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SUBJECT: Suitability for US Army Use of Grapnel, lLauncher Propelled,
XML, USATLECOM Project Nos. 8-EG-155-000-001, 8-L£G=155=000-002

(2) The service test report citer three instances where the grapnel
could not be retricved for refiring when anchoring had not been achieved,
his was classificd as a shortcoming., This condition is declassified
and presented for informution only, because of the low frequency and
because Lhe cause is inherent in the design of the grapnel hook,

e, Safcty:'

(1) fThe test item was unsafe to operate because of dezign deficien=-
cies diseussed in pavagraphs (1), lib(3), and hib(h). Other safety
concerns arc expressed in paragraphs he(2), he(5), and he (7).

(2) when Tired at hirl launch ancles into winds, the grapnel
impacted in the vicinity ot operating personnel, Also, at launch angles
above 600, it was fownd that the operator's hand could be struck by the
grapnel attachment cable,

£. Maintainability:

(1) Mo orranizational. or higher level maintenance vas required or
guthorizced by the maintenance manual, To maintenance training was
rcquired, The maintenance manual was adequate except that it failed to
provide iuctructions for frequent cleaning of the barrel of the }M79
Grenade Launcher, '

(2) Comments and surested changes to DEP 9-1375-1i02-12 were
submitted by the ST agency on DA Form 2028, dated 25 June 1970,

g. Reliability:

(1) Anchoring reliability, congidering .only those firings where the
grapnel impacted in the decignated area, was demonstrated as 76.8% with a
90% confidence level, The SDR désired anchoring reliability is 70%,

(2) Mechanieal reliobility wos demonctrated on the basis of 2410
firines in which there were fMve instances of a mechanical- failure, il.cey
separation of the line {rom the prapnel when the snap hook opened. The
point estimate of mechanical reliability was 97.94%, At a 90% lower
confidence limit, mechanical reliability was 96.8%. The requirement for
98¢ mechanical reliability was not met, however, this can be attributed to
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the five instances of snap hook dpeaing, and separation, which this head-
quarters found to ‘be a corrected chortcoming. With the correction,
reliability ie im cxcess ol 90%, therefore, failure to mect the explicit
mochanical reliability requirement is considered neither as a deficiency
nor a shortcomin.

5. Comments,

a. 'The $Dhi specifies that the prapnel rope "will not fray". This
was interpreted as being applicable after a sin7le uscent or crossing.
The service Lest report cites on¢ ingtance where a rope frayed to the
point where it was considered unsafe alter being climbed by three personnel.,
By pulling the rope up and retieins behind the frayed section, the rope was
capable of being climbed cafely by other persomnel. The cxpectation that
a rope can remoin unfrayed when moved under tension against an abrasive
surface in rcpeated uses is unrealistic, This is particularly so because
the SDR states that the device "once fired, will be retricved and reuscd
at the discreiion of the user"., The DEP cautions the user to inspect the
rope after usc and discard it if defects are observed, These instructions
should be amplificd to specify that the first man ascending inspect the
rope for signs of fraying und make appropriate accommodation by retieing
or substitution of other ropes when multiple ﬁscents or crossings are to
be made, - :

b. All ten instances of burned cable assemblies occurred on the
sccond or subrequent firincs, In seven instances only one of the two
cables vas burned, These seven cable assemblies withstood impact loads
of 225 pounds in a sudden vertical dron of five feet, Three cable
assemblies, where both cables were burned, broke wnder similar loading,
This condition is considered e shortcoming since the SDR states that the
device "once fired will be retrieved and reused at the discretion of the
user", Competent instructions must be provided to the user to enable him
to incpect the cable assemblies and exclude damaged items from further use,

¢. Two mitters require resolution before further testing as recom=
mended below: . : '

(1) For lack of definitive eriteria it was assumed in the engineering
test that it would be acceptable if a 150 foot vertical obstacle could
be surmounted after expenditure of no more than two propulsion systems,
The validity of this assumption should be ascertained,
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(2) Requirements listed in the service test report make reference

to a decision at an Tn-Process Review to have the vertical height require=
ment changed from-150 feet to 150 fcet +10 feet.. The SDR has not bcen
changed to reflect this,

6, Concluzion, The Grapnel, Launcher Propclled, XML is unsuitable for
M
US Army usc. ‘ :

To Reconmendations.

a, That the deficiencies and as many shortcomings 28 fcasible be
corrected and the Grapncl, Launcher Propelled, YML be submitted for
check test.

v, ‘That the Operator and Organizational Maintenance Manual be
amended ¢ .

(1) To provide a warning to the user that when firing at high launch
angles into winds, the grapnel may impact in the vicinity of operating‘
personncl.,

(2) To provide a warning that at launch angles above 60°, the operator's

hand could be struck by tne grapnel attachment cable..

(3) To provide instructions on the cleaning required for the barrel
of the M9 Grenade Launcher vhen used with the prapnel system.

(4) To provide inctructions that require the first mon ascending or
crossing the rope to inspect the rope for signs of fraying and to make
appropriate accommodation by reticing or substitution of other ropes
when multiple ascents or crossings are to be mnde, ]

(5) To provide instructions and describe the technique for user
inspection of the cable assembly for evidence of burn damage and provide
criteria for.safc subsequent use of the assembly.
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¢, That the validity of the requircment to surmount 150-foot
obstacles and the assumption that the crpenditure of two propulsion
systems is acceptable to enable surmounting @ 150-foot obstacle be
ascertained prior to check test.

FOR THE COMMANDER:

X‘ L‘."( [ 14 :.% *”/' ) t—rnz":z:- .

2 Incl HFNRY F. ORI}, JR

1. APG Rept ML-3606 Colonel, GS
2, USAACEBD Rept CE~1569 DCS for Test and Eval
(20 cys ea) : . .

Copies furnished:

CG USAMC ATTN: AMCRD-W iw/a cys ea incl)
AMCRD=U (w/1 cy ea incl

USACDC TO, USATRCOM (wfe3 cys ea ‘ncl)

CO PA ATTN: SMUPA=DC2 (w/2 cys eo incl)

USMC 10, USATICOM (w/L cy ca inel)

pD ATG ATTH:  SUEAP-MD-TI (w/o incl) :

Pres USAACEED ATIN: STEDF-TD (w/o incl)
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SECTION 1, SUMMARY

1.1 BACKGROUND

a. The feasibility of the Grapnel with Line (Propelled) was
demonstrated by personnel of the 1st Special Forces Group who con-
structed and used such a device in the Republic of Vietnam. A prac-
tice rifle grenade was modified by welding 20-penny nails equidistant
around the head of the grenade and attaching a length of parachute
suspension line to the grenade. The modified grenade was fired from
a M7A3 Grenade Launcher (ML Rifle). The grenade traveled across a
30-meter ravine and lodged in heavy vegetation which provided a firm
anchor for the line at the terminal end., A 210-pound man was able
to traverse the ravine using the line,

b. A proposal by the lst Special Forces Group for a grapnel
with line device was reviewed by the US Army John F, Kennedy Center
for Special Warfare and US Army Special Warfare School., This review
revealed that a requirement for a grapnel device does exist and that
early procurement will enhance capabilities of Special Forces person-
nel operating in jungle and mountainous areas. A Small Development
Requirement (SDR) for a Grapnel with Line (Fropelled) was approved by
the Department of the Army in June 1968 {Ref 1, App.V).

c. A prototype grapnel system was developed by US Army Limited
Warfare Laboratory (USALWL) and subjected to engineer design test by
Materiel Test Directorate, Aberdeen Proving Ground (Ref 2, App V).

It was concluded that the graprel system is safe for its intended use

and transport and capable of propelling the line a distance of 175 feet
as stipulated in the SDR.,

d. In March 1969, ‘US Army Test and Evaluation Command (USATECOM)
directed US Army Airborne, Electronics and Special Warfare Board
(USAAESWBD) (now US Army Airborne, Communications and Electronics
Roard (USAACEBD)) to conmduct service test of the Crapnel with Line
(Propelled) (Ref 3, App ),

e. Prior to receipt of Grapnel with Line (Propelled), it was
nomenclatured Grapnel, Launcher Propelled: XML.

f. Forty each grapnel systems were received by USAACEBD in
February 1970 and testing was initiated in March 1970.
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1.2 DESCRIPTION OF MATERIEL

a, Grapnel, Launcher Propelleds XMl, the test item, consisted
of two bandoleers containing the followings:

(1) Hook and Cartridge Bandoleer (Fig 1, App I):

Quantit Item
h ea Tines

1l ea Head assembly

1l ea Shaft

1l ea Rocket motor shroud
1l ea Attachment cable assembly
2 ea Safety rope

1l ea Goggles

2 ea Climbing device

2 ea Snap link

2 ea Quick release pin

1l ea Ground cloth

6 ea Cartridge, XM688

(2) Rope Canister Bandoleer (Fig 2, App II):

Quantity Ttem
1 ea Rope (L0O-foot coil with snap hook)
1l ea Rope canister
1l ea Blast deflector

b. The M79 Grenade Launcher is used to fire the XM688 Cart-
ridge and launch the grapnel assembly. The cartridge loads into
the breech of the weapon and the grapnel loads into the muzzle. The
cartridge rocket motor assembly inserts into the end of the grapnel.

Upon firing, the rocket motor propels the grapnel which in turn pulls
the line.

c. Assembly and usages of test item components are as follows:

(1) Grapnel Hook. It consists of four tines, head assembly
with quick release pin, shaft, rocket motor shroud, and an attachment
cable assembly. These components are assembled prior to being placed
into the muzzle of the launch weapon (Fig 3 and L, 4pp I).

(2) Blast Deflector., This device is designed to protect
the firer from the rocket back blast. Prior to loading the grapnel,
the deflector is mounted on the muzzle of the launch weapon (Fig L,

App I).
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(3) The Cartridge, XM688, consists of a LOMM cartridge
case, expulsion ignition charge, and a rocket motor assembly. The
rocket motor assembly contains 100 grams of black powder which is
ignited immediately prior to, or shortly after, leaving the muzzle
of the launch weapon,

(L) Nylon Rope (Man-Carrying Line/Grapnel Line). The
line is coiled in a canister. A retainer cup is placed through the
dispenser hole to prevent the line from uncoiling until used. When
the retainer cup is removed, the end of the line, with the quick
release snaphook, is revealed (Fig 2, App I). The snaphook is con-
nected to the grapnel prior to firing. The rope canister is placed
forward of the firing position (Fig 5, App I).

(5) Goggles. The goggles are used to protect the firer's
eyes from sand or dust stirred up during the grapnel launch (Fig 1,
App I).

(6) Ground Cloth, The cloth is used to provide a smooth
area on which to recoil the line for subsequent firings if the grap-
nel fails to anchor after the line is dispensed from the rope canis-
ter (Fig 5, 4pp I).

(7) Climbing Device., Two commerical climbing devices are
provided for vertical operation. When attached to the nylon climb-
ing rope,they enable the operator to ascend or descend a vertical
obstacle (Fig 1, 6,and 7, App I).

(8) <Zafety Rope. Two safety ropes are provided. One
rope may be used to provide a safety link between the climber and
the climbing rope (Fig 7, App I). Both safety ropes may be used
for various horizontal and vertical operations as described in FM
31-72 and FM 31-30 {Ref L and 5, Zpp V).

(9) Safety Link. Two safety links {or "snap-links") are
provided for use in various horizontal and vertical climbing techniques
described in FM 31-72 and FM 31-30 {Ref L ard 5, App V).

1.3 TEST OBJECTIVES
Determine if the Grapnel, Launcher Propelled: XMi, iss

a, Safe for its intended use,

b. Suitable for Army use,



1.4 SCOPE

a, Service test of Grapnel, Launcher Propelled: XML, the test
item, was conducted under field conditions in the vicinity of Fort
Bragg, North Carolina, and Nantahala National Forest, North Carclina.
The test was conducted by personnel of the US Army Airborne, Communi-
cations and Electronics Board (USAACEBD) assisted by soldiers from
1ocal tactical units during the period March 1970 to July 1970, Test
personnel were representative of those who will operate and maintain
the equipment in the field, Temperatures varied from L5 to 102
degrees Fahrenheit, and total rainfall was 17.3 inches during the
test period.

b, Evaluations of operator training, line capabilities and
characteristics, environmental effects, durability, maintainability
and reliability, human factors, value analysis, and safety were con-
ducted throughout the test period. The initial evaluation of safety,
physical characteristics, and operator and maintenance training pre-
ceded the operational subtest.

c. The number of test items (LO systems) and the time allotted
(3 months) was adequate for the conduct of the test. Operational and
mechanical reliability were computed at a 90% confidence level.

d. Prior to placing the weight of a man on the deployed rope,
qualified test personnel checked the anchor achieved. An independent
safety rope was rigged and attached to the operator.

1.5 SUMMARY OF RESULTS

a, Grapnel, Launcher Fropelled: XMl, was easy to operate and
operators required minimum training. It provided a means of ascend-
ing and traversing obstacles. The test item was not adversely
affected by environmental conditions encountered during the test
period nor by transport over primary and secondary roads and trails.
Airdrop was accomplished without difficulty. There were no unessen-
tial features or accessories.

b. Maintenance Maintainability. No maintenance was required
other than external visual inspection before firing and cleaning
c omponents before refiring.

c., Training., Test personnel (Special Forces "A" Team - less

officers) with no previous experience on the test item or similar
equipment could install, operate, and maintain without difficulty
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following a 2-hour course of instruction presented by project per-
sonnel using instructional material provided. However, an additional
2 hours of practical exercises were required for test personnel to
become proficient in the use of the climbing devices.

d. Safety. The following unsafe conditions were noted during
testings

(1) The rope produced injuries to bare hands.
(2) The climbing device separated from the rope.
(3) The operator's feet came out of the foot loops.

(L) The safety rope used as specified in the DEP provided
no safety.

c. The following Deficiencies and Shortcomings were noted:
(1) Deficiencies:

(a) - Average length of the rope after one firing was
390 feet (para 2.1, Sec 2).

(b) The rope produced injuries to bare hands (para
2.3 and 2.11, Sec 2).

(¢) The rope did not provide a comfortable non-skid
hand grip (para 2.3 and 2.8, Sec 2).

(a) The rope frayed from contact with abrasive sur-
faces (para 2.3, Sec 2).

(e) The rope detached from the grapnel while in flight
(para 2.3, Sec 2).

(f) The climbing devices separated from the rope
(para 2.11, Sec 2).

(2) Shortcomings:

(a) The grapnel hook could not always be retrieved
or refired when an anchor was not achieved (para 2.L, Sec 2).

(b) The firing of the system was aurally detected up
to 800 meters (para 2.L, Sec 2).
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(c) The grapnel shafts bent on direct impact with
solid surfaces (para 2.7, Sec 2).

(d) The operator's feet came out of the foot loops
(para 2.11, Sec 2).

. (e) The safety rope when used as prescribed in the
DEP provided no safety (para 2.11, Sec 2).

(f) Configuration of the climbing device put undue
stress on the operator's wrists (para 2.8, Sec 2).

1.6 CONCLUSIONS

a. Grapnel, Launcher Propelled: XM, provided a means for
ascending and descending vertical obstacles and traversing horizon-
tal obstacles.

b. Grapnel, Launcher Propelled: XMl, is not suitable for Army
use.

1.7 RECOMMENDATION

That the Deficiencies and Shortcomings be corrected and the
Grapnel, Launcher Propelled: XMl,be subjected to check test.
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SECTION 2. DETAILS OF TEST

2.1 PHYSICAL CHARACTERISTICS

2.1.1 Objective

Determine the physical characteristics of the test item.
2.1.2 Criteria

a. (Essential) The total weight must not exceed 4.5 pounds
(exclusive of the weight of the man-carrying line, climbing devices,
safety link, extra munitions, and carrying case) (Item 1, App II).

b, (Essential) The device will have 400 feet of line avail-
able to the user {Item 2, App II).

2.1.3 Method

The test item was inspected, weighed, measured, and photo-
graphed.

2.1.4 Results

a. Total weight of the test item was 28 pounds L3 ounces. De-
tailed weights and measurements are found in Tables 1 and 2, Appendix
I.

b. The weight of the grapnel hook {grapnel head assembly and
rocket motor shroud, grapnel tines, attachment cable assembly, and pin
was | pounds 3% ounces (Fig 3, App I).

c. Since the ropes could not be recoiled in the canisters,
they were measured subsequent to the initial firing. The average
length of the rope provided was 390 feet, varying from a minimum of
387 feet to a maximum of 395 feet.

d. Photographs of the test item are shown in Figures 1 through
7, Appendix I.

2.1.5 Analysis

Did not meet criteria in that the average length of the rope
after one firing was 390 feet (Deficiency).
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2,2 OPERATOR TRAINING

2.2.1 DObjectives

Determine:

a. If amount and type of training required for operators to
become proficient in the installation/disassembly, operation, and
operator maintenance of the test item conforms to training criteria
of the stated requirements.

b. TIf amount and type of training required is in consonance
with MOS and skill level of intended user personnel.

¢c. Adequacy of instructional material provided.
d. Need for special training aids.
2.2,2 Criteria

a. A class to familiarize students with the device and to
demonstrate its use shall not exceed 2 hours (Item 3, App 11).

b, No additional persomnnel will be required in TOE due to
the introduction of this device. No new MOS will be required (Item

L, 4pp II).
2.2.3 Method

a,- A training program was prepared and presented to test
personnel, Special Forces 7 A" Detachment, who were used as test item
operators. The program included installation, disassembly, operation,
and operator maintenance. Based upon stated training requirements,
the training program consisted of orientation, theory, demonstration,
and supervised practical application, To the greatest extent practi-
cable, this training duplicated operator training to be given when the
test item is introduced into the field. The amount of training pre-
sented by type was recorded., Following the training period, the pro-
ficiency of trainees was evaluated to determine if further training
was required,

b, The instructional literature provided with the test item
was evaluated, FEmphasis was placed upon completeness, accuracy,
propriety, organization,and suitability for use in training personnel.
Comments from all test personnel on the instructional material were
evaluated and DA Form 2028, Recommended Changes to Publications, was
prepared and submitted.
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¢. Training difficulties were evaluatéd: -to determine if special
training aids would facilitate operator training. "

2.2.L, Results

a. Test personnel, trained as stated in the preceding method,
could install, operate, and disassemble the test item and maintain
it without difficulty following a 2-hour course of instruction. An
additional 2 hours of practical exercises in ascending and traversing
obstacles were required for test personnel to become proficient in
the operation of the climbing devices.

b. FM 23-31, w/Change 1, LOMM Grenade Launcher,was adequate
for instructional purposes. Draft Equipment Publication (DEP) 9-1375-
1,02-12 (PA-DCS5) Grapnel, Launcher Propelled: XM, was adequate; however,
recommended changes were submitted.

c. Training aids were not provided or required.

d. No additional personnel or new MOS's were required.
2.2,5 Analysis

Met criteria,
2.3 LINE CAPABILITIES AND CHARACTERISTICS
2.3.1 Objective

Determine the capabilities of the rope used with the test
item.

2.3.2 Criteria

a. (Desirable) The device will have a self-contained line
which will be extracted and extend freely during flight (Item 5, App
11).

b. (Essential) The man-carrying line will be made of material
which will be of sufficient strength to allow it to safely suspend the
hanging weight of a 225-pound man (total weight) when crossing hori-
zontal or ascending vertical obstacles and to withstand the impact load
of a 225-pound man (total weight) in a sudden vertical drop of 5 feet
(desirable, 300-pound man (total weight)) (Item 6a, App II).
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c. (Essential) The line will not cut or produce injury to
bare hands (Item 6éb, App II).

d. (Essential) The line will provide as comfortable and
non-skid hand grip as possible (Ttem 6c, App II).

e, (Essential) The line will not fray or burn from friction
(Item 6d, App II).

£, (Essential) The line will not become detached from the
grapnel until disconnected by the user. It will be capable of being
released from the grapnel without the use of hand tools or special
equipment not available to the user (Ttem 7, App II).

2.3.3 Method

a, Operators trained in 2.2,3, preceding, utilized methods
described in the operators manual, fired the test item over a 120-
foot vertical obstacle and obtained anchorage. A soldier with field
equipment {total weight, 225 pounds) then climbed the line, using
climbing devices provided and a rappel seat in lieu of the safety
rope as described in the Draft Equipment'Publication (DEP) (para
2.L.4 k). Upon surmounting the obstacle, he detached the grapnel
from the climbing rope, secured it to a natural anchor, and descended
using the seat rappel technique (Ref L, App V). During the descent,
he stopped approximately 15 feet above the ground. At this time he
executed a 5-foot rappeling free fall and then continued to descend
to the ground.

b. The test item was fired over a 120-foot vertical obstacle
and anchorage was obtained. Three hundred pounds of equipment was’
hoisted to the top of the obstacle. Upon surmounting the obstacle,
the 300 pounds of equipment was lowered to approximately 30 feet
above the ground and stabilized. At this time a 5-foot free fall was
executed and then its descent was continued to the ground.

c. The test item was fired over a 110-foot horizontal obstacle
and obtained anchorage. This was accomplished using methods described
in operators manual. A soldier with field equipment (total weight,
225 pounds) then traversed the obstacle using a one-rope bridge and
a rappel seat (Ref L, App V),

d. Method c, preceding, was repeated using 300 pounds of
equipment which was pulled across the obstacle using another rope.

e, Methods preceding were repeated three times each.
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f. The extraction of the rope from the rope canister and the
detachment of the grapnel from the rope was observed throughout the
test period.

g. Initially, test personnel operated the test item without
gloves to determine if the rope would cut or produce injuries to bare
hands and provide a positive non-skid hand grip. Subsequent testing
was performed with gloves.,

h, Throughout the testing period, the rope was observed for
fraying, burning, and premature detachment.

2.3.4L Results

a, The rope extracted freely from all canisters during test-
ing.

b. The rope supported the weight of test personnel and equip-
ment and withstood the impact load of 300 pounds in a sudden 5-foot
vertical drop.

¢, The rope produced burns and blisters to bare hands when
tightening the line. The 1llne did not provide a comfortable or non-
skid hand grip primarily because of its size and the characteristics
of rope.

d. The rope caused no injuries to operators wearing gloves
(Gloves Leather Strap Ciosure, Cream, Mans Work, M-1950, F3N 8415-
268-7868).

e. The rope frayed when it came in contact with abrasive sur-
faces while under load and experiericed any movement at the point of
contact, On one occasion, a new rope frayed to the point it was con-
sidered unsafe after being climbed by only three personnel., This
rope was employed over a 120-foot vertical obstacle with rocky ledge

at the top. The rope was pulled uw and retied behind the frayed
section.

f. Out of 2L0 firings, the grapnel detsched.from the rope
five times while in flight.

g, The rope has a stretch factor of approximately 303
(Fig 11, #pp I). As a result of this, when crossing a horizontal
obstacle, the operator had to climb up hill the last half of the
traverse using the climbing devices.
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2.3.5 Analysis
Did not meet criteria in thats
a. The rope produced injuries to bare hands (para 2.11.5).

b. The rope did not provide a comfortable non-skid hand grip
(para 2.8.5).

c. The rope frayed from contact with abrasive surfaces
(Deficiency).

d. The rope detached from the grapnel while in flight
(Deficiency).

2.4 TACTICAL INSTALLATION AND OPERATION

2.4.1 Objectives

Determine:
a. Ease of tactical installation and operation.

b. Adequacy and suitability of the operational and anchor-
ing characteristics.

c. The distance at which the discharge of the test item can
be aurally detected.

2.L4.2 Criteria

a. (Essential) The device must be capable of being fired
from the M79 Grenade Launcher {Item 8, App II).

b, {Essential) The device will be fired in the same manner
(aiming procedures) as grenades fired from the M79 Grenade Launcher
(Item 9, App II).

c. (Essential) The device will be designed with the rapnel
tines retracted until activated by the firer (Item 10, App II%.

d. (Essential) The device will propel the line a distance of
175 feet (Item 2, App II).

e. (Desirable) After firing, the device will be capable of
being retrieved, reloaded by the user, and refired within a short
period of time in case it fails to anchor on the first try (Item 11,

fop II).
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f. (Desirable) The device will have a silent propellant
charge for use where secrecy is necessary (Item 12, App 11).

g. (Essential) The grapnel will be of such a design that,
upon/after impacting with the ground, brush or trees, it will anchor
itself when the line is pulled by the user, support the weight of a
225-pound man, and enable him to cross or ascend 150-foot obstacles
+ 10 feet (Item 13, App II).

h, (Desirable) Anchoring reliability desired is 70% (Item
1L, fpp II).

2.4.3 Method

a. Personnel trained in 2.2.3, preceding, employed the tes:
item in tactical locations (Fig 8 and 9, App I). The following test
sites contained obstacles which ranged from 93 to 178 feet vertically
and from 98 to 214 feet horizontally:

Obstacle Height/
Site Orientation Span Location
1 Vertical 120 Narntakala National Forest
2 Horizontal 21L Nantahala National Forest
3 Horigzontal 164 Nantahala National Forest
I Vertical 131 Nantahala National Forest
5 Horizontal 160 Nantahala Natiornal Forest
6 Vertical 173 Nantahala National Forest

Vertical 155 Nantahala National Forest

Vertical 115 Nantahala National Forest
9 Horizontal 98 Nantahala National Forest
10 Vertical 93 Nantahala National Forest
1l Horizontal 110 Fort Bragg, North Carolina
12 Horizontal 120 Fort Bragg, North Carolina
13 Horizontal 1140 Fort Bragg, North Carolina




b, The test item was fired from the M79 Grenade Launcher using
aiming procedures specified in FM 23-31 or Change 1 to FM 23-31 (Ref
6, App V).

c. The test item was fired during hours of daylight and dark-
ness over the obstacles listed in a, preceding. In each firing,
success or failure of the grapnel to anchor itself was observed. If
the grapnel did not anchor itself, it was retrieved and refired until
adequate anchoring was achieved. Time required to retrieve and re-
fire was recorded,

d. Throughout the test period, compatibility of the test item
with the M79 Grenade Launcher was obse:ved.

e, Test personnel were statiored 50 meters from the firing
point, This distance was increased in 2% meter increments until fir-
ing was no longer aurally detectable,

2.4.4 Results

a. The grapnel system was successfully fired from the M79
Grenade Launcher,

b, The mark sling method of aiming the LLOMM Grenade Launcher
was successfully used for angles of LS5 degrees or greater. The same
general procedure was used for angles less than L5 degrees; however,
these firing angles were estimated.

¢, The grapnel tines were not retractable but were removable.
The grapnel shafts and tines were stowed in the hook and cartridge
bandoleer and assembled by the operator when ready for use (Fig 1,

ipp I),

d, The grapnel system was propelled over horizontal obstacles
up to 21L feet and vertical obstacles up to 145 feet, Attempts to
clear a 155-foot vertical obstacle were unsuccessful.

e, In 15 cases out of 71 firings, where hooking was not
achieved, the grapnel hook could not be retrieved, In five cases
the snap hook separated from the attaching cable assembly. In three
other cases the hook could not te retrieved from the face of a verti-
cal obstacle. These were hooked in locations which were inaccessible
and which did not permit successful ascending of the obstacle. In
seven instances, the grapnel shaft was bent before an anchoring was
obtained and could not be refired, Average time to retrieve and re-
fire was 23 minutes.
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f. Based upon 38 test samples (systems) used and the 15 in-
stances where the grapnel could not be retrieved or refired, system
reliability (the ability to obtain anchor with one of the 6 rounds
in the system) was 53.2% with a 90% confidence level.

g. The firing of the test item was aurally detected to a
distance of 800 meters in a remote mountainous area.

h. When the grapnel was being pulled to obtain an anchor,
the rocket motor shroud base had a tendency to catch on objects
causing the grapnel to pivot over these objects preventing anchor-
ing.

i. The design of the tines was such that anchoring was
generally obtained when one or more came in contact with objects of
sufficient density/strength. When anchoring was achieved, the de-
vice supported the weight of a soldier and his equipment (225 pounds).

j. Of 200 attempts (firings) of the grapnel used to determine
anchoring reliability, there were 126 successful anchorings. This
resulted in an anchoring reliability of 69.8% with a 90% confidence
level. Of the 74 unsuccessful attempts, 26 did not reach the impact
(target) area due to mechanical failure, improper sighting, environ-
mental effects (winds). Anchoring reliability, considering only
attempts where the grapnel impacted in the designated area, was 76.8%
with a 90% confidence level,

k. The 5/16-inch safety rope, when used as a safety rope as
prescribed in DEP, interfered with the operation of the climbing de-
vices., Observation of test personnel using the safety rope dis-
closed that this technique provided no safety (para 2,11.L4). A
rappeling seat was used in place of the chest rope.

1. The following difficulties were encountered while install-
ing and operating the grapnel system under field conditions:

(1) The grapnel rope, when carried in any configuration
other than rope canister, was time consuming to prepare for firing.

(2) The M79 barrel required swab cleaning after every
XM688 Cartridge fired and cleaning with solvent after every four
cartridges.

(3) 1In three observed cases, the connecting cable en-
tangled in the tines of tke grapnel hook. This caused the hook to
be pulled from the head of the grapnel hook, thus preventing the
tines from anchoring.
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(L) In nine instances out of the 200 firings, the line
tangled when fired from the ground cloth, The trajectory of the
round was affected and in five cases the grapnel fell short of the
target area.

(5) The point of impact of the grapnel in the horizontal
plane varied from 36 feet left to L8 feet right of the target. The
trajectory in the vertical plane was erratic.

(6) The climbing device separated from the grapnel rope
three times (twice while ascending and once while descending). The
grapnel rope became wedged between the rope guide and the rope re-
lease lever when the climbing device was moved and separated when
the operator's weight was placed on the foot loop (Fig 10, App 1)
(para 2.11.4).

(7) The operators had difficulty in keeping their feet

in the foot loops. An expedient heel strap was made out of rope to
keep the foot loop on the climber's boot (para 2.11.4).

2.4.5 Analysis
Met criteria except that:

a. The grapnel hook could not always be retrieved or refired
when anchoring was not achieved (Shortcoming).

b, The firing of the system was aurally detected up to 800
meters {Shortcoming).

2.5 ENVIRONMENTAL EFFECTS

2.5.1 Objective

Determine the capability of the test item to operate satis-
factorily under temperate envirormental conditions encountered during
the test period.

2.5.2 Criterion
(Desired) The device must function under- intermediate climatic

conditions as outlined by paragraph 7c, Change 1, AR 705-15 (now AR
70-38) (Item 15, App II).
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2.5.3 Method

a., Throughout the test period, the test item was transported
and operated under field conditions while exposed to environmental
factors encountered. Test sites were selected which provided a wide
variety of soil types and terrain features as practicable. Testing
was conducted during the hours of daylight and darkness in order to
expose the test item to as wide a temperature range as possible,

b. Applicable weather datawere collected at each test site
on an hourly basis. Manual Meteorological Station, AN/PMQ-L, was
used to determine the wind direction and speed. Precipitation data
were periodically obtained from an official weather station near the
test site.

¢. Two grapnel systems with 12 cartridges were submerged in
fresh water to a covering depth of 3 feet, At the end of 1 hour,
one system and two cartridges were removed and various expedient
means were used to dry the test item. The test item was fired and
results observed, The grapnel system was resubmerged. The process
was repeated at l-hour intervals, alternating between systems.

2.5.4 Results

a. Throughout the test period, the test item was exposed to
and operated in temperatures varying from L5 to 102 degrees Fahrenheit,
rain, and dust with no adverse effects.

b. The trajectory of the grapnel was adversely affected by
winds greater than 8 mph, When fired at a 60-degree elevation into
a 15 mph wind, the grapnel landed approximately L8 feet behind the
firer. Allowances in deflection had to be made when firing in cross-
winds to hit the target area.

c. The horizontal and vertical distance achieved was reduced
when the grapnel rope was wet (submersion test). The horizontal dis-
tance was 173 to 178 feet as compared to a distance of 182 to 195 feet
for dry rope. The vertical distance was not measured.

2.5.5 Analysis
Met criterion under the conditions encountered.
2.6 DURABILITY

2.6.1 Objective

Determine if the test item is sufficiently durable to withstand
normal field use.
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2.6.2 Criteria

a, The device will be sufficiently rugged to withstand con-
ditions and stresses encountered during tactical operations (Item
16, App II).

b. (Essential) The device should be rugged so that if acei-
dentally dropped, it will be safe for subsequent use (Ttem 17, App
11).

2.6.3 Method

a. Throughout the test period, the test item was subjected
to normal field use and operation. The test item was inspected and
employed.

b, The test item, in its carrying configuration, was dropped
on hard earth from a height of L feet to simulate accidental droppage.
Following the drop, the test item was inspected for damage and then
employed.

c. Method b, preceding, was repeated from a height of 8 feet.

d. Methods b and c, preceding, were repeated with the test
item packed in a rucksack with other field equipment.

e. The test item was transported in a Truck, Utility, %-Ton,
MIS1Al, as follows:

(1) Cross-country - 10 miles.
(2) Over dirt roads and trails - 50 miles.

(3) Over primary and secondary roads - 2L0 miles. At
periodic intervals, the test item was inspected for damage. At the
conclusion of the transport test, the test item was employed,

2.6.4 Results

a. No adverse effects were noted from normal field handling
and transport. However, during employment,seven of the grapnel shafts
bent upon direct impact with solid surfaces (rocks and trees) and
could not be reused. The range to point of impact was 85 to 141 feet
(para 2.L.L).

2-12



b. During employment, seven quick release pins were bent or
broken. Two occurred on direct impact with solid surfaces (a, pre-
ceding) and five as a result of indirect impact with solid surfaces
(rock or trees). In none of these cases was the mission impaired
due to the damaged quick release pin. The spare pin provided was
utilized for subsequent firings.

2.6.5 Analysis

Met criteria except that the grapnel shafts bent on direct
impact with solid surfaces (Shortcoming).

2.7 MAINTAINABILITY AND RELIABILITY
2.7.1 Objectives
Determines

a., If the test item meets maintenance and maintainability
requirements as defined by the criteria.

b. The reliability of the test item under normal operation.

c. If the technical manuals provided are suitable for their
intended use.

2.7.2 Criteris

- a, The device should be of such simple design that 98%
mechanical reliability can be obtained (Item 1k, App II).

b, No maintenance will be required other than visual in-
spection prior to firing (Item 18, App 1I).

c. The device will be considered expendable and, once fired,
will bg retrieved and reused at the discretion of the user (Item 19,
App II).

)d. No special maintenance training is anticipated (Item 20,
Ap II).

2.7.3 Method

a, Maintenance. The test item was examined before each oper-
ation to determine if any organizational or higher level maintenance
was required. The requirement for maintenance training was evaluated.
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b, Maintenance Literature. The technical manual provided was
utilized during the test period and its suitability evaluated.

c. Mechanical Reliability. Each firing operation of the test
item was observed with special attention being directed toward detect-
ing mechanical failures of the equipment.

2,7.4 Results

a, WNo organizational or higher level maintenance was required
or authorized by the maintenance manual. No maintenance training was
required. o

b. The maintenance manual (Chart, App IV) was suitable. /
Comments and suggested changes were submitted on DA Form 2028,

¢c. The test item was fired 2LO times during the test perildl
On five occasions the grapnel separated from the line while in flight.
The mean number of firings between failures (MFBF) was 18.0. The
point estimate reliability was 97.94%. When computed at a 90% lower
confidence limit, the predicted mechanical reliability is 96.8%.

2.705 AnaleiS

a. Met criteria.

b. Mechanical reliability was 96,8% against a requirement for
98% which was not considered significant enough to classify as a

Deficiency or Shortcoming.

2.8 HUMAN_FACTORS EVALUATION
2.8.1 Objective

Determine if the test jtem conforms to the principles of human
factors engineering.

2,8.2 Criterion

(Essential) The man-carrying line will be made of material
which will provide as comfortable and non-skid hand grip as possible
(Ttem 6c, App II).

2.8.3 Method
a, A Human Factors Evaluation Committee was formed consisting

of the branch chief, section chief, equipment specialists, and project
officer. This committee evaluated all indications of improper or
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2.9.3 Method
a. Technical data and safety release were reviewed.

b. The test item was inspected for serviceability and studied
with reference to adaptability for:

(1) Attachment to an individual parachutist as part of
his combat load.

(2) Packing in standard personnel equipment containers.

(3) Packing in standard airdrop containers or rigging on
airdrop platforms as part of an accompanying load.

c. The test item was attached to a parachutist who jumped
from a US Air Force C-130 aircraft nine times. The test item was in-
spected for damage and employed after each drop.

d. The test item was packed in a standard A-21 Equipment Bag
and dropped from a US Air Force C-130 aircraft three times. The test
item was inspected for damage and employed after each drop.

2.9.L Results

a. The device was successfully delivered nine times by a para-
chutist, who jumped from a US Air Force C-130 aircraft.

b. The device was attached to the parachutist in three config-
urations.

(1) Lashed to the front of a rucksack.

(2) Placed in an aviator's kit bag and rigged in an H-
harness.

(3) Placed in a weapon and individual equipment container
together with other items of equipment.

c. The device was stowed in an A-21 Cargo Bag as an accompany-
ing load with a G-13 Carge Parachute attached and succesafully air-
dropped three times from a US Adr Force C-130 aircraft flying at 1,250
feet altitude and 130 KIAS,

d., No damage was noted during post drop inspection and employ-
ment.
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- INSTRUCTIONS

COLUMN

| Enter Army or manufacturer's publication or draft manual number.

2 Number of copies received. Insert "0" if none were supplied.
Use Chapter 9, AR 310-3, as a guide to determine those publica-
tions that should accompany the test item. Publications contained
in the maintenance test package should cover operations and func-
tions through general support maintenance and should specify the
categories involved.

- Complete title.

4 Enter date publication was received.

5 Enter date test item or materiel was received.

6, 7 Insert "X" in appropriate block. Ifnor errors noted on DA Form
2028 are not in themselves sufficient reasons to term a publica-
tion inadequate.

8 Insert EPR number (if appropriate) and date DA Form 2028 was
forwarded.
9 In addition to appropriate remarks, explain if manuscript was

not evaluated and the reason therefor.
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