Ueable cable length

Reyuired accessories

Hoist requirements will be finalized, including design factors, and a deter-
mination of materials and processes,

Hazard Appraisal

A preliminary appraisal of potential hazards will be made to establish safety
assurance test plans. Included will be the areas of:

e Suitability of hoisting rope and handling technique for human use
e Special probtlems peculiar to flywheels

e Reliability of safety critical components (motors, drives, vacuum
pump, etc.)

Clutch &nd brake heat dissipation

Functional suitability of safety devices such as fail safe brake
application and control fail-gafe rmodea

Structural integrity of installation in aircraft

Effects on stability and contrcl of the aircraft

8-4
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Simulation Test Plans

Plans for design and fabrication of special eguipment will be executed for test
program simulasing the function of the selected heist concept.

Simulation Test

A test will be conducted, simulating the geometry, speeds, and loads of the
selected preliminary design, to verify the suitability of the chosen hoisting
material and method over the prescribed hoict line replacement life, Relia-
bility will be evaluated through a2 complete spectrum of hoisting conditions
including: with full load and unloaded; at full and low speed; under empty,

partly reeled and fully reeled conditions; and, with changes of pace at full

acceleration rates. Sufficient cycles will be executed to establish abrasion

resistance, durability, and .ack of degradation with use.

Evaluation will be made of the selected rope pulling technique, means of
level winding on storage reel, and the suitability of the rope for high speed
reeling. Bending characteristics of the hoisting material will be verified.

The use of the descent drivs arrangement at high speed will be included.

Prototype Layout

Layouts will be made of the selected hoist design. Vendor designs ill oe

reviewed for component selaction. Specifications will be prepared for ea~ly
procurement of fong-lead items. Layoute of coatrol systom and installation
in aircraft will be included.

Phasc 00 Program Plans

Information necessary to establish program plans for Phase III (which will
lead to the military potential avaluation tests, demonstrations, and perform-

ance veritication of the hoist) will bz furnished by the contractor. Firm

8-5
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program plene will be developed for the final detailed design, fabrication,

checkout, and testing (including safety assurance) of a full-size prototype
helicopter hoist aystem suitable for military tests.

LbI i L § i i

TR T

PHASE III -- DESIGN, FABRICATE, AND CHECKOUT MILITARY
PCTENTIAL TEST PROTOTYPE

Phase III will encompass the final design of the prototype hoist, fabrication
of one prototype hoist (with spares), and testing of the prototype hoist, This

phase will begin with the Contracting Officer's Representative approval and
end seven months later,

T FRAAANC LT TR RIS

Test Plans

T,

Plans will be developed for the testing of flywheels and other components.
Such tests wiil include both supplier t<ats an LMSC tests. Any special

3 equipment which may be required will be designed and fabricated. Addi-

‘ tional planning will inciude functional checkoutl of the prototype assembly and

flight safely assurance.

Component Testing

Tests and inspections will be conducted to verify the safety and performance

characteristics of each flywheel. In addition to quality assurance inspaction

and non-destructive testing to verify conforimnity to drawings and specifica-
1 tions, an overspeed epin test at 150 perceant of design speed will be performed.
T Vacuum chamber tests will be conducted tc establish windage losses,

The reliability and functional suitability of other critical components will be
verified by teeting by either LMSC or the supplier. These items include the

two electric motors, bearinge, seals, vacuv~: pump, brake, and clutch.

Ly e
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Prototype Detail Design

Weight and structural analysis and detail drawinga of the hoist prototype
layout will be made.

Fabrication

One prototype hielicopter hoist, together with spares, will be fabricated and
asgsembled. The quantity and types of spares shall be approved by the Con-
tracting Officer's Representative.

Hoist Assembly Tests

Checkout of completed hoist assembly anc its components, under no load,
load, and overload conditions, will be foilowed by functicral tests simulat-
ing a full spectrum of operations. Both manual and automatic modes will

be included, and failure mcdes simulated to checkout safety devices. Suf-
ficient height will be provided to allow both acceleration to, and decelera-
tion from, full speed. Particular emphasis wiil be given to brake and clutch
performance after repeated cycles,

Flight Safety Assurance Test

Structural integrity of the attachment of the hoist assembly in an Army fur-
nished aircraft will be evaluated. Sufficient tests wiil be performed to
assure that operation of the hoist will not cause the stability and control
limitations of the aircraft to be exceeded. Moments generated by gyroscopic

precession, lateral unbalance, and dynamic loads will be included.

A functional checkout of the boom extension-retraction system will be made.
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Documentation

Brief narrative-type progress/ststus reports will be presented each month.
A final report at the end of Phage III will present test resuits and conclu-
asicas and recommend further activities for military potential evaluaticn.
Preliminary operating and maintenance instructions will be included. The
contractor will also prepare and deliver a final briefing to the Government

covering the results, conclusions, and recommendations derived from the
contract work,

8-8
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Section 9
CONCLUSIONS AND RECOMMENDATIONS

ket

The overall conclusion of the flywheel-powered High Performance Rescue

Gl il X

Hoist Feasibility Study is that flywheel energy storage will provide the power

requirements easily permitting a five-fold improvement in lifting speed over

é the present U. S. Army inventory hoist. Although the specific energy of
candidate flywheels studied are not sufficient to make a flywheel-only hoist
3 practical, a flywheel/motor combination will permit the design cf a High
Performance Helicopter Rescue Hoist without impasing additicnal power

L drain upon the helicopter than the existing hoist system

Specific conclusions and recommendations are as follows:

(1) A flywheel/electric motor combination provides the most efficient,
lightweight method of providing lai.e amounts of power necessary
in performing high speed rescue hoist operations. A 73.5 w-hr
capacity flywheel operated through a 2:1 speed range and contin-
ually charged by a 2. 0 hp d. c. motor provides enough energy to
handle the hoisting requirements encountered in the field at speeds
in excess of five times that of the present hoist system,

(2) A typical hoist rescue,mission scenario (for design) consists of
lifting six 200-1b loads followed by a 600-1b lozd, all in rapid suc-
cesuion to a height of 210 ft (total weight 1, 300 ib) at lifting speeds
of 500 ft/min.

(3) The 500 ft per min. lift rate is compatible with the advancement in
the ''state-of-the-art" sought at this time. Additional increase in
speed should be considered in the next generation high speed res-

; cue hoist along with improvements in the man-machine rescue
systern.
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(4)
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Commautation apaed limits of d.c. motors preclude direct motor
drive of the flywheel ai its optimal rpszd. A simple spur gear

speed increaser for increascd shaft speed is the most direct light-~

weight design for connecting motor to filywheel.

The slip clutch power transmission zystem offers the simplest,
lightweight means of ccanecting flywheel power to the hoisting
mechanizm. Hydraulic actuation with electronic controls especi-
aily suited to the slip ciutch is within the state-of-the-art and
readily adaptable to the heist control requirements,

The optimum flywheel geometry is a modified exponen:ial or
conical disc,

The optimum flywheel material is comrnon high-strength steel
such as AISI 4340,

ne design of steel disc flywheels is simple and straight-forward,

and performance is highly predictable, Manufacturing, inspection,
and test techniques are well established for similar hardware such

as turbine rotors.

Gyrodvnamic effects of the flywheel on the control of the helicopter

is negligibie.

Design of flywheel with adegquate safety margins will preclude fly-
wheel destruction from zatative forces.

Plastic braided rope haz many properties making it the prime
candidate for use on the high speed rescue hoist.

Additional studies and texts are recommended to verify and aug-
mant the findings on rope characteristics and rope handling tech-
niquzs of this program.

Progrem pians for the development and test of & High Performance Hali-
copter Rescue Hoist are given in Section 8, Future Program Plang.
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Appendix Al
FLYWHEEL WINDAGE LOSSES

For loss, in terms of steady-stage windage:

P o'a N 2'8

hp = 0.006 (1 +32) () = (Roy*- & (w02

whare:
t = Flywheel tip thickness = 0,343 in,
R = Flywheel outer radius = 6.0 in,
P = Flywheel housing press. = 0.0%7 psia
T = Flywheel houeing air temperature = 520°R
N = Flywhee! rotational speed = {(N) rpm
At = Alr viscosity = 0. 0431 lb/hr-ft

hp = 0.u06 (1 +2.3:::0.343)(0.697)0.8(_‘!:_‘)2.8

hp = 19.25 (—)%8 x 107
10

Losses for various spaeds are tabulated below:

N RPM (5 4)%-8 HP Loes

32, 000 26 0. 500

28, 000 17.8 0. 342

24, 000 11.6 0.223

20, 650 5.95 | 8.134

16, 060 5.73 0. 072
Al-l

{6.0)% © (0. 0431)°-2
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L‘* Evaluating the effects of varying pressures at 28, 000 rpm:
f hp = ¢ P8 < g 342
E 0. 542 0. 342 )
1 C . = - 8 Z. 22
: (©. {)97)5' 3 [ L.~ S
;
vi Losses for pressure levels 0 - 30 mm Hg are tabulated below:
. Pressure 0.8
: HP

Hg PPSIA P

&
) 0 0 0
) 0.097 0.154 0. 342

10 0.193 0.268 0. 594
: is 0.290 0.371 0.823
20 0.386 C. 467 1,035
3 ’ 30 0. 580 0. 647 1.435
;

Al-2
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Appendizx A2
FLYWHEEL BEARING CALCULATIONS

Principal bearing loads consist of centrifugal force and precession loads.

For centrifugal force loads (CF'):

Zhostipns

Data

2.4

r = displacement of CG, 16.7 x 10~° £t (0. 0002 in.)
Flywheel weight, W = 13,501b

Clubdiatie Me AL w2hs

Speed, N = 28,000 rpm, N® = 7.84 x 10%
Calculationa‘
i CF = 3.41 x 1074 wr N°

(3.41 x 107%) (13. 5) (16.7 x 10~6) (N2)
7.68 x 10-8 N2

(7.68 x 10°8) (7, 81 x 108)

60.2 1b

AT At TV RIS T T NVEAY

For precessional torque load, Tp:

3 . Tp = Iowﬂ
Data
I, = 0.045 ft-1b nec’
w = Flywheel operating spsed, rad/sec = 2,930 rad/sec
N =

Precesvional rotative speed, rad/sec = 0.0 rad/sec

Calculations

Tp = 0.045x2,930x 1.0 = 132 £ft-1b

A2-1
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3 Tp for various precession rates are tabulated below:

, Rad/Sec

1 N w 1.5 1.0 0.8 0.6 0.4 0.2

. RPM Rad/Sec Precession Torque, ft-1b

16, 060 1,675 113 75 §C 45 30 15
20, 000 2,090 140 9 75 56 38 19
24,000 2,510 170 113 90 68 45 23
28,000 2,930 198 132 105 80 53 27
32,000 3,350 226 150 120 920 60 30

Flywheel Assembly Bearing Life Analysis

TR P

g4

The on rating for the bearing is calculated as iollows:

_ 50,000 (®B)°

*Lyo = N ORg

papatal)

] where

N = rpm

basic radisal load rating at 33-1/3 rpm
equivalent radial load

life (hr)

v
"

o

The equivalent LIO life of a bearing subject to varying speeds for varying
times can be determined by the formula:
I

1, =

o

P Py
st
L "L In

[

*L, . . life is defined as the number of hours (st some given constant speed
u%r? load) that 90 percent of a group of bearings will complete or exceed
before the first evidence of fatigue develops. Average life is approximataly
five times the Ll 0 life as presently determined (10).
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where

T r
W on

equivalent hours of LlO life
portions of time expressed as a decimal fraction of time that

load and speed are in effect

i

LMSC-D267477

calculated life of each bearing 2t each 16ad and speed

Combining the steady centrifugally induced loads with the precession forces
life for each condition results in the L 10 lives are

and calcuhtinq the Ll

as shown below:

0

Normal

Gyro Total Theoretical
Percent Loading Induced Loads Lafe - L,
Cond. of Time Radial Loads Radial {Hr)
1 0. 0001 36.8 594 630.8 24
2 0. 0005 36.8 396 432.9 74
3 0. 005 36.8 316 352.9 132
4 0. 025 36.8 238 274.9 292
5 0.033 36.8 159 195.9 810
6 0. 055 36.8 79.5 116.4 3,690
7 0.88 36.8 - 36.85 120, 000
Combined L, , bearing life for duty cycle = 7,000 hr
Bearing Drag Lose Calculation
Bearing Data
Brg 9104 (20 x 42 x 14)
Contact angle = 12 deg
Rotational spead = 28, 000 zpm
Friction - 2/3 , 3
Torque = 0. 083 flpndm +1,183x 10 £, {(vN) dm (Ref. 10, pg 46)

Torque

= 0,012 in. 1b

hp loss = (0. 012)(28, 000) _

A2.3

0. 00534 hp/brg

Friction = (0.083){(0.000018)(36.8)(1.22) + 1.183 x 10-6(1. 5)(3, 700)(1. 8)

ikl
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Appendix A3
FLYWHEE]L CHAMBER VACUUM PUMP REQUIREMENTS

Size Calculations:

Data

Chamber vol., V = 0,014 £

Ambient pressure, P, = 760 mm Hg
Chamber pressure, P, = 5mm Hg

Pump down time, AT = 0.5 min,

Outgassing load, Qo = Assume 0.1 Torr cfm (see Fig. A3.])
Leakage load, QL = 15.2 Torr-cfm

Conductance = 1, 000 (see Fig, A3-2)

Calculations
Pump capazity:
cfm (load) = 2.3 v joq ), Stoy
aT "P'z" "'!52""'"'"

553 (0. 014) 104 G ¢ LLtisz

= 0,14 + 3,06 = 3.20 cfm

Since condustance is negligidla, pump capacity = pump load = 3,20 cfm

Pump power requirements (from Fig. A3-3);

Power consumption = Q0,17 w-hr/£t3
\
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Oa—TEMON (AS RECEVED)

R ST P PR B BLA

. RS S 1 5
L -\

. L COPPER (24-HR
AT 95% HUMIDITY)

BRASS (24-HR ?
AT mummmf

o ©

1 B R RARLL]

NOTE:

THE FOUR ENCIRCLED DATA

L. POINTS ARE FOR CORRESPONDING
MATIRIALS TESTED ON CONTRACT
DA-42-146-XZ~492 FOR OPERATION

= A=7 OF "PHASE | TECHNICAL KEPORT,
= VACUUM PIFING SYSTEM STUDY,®
. LMSC~668690, DATED 4 FED 1966

| OTHER PLOTTED FOINTS ARE HANDBOOK
DATA, OR FROM THE LITERATURE,

comu—-g\_ e

] ) W:

-4 MBI g ocaaul 1

0.1 S R
. TIME OHR)

Fig. A3-1 Outgassing Rate Comparison

A3-2




R, AT TSR ST I R TR IR S

SITTTINTIRTINTEN
i

LMSC-D267477
e ¥ = ‘
£ g8 F !
; = F @
o T |
gﬁf
i g% 1® =
: Zs F
] ; gé—-. N
. A [T
S o%% |
! %3 0
P ad - ‘
: w -
Q%
i (-4 ot
; 25
)
] 1ol

-
<c,
o

NOTE: LO

. INLETS IMPOSE APPRECIABLE
ENTRANCE 'MPEDANCES FOR
SHORT (I/D < 50) PIPES, AND
SUCH END EFFECTS ARE N~
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PARAMETRIC CURVES BELOW,
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1 5 w » TAPERED PIPE CONCAICTAINCE 1
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w5 DIAMETER | CVLIN, PIPE i
Og 107 = RATIO*  |CONDUCIANCE {
gz F MIN /AVERAGE |  MULTIPLIER :
o == - '}‘
5'5 104 - !
2% - ’
5% . F ' :
i = 3 - M é
3 8 ;o : . %
; o
9 -
[ 3
at
<
&
R

0.050 6.0!
0.075 0.42
G.10 J9.04
020 0.13 ¢
0.25 0.1 3
0.3 0.26 B
. 102 0.40 0.41 3
0.50 0.5
8 | |
10’ 0.80 0.92
THE TABULATED CONDUCTANCE -5 9.9 3
0 MULTIPLIERS RELATE TO THE : : %
10 TAPERED PIPE SHAPE OF A RIGHT ‘
CIRCULAR FRUSTRUM OF A CONE. “AVERAGE DIAMETER IS :
' ® +0 %
‘0.‘ J l l M‘N. MAX.

Fig. A3-2 Improved Method for Determining Vacuum
Pipe Flow Coaductance
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Since:

3.20 cpm x 60 = 192 cth
3
192%; x 9_-_1‘7_8.‘.”.:*.‘5 = 32.6 waits

For hp:

32.6 w xl.34l£—2 x 1073 = 0.044 hp

Pump efficiency is approximately 20 percant due to low working prescure.

Power load is %—%%?- = 0.22 hp

Power requirements for chamber pressure ranging to 30 mm Hg are tabu-
lated below:

P2 -;l Lg-:-l— 0. 063 Lg;}_ Ll

mm Hg 2 2 2 2 CFM  HP
; 1520 2.18 0.138 3.06 3.20 0.22
10 76.0 1.88 0.119 1.5 1.65  0.112
15 50. 6 1.71 0.108 1.0z 1.13 0,077
20 33. 0 1.58 0.100 0.76 0.8  0.059
30 25.3 1.40 0. 089 0.51  0.60  0.041

VACUUM PUMP VERIFICATION TESTS

Test Objective

The test objective was ta determine the suitability of & gerotor-type oil pump
for use as a vacuum pump on high-speed flywheel applications. The test
setup for this test is shown by Fig., A3-4 (pump test setup).
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Test Procedure

The pump wes tested in three different configurations to determire its best

arrangement for use &8s a vacuum pump. The configurations are as follows:

¢ Test 1 coneisted of using one element as & vacuurn pump and the
second element as & scavenge pump.

o Test 2 consisted of using both elements as a vacuum pump and lub-
ricating the pump with an oil reservoir which was attached to the
discharg= port.

¢ Test 3 consisted of using cne element as a vacuum pump and remov-

ing the other element. Lubrication was accomplished in the same way
as in Test 2.

Test Results

Test results are shown in Tables A3-1, A3-2, and A3-3, and the pump flow
curve is shown in Fig, A3-5.

Conclusions

Test results show the pump to be suited to the flywheel system for the fol-
lowing reasons:

e Pump downtime to a useful vacuum level never exceeded 25 sec.
A typical pump downtime curve is plotted in Fig. A3-5.

¢ The pump is capable of pumping down and holding air pressure
levels below 5 mm Hg.
Configuration 1 provides the highest vacuum producing capability.
Temperature atabilized at acceptable ievels for all configurations.

A3-7 g
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; Table A3-1
f VACUUM PUMP TEST |
3 Date 1/20/72 ‘Recorder M. Helvey
, Witness R. Ruth
Type of Pump ___Gerotor Scavenge Pump |
Pump Identification GC 736 M
Pump Configuration 1 Element Oil Pump_ ‘
1 Element Vacuum Pump
; Vacuum Chamber Volume 108 in.3
3 ¥
' Ambicnt Pressure 29.92 psi
Ambient Temporature 68°F
Pump Speed (rpm) ot
Itera 5,200 6,000 - 7,000 8,000
Pumpdown .
Tims 35 40 40 ‘30
(sec)
E
: Minimum _ 1
I*'ressuzre :
Attained 1.9 2.8 2.2 5,1
{(mm Hg)
Pump .
Housing N - o
Temperature 160 178 17.5 , 215
" '
Torque " Off Seale;
(in, -oz}) ‘Test Satup Hecords only up to 100,00 in, ~ox
| g
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Table A3-2
§ VACUUM PUMP TEST 2
2
4 g Date __ 1/20/72 Recorder M. Helvey
& Witneas R. Ruth
Type of Pump Cerotor Scavenge Pump
ot .
A Pump Ideatification P/NGC 436 M
z Purap Corfiguration Both Eloments Vacuum Pump
; \ ; ¢
’g ¥ Vacuum Chamber Volume 108 in.3 f
T
' 1 Arnbient Pressars 29.92 psi
Ambicnt Temperature 68°F
‘ Pump Speed (rpm)
Item 5,200 6,000 7,000 8,000
: ' Pumpdown . J
Time 37 32 20 17.6
(sec)
g Minimum
Preasure . -
Atu‘imd 170 9 21. 0 95. o &Jo. 0 '
(mm 1Ig) !
) Puinp ’
tlousing
‘Temperaturo 148 180 210 210
(°F)
Torque
(in. -oz) £3.02 79.02 66.70 57.40
Borsepower {0.48 (0.47) - 0.464 . G.455
A3-9
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Table A3-3
VACUUM PUMP TEST 3

LMSC-D267477

Recorder M, Heiyey

Witness R, Ruth
Type of Pump _____ Gerofor feavange Pump
Pump Kkientification P/N GC 436 M
Pump Configuration 1 Element Vacuum Pump
1 Eisment Removed
Vacuum Q!mmber Volume 108 )',n.z
Ambicnt Presgure 29.92 psi
Ambient Temperature G6E°F
Pump Speed (rpm)
itam 5,200 8,000 7,000 8,000
Pumpdown
‘'ime 31 25 20 39
(sec)
Minimam
Pressure
Attained 9.5 A 39 30
(ram Hg)
Pump
ffousing
Temporature 140 1568 160 ) 210
(°F)
Torque 46.0 L7 | 405 31,7
{in. -0z)
llorsepower {0.237) (0.248) 6.281 (0. 252)
A3-10
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Appendix A4
GEAR ANALYSIS — FIRST REDUCTION STAGE

Gear Data
Ratio = 2:1
P, = 19 F = 0.38
= 1 =
Np 9 N8 38
dp = 1,00 D8 = 2.0
n, = 28,000 rpm n8 = 14, 000 rpm
J = 0.32 for ¢ = 20°

The allowable power formula for a gearset based on tooth strength is:

n dFJS K K
Pat = * . RRoRRKEK, (Ret 1)
a ’ d o 'm s t'r

where

pat = power, hp

n P = pinion speed, rpm Kl = life factor = 1.0
d = pinion oper. pitch K o = overload factor = 1.0
diam., in. K_ = load dist. factor = 1.25
F ={face width m
K. = tooth size factor = 1.0
J = tooth geometry factor = 0.32 K, =temp. factor = 1.0
_ It - . - .
Sat = allowable stress = 33, 000 psi K:r = safety factor = 1.5

P d diametral pitch
Kv = velocity factor = 1.0

Then
p -28,000x1.0x0.38 x J x 33, 000 1.0x 1.0 L 35h
at = 125,000 x 19 " TO0x. 3 x.0xI.0xTI.5 " p

A4-1
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The allowable power formula for a gearset based on surface durability is:
n F 1C, S d C

c 2
P = p ac 1 ~h
ac 1¢6,000 - T C _C.T Cp . Ct Cr {Ref. 14)

s m f o

where
pac = power, hp Co = overload factor = 1.0
n p = pinion speed, rpm C1 = life factor = 1.0
F = face width, in. Ch = hardness factor = 1.0
I = tocth geometry factor = 0.104 C_ = matsrial factor = 2,300
C, = velocity factor = 1.0 Ct = temp. factor = 1.0
Cs = tooth size factor = 1.0 Cr = reliability factor = 1.25
C__ = mounting factor = 1.3 S_ = allowable contact stress
m = 110, 000 psi
Cf = surface condition factor = 1.0 ' P
d = pinion pitch ‘am. = 1.00
Then
p .28,0000.38) _ 0.104x1i 110,000 x? 1.9x1.01%
ac 126,000 IxT3xIxT * 2,300 *T.O0xI.25

= 15,2 hp Marginal Design

Redesign using hardened, ground gears with sac equal to 189, J0O psi (Rc 55
min) (ref. 14), pac then becomes:
2

P, =15.2(
c

180, 000
a 110,000

) =40.4hp

Smaller gearsets are possible to carry the required nominal maximum power
requirement of 26 hp. Howuver, sizes of other componenis such as motors,
clutches, flywheel, brake. etc. determine minimum center distances, thereby
governing pitch diameters. Select face widths to suit the power requirements
without going to impractically thin geara.

A4-2
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Appendix AS
FLYWHEEL CRITICAL SPEED ANALYSIS

Brg. locations Flywheel Data
S Wt = 13,50
g Material Steel:
i 1. GO diam. E = 30x10°
g I = 0.0491
I E 1.50 M= 22220 - 0.3
y g s = critical speed, rad/sec
y 3EI _ 3 x 30 x 10° x 0. 0491
] k = g = 7
: £ (1.5)
? ié = 1.3 x 106 1b/in, (one side)
= r
; :
E P Assuming support bearing and housing stiffness to be 1 x 106 1b/in., stiffness
f at each bearing is:
S ks 1 ! = ! = 0.51 x 16° Ib/in,

. 1 ) T T
L3 Y T.30% x 106 T x Yoo

Ky = 2xk = 1, 02 (for both bearings)

The critical speed formula is:

K
T
w=/—1r

where
&) = critical speed, rad/sec
k,r = spring rate of supporting structure, {lﬁl

2
M mags of flywheel y—’h—'-?i
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Then

6
= X1 o 5,380 rad/sec

or
51,400 rev/min.

A5-2
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Appendix B
EVALUATION TESTS
CANDIDATE HOIST CABLE PROPERTIES

TEST PROGRAM DESCRIPTION

An extensive study and test program was conducted to evaluate candidate
lifting materials other than the conventional wire rope. Materials and con-
figurations considered provided certain advontages to the High Performance Hoist

design concept which made an investigation into their properties necessary.

Properties investigated were:

Elongaticn

Permanent deformation
Breaking strength
Damping characteristics

Self-level winding capabilities

© 0 © 0 O ¢

Abrasion resistance

Two plastic rope types and one swaged wire cabie were compared with the
conventional 19 x 7 CRES non-rotating wire cable (MIX.-W-83140). One cf

the plastic rope types called Samson & in 1 stable braic< has a polypropylene
inner braid and a polyester outer braid; the other plastic rope type considered
was webbing of a polyester material, the wire cable considered wag an Amer-
ican Chain & Cable Co. manufactured 19 x 7 swaged CRES c~ble of 0. 208 diam.

Elongation values were obtained by measuring the change in gage length of
each specimen ae a tensile load was applied., The property of a parmanent

deformation was noted by the amount of set the rope had after load was
released.
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In the same test manner the ropes were loaded until failure occurred; this
value is the breaking strength of the material. (See Fig. B-1.) Two _candi-
dates, the plastic braid and t..: wire rope, failed at the manufacturer's
stated value; however, the polyester webbing sustained an overload of 25
percent without failing. This overload was at the test machine's load limit

so it was not possible to break the specimen with the available equipment.

Damping characteristics were investigated in a quantitative manner, here
again, compared to the conventional wire rope. For this series of tests
approximately 75 ft of rope was attached to a hoist and used to lift a weight
of 217 Ib. This weight was then torsionally rotated a preset number of turns
and released. Time and oscillations were observed as the load came to zero
test position. This gave information of the rope's torsional stiffness. To
evaluate the longitudinal (axial) stiffness a weight was manually lifted and
released; the time to come to rest was a measure of stiffness in the longi-

tudinal direction. These stiffness tests were then reported with human
subjects,

High speed tests were run on the Breeze hoist to determine the character-
istics of the capstan type drive at high line speeds. A 'Vari:drive" unit was
substituted for the existing hoist drive motor, which provided a speed capa-
bility equivalent to over 500 ft/min. line speed. {See Fig. B-2.)

Self-level wind ability was determined for the pilastic braid rope and the
wire cable, The webbing material was not tested since the design concept
for this material did not require it to have level-wind capability. The
method used to evaluate the rope's self-level wind capability was to pull the

rope with a powered sheave over a fairlead pulley against a constant load.

It was possible to vary the sheave speed up to a rope apeed of I, 000 fpm; the
flange spacing of the sheave was also adjustable to 6 in. By providing for
adjustable center-distance spacing of the fairlead pull:y, fleet angles could
be changed to accommodate the winding characteristics of each candidate

rope. Constant load source for the test was provided by pulling against the ‘

B-2
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Fig. B-1 Rope Break Test Set Up
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rolling resistance of a 2-1/2-ton truck. (See Figs. B8-3 and B-4,) Precau-
tions were taken to keep the road surface clean allowing a upiform rolling
triction coefficient. Observations during tests showed the rolling resistance

peaked at 600 - 1, 100 1b during initial acceleration, then leveled off at 200 -
500 Ib during the run.

The test setup used ro evaluate self-lavel wind characteristics was alsc used
to assess the property of abrasion resistance of the plastic braided rope.
During early stages of testing it becaine evident the plastic braid had infer-
ior abrasion resistance. To find mears of improving abrasion resistance
two cover materials were tried. These materials, in the liquid form, were

applied to lengths of plastic braid and subjected to the same use profile as an
untreated length. Coatings used were:

o A polyurethane clear fabric impregnant
Chemglaze Z003

Hughson Chemical Co., L.os Angeles, California
o A neoprene rubber-like coating

Hi-ten N-55 neoprene coating

Gaco Western, San Mate . California
An zdditional parameter investigated at this time is tiie possibility of degraded

breaking strength due to the coating applied. For this, select lengths of coated
braid were retested for breaking strength,

RESULTS
Eion gat:._i_._o_x_i

The clongation of each candidate rope is shown in the following tabulation:
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Elongation
in. /lb “0-6'
Material T, (P
‘Wire Rope (present) 6.25
Wire Rope (swaged) 5.12
. Plastic Rope 114.2
W ebbing 95.9

Permanent Deformation

An attempt was made to cbserve any possible permanent deformation of the
materials,tested. Eazch specimen was loaded to 1, 000 1b and held there for
approximately 30 min., at which time the load was released. This left a
i deformation in the plastic braid and webbing of 0.25 in. The wire rope had
l no rmeasyrable deformation. After 3 hours the candidate ropes were mec-
sured agein and found to have returned to the original length.

Raiis ¥ S Ak g i o Ly TP T g R i prat e B

s s

Breaking Str enﬂl_\_

O PP v

Pull tests performed on each of the candidate ropes are tabulated beloxw. .
Tests were run with the plastic braid with no coating and with polyurzthane

and neoprene coated samples.

B s bty

Material Breaking Strength, 1b

Wire Rope - 3/16 diam. _ 3,700
Wire Ropc Swaged - 0,208 diam, ' Over 4, 000
Plastic Braid - 5716 diam,

(a) Uncoated . 2,500

(o) Polyurethane 1,500 - 2,300%
' (c) Neoprens 1,800 - 2,200%
Webbing Excaeded 4, 000 (the capabil-

ity of tha test setup)

*These pull tests were performed on ccated samples that had undes -
gone ten cycles of self<level wind tests for abrasion resistance
dcterminations.,

= - Tl madilacta . 20 sl S
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The variation in breaking atrengths was due to the rope failing at the entrance
to the test fixture; with the snubbing type fixture used (Fig. B-1), as the

rope is pulled in tension, it tightens on a drum and puts the rope fibers con-

tacting the drum in compression. The uncoated rope is free to flow and

move oway frem this compressive load while ti:e coated rope is more resis-
tant to this relieving capacity.

Examination at the point of failure showed the
compressive mode of failure,

An additional pull test performad on the plastic braid served to answer the
question of '"how many cut braids would induce failure?r,
mination several samples were pull-tested.
the second, four, and =0 on.
at 2,200 1b.

For this deter-
The first had two cut braids;
Rope failure due to eight cut braids occurred

It should be noted that all all but ore test the failures occurred only to the

outer braid coverings. The inner braided core held at about 1, 000 1b after

rupture of the braided cover,

This includes the condition of reducing rope
strength by cutting the braids.

Damping Characteriatics

The property of damping is an important characteristic to have in a rope

being used in a2 helicopter hoist. Its importance stems from the fact th-t

rotating ropes tend to ""blossom" or increase in their cuter diameter. This
can be a problem if fairleads are designed to only accept fixed diameter
ropes. Also, in this helicopter hoisting application the downwash acting on

the injured person being lifted can twirl the body aerodynamically.

This
can be resisted using a heavily damped rope,
!

The results of the torsional damping test- ‘-vlicated the plastic braid rope
had slightly better damping characterist.c. ..a

the awaged wire cable and
much hetter than the conventional wire cat’

For example, the loaded
samples were wound five times, then released, and the overtravel turns

B-9
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noted; this was done in both directions. The plastic rope overtraveled 1-3/4
turns, the swaged wire cable overtraveled two turns, and the conventional
wire cable overtraveled three turns; with & 10 turn windup, the plastic rope

overtraveled 3-1/2 turns and the conventional wire rope overtraveled seven
turns,

High Speed Capstan Tests

The results of the tests are shown in the table below:

PSR YT

3 Test Speed Load
3 Run (RPM) (Lb) Remarks
#i 5,250 50-100 Fairly even level wind
#2 8, 000 75-150 Good level wird
#3 12, 000 100 Slight bunching in center
: #4 16, 000 100-200 Poor level wind - bunching in
center
#s 2,000 100-200  Same as #4
'E #6 25,200  100-200 1:::: level wind - bunching up on

The results of the tests indicate the capstan type drive continues to function
at the higher line speeds; however, the level wind on the storage drum was
affected by the speed. The cable tended to bunch up in the middle or on one
side at the higher line speeds; however, when the cable was wound off the
storage drum, it came off in a satisfactory manner.

Selfi-Level Wind Capabilities

This characteristic was investigated to determine if proposed simplifications
of present helicopter hoists could be realized. The hoist now in use incor-
porates a powered capstan for pulling up the load and & level wind mechanism
to feed the wire rope into a storage drum, New design medifications are
intended to do away with the capstan and level-wind mechanism.

B-10
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The plastic rope, the swagad wire cable, and the conventional wire cable

were tested to determine the level wind capability of each type. The tests

were performed varying the sheave flange width, center distance to fairlead
sheave, and reel-in speed. For the anticipated hoist design constraints, the
plastic rope showed good level wind characteristics, the swaged wire cable
had slightly less favorable characteristics, and the conventional wire cable
has the worst properties.

Table B-1 showas the results of the level wind
tests.

The compliance of the plastic braid was a benefit to its level-wind ability

in this particular test setup. Because of the manner used to apply load

the compliant braid damped cut load fluctuations. It was noted during test-

ing the wire rope would tension up then go slack, thus producing an erratic

level wind due to the pulsating winding tension. It ie felt that the wire rope

would exhibit a better tendency to level wind if it was pulling against a more
constant load, that of gravity,

Abrasion Resistance

It was noted early in the test program that the candidate material would have

to have good abrasion resistance properties. While performing the level-

wind tests, note of the braid condition was made and, as suspected in this

particular environment, the wire rope was superior to the plastic braid.

Two cover compounds were obtained that could be applied to the braid in an

effort to improve its abrasion resistance. These were applied by hand and

ag a consequence were not uniform over the surface. Identical runs were

made with coated and uncoated yacht braid. Coating is a definite aid to the
abrasion resistance of the material.

Two coating materials were tried; one a ciear polyurethane, the other a grey
rubberized neoprene. Only the polyurethane caus=d a problem. That was,
during unwinding the polycoated braid had a tendency te jam in the lay and

B-11

I




MRS - j
. 4 . L] M
3
o~ :
™~ 4
Aa
4
N
0
Q ;
g pooD  p/g-| 14 € 00§ 006 02 “
(01-€ pue 4-g -s81y)
-
Burpmouzo Iyfys ‘poon z/1-7 € € 009 006 61
zood 2/1-¢ 2 € 00¢ 008 81
PooB L33 /(-1 ¥ 4 009 000 ‘1 L1 .
PoOoD z/1-1 € 2 009  0S0°r1 91 ?1qeD
Burpmoxo 3yBue ‘poon z/i-g 2 (4 0S¥ 006 ST SEYD pafemg osoy
pPood p/g-1 ¥ € 0s¥ 009 14!
(8-g ‘B1q) poon z/1-2 € € 0s9 059 €1
1 Buipmoad 3yBis ‘pood z/1-¢ 2 3 00L s 2t .
4 SP18 3uo papmoId ‘pooD z/i-g 4 12 00L 0SL Tt
: (L-g B13) ~
] 9PI8 SUO papmoId ‘aTRg H/i-¢ € 14 052 009 (0} -
SPIG U0 popmoId ‘IrRy H/c-b (A ¥ 002 059 6 M
: 9PIS 3uo0 papmoad ‘areq € 14 s 008 002 8
3 WPIA (M7 ([1F j0U PYp ‘Ireg ¥ € S 0S¥ 059 L 2qeIs [ ur 2 :
: WPIA “ur  ATuo pesn ‘poon 9 2 S 059 00L 9 pu®Ig uosureg ]
9PIS U0 pIpmoad ‘Ired H/c-1| 4 € 00§ 008 S W
E OPIS 3UuO pIpMoOId ‘Ired Z/[-7 € 3 0S¥  001°T 4
: (9-g ‘813) pood /1-7 b 4 029 008 €
.. PULAYN WO YOM3s ‘Ired z/(-T € 2 o¥F  osL ¢ TWemp9r/exgyxy
. (s-g *B13) 9doy oa1y
9P18 SUO popmold ‘zood z/1-7 2 2 0¥%  001°T 1 19915 ssaquimg
(83p) (33) (‘ur)  (wdy) (@)  *oN m
. sImsoy °18uy  19jusp WPIM  poads  proT  uny Terzagepy ;
3 19914 pedrateg a8uery adoy yeag U
3 LSAL ONIM TIAZT-ITES JO SILINSTY ;
m -9 21qey
W

&

oI AL
1
i
I




T

PO, TR

LMSC-D267477

, 19 x 7 Wire Rope, 2.5° Fleet Angle
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began to reverse wind. Once, a force of lees than 5 1b wasg reguired tn

unjam it; the second time, approximately 10 1b were necessary, This

cculd present 2 problem in reeling out unless the hook load was more than

10 1b or the traction sheave kept the neccessary tension nn the line as it was

reeled out. Resuits also indicate that a drum with & large radius at its

flange baze would resist "'diving" of the rope as it winds on the drum. This

jamming ‘endency was nct observed with the rubberized neoprene coated
braid.

Physical Properties

The maximum load to be hoisted will be 600 1b; thercfore, the minimum

breaking steength of the hoisting rope is 2,600 1b. This requires 5/16 in.

diam. »listic rope which weighs 3 1b/ft, or 3/16 in. diam. wire cable which

weighs 6.5 1b/ft. Thus, the plastic rope will take more volume.

The cost of the plastic braid at retail prices is 17 cents/ft on 300 ft lengths

while the wire rope costs approximately 34 cents/ft,

Field reports have indicated that the failure of the guillotinc to operate when

required has created serious proble.nz during missions. The plastic yope

has an advantage over the wire cable in that the rope couid be readily severed

with a knife while the wire cable cculd not,
CONCLUSIONS

res~’ts of the tests indicate that both the plastic braided rope and the

wire cable have desirable properties which make them candidates
ce the present 19 x 7 CRES non-rotating wire cable.

The self-level wind characteristics ¢f both candidatcs were detter than those

of the present cable; however, tae plastic rope showed better characteristics
than the swaged cable at the larger flest angles.
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The damping characteristice of the plastic rope and swaged wire cable were
very similar; both were better than those of the present wire cable.

The elongation of the plastic rope was 7 percent; the wire cable elongation
was iess than 1 per:ent.

The abrasion resistance of both of the wire cablies is much better than that
of the piastic rope., The uncoated rope had poor abrasion resistance; how-
ever, this property was improved with the use of a solyurethane coa g.
Additional testing should be cdone on the plastic braided rope with the coat-
ing commercial impregnation methods, which would insure more uniformity

of penetration and cutside coating thickness.
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Appendix c . . ‘ ‘

MILITARY CHARACTERISTICS FOR HIGH SPEED
’ UTILITY HELICOPTER HOIST

1. REQUIREMENTS:

a.

il s &

l ) 1 , I ‘
Provide U. S. Army medical evacuation nelicopters with a high

speed method of lifting a patient to the helicopter from areas where a land-

ing cannot be made. !

YT AT T
al

b, Source of Requirement: - '

(1) USARYV Letter, CDCCS-LV, 13 Dec 70, subject: DPSDR for | ;
a Triple Canopy Resupply Sv>tem (TRICARS). Co ‘

(2) FONECON, MAJ Cloke, CDC Medical Service Agency, 4 Aug 71

(3) COL Zhane, CO Aero Medica’l Laboratory, Visit to USALWL,
1 5 Aug 71. _ '

2.

e IXFER Dl

OPERATIONAL AND.ORGANIZATIONAL CONCEPTS:
a. Operational Concept:

Aerc medical evacuation units would use
this device to rapidly lift wounded and injured personnel from the ground
to a helicopter in areas where the helicopter cannot land.

b. Organizational Concepi:

i it

oo 4

It is envisioned that item would be avail-
able to using units through normal supply channels for the class of supp‘y‘

and issue on a one-for-one replacement basis for thé current hoist on the
same basis of issue.

T

3. JUSTIFICATION AND PRIORITY:
a.

b i B e

Reason for the Requirerﬁent: The UH-i Helicopttlar International

Rescue Hoist curzently used to lift personnel to the helicopter in areas

wherc it cannot land operates very slowly and requires the helicopter to

hover for excessive time at an altitude where it is extremely vulnerable to

enemy ground fire and where engine failure could ke disastrous.
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b. Priority for Requirement: This problem is not included in the May
© 197} MACV Significant Problem Areas Report but it meets the criteria for
Priority Croup II.

; 4. CHARACTERISTICS:
a. Physical Characteristics:

; (1) Maximura Num’ er of Major Components in this Unit: (Essential)
4 (Flywheel, motor, drum with cable, and hoist arm assembly)
(2) Maximum Weight: (Essential) 180 1b installed
(3) Cubic Measurements: (Essential) Occupy no more usable

space than that occupied by the present hoist.

(4) Installation: (Essential) Be capable of being installed on exist-
ing mnounting points at the same level of maintenance in the same amour. °f :
time as the present hoist.

(5) Maximum Hoist Power Requirement: {(Essenti’.l) The electrical
energy must be supplied from aircrait engine accessory generator system
and must not exceed the power requirements for the current hoist. 3

(6) Transportability: (Essential) Air

(7) Expendable: (Essential) No

(8) Environmental Requirements: (Essential) Categories 1-8,

AF 70-38,

(9) Compatibility: (Essent‘al) Be capable of being operated on the
YH-1D and UH-1H helicopters; {Desired) the Utility Tactical Transport Air-
craft System (UTTAS).

. (10} Storage (Shelf Life): (Essential) 5 years.
b. Performance Characteristics: (Essential) Have the following v

R A AU Nl S - Vi S,

improved charscteristics without degrading any of the performance charac- ;
teristics of the existing hoist:

(1) Lifting and Lowering Sustained Operaticn Rate: (Essential) Be
capable of operating at all speeds up to its maximum and performing at the 1

following worst case scenarios:
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No. of Hoist Operaticns Hoi
Scenario oiated

200Lb| 400 Lb| 600 Lb} Total (Lb)

A 9 0 0 9 1,800

B 7 1 0 8 1,800

C 6 0 1 7 1,800

D g 2 0 7 1,800

(2) Mission Scenario Time: (Essential) Be capable of performing
the four worst scenarios within the following times (based on the assumptions
/

listed:
Scenario Maximum Time
A 12 Minutes
B 11 Minutes
C 10 Minutes
D 10 Minutes
Assumptions:
A. Dwell Times at Top and Bottom are the following:
) Load Dwell Time
200 1b 0. 25 min,
400 1b 0. 50
600 ib 1.00

B. No Dwell Time is required at top prior to the first or

after the last hoist,

(3) Acceleration/Decsleration: (Essential) Exert not more than a
1 ng' force (32.2 ft/sec on the load being lifted oz lowered).

(4) Misasion Reliability: (Esszential) A mission reliability of 50 per-
cent i8 required; {Degired) 95 percent,

PIw]

System must have a 0.99999 relia-
bility against catastrophic failure during lowering and retrieving of personnel.
c. Maintenance Concept:

(:} (Essential) Only standard Army POL products must be required

for lubrication; (Desired) a lifetime lubrication system should be used.
(2}
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{Essential) The aircraft crewchief must be capable of deter-
mining the state of operational readiness by simple visual inspections and

f
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operational tests, Cable check/preventative maintenance shall be accom-
plished by oiling and cleaning with a rag and looking for broken strands.

{3) (Eseential) Crewchief maintenance must be imple and con-
sist of component part replacement and minor r-pairs without using special
tools.

(4) (Essential) The total maintenance effort must not exceed one
hour of maintenance for each 400 cycles of hoist operation.

d. Human Engineering/Safety Characteristics:

(1) (Essential) Be safe in operation in accordance with AR 385-16,

dated 11 Febdb 67,

(2) (Essential) A visual means wiil be provided te indicate how
much cable is extended.

(3) (Essential) The hoist must automatically slow down and stop
when the cable is fully extended or retracted.

{4) (Essantial) When the cable is retracted, the hoist rnust not
change any of the flight characteristics of the UH-1D/H helicopter on which
it is installed. The aircraft must be capable of limited vertical and hori-
zontal movement with the cable extended.

(5) {(Essentiai) The system will include provisions whereby the
extended cable can be rapidly cut at the helicopter without backlash and/or
unwinding of the cable damaging the aircraft or endangering the crew.

(6) (Essential) When in operation, the loaded system will remain
within the fore, aft, and lateral CG limits of the aircraft on which mourted.

(7) (Desired) A means to lower and raise loads manually will be
provided.,

e. Priority of Characteristics:
(1) Safety (Not change flight characteristics or CGj.
(2) Safety (Cable cutting capability).
(3) Performance (Mission reliability).
{4) Performance (Spced).

(5) Performance (Sustained Operaticn).

(6) Performance (Acceleration/Decelerzation).
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5. PERSONNEL CONSIDERATIONS: Introduction of this item into the

Army inventory will require no additional personnel spaces in TOE of
tactical units,
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