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COPY DEPARTMENT OF THE ARMY
Headquarters, U.S. Army Test and Evaluation Command
Aberdeen Proving Ground, Maryland 21005

AMSTE-BG 30 December 1969

SUBJECT: Final Report of Engineering and Service Test of Gantry, Lightweight,
Airdrop Rigging, USATECOM Project Ncs. 4-5-7491-05 and 4-ES-655-035~
001

Commanding General

US Army Materiel Command
ATIN: AMCRD-FS
Washington, D. C. 20315

1. References:

a. Preliminary Report of Engineering Design Test of Modified Gan:tiy,
Lightweight, Airdrop Rigging, DA Project No. 1F141812D183, Task 22.

b. Letter, AMSTE-BG, USATECOM, 20 December 1968, subject: Engineering
Test Report of Gantry, Lightweight, Airdrop Rigging, RDI&E Project No.
1M141812D18322A, USATECCM Project No. 4~5-7491-05.

2. Approval Statement: Subject reports are approved except as stated
herein.

3. Background:

a. Presently field units employ several types of materiel handling
equipment not specifically designed for lifting loads being rigged for
airdrop. To provide a single standard item, US Army Natick Laboratories
developed the subject gantry system,

b. The complete gantry system has a lifting capacity of 35,000
pounds and consists of four "A'" frame structures, two power packs and
four accessory beams. This system can also be used as two separate
lifting devices with each having a capacity of 17,500 pounds and consisting
of two "A'" frames, one power pack and two accessory beams. The gantries
have an internal vertical clearance of 14 feet and a horizontal clearance
of 12 feet. These clearances enable the gantry system to 1lift a nine foot
high load five feet for placement onto transport vehicles ten feet wide.
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Each gantry is provided with two suspended 1ift hooks of adjustable

height to accommodate the various locations of 1lift fictings on various
type cargoes. These gantries are equipped with caster wheels, incor-
porating a locking and unlocking device to allow manual positioning at

the rigging site or for relocating the gantries. Screwtype legs (feet)

of sufficient size are provided on each gantry to enable 1lifting of loads
on soft unprepared gro'nd or on hard snow. The total weight of the 35,000-
pound system is approximately 7,500 pounds and can be disassembled into
component parts to permit manhandling by four personnel., The disassembled
system is suitable for transport in air or ground vehicles,.

¢. The engineer design test of the gantry was completed in May 1966.
At that time engineering tests (ET) were waived and the system was submitted
for service testing. The results of this service test (ST) indicated that
the gantry system was not suitable for Army use. As a result of the ST
In-Process Review in December 1967, it was determined that the gantry
system would be modified and would undergo both engineering and service
tests.

d. The ET of the modified gantry was completed by Yuma Proving Ground
in November 193, the ST was completed by the US Army Airbornme, Electronics
and Special Warfare Board in September 1969 and the arctic winter service
test 1s schzduled to be conducted beginning in September 1971,

4, Teri Results:

a. The gantry met 34 of 50 requirements of the SDR. Six deficiencies
and ten shortcomings were reported by the test agencies on the modified
gantry system. After analysis and appropriate reclassification, no
deficiencies and 15 shortcomings remain. One requirement of the SDR,
operation and stcrage at -65°F, will be evaluated during the arctic winter
service test.

b. Deficiencies - None.
c¢. Shortcomings (15)
(1) It was very difficult for four men to carry the power pack

assembly and load it onto a military wehicle. However, if the hydraulic
oil was drained from the power pack, the weight would be reduced Ly
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65 pounds and, at this reduced weight, the test item will meet the require-
ments of the SDR. Further, the draining of the hydraulic oil (No. 1C engine
0il) is a simple operation.

(2) The draft technical manual 5-3950-205-14 for the gantry system was
not clear, concise, or complete. Eighty-eight recommended changes to this
manual were proyosed, 80 are classified a3 administrative, seven recommend
that an oper: : - i3 within the operator's capability (now assigned to
other than the gantry operator), and one recommends ihat gloves be worn
when operating the gantry in the manual mode. All of the proposals can be
incorporated into an updated manual without being verified by retesting,
and this item can be maintained under field conditions.

(3) Auxiliary equipment required for lifting loads was not included
with the test system. Since MB-2 tiedowns, FSN 1670-545-9063, were found
to be adequate during this test program and are avaiiable within the
supply system, the addition of MB-2 tiedowns to the test system is considered
acceptable.

(4) Spare parts for the power pack engines were not available through
normal supply channels at the service test agency. Since these 3-HP
gasoline engines are military statdard items with hydraulic pumps and control
valves, the lack of spare parts within the supply system should nct be
considered as a failure of the test item to meet the technical specification.

(5) During the ST this system demonstrated a 90 perceant reliability with
a 90 percent confidence level of completing a daily mission. (Requirement -
95 percent) However, prior to the ST (during ET) the same system demonstrated
the necessary capability of 95 percent reliability. Seven of the reportec
failures cited in the ST report {Appendix IV, Table 1) are not fajlures as
defined in the SDR. These reported failures did not prevent the test system
from completing its assigned mission and could be repaired by the operator
with the tools and materials provided within 30 minutes. Revised
reliability computations, utilizing the data from the ET and the revised
data from the ST, are provided as Inclosure 1. These combined results
indicate that the test item demonstrared a reliability of 94 percent with
a 90 percent confidence level. This difference (one percent) between the
requirement (95 percent) and that demonstrated (94 percent) by the test
item is considered minor.

.
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(6) The remaining shortcomings were found in the areas of physical
characteristics, maintenance, operational performance/technical characteristics
and human factors.

d. The test agency stated (deficiency) that the test system/device
is not capable of immediate effective employment. The revised approved
technical characteristics stated that the assembly time for a device
(17,500-pound capacity) must be less than cne hour. This was demonstrated
during the ST (actual 47 minutes). Although the parameter for assembly
of the system was not defined in the revised technical characteristics,
the assembly of the system did take 94 minutes.

e. The test item met the requirements for maintainability,

f. The test item is safe to operate; however, potential operational
hazards are noted below in paragraph 4g.

g. During this test program the following improvements/actions are
suggested relative to the test item.

(1) That hydraulic hose(s) or hydraulic fitting(s) not be repaired
but replaced as necessary.

(2) The cable ends be scldered in lieu of being taped. Tape falls
off the cable ends in a short period of time and the loose ends are
exposed.

5. Conclusion: The gantry system is suitable for Army use under intermediate
environmental conditioms.

6. Recommendation: As many of the shortcomings as feasible be corrected.

FOR THE COMMANDER:

/s/ William H. Hubbard

2 Incl /t/ WILLIAM H. HUBBARD
1., as Colonel, GS
2. ST Report Deputy Chief of Staff
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1. BASIC DATA:

b.

C.

Lift Cycles:

Reliability Computations for

Engineering and Service Tests

4102

Mumber of Failures: 2

Mission Day:

50 cycles

2, Computation of Point Estimate of Reliability:

Computation of point estimate of Mean Tiwe Between Failuves (MIBF):

MIBF

MIBF

MIEF

= NT

= 4102
2

- 2051

= 2051 c¢ycles or 5.56 mission days, where:

NT

= Tegt duration in terms of 1ift cycles, and

= Number of failures

Computation of Reliability:

R(x) =
R(50) -
R(50) =
R -
MTBF -

Inclosure 1

X
MIBF

=50
2051
2.73

-024
2.73

.976 or 98
where:

2051 point

percent is a point estimats of reliability

Point estimate of reliability
One mission dav - 50 cycles
Natural log base - 2.73

estimate of Mean Time Between Failures




3. Computation of Reliability with 90 percent Conf{idence Level Assumed:

a. Computation of MIBF:

MTBF

MIBF

MIBF

MIBF

AMCP 702-3) and

2 xr
x2 ,2 +2

2(4102
X4.1,2(2)+2

8204
10.645

770 cycles where:
xT = Test Duration - 41 2 cycles
- Number of Failures (2)

x2 = Chi square factor (from Table H-3b,
is given by 100(1- )X = 90 percent confidence.

b. Computation of Reliability:

R(x)

R(50)

R(50)

R(50}

MIBF

4. Results:

-X
MIBF
0
770
2.73
-0649
2.75

,937 or 24 percent reliability at a 93 percent confildence
level where:

R = Reliability
x = Mission Day - 50 cycles
” Natural log base - 2.73

Mean Time Hetween Failures - 770 cycles

a. The test system demonstrated s point estimate relfability of 98

percent.

b. The test system demonstrated a reliability of 94 percent with a
confidence level of 90 percent. :
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ABSTRACT

The ergineer tesi of the Gantry, Lightweight, Airdrop Rigging,
vaa conducted by Yuma Proving Gréound from 20 May 1968 to 30 Angust 1968.

The* puipose’ of the test 'vas to detefmine ‘the Sﬁit;bilﬁf:o'fithe
test gantry for service testing. - AR W _

All testing was conducted under natural envirommwental conditionms.
The approved technical characteristics of the test jtem were used as
ecriteria to determine test item reliability. The power pack was too
heavy for four men to carry and load ontc a military vebicle (deficiency).
The manual chain koists corroded, the winch broke, and the hydravlic
cylinder leaked oil (shortcomings).

It vas concluded that the shortcomings were readily corractible,
that the Cantry, Lightweight, Airdrop Rigging, 1s suitable for lifting
loads up *c 17,500 pounds when used as a device an? 35,000 pounds when
used as a system. It was recasrended that the Gantry, Lightweight,
Airdrop Rigging be subjected to service testing.

iii




preparation of the test rfésort.

iv

Yuma Proving Ground was responsible for test execution, and
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SECTION 1. INTRODUCTION

1.1 BACKGROUND

In rigging and prepsring airdrop loads, fie!d units presently
must employ several types of materials handling equipment such as mobile
varehouse and rough-terrain forklift vehicles, heavy ordnance wreckers,
construction cranes, and field fabricated A-frame gantrier with manually
operated hoists to accomplish necessary lifting. These devices are
inadequate for rigging loads up to the required weight of 35,000 pounds
and are not readily available for use st remote outloading sites.

To remedy this situation, an SDR was approved in Julv 1964 for
a Gantry, Lightweight, Airdrop Rigging (GLAR) to provide a single item
with a wide range lifting capability to replace the various materials
handling equipment now in use (Ref 4, App VI).

A prototype gantry was designed and fabricated, and testing
was initiated at U.S. Army Natick Laboratories (USANLABS) on 1 November
1965. The prototype gantry was unsatisfactory from the viewpoint of
safety and human factors engineering.

Testing of a redesigned and modified gantry was resumed by
USANLABS on 15 March 1966. This engineer design test was completed on
30 May 1966. At that time, it was recommended that the gantry be sub-
mitted for service testing (Ref 2, App VI).

Engineering tests on the GLAR were waived. The U.S. Army
Airborne, Electronics and Special Warfare Board (USAAESWED) conducted a
service test of the GLAR at Fort Bragg, North Carnlina, from 9 January
through 20 April 1967. Because the GLAR did not meet several requirements
of the SDR, the service test was terminated prior to completion. The
USAAESWBD recommended that the Gantry, Lightweight, Airdrop Rigging de
considered not suitable for Army use and that consideration be given to
the development of a device employing & lifting means which would eliminate
the excessive maintenance and training requirements.

As a result of a Pre=In-Process-Review Conference on 2 November
1967 and a formal In-Process-Review Mecting on 6 December 1967, it was
decided that the gantry should be modified and suhmit.ed to USATECOM for
conduct of engineering and service tests beginning 1 April 1968. Yuma
Proving Ground was designated to conduct the engineering tests.

1,2 DESCRIPTION OF MATERIEL

The gantry device (two gantries, Fig. 1) has a lifting capacity
of 17,500 pounds and consists of two A-frame structures and a power pack.
The gantry system (four gantries, Fig. 2) can provide a 1ift capability of
35,000 pounds. Each gantry has s clearance of li feet vertically and 12
feet horizontally, to allow lifting 9-foot-high loads up to 5 feet for
placement onto transport vehicles 10 feet wide.
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FICURE 1. Two gantry devices lifting separate loads.
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FIGURE 2. (.2 gantry system lowering 35,000-pound load onto aircraft
loader,




The total weight of the 17,500-pound cepacity gantry device,
suitable for both mechanical and manual cperation, 1s approximately
3840 pounds. Disassembly into component parts is poss.ble to permit
manhandling.

Each power pack consists of the standard military gasoline
engine with hydraulic pump and control and safety valves. Vslves are
arranged so that the gantries may be operated individuelly or in pairs.
Lifting is achieved by & combination of two hydraulic cylinders with
a pulley and cable arrangement cn each gantry.

Gentries are equipped with caster wheels to aliow manusl po-
sitioning at rigging sites. AdJjusteble leveling feet are provided for
support during lifting. Screw-type legs are ralsed and lowered by re-
versible ratchet wrenches on the gantries. Feet are of sufficient size
to enable lifting on soft, unprepared ground surfaces.

Hand operated winches are provided for manual erection of the
gantries. Also, manually operated chain Loists are included for lifting
of the load in the event of power failure or as the only means of lifting.

Components of the disassembled sys*em are suitable for transport
in Army ground vehicles and ajrcraft.

1.3 OBJECTIVE

To determine the technical performance and safety characteristics
of the gantry in accordance with the SDR and the advanced data paczsge.

1.4 SUMMARY OF RESULTS

a. The Gantry, Lightweight, Airdrop Rigging, hed the following
deficiency and shortcomings:

(1) Deficiency. The power pack was too heavy for four men
to carry and to load onto a military vehicle (Para. 2.2.3 and App III;.

(2) Shortcoming. The manual chain hoist chains corroded
vhile exposed to the desert enviromment (Para. 2.2.3 and App III).

(3) Shortcoming. A wrench lever would not lock and had to
be held in pesition so that the baseplate could be lowered (Para. 2.3.k
and App III).

(4) Shortcoming. The hydraulic oil cylinders were seeping
oil which could not be stopped (Para. 2.4,3 and App III).

b. The following safety hazards, not covered in the safety
criteria established by the USAAESWED, were encountered:

(1) Cable ends of the winch hoist cable are clamped end
the loose ends taped. After 3 or 4 waeks the tape falls off and the wire
cable is exposed.

(2) Lifting loads with the manual chain hoist for 1 hour
will cause blisters and open wounds on & man's hands (Para. 2.3.4d4 and App
111).

3




(3) Shipping tape can became wedged between the vinch
hoist handlc washer and the winch hoist causing the safety brake to slip
(App 111). :

(k) When the angle from the accessory beem center fitting
to the load ccopection point exceeds 3.6 degrees it is possible for the
cable to jump out of the sheave wvhen lifting the load. The load will crop
approximately 8 inches when this cccurs (Para. 2.5.3b).

(5) If failure occurs within the area of the hydraulic
hose and tke fittings located between the flow control valve and the
cylinder, the load will fall. No ettempt should be made to repair the
referenced hose or flare the flange portions of the swivel auts (Para.
2.5.3 amd 2.5.4).

1.5 CORCLUSIONS

a, The above deficiencies and shoricamings are readily correctible.

b. Tke Gantry, Lightweight, Alidrop Rigging, is suitable for
1lifting loads up to 17,500 pounds when used as a device and 35,00C pounds
when useéd as a systen.

i.6 RECOMMENDATIORS

The Gantry, Lightweignt, Airdrop Rigging be subjected tco service
testing.

R )
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SECTION 2. DETAILS OF TEST

2.1 INTRODUCTION

The Gantry, Lightweight, Airdrop Rigging, horeefter referred to

as the test item, was tested by Yuma Proving Ground during May through August

The Approved Technical Characteristics of the test item were used
ag criteria to determine test item reliability.

The requirements that the system be capsble of statically supporting
twice the rated load without evidence of permanent deformation and that the
system demonstrate sufficient reliability and durability to 1ift 150 percent
of its rated load to & height of 60 inches for 50 cycles were deleted from
the test (Ref 5, App VI).

Testing to determine if test item met criteria listed in Paragraph
2.3.1.1c was not conducted due to satisfactory completion of the test during
the USAAESWBD service test conducted in June 1967.

2.2 TEST NO. 1 - PHYSICAL CHARACTERISTICS

2.2.1 Objective

To determine the physical characteristics of the test item.
2.2.1.1 Test Criteria.

a. Individual components of the system shall be sufficiently
lightweight to enable carrying for short distances and loading by four men
onto a military vehicle (Para. 1, App II).

b. No component or group of components of the system shall be
of such a size as to prevent air transport by carge aircraft in accordance
with applicable portions of Appendices A and B of AR T05-35. Component
parts of the system must comply with the requirements of approved specifi-
cations (federal, military, and/or industry), and be made corrosion resistant
through use of applicable methods and materials (Para. 3, App II).

2.2.2 Method

The test item components were examined, measured, weighed, carried
25 yards by four men and loaded onto & military vehicle. Technical charac-
teristics were reviewed and checked against AR T05~35. A weight comparison
was made between a test item having a hydraulic system and a test item having

a manual chain hoist.
5




2.2,3 Results

a. Weights of the test item and its components are contained
in Table 1, Appendix I.

b. No components or group of components of the test item
exceeded 15 teet in Jength, 70O inches in width, and 60 inches in height.

c. Individual components of the system (as listed ir Table 1,
App I), with the exception of the power pack assembly with hydraulic oil,
vere carried 25 yards by four men, and loaded onto an M35Al, 2-1/2 ton truck.
The power pack assembly could be carried with extreme effort but could not
be loaded outo the M35A1 truck.

d. The chains on the manual chain hoist rusted while exposed to
the desurt environment.

2.2.4 Analysis

A1l components of the test item are within the size limitations
for air transport by cargo aircraft.

The power pack assembly with hydraulic oil cannot be carried
and loaded onto a military vehicle by four men without complete disregard
for the safety and physical well being of the men involved. However, if the
hydraulic oil were drained from the power pack the weight would be reduced
by approximately 65 pounds; at this reduced weight the test item can be
carried by four men.

After exposure to the climatic conditions of the test site for
3 weeks, rust began to appear on the manual chain hoist chains. This
occurred under no rain, low humidity conditions.

2.3 TEST NO. 2 - OPERATINAL TEST

2.3.1 Objective

To determine the operational suitability of the test item.
2.3.1.1 Test Criteria.

a. The system must b2 cabable of manual assembly, from
shipping to operational condition, without special tools or materials han-
dling equipment. Assembly time for a device (17,500-pound capacity) from
removal from shipping skids to erection must be less thau 1 hour, when
using four men.

b, The device must bhave a lifting capa:ity of 17,500 pounds
and when used in pairs as a system must be capable of lifting a load
measuring 108 inches high, 110 inches wide, and 336 inches long, weighing
35,000 pounds, to & height vhich will provide a 60-inch ground clearance
and will permit piacement onto a ground traansport vehicle up to 120 inches
in width.

6




¢, The system must have mechanical leveling provisions to
insure stability in all directions for all loads up to rated load on slop-
ing terrein up to and including 5-degree slopes.

d. The device, when assembled, must be capable of being
man-propelled short distances over unsurfaced and non-trafficked areas
in the vicinity of forward airfields.

e. The system must be capable of raising the rated load to a
60-inch height in approximately 120 seconds, using self-contained gasoline
engine operated power packages, together with hydraulic contreol and lift
components,

f. The device shall be operable from a single coutrol
staticn,

g. The system must be capable of manual operation if power
is not available. With manual operation, the 1lift rate requirement listed
for mechsnical operation is not mandatory.

h. The system must meet the requirements of the current
revision of Specification MIL-T-11T48 (Signal Corps), "Interference Reduction
for Electrical and Electronic Equipment."

2.3.2 Method

a. Time required for manual assemblv oi the test item from
shipping to operational conditions was recorded. Four men, one NCO who
was given on-the-job training for approximately 4 hours, and three erlisted
men who were given e 15-minute briefing on the erection of the gantry device,
agsembled the test item.

b. The test items were used for a period of 3 months
to 1lift various loads within the stated weight ard dimensional limitations.
Lift and lowering times were recorded.

¢. The test item was man-moved for short distarces when assem-
bled and disassembled. It was man-moved when assembled as both a manual
and a mechanicsl device. The areas in which these tests were conducted
were composed of rock alluvium, the dominant features of gravelly deserts,
the most common aesert type, made up of gravel stratum mixed with sands
and silts.

d. The test item was tested manually and mechanically and the
rerults were recorded.

e. Manpower necessary to operate control stations was observed.

f. A radio interference test was conducted on the test item and
the results recorded. Specifications MIL-STD-461 ond 462 were used in place
of MIL-T-11748 as it was not available during testing.

1




g. 5till pictures were taken and analyzed.
h. Engineering data were recorded as necessary.

i. A test load weighing 35,000 pounds was modified to
gimulate a load mrasuring 110 inches wide and 336 inches lorg. deight
measursments were taken to determine height limitatinns. A ground trans-
port vehicle (aircreft loeder) measuring 120 inches in width was then
driven between the gantries t~ permit load plecement.

2.3.3 Results

a. The gantry device was manually assembled from shipping to
operational condition, without speciai tools or materials handling equip-
ment, in 58 minutes.

b. Operational data are contained in Teble 2, Appendix I.

c¢. The test item was man-moved & distance of 300 feet when
assembled for manual operation and when assembled for mechanical operation.

d. The test item was manually operated with loads up to 17,500
pounds using one device, A 35,000-pound system could not be tested due to
the nonaveilability cf enough chain hoist during testing. Operational data
are contained in Table 3, Appendix I.

e. One control station is required when operating a gantry
device. Two control stations are required when operating a gantry system.

f. The test item met the "Interference Production for Electrical
and Electronic Equipment" requirements. Data are contained in Table k4,
Appendix I.

g. A ground t:ansport vehicle up to 120 inches wide can be
driven between a gantry system and pick up a load which is 110 inches wide,
336 inches long, and 108 inches high (Fig. 1, App V).

2.3.4 Analysis
Criteria were met with the fallowing exceptions:

a. During erection of the test item, & wrench lever would
not lock and had to be held in position so that the baseplate could be
lovered.

b. Although the test iiem was assembled from shipping to
operationel condition by four men in less than 1 hour, it must be noted
that the cart assembly was received with the cylinders and hydraulic house
connected. Had the cylinders been shipped as separate units in the shipping
contalners constructed by the U.S. Army Natick Laboratories, the time
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requirement would not have been met. Also, both ends, as well as the top

of the shipping container must be remov~d if no materials handling equip-
ment is utilized. (Future shipping procedures should be determined.)

Since the test item was shipped from Natick, Massachusetts, to Yuma, Arizons,
with the cylinders mounted and no damage was incurred, it is our opinion

that special cylinder crates are unnecessary. It was also noted that the
shipping skids used were nailed down in a kite box shaped crate. If the
shipping skide were constructed in the shape of & 30lid rectangular box

with a fold back lid, the time required to remove the test item from the
shipping skids would be considerably less (Ref 3.5, App III).

c¢. Tne gantry was moved a distance of 300 feet in 1 minute &nd
50 seconds without difficully when assembled for manual operation. When
assembled for mechaaical. operation the gantry became stuck in the sand on
two occasions (movement time 2 minutes and 20 seconds) and although movement
was continued with added ¢ffort, extreme caution had to be taken to prevent
the gantry from toppling. It is also noted that since there ere numerous
types of soil groups in forward airfield areas, only cone of which was available
at this testing area, satisfaction of the requirement cannot be determined.

d. Although the test item may be manually operated with loads
up to 35,000 pounds, the physical strecs on » man's hands creates numerous
blisters and open wounds (Fig. 2, App V). Therefore, gloves to eliminate
this situation should be standard issue with test item.

2.4 TEST NO. 3 - MAINTENANCE AND RELIABILITY

2.k.1 Objective

To determine if the test item meets maintenance and reliability
requirements as defined by the Operational and Technical Characteristics.

2.4,1.1 Test Criteria:

a. The system, when operated by its hydraulic power package,
shall demonstrate with 95 percent reliability the capability of operforming
a daily mission. A daily mission is defined as a total of 50 cycles {liirte
of various load weights within the rated capavity. This implies 20 mission
dsys as Mean Time Between Failures (MIEF). A failure is defined as that
which prevents the unit frou completing its assigned mission and counot be
repaired by the operator with the tools and materials provided within 30
minute>. Unscheduled organizational mainterence should not exceed 20
minutes during the performance of & daily mission. The total mairtenance
manhours will not exceed 10 percent of the operating hours on the basis of
8 hours of operation equal to 1 mission day. Totel maintenance will
include scheduled and unscheduled maintenance from operstor level through
direct support level.

b. The system must be eagily maintained under field conditions.
Components must be interchangeable belween like items of the system. Mainte-
nanc2 costs must ve & minimusz for systems oi this type.
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c. The system wust be capable of operstion ard storsge in
temperatures from -65°F to +125°F.

2.h.2 Method

a. An updated Draft Technical Manusl, Manufacturers' Maintenance
and Opersting Manual, and TM 5-2805-203-14 were the only guides aveailable
in performing eil maintenance during the conduct of this test.

b. A preoperational inspection was performed in accordance
vitn pretesting procedures. However, preoperational inspection lime was
not recorded as it is not considered a portiop of maintenance time. Techni-
cal inspectiopa were conducted by maintenance perscnnel as required. Daily
inspections and preventiv. maintenance operations were performed as diracted
in Draft Yechnical Manual and TM 5-2805-203-1k4.

¢. Unscheduled and scheduled maintenance was performed as
required. Records were maintained for all maintensnce operations to include
time required and reasons for actions per‘ormed.

d. Soil and ambient air temperatures =znd relative humidity were
recorded during the operation of the test item.

e. Four irdividual test items were used as a device (two
gactries used ir unison) ané as a system (four gantries used in unison).
Each individual gactry was operated a total of 50 cycles per day for 20
vorking days.

2.4.3 Results

a. The test items, four each, which were used as two devices
and as c-e system during testing, vere cperated for a total of 91.2 engine
hours. During these operations, 1.7 mankours of scheduled and unscheduled
maintenance vere performed. The scheduled maintenance consisted of 0.5
menhours for the 25-bour organizational maintenance of the gasoline engine.

For details of scheduled and unscheduled maintenance,
see Table 1, Appendix IV. In addition, operator daily imspection and servicing
vere perforned requiring approximately 5 minutes per day.

Daily preventive maintenance was performed by test personnel
without difficulty.

b. Eleven unscheduled maintenance actions occurred during
engineer testing, requiring a total of 1.2 manhours to accomplish (Table
1, App IV).

c. Table 2, Appendix IV, shows gantry operating hours, active
maintenance time, maintenance rates, and mean time between railures. The
maintenance ratic, based on scheduled and unscheduied maintenance actions
out exclusive of cperator daily preventive maintensnce, and initial inspection
wae 0,019 for the entire engineering test period.
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d., A limited amount of repair parts were furnished with
the test item; however, most replacement parts were either locally ob-
teined or fabricated. Parts which could not be obtained in this manner
were taken from like items of the system. Components are interchangeable,

e. BSome of the unscheduled maintenance was of a serious
nature and required a high degree of maintenance skill. However, the
test NCO, who carries an MOS of 62ELO (Heavy Equipment Supervisor), and
other test personnel were able to correct all unscheduled mairtenance
without outside assistance with the exception of 0il leaks which came
from the cylinder se=als and could not be corrected.

f. Soil temperatures ranged from T3°F to 109°F. Ambient
air temperature ranged from 68°F to 107°F. Relative humidity ranged
from 17 to 64 percent. For daily meteorological readings refer to Table
2, Appendix I.

2.4.4 Analysis

a. The amount of maintenance required and the numver of parts
consumed during engineering testing were within stated .criteria.

b. The system, when orerated by its hydraulic power package,
will perform a daily mission with 95 percent reliability.

¢c. One failure, Item L, Table 1, Appendix IV occurrec due to
attempted repair. It has been established that this item should be replaced
and repair should not be attempted for safety reasons. Replacement time is
15 minutes.

d., 0il seepage from the cylinder seals (Fig. 3, App V) could
not be stopped by tightening. Although ¢il seepage was very slight, it
could cause damamge to the parachutes of a rigged load. The seals should
be replaced with a higher grade sesl to avoid leakage.

e. Since the gantry was tested under desert envirommental
conditions for over 20 days of operation, it can be assumed that the test
item will operate under extreme high temperatures. Although embient tem-
peratures did not reach 125°F the system is capable of operation under
such conditions.

Test item operation at low ambient temperatures could not
be determined at thir test site.

f. Pressure gage failures (four each) were not considered either
a deficiency or shortcoming; however, correction of these failures required
15 minutes of active maintenance time, Of the four failed gages, three
were furnished by this installation and had brass movements., One failed
gage, which was an initial component of the test item, contained a bronze
movement (Para. 3.1, App III, and Fig. L, App V).
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2.5 TEST NO. 4 - HUMAN FACTORS AND SAFETY

2.5.1 Objectives

To determine if the test item conforms to the principles of
human facters engineering.

2.5.1.1 Test Criteria. The test item must be safe for its intended
use.

2.5.2 Method

The safety criteria as established by the USAAESWBD after
service testing in June 1967 was reviewed and followed. Any safety hazards
which were not discovered during the service test were recorded.

2.5.3 Results

During the 20-day reliability test of the gantry system, one
device had performed the following:

50 lifts of 12,000 pounds each
4o 1lifts of 12,500 pounds each

Total operating time was 3 hours and 25 minutes. After 67 lifts a small
0il legk was noticed which was coming from Items A and B of Figure 3.

The lesk was very small at the time (3 or 4 drops of oil per
lift). Testing was continued and the lesksge kept under observation. At
the completion of 90 1lifts the leak had increased (10 to 12 drops of oil per
1lift) and operation was ceased. An attempt was made to tighten the left
bolt (Item A). When this was done the sepsration around the flange (Item B)
increased due to the tautness of the manifold line (Item C, Fig. 3).

The entire assembly (Items A through D, Fig. 3) was then removed.
Teflon tape was placed around Item A, Figure 3, and a flaring kit was used
to flare the flange out on Item B, Figure 3. The essembly was then reinstalled.
The motor was started and the load lifted to approximately 36 inches off the
ground. The position valves were then pushed down so that the load would
begin to descend.

At this time the flange "blew out” of its fitting, spraying oil
approximately 30 feet in both directions, and the load suspended by the
gantry dropped to the ground.

Further investigation disclosed that the clamp connections
(Items E and F, Fig. 4) failed to restrain the manifold hose in its
proper location. The hydraulic "hammer action" over the period of 3-1/2
hours of cperation and 90 lifts pulled the manifold hose in a direction
awey from the fitting and through the clamps approximately 1 inch. This,
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FIGURE 3. Hydraulic hose and fittings.

in turn, pulled the hose so taut that all force was being exerted on the
final connection (Items A and B, Fig. 3). The continuing "hammer action"
could have been the reason the fittings loosened and the leakage started.
Hydraulic oil temperature at this point is 165°F with a maximum oil pres-
sure of 2300 psi.

b. When the angle from the accessory beam center fitting to
the load connection point exceeds 3.6 degrees it is possible for the cable
to jump out of the sheave when lifting the loai. The load will drop
approximately 8 inches when this occurs (Fig. 5, App V).

c. Safety hazards (Para. 3.2 and 3.3, App III) should be
corrected (Fig. 2 and 6, App V).
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FIGURE 4. Cart assembly.

2.5.4 Analysis

a. The clamp connections, Items E and F (Fig. 4) should be checked
daily to insure that they secure and that the manifold hose is restrained in
its proper location.

b. The load will fall if the referenced hose assembly or fittings
fail. These items are located between the flow control valve and cylinder,
and should be checked daily for oil leaks. No attempt should be made to
repair referenced hose or to flare the flanged portions of the swivel nuts.
Operation should be ceased and the faulty jtems replaced.

c. Caution should be used during rigging to avoid connecting
the gantry to the load at more than a 3.6-degree angle as this can damage the
gantry cable and presents a possible safety hazard.

NOTE: Figure 4 is not a photograph of the gantry on which the incident occurred

and is for reference only. Clamp E is normally located at Point G and Clamp F
at Point H. Pcin%t I ie the normal location for the hose shown in Figure 1.
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APPENDT

x I'

TES.. DATA

TABLE 1. Gantry “omponents
Unit Unit Kumber of Units
of |1 Per Device Per System
Nomenclature of Component Issue ('b) (2 gantries) (b gantries)
Left hand column assembly with Fa 190 i 8
winch
Right hand column assembly with Ea 170 4 8
stay bar
Main beam assa2wbly witih hinge Ea 290 2 b
pins and rods
Cart assembly with cylinders Ea 365 2 I
and hydraulic hose
Accegsory beam Ea 100 2 b
Power pack assembly with hydraulic Ea 421 1 2
oil
Manual chain hoist Ea 93.5 4 8
Tie-down chain assembly Ea 10.5 k 8
5-gallon jerry can with gas and Ea 53.5 1 2

gas line

Total weight of gantry device (2 each gantries) for mannal operation only:
2636.C pounds.

Total weight of gantry device (2 esch gantries) for mechanical operation
only: 3U478.5 pounds.

Total weight of gantry device (2 each gantries) for manual end mechanical
operation: 3840.5 pounds.
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Righ, T6; lew, Th
Ewnidity (5): Nigh, 55; Low, 55

Presaure
Oyle Time (se) __Yoristice
So. Up Dom Up Down Idle

% ¥ 1200 1000 2000

1l
2 M Y]
3 w A3
[ [1:] a6
5 A9 &9
é &9 A9
1N A 100
8 A7 50
9 a7 50
10 Ay 50
PO A9
12 a8 52
13 &7 52 1800
pUN ¥} 51
15 a7 50 90C

16 A7 50
17 L3 50

18 AT 1
39 LY 51
20 L4 59
a A9 50
P~ 13 50
23 [¥] 51
P A8 51
25 AT 52
26 a7 50
a A8 50
28 50 52
29 AT b
k] LY 52
11 Bot Recorded
» .

n i

» [

35 H

¥ |

37 !

36 H

» v

&0 Not Recorded
Al A8 p
a2 L34 56
a3 A7 51
Ak a7 s1
A5 134 A9
ab AT 50
[ %4 1Y) x
a8 A7 S
%9 1Y 50
50 a9 51

Remarks: MNanifold hose "Jumped” out of
the aanifold hose support wpproximstely
SO percent of the cycles vhen the losd
wvas starting to be lovered from its

susperded pcsision (EPR L5-5-2). Cycle
Jo. 17. 041 lesk st comnection of

cylinder and hydraulic hose (EPR L5-6).

TABLE 2. Mechanical Operatioo Deta (Continued)

Gantry Eo. 1 ang 2

Load Veight: 7060 1b

Muximum Height Load Lifted: 62 4n.
Pover Pack ¥o. 1

Ambien . Tempersture (°F):

High, T8; Low, T2

Humidit, (§):

5041 Tempervture (°F): High, 82; Low, 15

High, 21; Low, 18

Preasure

Cycle Timo {gec) Varistion
Jo. Up Do Up Dovn Idle

1 A3 kT 1200 1000 1800
2 k2 48
3 k2 &8
4 a2 48
S [} 9 1000
6 &1 3]
7T M kg
8 A1 kg
9 A1 50 1100
10 Al 50
1 k1 L9
1z W L9
13 ko 49
1k [38 49
15 k1 k9
16 40 9
17 &0 50
18 ko 49
19 Lo 49
20 131 49 1700
2 Wi ko
22 40 49
23 &0 50
2h 40 50
25 &0 50
26 ac 50
21 &C 50
28 40 52
23 50 50
30 40 50
31 Not Recorded 1800
32 A
33 {
34
35
36
37
38
39
40 Not Recorded
133 40 50
&2 40 50
b3 1Y 51
bl kO 50
'} [1¢] 50
L6 ] 50
4T kO 51
48 40 50 1700
1] k0 50
50 40 50

Remarks: No

problens were incurred.

Gentry Bo. 3 and b

Loed Weight: 13,000 1b

Maximum Height Load Lifted: 62 {n.
Pover Pack ¥o. 2
Ambient Temperaturs {°F):

High, T8; Lov, T2

Humidity ($): High, 21; Low, 18
Soil Tesperature (°F): High, T5; low, T2

Cycle T
No. U
1 33
2 51
3 51
4 ]
5 50
6 50
T 51
8 50
9 50
10 L8
11 49
12 L8
13 L9
1% b9
15 48
16 k9
174
18 4y
19 48
20 48
21 48
22 48
23 L8
2h 3]
25 L8
26
27
28
29
30
3
32
33
34
35
36
31
38
39
Lo
L1 L8
L2 1
43 u8
by Lg
k5 50
u6 50
L7 50
u8 50
L9 U8
50 47
Remarks :

Kot Recorded

Not Recorded

A

51
51
51
52
52
52
52
51
52
52

Pressure
Variation
Up Dovn Ide

1200 7900 2100

2000

1900

2000

No problems were incurred.
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Santry No. 1 and 2

Load Weight: 6560 1b

Meximum Height Load Lifted: 62 in.
Pover Pack Ko. 1

Asbient ‘l'qoutun (7.

High, 79; Lov, (]

Huddity ($): um 21; Lov, n
8011 Tempersture (%F): High, 81; Lov, 77

Pressure

Oycle &n.imlI

1 1200 1100 1700
2 hl h6
3 33 [}
hoa 134 1000
5 W 48
[ 48
7T W 48
8 W b9
9 Lo 50 1800
10 Not Recorded
1 A

iz

13

1k

15

16

17

18

19

20

21

22

23

2b v

25 Not Recorded
26 39 51
27T W0 50
28 W 52
29 33 49
30 40 (3]
A W W9
32 40 50
33 39 50
k2 ko b9
35 ko 50
36 51
31 k4o 50
38 W 51

39 0 Y
40 Kot Recorded

50 Not Recorded

Remarks: No problems vers incurred.
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TIME 2,

Gantry No. ? and \

Mechunicel Operation Dete (Coutinued)

Load Weight: 13,500 1b
Haximum Height Loed Lifted:; 62 irn.
Power Pack ¥o. 2
Ambient Temperature (°P):

Righ, 19; Lov, Th

Humidity ($): High, 21; Lov, 17

So1l Temperature (°F): Eigh, 81;

il — S

11 ot lacorded

25 HNot Recorded
50

39 Not Recorded

1 a9
2 %0
3
LI ]
5 50
6 %
T %0
8 50
9 k9
10 b9
12
13
1k
15
16
17
18
19
20
2
22
23
24
26 ug9
27 50
28 49
29 U9
30 49
A W9
2 W
3 b9
KL 1)
35 48
36 W9
37 50
B W
Lo
3%
L2
W3
bb
45
L6
L7
L8
49

50 Not Recorded

A

Y

No problems vere incurred.

/

50
50
48
g
50
50
b9
50
51
50
51
50

Preture

1300 0900 1900

1200

Lov, T7

Gentry %o. 1 and 2
Load Weight: 6060 1b
Maximum Height Load Lifted: 62 ia.

Pover Pack Bo. )

Ambien. Temperscure {°F):
High, d4; Lov, 68
Hu! 4ty (5): High
£ 1 emperaturs (

cyclc &u_‘ﬁ '1‘,;’%’

1
2 bo
3 ko
bW
5 ¥
6 ko
1 39
8 B
9 39
10 ¥
PO N
12 39
13 38
1h 38
15 %
16 39
17 ¥
18 39
18 39
20 38
a 3
2 39
23 39
L ko
25 38
26 37
T 3%
28 9
29 38
3 39
n 37
32 ko
33 37
W 38
35 38
36 37
37 38
38 38
39 38
ko 37
Ll 38
W2 37
L3 38
b 38
s 37
46 37
41 38
L8 38
b9 38
50 38

Remarks: No problems were inmcurred.

s

e wmvriis

40} Low, 20
?): High, 82; Lww, T3

Pressure

1100 1000 1700

1000
1800

1100

1700

1800




TABIZ 2. Mechanical Operation Dats {Continued)

Gantry No. 3 and b Cantry No. 1 and 2 Santry Bo. 3 and b
Load Weight: 14,000 1d Load Weight: 5560 1v Load Weight: 14,500 1d
Maximum Height Load Lifted: 62 in. Maximm Height Load Lifted: 62 in. Maximum Height Load Lifted: 62 in.
Pocer Pack Ko, 2 Pover Pack No. 1 Pover Pack Mo. 2
Asbient 'hqontm ('r) Ambient ‘rq'ntm (°r): Asbient 'rmornm (°r):
High, High, Low, 93 High, » 93
Humidity (S) lub‘ 40; Lov, 20 Humidity (l) um. 2h; Low, Humidity (S) Men, 2h; Low, 20
8011 Temperature (°F): High, 8; Lov, 73 Soil Tempersture (°r): Iiﬂ. 95; Lov, 9%  Soil Tempersture (°F): Nigh, 9b; Lov, 94
Pressure Pressure Preseurs
cycu Time (sec) Veristion Cycle Time (sec) ___glmm Cycle e varistice
Jo. Up Dovn Up Down Idle Jo. Up o, B B fva Ige
1 51 50 1200 1000 1900 1 3% ¥ 1100 1100 1700 2 53 b9 1200 1000 1800
2 50 50 2 7 90 2 53 30
3 51 50 3 36 kg 3 51 ]
L 50 b9 ) 36 49 [ 52 49
5 5 51 5 37 50 5 51 30
6 5¢ A9 6 37 3¢ 6 52 50
7 52 7 7 36 52 7 51 52
8 52 51 8 36 51 8 52 51
9 50 52 9 ¥ 51 9 52 51
10 50 0 10 36 51 10 52 51
u 51 51 2100 11 35 50 11 52 50
12 51 50 12 36 50 12 52 50
13 pY3 51 13 36 51 13 52 51
pLY 53 51 1 35 49 1k 52 L9
15 5 52 15 36 b9 15 52 L1
16 % 50 16 3 50 16 s 50
17 52 52 17 2T 49 17 51 13
18 52 51 18 36 50 18 50 50
19 52 19 3 50 9 s 50
20 51 50 20 37 Py 20 52 50
21 52 51 21 37 50 2] 52 50
22 51 $2 22 36 b9 22 52 49
23 51 51 23 37 49 23 51 49
24 50 52 24 37 49 24 52 49
25 51 51 25 36 49 25 52 49
26 52 52 2 36 50 26 51 50
27 51 50 27 36 50 . Fi4 52 50
28 52 51 28 36 50 28 51 50
29 b33 50 29 36 50 29 52 50
30 50 53 1900 30 37 50 1000 30 51 50 1400 1100
K'Y 51 L8 3 37 50 k1S 51 50
32 50 49 32 37 50 32 52 50
3 h9 48 33 37 50 33 51 50
34 50 L9 3 37 50 34 52 <0
35 50 L8 35 37 50 3% 52 50
¥ N 48 % 36 50 ¥ 51 50
37 50 u8 37 36 50 37 52 50
38 51 49 38 36 50 38 51 50
39 50 48 k) 36 50 39 51 50
4o 50 48 k0 36 50 ko 52 50
'3 50 [Y:) bl 36 50 3% 52 50
[¥] 50 48 42 36 50 k2 52 50
A3 50 L8 b3 36 50 L3 52 50
1] 50 48 bb 36 50 bk 52 50
us 50 48 [}] 36 50 [} 52 50
46 30 L8 46 36 50 ué 51 50
DX a8 W1 36 50 W2 50
48 51 b9 L8 36 50 ] 52 50
k9 %0 kg Ly 36 50 49 52 30
50 50 L8 50 36 50 50 51 50
Remarks: No problems vere incurred. Remarks: No problema vere incurred. Remarks: Cycle Ho. 13. Pressure gage

broke. Iteam wus replaced (Ref App
I11) (BPR LS-T).
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Cantry Mo, 1 and 2

Load Weight: 3060 1b
Maximum Haight Load Lifted: 62 in.
Power Pack No. 1

Cycle
Yo,

pEEEE
FWOHOOEION FwWwNR -

%0
Ll
w2
L3
bk
85
(13
47
48
ug
5

Remarks: %o problems were incurred.
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51

9
50
50
50
51
51
50
56
51

Pressure

1000 1100 1700

TABLE 2. Mechenical Opersticn Data (Continued)

Gantry No. 3 and &

Losd Weight: 15,000 1b

Maximum Height Load Lifted: 62 in.
Pover Pack No. 2

Pressure
Yo Pty i
SR
1 50 Not walid
2 59 [ 1)
3 82 [1]
] 33 50
s 53 $0
[ 52 50
T 53 1]
8 53 9
9 52 49

T 53 1]
18 52 L9
19 52 9

26 52 50
27 52 ]
28 <2 49
2 53 50
3 53 50
un s2 50
2 53 kg
33 s3 ]
3 52 49
35 53 50
6 S2 50
31 53 50
8 53 50
¥ 53 50

ko 53 51
b 52 50
k2 52 Lo
b3 52 50
b 52 50
b5 s2 50
k6 53 51
bt 52 51
48 33 50
b9 52 50
0 52 51

Remarks: No problems were iacurred.

Gantry No. 1 and 2

Losd Weight: 4560 1b

Maximus Height Load Lifted: 62 ix.
Pover Pack No. 1

e s o 16T AN

Pressure

i M—“ﬁ‘m

1 1000 1200 1700
2 35 k9
3 08 49
b3 )
5 35 49
6 3 (1]
7 35 b9
8 35 )
9 3 k9
10 35 kg
11 35 49
12 35 L9
13 k> kg
1k 35 L9
15 35 L9
16 35 49
17 35 N
18 35 50
19 35 50
20 25 50
21 35 50

25 35 Lo
26 35 49
27 35 kg
28 35 k9
29 35 50
30 33 49
31 35 49
krd 35 50 900 1100
33 35 50
3 35 50
35 35 50
36 35 50
37 35 50
38 35 50
39 W 50
40 ] 50

46 34 50
T 3 50
48 3k 51
b9 3k 51
50 3 50

Remarks: MNc problems vere incurred.




Gantry No. 3 and '
Load Weight: 15,500 1b

Maximus Height Load Lifted: 62 inm.

Power Pack Mo. 2

Preusure

Cyoi~ Time (eec) ¥ y
Yo Up m_w__"%m@

52 49  Incorrect resdings

1
2 5 L)
3 s 49
boos2 kg
5 51 49
6 52 kg
T 5 k9
8 52 49
9 5 49

10 s b9

1 s k9

12 53 49

13 52 L9

1 53 49

15 53 k9

16 53 k9

17 53 49

18 53 50

19 5k 50

20 52 50

a s 50

22 53 49

23 53 50

24 53 49

25 53 hg

26 50 b9

21 52 49

28 53 Lo

29 53 50

o 53 b9

A1 53 U9

32 54 50

33 53 50

3 5k 50

35 54 50

36 sk 50

31 5k 50

38 5k 50

39 Sk 50

W Sk 50

|15 S 50

ke sk 50

k3 sk 50

W sk 50

k5 Sk 50

119 S 50
T 5k 50

8 sk 51

49 Sk S1

50 5k 50

Remarks: Pressure gage worn and -iving
faulty pressure readings.

replaced (EPR L5-7-2).

Tion vus

TABLE 2. Mechanicel Operstica Peta {Comtiaues)

Gentry Bo. 1 and 2
Load Veight: M060 1n
Maxisnm Befght ioed L'ftad: 62 1a.
Pover Pack No. 1
Asbient ‘hqontm (°r):
#igh, 93; Lov, 81.7
Aumidlity (S): lm, \T; Low, 18

801l Tempsraturs {*F): Miga, 91; Low, Tv

& Pnum
Jo. Up Doy JH_ Dovn Ifle

36 9 1200 1100 1700

1
2 35 k9
3 3 A8
LI &9
5 3 ]
6 3 13
1 W &9
8 % k9
9 35 k9
100 3% L]

n 3 50

12 3 50

13 35 50

W 35 50

15 3% 50 1060 1600

16 35 43

1T % 5¢

18 3k %

19 3 50

20 3 S0
< 2k 50
2 W 5
23 3% 50
24 k1 } 50

25 3 50
26 3k 50
27

28

29

30

k'

32

33

3

35

36

37

38

39

40

51

P

43

bz

u5

46 0900 1700

47

L8

]

50 3k 50

Remarks: Nou problems fincurred.

Gantry Bo. 3 aad )

Lo'd Weight: 16,00¢ 1»

Maximum Seight Loet Lifted: €2 is,
Power Pack £o. 2

Ambleat Tempersture (°7):

High, 93; Lov, &2.7

Humidity {5): By, h7; Low, 8

8011 Tempersture (>r}: Righ 91; Low, 15

Pressure
Orele Tige (aec; _ Verietion
. U ke B bw Hs

1 s 49  Incorrect reedings
2 51 49
3 52 [1.]
PR 7]
3 31 L9
6 51 b
7 52 &
8 5 9
9 52 A9
e sy a9
u 52 50
12 52 50
13 sk 50
1% 53 50
15 Sk

S¢
16 A1l recdings
17 approximately
18  the same.
Ay )

ks
R
8 All recdings

k9  spproximately
50 the same.

Remarks: Pressure gage vorn and

giving faulty readings. Ites vas
replaced.
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TABIE 2. Whsaical Operetica Data (Comtizied)

Castry Bo. 3 and b Gamtry Bo. 1 wnd 2
Lesd Weight: 16,590 1V Losd Weight: 3050 1»
taxisws Beight Los” i ted: 62 in. Maximus Reight Loed Lifte#: 62 fa.
Pover Pusk B:. 2 Power Pack Bo. 1
Ambient Temperature (°F):
aigh, 100; lew, 98 High, 107; Lov, D8
Baddity ($): 2gh, ¥6; Lov, 23 Renddity (%): Righ, 38; Low, 18

g g g et e

b ] 1000 1100 1700
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TANLE 2. Mschamical Operssica Deta (Lontisued)

Gentry Fo. 3 and & Oantry Fo. 1 ané 2 Gantry 3 and &
Lowd Wedght: 17,000 Ib Losd Weight: 2560 1b . Loed Weight: 17,500 1b
Maximom Neight Loat Lifted: 62 ia. MNaximm Height uu Lifted: 62 ia. Maxisum Neight x.ou Lifted: 62 in.
Power Pesk Bo. 2 Power Pack Bo. 1 Pover Pack No. 2
Ambient Tempersture (°7): Ambient Tempersture (°F): Ambient Tempersture (°F):
Eigh, 107; Lov, 98 iigh, 10%; Low, 9T High, 105; Low, 97T
Bumidity ($): High, 28; Lov, 18 Huaddtty (%): nm 50; Low, Humddity ($):. ua‘ . 36
) Boil Temperstire (S7): Nigh, m. Lov, 95 Boll Tewpersture ($P): n.. 103; Low, 9%
Pressure Pressuse Presgure
Cycle mm_%v Cyele Iing (age] __Varimtion cnha-.sg__mm-m
o, Y Doym Up Dowp Jo. 3 Doyx Vo Do Idls 2
- 1 5 50 1 R k9 1000 1100 1700 1 1700 1200 1700
2 s Y] 2 3 48 2 52 lo
o 3 S 48 3 R 49 3 s 1]
LI 50 LI - ) bos2 48
s S %0 s 3 50 s %53 1]
[ s 50 6 k) 50 6 bx) 8
7T 5 50 7T 3 50 T 55 Y]
8 sk 50 8 33 50 8 Sk 8
9 Sk 50 9 33 50 9 5k ]
0 S 50 10 32 50 10 5k 48
11 5k 48 1n R® k9 n 53 b9
12 52 48 12 33 k9 12 Sk 52
13 53 1] 13 33 kg 13 57 52
3 e S5k k9 1 313 50 55 51
15 S 49 15 33 50 15 55 50 1100
16 Sk b9 6 33 50 16 sk 51
17 S5k k9 17 3 k9 17 56 51
18 Sk 50 18 33 b9 18 55 51
19 Sk 50 19 32 50 19 55 51
0 Sk 50 20 32 50 20 ST 51
a 5 so a 32 49 2 58 51
2 S 50 22 32 49 2 56 51
23 55 50 23 33 50 23 56 51
1 2% 55 50 2k 33 50 2h 55 52
25 5 5 25 33 50 25 55 51
26 5 50 2% 3 k9 26 51
21 5k 50 27 33 Y] 27 sk 51
28 55 ] 28 33 50 28 S5 52
2% 5 50 2 32 50 29 sk 51
0S5 50 0 32 50 30 Sk 50 1500
1% 50 n 3R 50 n 56 bg
2 55 50 32 33 L9 2 55 51
3 55 50 333 kg 33 55 51
E I ] A9 » 3 50 I sk 50
I’ 5 50 35 32 50 35 5k 50
¥ 55 50 3% 32 50 36 S5 s1
T S S0 31 3 49 31 S5 n
B sk &9 38 03 50 33 sk W7
¥ 55 49 ¥ An k9 ¥ 53 50
o 56 kg W 3 %9 W0 Sk 51 1600 1200
M 56 3] )} 32 50 B 53 48
a2 56 50 a2 3 50 h2 55 %4
L5 I | 50 b 3 50 k3 5k k6
kb 8 50 b 32 k9 13 5k %4
ks 58 50 33 k9 45 sh 48
W56 50 6 33 50 k6 55 &7
AT 56 50 W 33 a9 AT Sk kg
W8 56 50 B 32 50 48 S5 by
LI 50 A 33 50 M 56 48
0 % 50 0 3R 50 0 55 k9
Pomerks: No prodlews vere incurred. Remerks: No problems vers incurred. Remarks: No probdlems vere iocurred.

—
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Gantry Bo. 1, 2, 3 and b
Losd Weight: 18,000 1b
Naximum Height Load Lifted: 62 in.
Pover Pack Ko. 1 amd 2
Ambdient Temparature (°F):
High, 102; Lov, 96
Humidity ($): Mign, 32; Lov, 28

8011 Tempersture (°F): High, 109; Lov, 9

Pressure
v

—varistion
Dowp Up Dovn IQje

Readings from Power Pacl. No. 2 only

Cycle Time (geg)
No. Up
1 k2 u8
2 W 8
3 b2 48
4 b2 48
5 b2 8
6 43 48
T 2 Y4
8 k2 50
9 b2 50
10 k2 50
11 k2 50
12 k2 50
13 43 50
k2 50
15 k2 50
16 W2 50
17 b2 50
18 k2 51
19 L2 50
20 k2 51
21 43 51
22 A3 51
23 b2 50
24 42 51
25 ke 51
26 b2 51
21 k2 52
28 k2 52
29 k2 51
30 43 52
31 k2 52
32 k2 52
33 43 51
B 43 52
35 ke 51
36 W 52
31 W 52
38 k2 52
39 k2 52
b k2 52
4 43 53
k2 k2 53
L3 52
La 42 52
b5 43 53
u6 43 52
LY S - 52
48 43 52
by k2 52
50 43 53

1300 1200 1700

Rerarks: No problems were incurred.

2k

TABLE 2. Mechemicel Operation Deta (Continued)

High, 96; Lov,

Readings from Pover Pack No. 2 only

Humidity ($): M4
80il Temperaturs (°F): Nigh, 97; Lov, 85

Cycle Time (sec)
do. Up
1 43 1]
2 L2 [1]
3 [+ 50
Y] 50
5 b2 50
6 U3 48
7 43 48
e U3 48
9 43 50
10 U3 b9
11 43 50
12 L 50
13 43 50
1% 43 50
15 k43 50
16 L3 50
17 b3 50
18 U3 50
19 Lk 50
20 by 50
2 ]
22 W 50
23 L3 50
2k [X] 50
25 43 51
26 43 51
2T 43 50
28 43 51
29 L3 51
30 43 51
31 k3 52
32 43 51
33 ki 50
34 by 51
35 Ly 51
36 4 S
37 53
38 43 Sk
39 kb 53
40 L3 53
41 b3 52
b2 bk 52
L3 11 52
W 43 52
45 bk 52
46 kb 52
47 43 52
Y- 1" 52
49 U3 52
50 43 52
Remarks:

Qsatry Bo. 1, 2, Jend b

Losd Weight: 20,000 1d

Maximum Height Load Lifted: 62 ia.
Pover Pack Bo. 1 and 2

Amb.ent Tempsrature (°F):

92
o

Tl Lov, Sh

Pressure
v

—daristion
Dovp Up, Dowvn IQe

1200 1200 1700

No problems vere incurred.

Pressure
Cycle ? Loee) A1
oo Powp Up o

i AR e

Gentry Bo. 1,2, Jamd &

losd + 22,500 1v ;
Naxtwam felght Zoad Lifted: 62 1a. ;

Pover Pack No. 1 and 2

Ambient Temperature (°F):

High, 93; Low, 8k

Humidity (%): Eigh, 64; Low, 60

Soil Tempersture (°r): High, 88; Low, 80

Readings aveilable from Pover Pack

¥o. 2 only
1 ks 48 1300 1200 1700
2 ks kg
3 S 50
b b5 50
5 ks k9
6 kb 1]
T b 50
8 kb 49
9 L 50
10 Lh 50
11 Ll 48
12 L 49
13 45 50
1k Lk 49
15 b 9
16 45 50
17 bk 49
18 Uk 49
19 s 50
20 bk 50
21 b5 50
22 b6 48
FX I 48
2b Uk ug
25 b5 g
26 U5 48
21 L5 L8
28 45 4§
29 L5 48
30 46 48
31 45 L8
32 kS L8
33 4s L8
LT X { ig
35 4 50
36 k5 50
371 k6 50
38 U6 51
39 L8 51

b2 A7 51
43 k8 51
Lh kT 52
45 kT 52
36 L7 51
NN 52
L8 'Y 52
W 46 52
50 46 52

Remarks: No problems were incurred.




Gastry %o. 1, 2, 3and b
Losd Weight: 25,000 1b
Maxisum Height Loed Lifted: 62 in.
Pover Pack ¥o. 1 and 2
Asbient Temperature (°F):
High, 96; Lov, 90
Husiafty (5): High, 62; Lov, 54

Pressure
Cycle Time (eec) ___ Variation _
Jo. Up Dovp Up Dovp I&ie

Readings available from Power Pack
No. 2 only

1 g 50 1400 1200 1700
2 48 50
3 k6 k9
s b7 50
5 W7 50
6 14 50
7 1.} 50
8 W 50
9 b6 50
10 us 51
1 46 50
12 6 50
13 47 51
PUR:| 50
15 W7 51
16 48 51
17 k9 51
18 U9 52
19 A9 51
20 U9 59
21 b7 L8
2 . 48
23 A7 g
24 .8 50
25 b7 kg
26 Y4 50
21 %0
28 L7 50
29 A8 50
30 47 50
31 k8 50
2 47 50
33 U7 51
3% b9 50
35 k8 50
36 W7 kg
31 4y 50
38 w7 50
kI 50
W 48 50 1300 1100
B 48 50
42 L9 50
W3 k8 ug
TRV ] 49
TR | 50
TN | 50
O { 50
48 L8 50
b9 A7 51
50

Remarks: No problems were incurred.

TABLE 2. Mechanical Operation Data (Contizued)

Gantry No. 1, 2, 3 and b

Losd Veight: 21,5.9 1b

Maximm Neight Losd Lifted: 62 in.
Pover Pack #o0. 1 apd 2

Ambient Tempersture (°F):

Nigh, 101; Low, 87

Humidity ($): High, S&; Low, S0

Pressure
Cycle T Vi it
o Dovy Un_ Dovp Hle
Readings availadle from Pover Pack
%o. 2 only

50 1500 1200 16800
b

L3 50
50
L9

50 50
52 50
52 56
53 Ly
DU X 50
1 53 51
12 53 51

O~ VA E W
&=
0

13 53 50
1b 53 50
1% 5k 50
16 53 51
17 53 50
18 52 50
19 52 50

20 53 $0 1k00 1100 170C

23 sk 51
2 sk 52
25 Sk 51
26 3 51
2T 53 51
28 53 50
29 53 51
30 sk 51
a1 sk 51
32 Sk 52
33 5k 52
3k Sk 52
35 Sk 52
36 54 51
37 sk 51
38 sk 51
39 sk 52
[ 51

43 sk 51
bh Sk 51
s Sk 51
L6 Sh 51
b7 Sk 5L
[%:] sk 51
49 Sb 51
50 54 51 1200

Cantry %o. 1, 2, 3 and b

Load Weight: 30,000 1b

Maxisum Height Load Lifted: 62 in.

Pover Pack No. 1 snd 2

Ambient Tesparature (°F):

High, 9%; Low, 92

Humidity (8): High, 66; Low, 62

Boil Temperature (°r): High, 89; Low, 88

Pressure
Cycle Tige (sec) __ ¥
o, Bl T b
Readings available from Pover Pack
%o, 2 only

1 s 49 1600 1200 1800
2 5 by
3 s2 g
) 53 b9
5 5 49
6 52 50
7 S 49
8 s2 50
9 53 50
10 53 50
11 s 50
12 53 50
13 53 50
14 b 50
15 53 50
16 53 50
17 54 950
18 53 50
19 sk 50

20 5k 50 1400 1700
21 54 50
22 sk 50
23 sk 50
2h sk 50
25 53 50
o 53 50
271 53 50
28 53 50
29 53 50
30 53 51
31 53 51
32 53 51
33 53 51
53 52
35 53 51
36 53 52
37 Sk 52
38 55 51
39 S5k 51
40 sk 52
41 sk 52
h2 sy 52

45 53 sl
W6 53 51
b7 sk 51
48 sk 51
L9 5k 50
50 Sk 51

Remarks: No problems were incurred.
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TABLE 2. Mechenical Operation Data (Concluded)

Gantyy Bo. 1, 2, 3 and &
Load Weight: 32,50 1b

Maximum Keight Load Lifted: 62 inm.
Pover Pack ¥o. 1 end 2

Pressure

i

Readings availsble from Pcwer Pack

50 1600 1200 1800
50
50
50
50
51
50
50
51
50
51

50 1500 1100

50
52
51
52
50
50 1h0o 17900
50
51
50
50
50
51
50
51
52
51

Ho problems wers incurred.

Cycle
Mo,

Mo. 2 only
1 53
2 53
3 53
4 53
H 53
[ 52
7 52
8 53
9 53

10 53
11 52
12 53
13 53
i3 53
15 53
16 52
17 53
18 53
19 sk
20 53
2 sk
22 sk
23 sk
24 5l
25 5k
26 Sk
27 Sh
28 s
29 sb
30 53
A sk
3R Sh
33 Sh
3 sk
35 5
36 Sk
37 5h
38 sk
39 5b
o sk
41 55
L2 55
43 35
b 5h
b5 sk
L6 55
WSk
L8 55
kg 55
50 55
Remarks :
26

Gantry ¥o. 1, 2, 3 end &

Load Weight: 35,000 1b

Naxisum Height Load Lifted: 62 in.

Pover Pack No. 1 and 2

Ambient Tempersture (°F):

High, $6; Low, 9k

Humidity (5): High, 44; Lov, 41

801l Temperature {°F): High, 91; Low, 88

Pressure

Cycle Tipe (sec) __Varigtion
Jo. Up Dowp Up Dowvp Idle

Readings available from Pover Pack
¥o. 2 only

1 Sk 49 1700 1100 1700
2 Sk 51
3 Sh 51
LI 50
3 53 50
6 53 51
T Sk 51
8 Sk 51
9 5k 51
10 53 51
1 sk 51
12 <k 51
13 Sh 51
W 5k 50
15 53 50
16 sk 50
1T sk 51
18 sk 50
19 Sk 50
20 5k 51 1koo
21 S5k 50
22 53 51
23 53 51
2h sk 51
25 sk 51
26 5k 51
27T 5k 50
28 54 51
29 53 51
30 sk 50
A sk 51
32 53 51
33 53 50
3 53 50
35 54 51
36 S5k 51
37 54 51
38 54 51
Sh 51
40 sk 51
41 55 50
L2 55 50
k3 54 50
W55 51
3] 55 51
ke sk 51
L 1) 51
L8 54 51
b9 55 51

50 55 51 1600

Remarks: No predlems vere incurred.




3

Load

Wt (1b)
3,600
6,000
9,000

12,000

15,000

17,500

TABLE 3.

Max. Height
Load
Lifted (in.)
76
76
76
76
76
16

Manual Operational Data

Time Required (min/sec)

Cycle 1 Cycle 2 Cycle 3
Up_ Dowvn Up Dovan _Up  Down
3/18  2/5 3/35 2/20 3/30 215
b/so  3/15 #/25 3/10 4/50 3/20
5/45 3/0 6/20 3/10 6/10 3/5
6/0 3/35 6/14 3/20 6/25 3/38
9/20 3/8  9/40 3/55  9/25 3/30

10/15 4/30 10720 L/45 1018 Lk/20

27




TABLZ M. Redio Suppression Deta

Item: Gentry Crane Pover Pack Specification: MIL-STD-461/462
Model: YAC32-1 Test Date: 15 August 1968
USA Reg Bo.: GOOO0OSS Test Area: & Perceat Slope

Kamufacturer: Continental Motors Corp Test Equipment: AN/URM 85

Radistion Test - DE* Class III C

Freq Freq
Mcs A P & Nes A B 2
0.15 T+ & T1+ 110 s 58 &7
c.35 Ti+ 8s Ti+ 120 27 57 kg
1.5 T1+ 18 Ti+ 130 28 57 sk
3 T+ 15 Ti+ 1a0 i 56 58
b 5T T2 59 150 3k 56 52
€ 58 70 & 160 35 56 58
12 63 68 63 170 3% 56 Sh
i5 65 67 65 180 3% 55 ks
20 k0 (3 53 190 33 55 b
s 53 65 39 200 1 55 48
27 51 oh 31 220 30 55 3
30 33 6k 51 2k0 20 5€ 1+
35 36 63 3G 260 20 51 71+
38 35 o3 51 28C 23 58 i+
Lo 3 62 51 300 5 58 Ti+
kS 30 62 52 350 2 60 Ti+
50 28 & 59 koo 23 (S} 1+
55 31 61 53
60 36 61 by
65 33 60 39
7 56 &0 ks
15 k5 59 57
80 39 59 LES
85 33 59 kg
30 32 58 52
95 32 58 )
100Q 31 58 L3

¥Decibels above one microvolv per megacycie c? dandwidth
A - Ambient noise level

P - Passing limit

a - Interference noise level at ambient

Remarks: As specified in MIL-STD-L61; the limit for class IIIC itexs in
tbe applicable frequercy range of 0.15 to 40O MHz shall te
relaxed by 20 dh.
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APPENNIX II. FINDINGS

Requirements Source

Individual components of the Paragraph 2c¢, AMCTCM
system shall be sufficiently Approved TC
lightveight to enable carry-

ing for short distances and

loading by four men onto a

military vehicle.

No component or group of Paragraph 2m, AMCICM
components of the system shall Approved TC

be of such a size as to

prevent air transport by cargo

aircraft in accordance with

applicable portions of Appen-

dices A and B of AR T05-35.

Component parts of the system XYaragraph 20, AMCTCM
must comply with the recuire-~ Approved TC

meats of approved specifica-

tions (federal, military and/

or industry), and be made cor-

rosion resistant through use of

appliceble stendard methods and

dagterials.

The device must have a liftipg Paragraph 2a, AMCTCM
capacity of 17,500 pounds and Approved TC
vhen used in pairs as a system

must be capable of 1li€ting a

load measuring 108 inckes high,

110 inches wide, and 336 inches

long, weighing 35,000 pounds,

to a heizht which ~ill provide

a 60-inch ground clearance and

wili permit placement onzo a

grouné cransport vehicle up {o

120 inches in width.

The system must be capable of Paragraph 2b,
mamual assembly from shipping Approved TC
to operational condition, with-

out speciel tools or materials

nandling equipment. Assembly

time tor a device (17,500-1b

capacity) from removal from

shipping skids to erection must

be less than 1 hour, when

using four men.

Degree of Compliance

Did not meet requirement
(Test No. 1 and Para. 1.1
App III).

Met requirement (Test
No, 1).

Did not meet requirement
(Test No. 1 and Para. 2.1,
App III).

Met requirement (Test
No. 2).

Met requirement (Test No.
2).




Requi -~ment

The system must have mechan-
ical leveling provisions to
insure stability in all direc-
tions for all loads up to
rated load on sloping terrain
up to and including 5-degree
slopes.

The device, when assembled,
must be capable cf being men-
propelled short distances over
unsurfaced and non-trafficked
areas in the vicinity of for-
ward airfields.

The system must be capable of
raising the rated load to a
60-inch height in approximate-
ly 120 seconds, using self-
contained gasoline engine
operated power packages, tu-
gether with hydraulic control
and lift components.

The device shall be operable
from a single control station.

The system must be capable of
manual operation if power is
not available, With manual
operation, the lift rate re-
quirement of above is not
mandatory.

The system must meet the re-
quirements of the current
revision of Specification
MIL-T-11748 (Signal Corps),
"Interference Reduction for

Electrical and Electronic
Equipment."

The system, when onperated by
its hydraulic power package,
shall demonstrate with 95
percent reliasbility the capa-
bility of performing & daily
mission. A daily mission is
defined as a total of 59

30

Source

Paragraph 2¢, AMCTCM

Approved TC

Paragraph 2f, AMCTCM

Approved TC

Paragraph 2g, ANCTCM

Approved TC

Paragraph 2h, AMCTCM

Approved TC

Paragraph 2i, AMCTCM

Approved TC

Paragraph 2p, AMCTCM

Approved TC

Paragraph 2bl5,
AMCTCM, Approved

Degree of Compliance

Met requirement (Test
No. 2).

Requirement compliance
could not be determined
(Test No. 2).

Met requirement (Test
No. 2).

Met requirement (Test
No. 2).

Met requiremesnt (Test
No. 2).

Met requirement (Test
No. 2).

Met requirement (Test
No. 3).

Operational Character-

istics and verbal

request by Natick Labs.




Requiremeat Source _ Degree of Compliance

cycles (1ifts of various load
weights within the rated
capacity. This ‘implies 20
mission days as Mean Time
Between Failures (MIBF). A
failure is defined as that which
prevents the unit from complet-
ing 1its assigned mission and
cannot be repaired by the oper-
ator with the tools and materials
provided within 30 minutes.
Unscheduled orgentzational main-
tenance should not exceed 30
minutes during the performence
of a daily mission. The cotal
maintenance manhours will not
exceed 10 percent of the
operating hours on the basis

of 8 hours of operation equal

to 1 mission day. Total
maintenance will include
scheduled and unscheduled main-
tenance from operator levsl
through direct support level.

The system must be capable of Paregraph 23), AMCTCM Not tested.
statically supporting twice Approvea TC

the rated load without evi-

dence of permanent deformation,

when loaded at an attitude to

3 degrees in any direction

from the vertical.

The system must demonstrate Paragraph 2k, AMCTCM Not tested.
sufficient reliability and Approved TC

durability to 1lift 150 percent

of its rated load to its fully

raised height of 60 inches,

for 50 cycles, with all over-—

load safety devices rendered

inoperable for duration of test.

The system must be easily Paragraph 21, AMCTCM Met requirement (Test
meintained under field con-  Approved TC No. 3).
ditions. Components must be
interchangeable between like
items of the system. Main-
tenance costs must be a
minimum for systems of this
type.
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Requi rement Source Degree of Cowpliance

The system must ve capatle of Paragr

aph 2r, AMCICM Not corpletely deter-

operation and sturage in tem- Approved TC mined (lest No. 3).

peratures from -65°F to
+125°F.
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APPENDIX III. DEFICIENCIES AND SHORTCOMINGS

l, Deficiencies

Deficienry

1.1 Cne of the basic components
of the gantry, the power pack,
was too heavy to ensble carry-
ing for short distances and load-
ing by rfour men cnio s military
vehicle.

Suggested Corrective Action

Remarks

None

2. Shortcomings

Shortcoming

2.1 The manual chain hojst
ckains corroded during testing.

2.2 Baseplate wrench failed to
operate properly.

2.3 0il secpage from nydraulic
0il cylinder seals.

Sugyested Jorrective Action

Ir nydraulic

0il were drained
from power peck,
weight would be

witiin criteria.

Remarks

Coa’ s chains wita non-
corrosive materiai.

Closer quality contrcl be
observed.

Better gracde seals be used.

3. Suggested Improvements

Quality/Perrormance

3.1 Broken pressure gages.

3.2 Cable ends of the winch hoist
cable are clamped and the iLoose
ends “aped. After 3 or 4 weeks
the tape falls off and the wire
car.c is exposed which is a
saiety hazard.

3.3 Lifting loads with the manual
chain hoist for 1 hour will caur 2
blisters and open wounds on a
man's hands.

Suggested Action

None

Kone

None

Remarks

Observe gages during service
testing. If gages coatinue
tc fail, investigate vpessi-
bility of replacement with

e gage vhick will withstand
high trausient oil pressure.

Solder loose ends of cable.

Iss»e protective gloves to
be worn when operating e
manual chain hoist.

None

None
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Maintenance iimes

Cantry Gantry
Nomenclature land 2 3 and 4
Operating hours 4.5 46.7
Active maintenance hours® 0.k 1.3 1.7
Maintenance ratio 0.009 0.028 0.019
Mean time between failures kb .5 46,7 2.2 J

#Tn¢cludes unscheduled and scheduled inspection time.
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APPENDIX V. PHOTOGKAPHS

Adrcrafr loader (120 inches wide) driven under gantrv system
te pick up a 35,000-pound load which vas extended to measure
336 inches long and 110 inches wide.

FIGURE 1.

La)
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FIGUEE 2. Man's hands after operating manuai chain hoist for a period
of 1 hcur. JNote blisters and oper wounds.







FISURE &.
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Broken gages vhich were replsced on the power pack during
testing. At left, gage vita the brass movement {note

shav'ings), Gage wore thin.. Ataright, gage wvith
bronze movement. Gage broke.
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causing

FIGURE 5. Load wa3 1ifted av & 3.0-degree angie
jump off sheave (1te® p) and to xink (lvem B}.
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FIGURE 6, Cable ends of winch hoist cable.
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