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SUMMARY

Aeromedica]. evaluation of advanced state—of—the-art helicopter personnel
rescue hoists was conducted by the US Army Aeromedical Research Laboratory.
The Western Gear Corporation ’s single speed (125 feet per minute) Type 42277Rl
and two speed (125 feet per minute 600 pound/250 feet per minute 300 pound)
Type 42305Rl and the Breeze Corporation ECP— 720 configuration single speed
(125 feet per minute) hoists were evaluated. Study of aircraft compatibility,
man—machine interface, safety function, and operational mission functions
was conducted. The Western Gear Corporation two speed hoist provided advanced
state—of-the—art operational capabilities and safety features considered to
release the current “life and death” restrictions. Continuous duty cycle,
safety redundancy, modular components, and using unit maintenance and cable
change capabilities were demonstrated to support required operational needs.
Man rating of the two speed Western Gear hoist was accomplished .
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AEROMEDICAL EVALUATION OF UH-i INTERNAL ADVANCED PERSONNEL RESCUE HOISTS
WESTERN GEAR CORPORATION HOIST MODELS 42277Rl AND 42305R1

BREEZE CORPORATION HOIST ECP-720 MODIFICATION

BACKGROUND

The Surgeon General by letter, MEDDD-PA , 21 Nov 62, subject: Request
for Hoisting Device for UH-l B and UH-1D Air Ambulance , stated a requirement
for a hoisti ng devi ce for hel icopter evacuation of patients . As a result
of this requirement, the US Combat Development Coninand Agency prepared a
Small Development Requirement (SDR), 23 Jan 63, entitled “Small Development
Requ i rement for UH-1B and UH-1D Hoist.” While the SDR was being processed ,
the Bel l Helicopter Corporation developed a hoist for use on UH-lB and UM-lE
hel icopters used by the Australian AF and the US Mari nes . Due to structural
difference in the roofs of the UH—l8 and UH-lD helicopters , a modification
was required to install this hoist in UH-1D aircraft. Bell Helicopter
Corporation , however, proposed to design and fabricate a “pl ug in ” type
hoist (quickly installed or removed) which would meet the Army requirements .
Following development of a prototype, the hoist was installed in a UH-lD
helicopter and evaluated by the German Armed Forces) The hoist , manu-
factured by Breeze Corporation , was subsequently accepted and used in the
conflict in the Republic of Vietnam with satisfactory results . Since this
i n i t i a l  use , the joint services have reported accidents involving military
and civilian personnel of both fatal and near fatal injury .

Six seve red cable incidents occurred wi th the USAF UH-1 Internal
Rescue Hoist at Survival School training sites .2 The USAF initiated a
Critical Design Review (CDR) in February 1973. The CDR by the USAF re-
suited in an Engineeri ng Change Proposal (ECP) 720. The US Army Aviation
Systems Coninand (AVSCOM ) also provided a Staff Study of the hoist modifi-
cation. As a result of this study , a Product Improvement Proposal (PIP)
(1-75-Ol -.ll5A) was updated to the USAF ECP-720 configuration .

The USAF has modified only 13 hoists to the ECP-720 configuration .
Of this number four failures have occurred . Three failures were attri-
buted to the level wind mechanism and one failure ascribed to the clutch
assembly. The level wind failures occurred at the low use times of 1.0,
5.5, and 18.7 hours. The clutch assembly failed at 2.3 hours . This re-
liability data and the overhaul time limi t reduction from forty hours to
twenty hours on hoist frame and reduction to five hours for cable replace-
ment indicate failure of expensive modification to provide a “fix ” of
current hoist defects.3

To provide further evaluation of available state-of-the-art develop-
menta l advances in helicopter hoists , the US Army Aeromedical Research
Laboratory (USAARL) provided a “hands on” physioloqic and acceleration
data review of the Lockheed kinetic energy High Performance Hel i copter
Hoist.’. This hoist , however, remains an experimental model and could not
be considered an ininediate solution to the life or death hoist restriction .
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Available “off the shelf” helicopter personnel rescue hoists were obtained
for evaluation of current “state-of-the-art” capabilities . Hoists were
obtained from the Western Gear Corporation and the Breeze Corporation for
aeromedical evaluation .

HOIST DESCRIPTIONS

Western Gear Corporation Hoist

A production model Internal Hel icopter Rescue Hoist was developed by
the Western Gear Corporation (WGC) for the Iranian hel icopter 214 (essen-
tially the UH-1H). To evaluate suitability for the US Army aeromedical
needs , four standard hoists with a maximum retrieval speed of 125 ft/mm ,
part number 42277Rl , and one hoist wi th a maximum speed of 250 ft/mm with
300 pounds and 125 ft/mm with 600 pounds , part number 423O5Rl , have been
procured under DAMD 17-74-C-4ll6 for aeromedical testing by the US Army
Aeromedical Research Laboratory (USAARL). These hoists are electrically
powered wi th electrical/electronic controls. The hoist operator utilizes
a variabl e speed control located in a pendant control grip assembly. A
fixed speed control is available to the pilot at 100% nominal rate. The
WGC hoists have 250 feet of usable cable. The hoist system consists of
six components:

1. Winch assembly.

2. Boom assembly.

3. Boom head with traction sheave assembly.

4. Boom position actuator.

5. Structural support assembly.

6. Control pendant.

The initial two WGC hoists , numbers 131 and 132, Western Gear Hoist
model number 42277Rl, were received 24 June 1975. At this time only 18
hours of operational time had been accumulated by a similar hoist in a
UH-l helicopter at Bell Hel icopter Corporation (BHC) plant.

Breeze Corporation Hoist

The USAF agreed to provide an ECP-720 modifi cation kit to install on
a USAARL provided Breeze hoist. 5 To obtain the ECP-720 modified hoist
for evaluation , USA.ARL was required to return the complete hoist to the
USAF.6

The USAARL Breeze hoist assembly BL-8300-4 was delivered to Breeze
Corporation , Inc., Union , New Jersey, for ECP-72O modification . Upon
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compl etion of the modification kit , the ECP-720 Breeze hoist was desig-
nated as serial number HX00039, Bel l Number 212-070-343-1 , FSN l68ONDO95738
LGA , and returned to USAARL on 20 November 1975.

The ECP-720 Breeze hoist (720 BH) was assembl ed from tne following
components :

Control Box Serial lOl9C RG 1280
Sheave Serial 254C RG 1307
Hoist Serial 29lC RG 1268
Bel l 205-072-311—1 RG 1375
Pendant Control Serial 998C RG 1375
Roller BL 13802 RG 1375

The 720 BH is an electrically powered variable speed control hoist
with the rated capacity to raise or lower 600 pounds at 125 feet per
minute .

MATERIALS AND METHODS

The USAARL evaluation was concerned with the hoist performance as
meeting the current Required Operational Capability for High Performance
Utility Helicopter Hoist with exception of hoist retrieval speed.7 The
evaluation concentrated on the following operational areas:

a. Man-machine interface.

b. Overall mission applicability (life or death restriction).

c. Data profiles of hoist performance.

The IJSAARL JIJH-lH helicopter was utilized for the operational eval-
uation. The 720 BH and WGC hoists were routinely installed by crewchief
and medical corpsman. Ground operational checks were performed as desig-
nated by the USAARL Biomedical Test Plan , Appendi x B.8

ECP—720 B Hoist

ECP—720 BH data collection was obtained oy a Lockheed 7-channel
battery-operated tape recorder. The hel icopter-hoist power cable was
used to obtain vol tage drop at time of hoist operation . Temperature of
the winch and motor was obtained by thermocouples (National Semiconductor
Corporation LX5700) attached to the surface of the respective housing .
Precision electrical strain gauges (Micro Measurement Type ED-08-375BG-
120) were attached to the vertical strut of the structure support assembly.
The strain gauges were applied to the compression and tension surfaces
of the boom structure support assembly and boom head support . The strain
gauges were electrically calibrated by a known load applied to the hoist.
The output of the strain gauges was routed through a Vishay El lis -lO

3



strain gauge ampl i fier to a Burr Brown ampl i fier powered by a Philbrick
Researchers PR-3O power supply.

A tachometer using a precision potentiometer (Technology Instrument
Corp~r~tion) RVI-1/2-S2 was installed by direct dri ve to record therotation of the sheave assembly. The tachometer was calibrated to pro-
vide one revolution of the electrica l potentiometer equal to 0.979 feet
of cable travel . Cable speed was calculated by:

a. Peak to peak of printout = one revoluti on

b. Tirne =

peak to peak (inches) of potentiometer output X conversion (millimeters/inches)
paper speed (millimeters/minute)

c. Cable speed = 0.979 feet
time (minutes)

Calculated data from recording included :

a. Onset of load.

b. Cable speed .

NOTE: Due to the nonlinear type tachometer recording of acceleration
or overtravel data could not be defined .

Evaluation of compatibility with litter , sling assembly, and forest
penetrator was accomplished to provide a comparative data base.

WGC Hoist

Data collection for the WGC hoists from instrumentation was obtained
from a Lockheed 7-channel battery-operated tape recorder. The helicopter-
hoist power cable was used to obtain voltage drop at time of hoist opera-
tion. Temperature of the winch and motor was obtained by thermocouples
(Mational Semiconductor Corporation LX5700) attached to the surface of
the respective housing . Precision electrical strain gauges (Micro Measure-
ment Type ED-08-375BG-l20) were attached to the vertical strut of the
structure support assembly. The strain gauges were applied to the corn-
pression and tension surfaces of the boom structure support assembly and
boom head support . The strain gauges were electri cally calibrated by a
known load applied to the hoist. The output of the strain gauges was
routed through a Vishay Ell is-lO strain gauge ampl i fier to a Burr Brown
ampl ifier powered by a Philbrick Researchers PR-30 power supply.

A tachometer (Servo-Tec Type SB-14OB-l ) was inserted through the side
cover of the boom head to record the rotation of the sheave assembly.

4 
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This was electrically calibrated to provide the cable speed during ascent
and descent in feet per minute .

Calculated data from the data recording obtained included :

1. Acceleration--positive and negative .

2. Overtravel of cabl e following release of power.

3. Appl ied load (effective load due to G).

This initial data was obtained in the operational environment to
familiarize operators and aircrew with WGC hoist function . A second
goal was to obtain repeated use of the hoist to simulate field use.

Use of the litter , sling assembly, forest penetrator, and human lifts
was accomplished for compatibility with standard rescue devices .

NOTE: The hoist missions initially utilized concrete blocks of known
weighty Oscillations encountered with the higher altitudes provided un-
safe flight conditions . Subsequently, a cargo net utilizing sand bags
of known weight was employed for actual load. The use of these large,
bulky loads , however, prevented in-flight evaluation of the boom position
actuator bringing the load into the aircraft cabin.

Static ground tests were utlized to evaluate position actuator under
load for the ECP-720 BH and WGC hoists .

RESULTS

Installation

Time Re9uired for ECP-72O BH. The anchoring l ugs to floor and over-
headThardpoints ~f the ECP-720 BH and WGC were unchanged from originalBreeze hoist. Time to accomplish installation for a two-man crew, medical
corpsman and crewchi ef, wi thout experimental instrumentation was five
minutes to ten minutes with an average of six minutes . Special tools
were not required for installation/removal. Installation was considered
subjectively easily accomplished; however, the flnc r and ceiling anchor
studs required use of wrench and screwdriver.

Time Required for WGC Hoists. The installation/remova l of the WGC
hoists was accomplished in a simila r manner to the original Internal
Personnel Rescue Hoist manufactured by Breeze Corporation (BC). The
crewmembers rapidly became familiar with installation . Time to accomplish
installation for a two-man crew without instrumentation was three to ei ght
minutes with an average of five minutes after minima l farnfltarity. Tools
were not required for installation/removal. Installation ~“as consideredoverall to be easily accomplished by all crewmembers .

S



Hoist Effect on Cabin Space and Door

Photographs A , C, E , and G illustrate the WGH hoist effect on entrance
door and cabin space compared to the Breeze ECP.-720 hoist photographs B ,
D, and F . Conservation of entrance door space , as well as absence of
actuator base plate , is noted in photographs of WGH .

The 720 BR occludes the area adjacent to the floor deck of the cabin
by the hoist motor. The boom actuator and plate also extend in the floor
area of the cabin.

The capability to unpin the actuator of the ECP-720 BH to rotate the
boom to a position perpendicular to longitudinal aircraft is considered
to be an advantage to maintain available door opening when hoist use is
not anticipated (Photograph H). Crashworthiness was not determined in
this position .

Operational Preflight and Postfl i ght Checks - WGC Hoists

The checks were accomplished as shown by Appendix B of USAARL Bio-
medical Test Plan) Hoist numbers 131 , 132, 133, and 135 functioned within
the specified operational constraints . Defects and/or operational idio-
syncracies noted are as follows :

1. The cable travel through the distal boom head during ground check
could be abraded by the rough edges of a steel guide plate coveri ng the
aluminum housing. This possibility in flight would be lessened by the
more vertical position of cable feed . It does , however, remain a poten-
tial threat to cable integri ty.

2. The boom position control cannot be overridden by pilot . The
function of boom position is determined by the initial input , ei ther
pilot or operator. Hoist ascent /descent function , however , does remain
an override option of the pilot .

3. The possibility of radar or intense electromagnetic radiation
actuating the cable cut detonator was considered . It is considered that
weather radar, ground control radar , and other sweep devices would be
of inadequate strength . A point source high intensity directed radar
beam could be considered as a possible source of inadvertent cable cut.
Usual avionics radiation is considered of insufficient intensity .

Operational Prefl i ght and Postflight Checks - ECP-720 BR

Defects and/or operational idiosyncracies are as follows :

a. Attachment of base plate to cabin floor required a wrench or vise
grip pliers to attach securely. This required additional effort on the
part of the crewchief to insure the hoist was secure .
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b. Oil level of the hoist was difficult to visualize when i.~stat1edin aircraft .

c. The possibility of intense electromagnetic radiation activating
the cable cut detonator was considered . Usual avionics radiation Is con-
sidered of insufficient intensity .

d. The cable is exposed during the travel parallel to boom. This
represents an area of potential damage and/or personnel hazard (Photograph
I). Cable is also capable of being fouled on level wind (Photograph J).

Inflight Operational Hoist Data - ECP-720 BH

Table I tabulates the data obtained from the noninstrumented hoist.

TABLE I

NONINSTRUMENTED JATA--HOIST 720 BH

NR. OF HOISTS ALTITUDE WEIGHT REMARKS

7 100 308 Familiarization
1 100 308 Oscillation of load

caught on skid; CABLE
BREAK and floor an-
chor stud break

16 100 308 Familiari zation
10 250 308 Oil overflow sprayed

throughout cabin;
speed subjectively
decreases as hoist
temperature I ncreased

23 50 200
21 100 200
24 250 200
25 50 300 -- -

Table II provides the data from the instrumented hoist.

15
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TAI.LE II

INSTRUMENTED DATA--HOIST 720 BR

CABLE SPEED
WEIGHT FPM

ALTITUDE (Pounds) Average (Range)
CYCLES (Feet) Tension Load UP DOWN TEMP°C REMARKS

5 50 300 128.8 148.6
(128.8-132.3)(148.3-l50 .6)

5 100 300 132.3 152.4 ---
( 128 .8— l34 .1) ( l4 8 .3—lsS .4 )

- 5 250 300 132.3 152.4 ---

(128.8-1 34.1) (148. 3-1 55 .4)
5 50 500 117.9 150.6 ---

(117.9) ( 148 .3—155.4 )
5 100 500 121.9 155.0

(117 .9—1 28.8) (148. 3—160 . 5)
5 250 500 119 .7 155.5

(l17.9-l 20.9)(l50.6-l60.5)
5 50 600 119.7 154.1 ---

(l17.9-l22.4)(l48.3-163.2)
5 100 600 117 .3 158.6 ---

— (l13.8-120.g)(155.4-l63.2)
5 250 600 120.6 160.4

(117.9-1 22 .4) (155.4-163.2)

AVERAGE SPEED
123.4 154.2

1 50 600 — — —  — - —  25 .5°C Initial Oil
temp

4 250 600 - - - - - - 50°+C See **

**Oil temp increased to above 50°C. Oil overflow sprayed throughout
aircraft . Fol lowing 38 minutes cool down , temperature reached 49°C.

Figures 1 and 2 illustrate data obta i ned for speed determination .
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Table III suninarizes the hoist function at each altitude and weight.

TABLE III

SUMMARY OF HOIST DATA--ECP-720 BH

HOIST
WEIGHT ALTITUDE 720 BH
(Pounds) (Feet) (125 FPM)

200 I 50 23
100 21
250 24

300 50 30
100 5
250 5

308 50
100 24
250 10

500 50 5
100 5
250 5

600 50 6
100 5
250 9

Jungle 50-80 28
Penetrator 100-1 50 25

(20.5)

Hook Only 100 2
250 10

TOTAL 242

Table IV provides the noninstrumented data from the Western Gear hoist
evaluation . Hoist numbers 131 , 132 , and 133 were single speed model number
42277R1 . Hoist number 135 , model number 423O5R1 , was emphasized as the
two speed capability is considered advantageous to helicopter combat sur-
vivability .
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Table V tabulates the instrumented data for WGC single speed hoist
number 133 and two speed hoist number 135.

Table VI summari zes by hoist numbers the lifts at each altitude and
weight.

Figures 3 and 4 illustrate sample data acquisition of the veloc i ty!
acceleration profile recorded from the instrumented WGC hoists numbers
133 and 135.

General Coments

The operation of the Breeze ECP—720 and the WGC s i n g l e  and two speed
hoists was technically simple. Minimal instruction was required to become
operationall y proficient.

Repeated l ifts of the series of weights at altitude were accomplished
within the scenario prescribed. 7

The weight , retrieval/descent speed , and overall function were within
the design constraints with the exception of average retrieval speed of
the Breeze ECP-720 of 123.4 (design 125 FPM).

The standard pendant control was utilized. Comparison of the 720 BH
pendant wi th the two confi gurations proposed by Western Gear is provided
in Photograph K. The 720 81-I pendant provides the most appropriate angle
for variable speed control using the thumb . The WGC configurations are
considered satisfactory . The weight of each pendant is considered ac-
ceptable. The weights in pounds are shown in Photograph L.

Cable marking was available on the WGC hoists to assist in providing
visual cues to the operator. This was found to be of marked value . The
Breeze ECP-720 had only initial and termi nal cable markings .

Specific Comments - WGC Hoists

WGC SN 132 failed to respond to hoist down or up command in its ini-
tial test. Failure analysis by WGC demonstrated a loose connection on
a shunt wire .9 Verbal report (unpublished data ) by Mr . Don Shutt , WGC
Eng i neer , indicated service tests by WGC proved the K-5 relay was inade-
quate and was replaced by heavy duty K-5.

WGC SN 131 failed when commanded to “boom out” as it produced “boom
O u t  a nd “ reel out” of cable. Pendant failed to respond to “down ” command .
Analysis by WGC determi ned the connector of control panel was “cross-
pinned .” Initial WGC verbal report indicated electronically it could not
occu r. Cross-p inninq is apparently capable of producing this defect.
Pendant failure (“cool ie hat” type) was due to microswitch malfunction .9

The 20-foot caution light mounted on the control panel box was of
little value in hoist operation. The operator is concerned with the
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Table VI summarizes by hoist numbers the lifts at each altitude and
wei ght.

TABLE VI

SUMMARY OF HOIST DATA--WGH

1 HOIST NR 133 1 H0~ST NR 135
WEIGHT ALTITUDE (125 FPM) (12 5 FPM) (250 FPMJ
(Pounds ) (Feet) MR NR 

-~ MR

O (Hook) 250 --- --- 20

200 50 10 --- 20
100 10 --- 20
250 10 --- 20

175 50 —-- 6
(Human) 100 - - -  - --  12

200 - - - - - - 8

300 20 - -  50
50 — -— 7 41

100 36 24 61 
250 2  37

/ 
-

~ 
.
~ I 

400-450 50 20  -- -
( 500 ) 100 29 15 ---

250 0 - -— —-—

600 50 11 10 ---
100 12 7 — — —
250 20 10

Jung le 50-80 23 --- I

Penetrator 100-1 20 14 I20.5 
___________ ____________________________________________

SUBTOTAL 
_____________ 

268 79 289

~T0TA L 
____________ 

268 368
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hoist load and its proximi ty to the aircraft . The light was located out
of the operator ’ s visual field , thus its illumi nation did not provide
adequate warning .

The 20-foot dece leration setting was also considered inappropriate .
In operation of the single speed hoist , this decelerat i on to 5O~ of the
nomi nal 125 feet per mm (FPM) cable , in effect , produced a 62.5 FPM
hoist speed at an operational altitude of 20-25 feet. In ef fect , this de-
creased the overall performance and required a prolonged JUH-1H dwell
time . On 9 July the hoist , SN 131 , was changed to decelerate to 50% at
approximately seven (7) feet below the boom head with the resultant of
deceleration one (1) foot ± below skid level . This allows the operator
an additional clue as to load proximi ty to aircraft and prevents load-
skid im pact at maxima l speed . These changes were subsequently made in
the operation of the two speed hoist.

Vi bration was encountered af er 59 lifts by hoist SN 133. The WGC
ascribed the vibration to ‘ clutch chatter ’1 on descent of heavy load .
This chatter was considered to occur after the oil temperature had
reached a crit ical point (96°C or 205°F measured by external winch housing
sensor). The vi bration of the JUH-1H was noticed by all aircrew . It
was inconsistent in severi ty and intermittent in frequency . The chatter
was recorde d intermi ttently throughout remainder of instrumen ted and
noni nstrumented lifts . “Chatter ” has been documente d during the low
temperature qual if ication test for BHC , page 32, par 9~~3• b 0  In this
case , Mil H-5606 oil was being used in hoist sump . Chatter occurred at
+90°F. ATE 220 (DEXRON) was reported to eliminate chatter. Hoist brake
chatter was also found during endurance testing, page 88, par l8.3.3(2).~ °
Th i s occurre d at 1,167 hoist cycles . WGC review of th i s entity prov id es
the followin g informat ion . The hoist load brake is cooled and lubricated
by automatic transmission fluid (ATE) ‘1Dexron type1’ which is force-fed
through the brake plates . The normal operation provides a thin film of
fluid between the brake plate surfaces to remove energy of l owering load
by thin film “shear .” This film heats as l owerin g occurs . As fluid
reaches 175 °F or greater , the viscosity 1’thins ” and con tac t of metal and
friction material occurs producing chatter noise. Wear of the friction
material due to this chatter has not been shown to date)°’~

1 The opera-
tional integrity of the hoist does not appear to be affected . Initial
clutch assembly was removed and replaced. Further vibration was not
demonstra ted . Engineering analysis of the brake indicated all surfaces
were free from wear. Clearance , however , was noted to be out of engi-
neering tolerance .

The over tempera tu re warn i n g l i ght illuminated on the two speed hoist ,
SN 135 , after lift number 53. This malfunction was considered by WGC to
be a calibration fault of the temperature sensor. The hoist was continued
in the hi gh speed mode wi th the warninq li ght illuminated. Complete
failure of the motor unit did not occur. The motor thermal fuses are set
at 405°F to 468°F. This ma l function demonstrates an advantage operationally
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providing continued lift capability with minima l cool down periods if
combat conditions required .

Cable strand break was noted after lift 236 of hoist SN 133. Any
ca b le damage i s consi dered a prima ry i ndica tion for ca b le replacemen t.
The strand was broken with slight uncoiling of the cable at 3 feet 2 inches
from the hook which in stowed position would be at approximately 135° from
vertical on drum . Tensi le strength of the cable section with strand break
was tested by Tinius Olsen Testing Device. Elongation of 2 inches with
cable ‘reakage at 3,200 pounds was documented (decrement of 3% from design
t ens i l e  5~~~/ ’ f l r I (~~~~ of 3,300 pounds).

~~i seal leaks were found on SN 131 , SN 133, SN 1 32 , and SN 135 . SN
1 3 1 and SN 133 bad -in incorrectly installed oil seal in the boom head . SN
132 was returned to I~ianufacturer with failure of the static 0—ring seal on
the idler sh a f t  caused by a nick. The hoist seal (gatter spri ng) was also
found displ aced from its groove. Corrective action is an increased chamfer
dngle at the ends of the gear shaft which enters the seal and housing
groove of the static ‘0” ring . SN 135 , two speed , was delivered to USAARL
with damage noted to the contro l panel and motor housing. The WGC engineers
provided prima ry repair to the motor , drum , and i dler shaft seals. In sum-
mary , the oil leaks were produced by:

1 . Motor seal leak was produced by manufacturer failure to install
lip seal spring.

2. Hois t drum seal installed improperly (inside out).

3. Idler shaft seal-- ”O’t ring was found to be faulty (nicked). The
oil leaks were minimal in quantity . In SN 131 the leak did not interfere
with function during initial familiarization. The leaks of oil i n the
aircraft do , however , represent a hazard of loss of footing for aircrew
in the cabin. These failures are indicative of poor prototype quality
control .

Specif ic Comments - Hoist Two Speed Model 42305Rl

The two speed hoist , SN 135 , provi ded a marked improvement in hoist
performance . The 50% deceleration establ ished at approximately seven (7)
to eight (8) feet below the boom head was an adequate visual and auditory
cue to the ho i st operator to provi de increased pendant control of spee d
as load approac h ed the JUH-lH . The l 0’~ dece l era ti on p reve nted excessive
i mpact force at the boom head and was cons id ere d to fun c tion s ati sfactori ly.

The two speed hoist developed two significant malfunctions during this
init ial testin g. Brake “chat ter ” was noted intermittently and of varying
intensity . The chatter occurred only on des cent w i th l oa d. See Ta b le I,
SN 135 , 21 Nov 75 . The temperature overheat l ight wou ld i lluminate fol-
lowin g three to four lifts at any altitude or weight. This malfunction
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is at this time presumed to indicate a faulty or misc alibrated sensor
lig ht . Testing was continued after the temperature warninq light illum-
inated without reaching motor fuse temperature limit. Rapid and repeated
lifts were made to evaluate the heat of wirch to the gloved hand . The
temperature remai ned approximately stable during these lifts .

Function of the current lim i ter to the two spee d motor due to wei ght
overload was evaluated. Five (5) lifts were made in high speed mode with
500 poun ds. The hoist would stop or “stall” at 4 to 6 inches of l i f t  wit h
excess load. The WGC two speed will raise 350 pounds in high speed mode .
Attempt to lift 400 pounds will produce stall. The manual control of speed
is placed in low speed mode and normal lift at 125 FPM could be accompl ishec~for the higher loa ds . Aircraft control was not affected by the stall condi-
tion .

Function of the boom rotation was conducted under “continuous cycle
cor,1 tions with 600 pound load . One cycle equals boom in to boom out
position. Cycle time was 13 seconds . Three hundred (300) continuous
cycles produced no evidence of overheat or malfunction . In the event of
failure anchor pin can be removed from floor stud and boom rotated by hand .

Cable cutter functioned properly on one test.

~pecific Comments - Breeze ECP-720

The 720 BH hoist was demonstrated to be capable of overstressing the
cable to the point of breakage. The oscillating load impacted the JUH-1H
sk id during a hoist of 308 pounds at 100 feet. The ski d was note d to
compress due to hoist . The cable broke as well as the floor deck anchor
lug. Photographs M and N document the cable break position in relation
to the hook . Photograph 0 demonstrates the shear ing of anchor lug. The
anchor lug is manufactured by Aeroquip-Part Mr. MS 22034-1 . Shear stress
breakin g strength at 90° is approximately 3,000 pounds .12 The hoist powe r
train was thus capable of overstressing and breaking the cable in addition
to the anchor lug . This is considered a CATASTROPHIC FAILURE.

The cable was a Type A , MIL—W—83140 standard cable. The ultimate
strength demonstrated a relatively consistent break strength wi th a
decrement of 0.6% to 4% from design strength of 3,300 pounds . This data
is comparable to the cable test data reported by the USAF Critical Desi gn
Review (CDR) of the UN-IN Helicopter Rescue Hoist.’~

Cable ultimate tensile strength was obtained using a Tin iu s Olsen
load device . Three cable samples were cut from the five foot section of
cable imediately above the break site . The break strength results arc
prov ided in Ta b le VI I.

35 



- .  

- 

~~~ ~~~~~~~~~ -~~ ~~~~~~ ~~~~~ - ~~~-—

.s-. 
~f 5~ 

5-

~~~~~~~ 
k- .-~~~ ~~~~~~~~~~~~~

*5- - ~~
~~~~~~~~ 

~~~~~~~~ -

‘
~~~ i 

.. V

~~~~~~~~~~~~ ~~~

VS

- 

-

- 
~~~~~~ 4}~~~~~

5 V -
- 

~~~~~~~ - :~.,. -

- - ,/ , - V S ~ - V

- 
I . ~ 

,~~~ ~~~ 
V.~

- - 

-
S 

~1 s~’~~~ 
-

- ‘ — ~~~ ~~~~~
5

-
- 

V 
-

- - 
-

- , 1’ 51V~~~~• -
.

.,s
~~~~~~

l 
~~~~~

- V

4
V 5 5 . 

‘-:-.: 

-
, 1 ~~~~~ 

~ 

S 

I 

- 
-

- s - - -~ • • , 5 s V~ • V~~~~~~~~~~ ~~~

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_n, =~ — . - . . — -t~~~~~r~~ s -

~~~~~~~~ _ 41.



~ 
- -

- ~~ V
.
~~~ 

- .

•

V 
‘
~ 

-

~ 

,

£ - 
- -

~-

5 
- - S

- - 

-,
.

_

~: 
- 

- 

:-
~~~~

-
~ 

.:- ~~~.

-
, 

IV S S .s

- - 
V~~~

ø- -V (~~~ S 5  
- -

V 
- t~~

- 
-



- -5--.-- ---5— .5 — - ----- ----- -- -------—s---- -  -----.5 —- ---- —-5--- ---_-- - 5- -  -
~ 

- . 5-  --5

4

”

4’ -

:~ 
‘

t~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V 

V ..

~~~~~~
~‘



-—

TABLE V II

CABLE BREAK STRENGTH

% DECREMENT1
ONSET OF LOAD STRETCH BREAK FROM 3300

CAB .V.E PRE-LOAD (Inches Per ELONGATION POINT STRENGTH DESIGN
SAMPLE (Lb~)_ Minute ) (Inches) (Inches) (Lbs) LIMIT

120 20 1.5 10 3170 4.0’-

2 120 20 1.5 17 3280 0.6- ’-

3 160 20 1.5 21 3240 
I 

1 .8:

Cable change required an excessive amount of time by depot level main -
tenance organization. The cable is not ca pable of being change d by us i ng
unit in 30 minutes .

The amber caution li ght is considered to be of limi ted va l ue. The
hoist operator uses the cable and visual contact wi th the load for manage-
ment as opposed to warning lights . The amber light could , however , be con-
s i dered a “power on” indicator and caution . Over-temperature light is not
available .

Automatic deceleration functioned appropriately.

Oil overflow due to heating occurred with full cable extension and
repeated hoists . Oil overflow occurred after repeated hoists as follows :

8 lifts of 308 lbs . at 250 feet
2 l ifts of 500 lbs . at 250 feet
2 lifts of 600 lbs . at 250 feet

Oil overflow represents a si gnificant hazard to safe personnel rescue
operations . The JUN-IN cabin floor became coated wi th the oil , produ cin ci
extremely hazardous footing. The spray of oil represented a hazard to the
ho i st oper ator .

The USAF currently provides an operating data card (212-070-360-1)
for the ECP-720 BH with the caution “Do not hoist or l ower 600 poun1fs
(max operating load) more than 2 times from 210 feet without a cool down
period (approx . 2 hours and 30 minutes). ’
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In response to questions concerning temperature instrumentation ,
Breeze Corporation provided proprietary insta l la t ion drawing BTD -263- 534
which included permissible duty cycles .’ ’ This drawing documents the
USAF recommended 2.5 hour cool down period following hoists of 600 pounds

h at 210 feet . The data obtained from this evaluation would support the
operating recommendation of the Breeze Cor poration and the USAF . Th i s
restrict ion is considered excessive for US Arn~y ~perational reciuit-eriier~t~~~ments .

Evaluation of the ECP-720 BH boom actuator was conducted using a 600
pound load in ground position utilizing APU power to the JUH-lI-l . One cycle
was “boom in to boom out” position . Time to complete cycle averaged nine
seconds . Total cycles completed were 188 . On cycle 179 the aircraft cir-
cuit breaker activated. Subsequently, attempts to provide cool down
periods of 10 to 30 minut es would al low only two cycle s prior to circui t
breaker activation. I f fai l u re  of the boom ac tua tor occurs , it must  be
noted that the hois t can be unpinned and rotated by hand.

The cable cutter was activated cn one occasion following completion
of testing. The cable cutter functioned properly.

Safe ty Features - ECP-720 BH

1. The amber caution light was not considered a valid caution li ght.

2. Deceleration at skid level is an adequate safety feature .

3. Dual “up limi t” switches are a required safety feature . Function
was verified during prefl i ght of all hoist missions .

4. Capstan , cable take-up drum , and level wind mechanism are pro-
tected by ECP-720 modifications . Water and debri s , however , can still
enter the overall hoist mechanism. The patient may still reach into the
capstan incurri ng injury .

5. Sheave/ boom head assembly is protected by cover.

Safety Features - WGC

1. The 20-foot caution light was not considered a valid safety feature .

2. Fifty percent deceleration at one foot below skid level is an ade-
quate safety feature .

3. Ten percent deceleration at 6 i nches is an adequate safety feature .

4. Dual up limit swi tches safety function was veri fied durinq pre-
fli ght of all hoist missions .
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5. Current limi t to 150 ± 10 amperes (amps) is considered an additive
safety feature . Current fl ow from helicopter to the ho i st was rec orded on
hois t  SN 133 , 29 and 30 Sep 75 . Pea k system load was recorded as 246 amps
with sustained amperage of 184 amps . At time of 505-’ deceleration , peak
amps were 170 to 121 with sustained current of 60. These values are ex-
cessive and are consi dered to represent measurement overshoot by recording
sys tem .

6. The Inertia Dump/Torque Limiter at Main Motor Pinion was not eval-
uated in fl ight. Reference safety evaluation by WGC .’5

Review of Hypothetical Safety Malfunctions - WGC

1 . Wear of Traction Sheave Material. Wear of the traction sheave of
a similar hoist manufactured by WGt for the USAF UH- 1H aircraft was re-
ported . A USAF ECP 747 recommended increase in the polyurethan e material
thickness from 0.062 to 0.150 inches .11 ,’6 This increase in thicknes s
is i ncorporated into the models being tested by USAARL . Qualification
Test Report demonstrated only 0.013 inches of wear of the 0.150 thickness
after 7 ,500 cycles .’0 This wear shoul d be considered in the periodic
ma intenance inspect ion .

2. Failure of Traction Sheave Drive Shaft. The traction sheave drive
normal function allows the cabTe to be “reeled out” with essentially no
tension load . Failure of traction drive shaft would require a hook load
of ten (10) pounds or greater to “reel out” cable normally. If the ten
(10) pound hook load is not available , the hold down rollers of the traction
prevent cabl e “pay out” and a foulin g of cable on the drum will occur. The
usual forest penetrator weight would provide adequate load . Other devices
such as the “horse collar ” would not provide adequate weight for safe use 

S

in event of tracti on dri ve shaft failure . Test was not performed during
this preliminary evaluation and is reported by WGC .’7

3. Failure Producing Hoist Drum Free Spoo1i.~~ A review of possible
hoist drum free spooling indicates a nearly nonexistent possibility . The
cable is attached to the hoist drum . Cable frict ion is not required . The
onl y possibility is failure of the drum drive system shaft dri ve gear and
id ler gear. A des ign safety strength factor of two (2X) great~ cl -r i ~~~~
3.5X ultimate load design factor (600) was incorporated. This produces
a 2 x 3.5 x 600 or 4200 pound design l oad . WGC tests of hoist to 2700
pounds at 15° from vertical produce d no sli ppa ge or cre ep of the load
brake. ~

R e v i e w  of Hypothetical and Demonstrated Safety Ma l functthns - ECP-72i ~~~i

1 . The open cable travel along boom post continues to prI v~~de f rr
inadvertent damage to cable and/or personnel injury . A dditi ontil y . ~nv
slack in cable or empty hook allows cable to become entan gled .
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2. Roof and floor anch or lugs are subject to excessive stress by the
hoist dri ve train. Add itionally, the boom rotation mechanism rotates the
hois t  on the floor mounting stud which imparts a torque to the floor
anchar lug. Wear and/or fatigue due to repeE ted boom actu at i on coul d
contribute to failure .

3. Sheave and bell mouth funct ion following ECP-72O modification
was not fully evaluated : In-flight test of 10 payouts and retrieval of
full cable length with hook only load provided no evidence of mi srouting
of cable. However , loose wra pp ing of cable was noted . The absence of a
traction sheave type boom head requires cable load at a minimum of forest
penetrator equivalent to be fully safe. Without load and slight cabl e
slack , the cable fouls in open travel along post. Overstressing by binding
can oc cur .

4. Damage to cable cutter wire at boom head connection could provide
failure during a critical safety-of-flight condition . The 90° attachment
allows wire to receive damage during handling.

DISCUSSION OF FINDINGS

A. ECP-720 Breeze Personnel Rescue Hoist

1. The Breeze ECP-72 0 Personnel Rescue Hoist was aeromedically
evaluated in f light using a load range of 200 to 600 pounds . The speed
was nominally 125 feet per minute . The single speed of 125 FPM is con-
sidered to be the minimum essential for combat hoist operations . It is
considered less than the optimal desired speed of 250-500 FPM .

2. A cable break (CATASTROPHIC FAILURE ) occurred with a test
load of 308 pounds . This break occurred wi th oscillation of load and
impact wi th skid. The hoist drive train was demonstrated to be capable
of breakin g the cable. Ultimate break strength of the contiguous cable
sections was within acceptable limi ts .

3. Repeated hoists of the max imal weights , 500-600 pounds at
200-250 feet, produced rapid rise in oil temperature with venting of oil
through vent port . This produced a hazard for the hois t operator as well
as possible fouling of hoist mechanism .

4. Boom actuator was demonstra ted to fail after repeated hoists
(180 cycles) with maximum load . Failure was due to overheating. Cool
down of 30 minutes was unsuccessful in restoring function .

5. Safety features of ECP-720 were considered the minima l of the
ava ilable state—o f—the-art to attempt to correct “life or death” re-
striction . Due to CATASTROPHIC FAILURE (cable break), the ECP-72O could
not be consi dered fuTly corrective of~~li fe or death” restriction .
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6. Cable fouling was considered easily accomplish ed due to ab-
sence of traction sheave type boom head if cable payout wi thout load and
slack in cable occurs .

7. Protection of primary components (capstan , level wind me-
c h a n f s m , and cable drum) from debris , water , or mud was improved by
ECP-720 but remains incomplete .

8. Cable change required depot level maintenance . Cable and
exp losive cable cutter charge could not be replaced in 30 minutes by
using unit.

9. Wei ght of hoist plus base plate was 179 pounds which is
w i thin the limit of 180 pounds .

10. Durin g repeated hoisting, electrical feedback intercom noise
indicated decremental slowi ng of hoist speed . This effect was not docu-
mented by the nonlinear tachometer method utilized .

11 . Installation time and trainin g requirement were within opera-
tional needs .

12 . Evaluation of ECP-720 BH pendant control demonstrated “best”
angl e for thumb fi ne control of hoist speed .

13. The use of caution light is of use only as a ‘ power on ’
indicator. The position is out of visual field of hoist operator .
Power on/cable caution light should be placed on boom with directional
shielding .

14. The Hour meter is considered necessary to provide use /
maintenance data.

15. Acceleration and rate of onset data were not obtained due
to nonlinear tachometer .

16. Cable marking is an essential operator control assistance
device .

17. Severe climatic conditions were not studied .

18. The Breeze ECP—720 hoist was compatible with the usual res t i e

devices , i.e., forest penetrator , litter , sling , and personnel rescue ria~ -

ness.

19 . Cost of Breeze hoist procured to ECP-720 conf iqtjr-~t~ on is
excessive . (USAF procured 11 hoists at ~33,?94 each~ USN , ?~ Mar 7~- .
procured 12 hoists at $43,804 each .)
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B. Wes tern Gear Hoist Single and Two Speed Rescue Hoists

1 . The WGH single and two speed hoists were aeromedically eval - I’

uated in flight using a load range of 200-600 pounds . The hoists were
overall operationally excellent. The two speed hoist , 250 FPM/300 pounds
and 125 FPM/600 pounds , provided a marked increase in operational capa-
bility by decreas i ng helicopter hover time and time for repeated hoi sts .

2. Cable strand break was noted on one occasion . This is a
primary indication for cable change . Tensile break strength testing of
strand break area demonstrated cable to be within acceptable limits .

3. Continuous cycle trials of hoists using maximal weight of
500-600 pounds and maxima l cable length of 200-250 feet produced “chat ter ”
of clutch due to increasing temperature effect on transmissi on fluid
shear qualities duri ng descent. This occurred only after repeated hoists
in excess of scenario. This findin g is considered acceptable in view of
hoist cont i nued function.

4. Boom position actuator was demonstrated to perform at maxima l
load through 300 continuous cycles wi thout degradation or overheat.

5. Safety features of WGH single and two speed hoists were found
to incorporate the current state-of-the-art technology to include dual-up
sw i tches , current limi ter (in addi tion to aircraft current limit ), au to-
matic deceleration 0f 50% of skid level , 10% at boom head , and inertia l
torque limi ter at main motor pinion . Redundancy of safety features di-
rected towards cable protection are considered corrective of the “life
or death” restriction .

6. Cable fouling could not be demonstrated to occur by cable
payout or retrieval without load.

7. Protection of primary components of hoist from debris , water
or mud during operation was considered to be adequate due to primary
controls and components mounted abov e a i rc raft deck a rea .

8. Ca b le and ex p los i ve ca ble cu tter c har ge were eas i ly accom-
plished by using unit within 30 minutes wi th tools readily available in
TOE tool ki ts . This is considered a significant asset in the operational
empl oyment of the hois t .

9. Wei ght of t he s in gle speed hois t  i s 169 pounds . Weight of
the two speed hoist is 171 pounds . Both are within the acceptable desi gn
limit of 180 pounds.

10. Minor electrical feedback into intercom was noted . The
operator i s ca pab le of usin g th i s feedback as ancillary c l ue to ho i s t
speed control specifically for d~stance limi t lifts (200-250 feet).
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11 . Pendant control using roller bar is considered adequate. I t
is recon~iended redesign of angle to provide increased fine control using
the operator ’ s thumb .

12. The use of caution light mounted on control box is considered
nonusable . This position is wel l out of the visual field of hoist opera-
tor . It is recommended that a combined power-on cable caution light be
pl aced on the boom head if possible.

13 . The Hour meter was installed as a modification on the two
speed WGC hoist . The meter is considere d e~sent ia 1 to hois t ma i n ten ance
and to insure timely cable or component change.

14. Accele ration onset levels recorded are slightl y i n excess
of the O.5G/sec. during ascent and deceleration (O.57G/sec.). This is
consi dered to be w i t h in  acce ptab le phys io lo gi c l i m i t s .

15. Cable marking at 10 foot increments was considered useful
to opera tor as an ancillary control measure .

16 . Severe climatic studies were not performed .

17 . The WGC hoists were denonstrated to be compatible with the
usual  rescue dev ice s , i.e., fores t penetrator , litter , sling, and per-
sonnel rescue harness .

18. The modular configurati on provides for ease of component
replacement /ma i ntenance . Modular components may be utilized in other
type a i rcraft, i.e., UTTAS .

19 . Est i ma ted cos t of WGC two speed ho i s t is $19 ,000 each.
(See Table VII I for comparison.)

20. Hois t configuration provides conservation of cabin space
and door opening in operating position.

CONCLUSION

Table VIII provides WGC and ECP-72O BH hoist comparison wi th the
des i gn Required Operational Capability .

The Breeze ECP-720 Personnel Rescue Hoist modification was demon-
stra ted to be i nadequate to remove the “life or death” restriction .
Cable damage and fouling capability remains .

The Western Gear Corporation two speed hoist , 423O5R1 , demonstra tes
current state—of-the-art technology . The advantage of increased speed ,
redundant safet y fea tures , capability of essentially unlimi ted continuous
cycle hoist ing, modulariza tion , rapid cable and cable cutter charge within
30 minutes by using unit are self evident.
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