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UNITED STATES ARMY INFANTRY BOARD
Fort Benning, Georgia

REFORT OF

SERVICE TEST OF FUZE GRHIADB ELID T1011E]l
Da PROJECT 505-04-001) (U . 19 Mercn 1958

1. AUTHQRITY.

a. Directive.--Ltr, ATDEV-3 471/51 (C) (27 May 57), Hq USCONARC,
27 May 57, subject: "Service Test of Puze, Grenade, Hand, T1011El (U),"
as amended by Ltr, ATDEV-3 471/51 (3) (27 May 57), Hq USCONAWT, 20 Jun 57,
subject: "Service Test of Fuze, Gremade, Eand, %iCiiEl (U)."

b. Pu.rgose.--‘l’o dete rmine the suitability of the Puze, Grenade,
Hand, T1011El, assembled in ihs Guoenade, Band, Pragmentction, M26A1
‘(Modified), for ..rmy use.

c. Sccre.--This project inciudes a temperate phase, conducted
by the United States Army Infantry Board, and an erctic pheuse, conducted
- by the United States Apmy Arctic Test Board, Fort Greely, Alaska.

2. REPERENCES.--(See Appendix IV.)

3. DESCRIPTION OF MATERIEL.

a. 7Test Item.--The Puze, Grenade, Hand, T1011El, hereinafter
referred to as the test item, is a time fuze conmisting of a fuze body
made of a one-plece casting which contains a pyrotechnic delay charge,
- primer, striker assembly, pull-ring assembly and safety lever, ard a
Lo detonator case, containing a detomator. The detonator case is orimped
to the fuze body. The test item is designed to cause detonation in _
apprecimately 4.5 seconds afier ignition of the primer. The test iten
‘v similar to the M204A2 fuze; the most significant differences are that
' the test item has a more powerful detonator and a shorter detonator case
of larger diameter. The fuze well of the M2641 hand gremade, in which
the test item is assexbled, has been modified by replacing its standard
‘uze Lolder with one that is greater in diameter and shorter in length ‘
than that of the urmodified M26A1 grexmde.

be M.-—m«: Puge, Urenade, Hand, M204A2, hereinafier

. . referred to as the control item, essembled in tbr Grenade, Hand, Frag-
“H : mentation, M26A1, is the current standard hand grenade fuze and is

' ' doesoribed in reference 4, appendix IV.

;o 4. BACKGROUND.

e et  a. In May 1946, the Var Department Nquipaent Board established
. & requirement for an improved fragmentation hand grenade with a selectiive
BT time-impact fuse. The military characteristics for fragmentation hand
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grenades, wvhich include a time-impact fuze, were established in 1953 (ref
3, app IV). Tue iArmy Equipment Development Guide in 1954 reiterated &
requirement for a time-impect faze but stated that as an interim meesure
an improved time fuze was rcquired (ref 6, app IV). In Februery 1954,
the M204A2 fuze wae classified as standn.rd type for use with the M26 herd
grenade (ref 4, app IV).

b. In order for the M20442 fuze to furction effectively with
the M26 grenadss, it was necessary to place a booster charge nround the
fuze hulder assembly within the grenade. This restricted the grenade
loading hole area to such an extent that wher the grenade was loaded
by mass productivn methods excessive cavitation in the bureting charge
resulted. In addition, omission through error of the pellets composing
the booster charge resulted in erratic functioning of the grenade. A
uniform fuze burning time was not alweys attained with the M204A2 fuze.
To correct these deficiencies, the T1011El fuze was designed. This fuis
was provided with a more powerful detonator, which eliminated the need
of Ddooster charges and insured more positive functioming of the grenzde.
The elimination of the booster charges also permitted better loading of
ths grenade's burating charge. It was expected that a mare uniform
fuze burning time would be obtained with the T1011El fuze {rel . =pp
IV). Partial resuils of cngineering tests are availasble (ref 11, app

1v).

c. Test item is proposed for Tripartite Standardizetion and
is entered on Integrated List Sheet 1-1-4-1.

5. SUMMARY OP TESTS.

a, The test and control items were subjected to the following
tests: Physicsl Characteristics, 8efety, Fuze Functioaing, Pragmentation,
and Lethality, Kot and Cold Chamber, 2dverse Conditions, Rifle Projection,
Hand Throwing, Suitability for Parechuts Delivery, Reliability, and
Comparison with Military Characteristics (see app I).

b. When the coordinsted plan of test for the canduct of this
project was submitted for approval, and subsequert to the completion
of scheduled tests, USCONARC directed that (ref 13, app Ivh

(1) \hlmnchona, occurring os a result of teosts involving
activation of grenades under water and in mud, not be used as a baais of

determining the suitability of the test item.

(2) Rifle frojeotim tests not be oonducted due to %he
elimination of this capability in future rifles.

(3) Cold chamber test be conducted at a temperature of -25°F.

' ‘ —
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(4) Purther tests be conducted by hant throwing the grenade
into mud and water and ageirst various types of ground surfaces to
determine the reliability of the test item in the hand thrown role.

¢. This Board did not cornsider the results obtained ir tosta
enumerated in 5b()) and (2), above, in determining the suitabili., of
the test item for Army use, itional tests were devised and canducted
in accordsnce with paragraph 5b(4), above, and results obtained were
considered in determining the suitability of the test item.

d. sults.

(1) The test and control items are of the same weight and
their method of operation is identical.

(2) The test and coutrol items are comperable in safety
features, effectiveness of fuzz functioning, effect upon fragmentation
and lethality of the M26Al Hand Grenade, functioning after hot and cold
chamber conditiorning, functioning after adverse corditions storage, throwing
characterietics, effectiveness after aerial delivery and in overall
reliability.

(3) The average fuze burning time for the test and control
items after subjection to cold storage for TZ¢ hours was 5.3 saconds.
Following three days immersion in salt water and expcsure in open storage
for three weeks, the average fuze burning time for the tsst and contrel
items was 4.9 seconds. These averages exceed the 4.3 second, * .3 second,
specified by the military characteristics. EKHowever, this variation is
considered acceptable {see Tests Fr 5 and 6, app 1).

(4) Vnen stored under adverse conditions, therc were three
instances in which the *est and control items became loose in the grenade
assembly and failed to furction when hand thrown. £ similer deficiency
wvas reported in the service test of the M204A2 fuze (see Test Nr 6, app I
and ref 10, app IV).

6. CONCLUSIONS.--The United States Army Infantry Doard soncludes
thats

&. The Juze, Grenade, Hand, T10l1El, assembled in the Grerade,
Ba.nd, Fragmentation, M26Al (Hodifieds is suitable for Army use in the
‘temperatu sone.

b, Correction of the minor deficiencies will render tho item
more suitable for Army use (app I).

CONFIDENTIAL
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7. RECOMMENDATIONS.~--Jt 418 recommended that:

a, Contingent upon determination of suitability for Arotic use,
the Puze, Grenade, Hand, T1011El, be adopted for Army use with the Grencde,
Hand, Fragrentation, M26Al (Modified) and classified as standard type.

b. The Puze, Grenade, Hand, T1011El, with Grenade, Hand,
Fregmentation, M26Al (Hodifieds be further modified to correct defi-~
eciencies listed in Appendix II.

c. This Board he furnished one hundred (100) each of the initisl
oduction lot of the modified Fuze, Grenade, Hand, Pragmentation, M26Al
fr Modified) for confirmatory test.

Q L
Appendixess
I t2ils of Test bolonel Infa.ntry

II Defieianades aznd President
Suggested Modifications

IXI ¥Fnotographs :

IV References
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APPENDIX I - DETAILS QF TESTS
Report of Project Nr 2751

Test Nr 1, PHYSICAL CEARACTERISTICS.

1. PURPOSE.--To determine and compare the physicel characteristics
of the test and control items.

2. METHOD.

a. Test and control items were ph~tographed (see app III-1),
waighed, measured and average size and weight computed.

b. Drawings of test and control items and notes on materiel
provided by Ordnance were studied to determine their opwfutLOua;
characteristics.

3. RESULTS.
I1011E1 M2044A2
a. Weights (ounces)
(1) Puze 2.5 2.5
(2) Puzed M26A1 Grenade 16 16
b. Dimensions (inches)
(1) Overall length 2-12/16 3-12/16
(2) Prom base of bouchon to
bottom of detonator case 1-14/16 2-14/16
(3) Diameter of detonator case 6/16 5/16

c. The test and control items are assembled in the M26A1 Frag-
mentation Hand Grenade with fiber washers as the only sealant between the
bouchon and the grenade body.

‘d. The external appearance of grenades containing test and
control fuzes is identical (see app III-1).

Test Nr 2, SAFETY

1, PORPWEE.--To deternmine and compare the effectiveness of the
pafety features of the test and sontrol items.

ONFIDENTIAL
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a, Five each, test and control items, assembled in inert M2%al
grenades, were armed and hand thrown in the normal manner, The average
tims between release¢ of the grenade eafety lover and detonation of the
test and oontrol items was computed and recorded. ‘

2., METHOD.

b. Mve each, test and control itexzs, assembled in inert M26Al
grenzdes, were rifle projected from an M-1 rifle, using the M7A3 Rifle
Grenade launcher, MiA2 Projection Adepter, and Rifle Grerade Carv-idges,
Calibver .30, M3. The average time between projection and detonation of
the test and control items was computed and recorded.

c. Three stop watches were used to determine the average times
in a and b, above.

d. The effectiveness of the safety 7'n as a safety feature was
noted in all tests.

3. RESULTS.

a, Average time betweer release of grenade safety lever and
etonation when hand thrown {time in seconds):

Test Control
(1) Maximum 4.7 4.6
(2) Minimm 4.3 4.4
(3) Average 4.6 4.5

b. Average time between progeotion of the grenzde and detonation

vhen rifle urojected (time in seconds

Test Control

(1) Maximm 5.1 5.1
(2) Minimm 47T AT
(3) Averuge 4,9 4.8

¢. VYhen rifle projected, the arming clip of the Projection
Adapter, Mli2, was sffective in holding the safety lever of both teet
and control items in place after removal of the safety pin. (A pre-
viously reported defiolency with the M204A2 Fuge, ref 10, app IV) When
the safety pin of the grcnsde wae removed, there was a very slight upwvard
movement of the safety lever under prensurc of the stiriker and striker
spring (see app 111-2%.

1 | | 6
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CONFIDENTIAL

d. The safety pin functictned effectively in all tests of hoth
tesy and control items.

4. ANALYSIS.--The safety features (time of detonation after arming
end safety pin fnnctioning) of the test ard control items are equally
effective.

Test Nr 3, FUZE FUNCTIONING.

1. PURPOSE.--To determine und compare the adequacy of the functioniﬁg
of the test and control items.

2. METHOD.

a. Pive each, test and control items assembled to M26A1 grenades
were subjected to the following conditions and detonated:

(1) Submerged in muddy water for 30 minutes, allowe. to
dry for 24 hours, armed and hand thrown.

(2) Armei and hand *hrown into water, desp soupy mud, against
frozen ground, and into loose sand (employed test item only).

(3) Armed and hand thrown in the normsl manner fram a dis-
tance of 3 t¢ 10 yards against a steel plate (some grenades impacted on
the fuze end and others on the base end This test simulated conditious
that occur in a combat situation in a fortified ares (employed test item

only).

(4) Armed and hand thrown in the normal menner from & dis-
tance of 3 to 10 yards into a concrete emplacement to simulate a like
combat situation. (Some grenades impacted on the fuze end and other on

the base end.)

(5) Armed submerged in water, and the safety lever releacsed
by hand.

(6) Securely anchored in a vertic=) position tc a wooden
stake and covered by 1 inch of water and activzteu ‘:- removing the safety

pin (employed test item only).

(7) Sene as (6), above, except grenede was in a horizontal
position. -

(8) Armed, buried in soft mud, and the safety lever releaged.

(9) Rifle projected from distances of 50 to 60 yards to
impact on wooden panels, a cinder block wall and a steel plate. This
test simulated combat conditions in built up areas, firing at log bunkcrn,
emplacements, gun crews protected by steel plates and concrete.

CONFIDENTIAL
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b, Data relating to fuze functioning in all tests wvere recorded.

3

a,

RESULTS.

suitability of the test item.

.

The following resulis were considered in determining the

(1) Submerged in muddy water, cllowed to dry, hand thrown:

Nr & Type Fuze Burning Times (Sec)
Iten Grenade Maximm Mininum Averags Malfunctions
Test 5 Inert a2 4.3 4.6 None
Control 5 Inert 4.9 4.2 4.6 None

; (2) The test item only was hand-throvn into water, mud,
frozen ground, and sand:

Nr Test Type Impact | Fuze Burning Times (Sec)
Itens Grenade on Maximum | Minimun | Average |' Malfunctions
5 HE Water 4.7 4o, 4.5 None
5 HE Mud 4.8 4.7 4.8 None
5 HE Frozen 4.8 3.3 4.6 None
Ground
5 HE Sard 5.0 4.4 4.6 None -
. (3) The test item only was hond-thrown agninst steel plate:
Nr & Type | Fuze Burning Times (Sec)
Item | Impact Grenadc | Maxicum | Minigum | Average | Malfunctions |
Puze end 4 Inert 2
firet 1 HE
Test 5el 4.3 4.6
Base end 6 HE Rone
firet
1 &

OOVRIEIINTTAUTIA S




CONFILENTIAL

(4) Hond thrown ageinst concrete:

Nr & Type Fuze Burning Time (Sec)

Tten Impact Grenade Maximum § Minivrum | Average | Malfunctions
Fuze end 1 HE 3
first 4 Inert
Test 25 4.0 4.3
Base end 2 HE None
first 4 Inert
Fuze end 1 HE None
first
Control 4.6 4.4 4.5
base end 2 HE None
first

(5) Throughout the testing program, no evidence of noiae,
amoke or spark was observed in the test and control itema.

b. The following results were not considered in determining the
suitability of the test item, ms directed by reference 13, aprzendix IV.

(1) Covered with water, safety lever released by hand:

Nr & Type Fuze vurning Time (Sec)

] Item Grenade ] Mayimum | Minjmum | Average Malfunctions
Test 9 Inert
6 HE a7 4.% 4.5 o*

Control 5 Inert
€ HE 4 7 4.0 4.4 1

*Note: Four of the inert items did not detonnte on
the first try. They were then re-cocked and the grenades hand-throwm,
whereupon they functioned normally.

CONFIDENTIAL
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{(2) Buried in mud:

——

e

L3N

Nr & Type ruze Burning Times (Sec)
Item Grenade Maxdimim | Minimunm | Average Malfunctions
Tect 5 Inert

6 HE 5¢2 4.6 4.8 Hione
Control 5 Inert

6 HE 4.9 4.3 4.6 Fone

(3) Rifle projected agairst wood:
: Nr & Type Fuze Burning Times (Sec)
Ttem Grenade Maxdimum | Minimum | Average Malfunctions
Test 5 Inert 6.1 4.7 5.0 None
Control 5 Inert 4.8 4.3 4.6 None

(4) Rifle projected against cinder blocks:

Nr & Type Fuze Burning Times (Sec)
Item Grenade Maximym | Minimum | Average Malfunctions
Test 6 Inert .

2 HE 4.8 4.3 4.5 4
Control 4 Inert - Lt ,

2 HE 5¢3 4.4 4.6 1

}
(5) Rifle projected egainst steel plate:
¥r % Type. Yuze Burning Times {Sec)
| _Item Grenade Maximim | Minimum | Average Malfunciions

Test 7 Inert

1l HE -_ - — e
Control 4 Inert

1 HE ‘)09 509 509 a

1 10
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4. ANALYSIS. |

a., Test and controi fuzes function effectively when hand-thrown
into water, mud, sand, and on various types of ground surfaces.

b. Teat and control items function adequately when hard-thrown
into or against hard surfaces, such as steel and concrete, if impact of
the grenade is on the base end. However, if the fuze end (bouchon)
sirikes a hard surface first at close ranges (3 to 10 yarda), the test
iten may fail to function. Of the five malfunctions occurring when the
test item impacted fuze end first aganinat steel and concrete, three
occurred because the safety lever had not disengaged from the bouchon
before impact; one, because the shoulders of the bouchon were squeezed
together by the force of impzct, preventing the striker from going for-
ward; and for one, the reason for malfunction could not be determined.
There is no significant difference between the functioning of the test
and control items under these conditions.

c. When grenades are rifle-projecied to impact on surfaces
guch as wood or timber, the test and control items function adeguately.
(Yiot considered in determining suitability.)

d. When grenades were rifle-~projected against hard surfaces
such as steel and concrete, botli test and control items had high per-
centages of mrlfunctions. The cause of these malfunctions could rot be
determined. The safety levers had separated from the grenades in flight
satisfactorily and examination revealed no breaks in the fuze bodies.
The functioning of both test and control items is unsuitable when rifle-
projected agninst steel and concrete. (Not considered in determining
suitability.) '

Test Nr 4, FRAGMENTATION AND LETHALITY.

1. PURPCBE.-~-~To determine and compare the fragmentation rattern
and lethality of grenades when detonated with the test and control items.

2. METHOD.

a., M26Ak1 grenades, fuzed with the test and contrel items, were
individurlly detcnated statically in the center of a circle composed of
fragmentation panels made of commercially dressed 1 inch jpine boardo
(3/4 inch by actunl measurement) 6 feet high placed at a rediuas of 5
yards, Two grenades of each type were oriented with fuzes vertical and
three of each type were oriented with fuzes horizontal uand detonzated asn

followss
(1) At ground level.
(2) At ground level, plastered with mud.

CONFIBENTIAL
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(3) In pan of water at ground level, with water covering
ths grenade body.

b. M26Al1 grenades, fuzed with the test and control iteme, were
individually detonated statically in the common center of two semicircles
composed of fragmentation panels made of commercially dressed 1 inch pine
board (3/4 inch by actual measurement) 6 feet high. One semicircle had
s radiue of 10 yards. Directly opposite the open face of this semicircle,
the second semicircle with a radius of 20 yards was set up so that the
diameters of both semicircles fell un a cummon line and no portion of the
ssmicircles overlapped. The grenades were oriented end detonated in the
eame manner as in 2(a) above, except that when oriented horizontally
the base and fuze ends were pointing to the J}victures of the two semi-
circles.

0. The frogmentztion pettern of each grenade was recorded to
show the number Qf penetrations, perforations, and 1 foot squares of
penel area below the 3 foot level perforated by one or more fraguents.
FPragments vhich did not perforaie the panels were no: considered lethal.

3. RESULTS.
a. Ground Level.
: Percentage of ¥r of 1 ft Sgs
FUZE VERTICAL (AVERAGES) Decrease in Per{ Below 3 ft leve
Distance | Total Perforations forations from Contuining
Nr to Pene- | Above | Below 5, 10, and 20 One or More
Item Gren | Target { tratioms ! ft |3 ft | Tote Yards Ferforations |
2 5 yd 1012 145 | 228 371 155
Test 2 10 yd 72% 82 46 128 65% Not Recorded
2 20 yd 145 11 6 17 55% Not Recorded
2 5 ya 912 131 183 314 a35
Control | 2 | 10 yd 624 | 65 | 55 | 120 62% Not Recorded
2 20y 151 2 8 10 97% Yot Recorded
Rote: PMgures for grencdes detonated within semicircles

corrooted to 360° .
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corrected to 5600.

b.

When M26Al1 grenades fuzed with

detonated at ground level in mud and water,
At § yards from the target,

at all ranges.
a totai of four perforaticns an

C(Jul basiatd
FUZE HORSZUWTAL (AVERAGES) - Percentage of Nr of-1 £+ Szs
Decrease in Per- | Below 3 ft Level
[ Distance Total Perrorations forations from Contuining
lr to Pene- | Above | Below 5., 10, and 2C One aor More
Item Gren | Target | trations |3 ft |3 £t |Tcial Yards ~ Perforstions
3 o yd 946 77 124 201 95
Test 3 10 yd 663 45 55 100 5 Kot Recorded
3 20 yd 159 11 8 19 S1% Yot Recorded
3 5 yd 1007 84 118 202 8¢
Control | 3 10 yd 714 42 49 91 555% lict Recorded
2 20 yd 144 3 7 15 93% Nct Recorded
Note: PFigw »c for grencdes dotenated within semicircles

test end control items were
peaetrations were negligible
the test fuzed grenade produced

the control fuzed grenzde produced cre.

At greater ranges (10-20 yords), neitker type produced perforations.

C,

When the M26A1 grenade was detonnted at ground levei «ith

the test and control items oviented horizenially, there was an are on the
circle of panels of approximately 60° oprusite the fuze end nnd rpproxi-
mately 70° opposite the base end of the grenndes thnt received cnmpara;.\el'
few peretrations and e regligible rurmter ¢f perforations.

d.

Si.ovm below for comparison purposes are fragmentaiior resulzs

obtained in t. 15 project and reaults reported cn Project Nr 2586, Test of

the M26 Hand Grenade fuzed with the M204A1 Fuze (ref S, app IV).

detonated statically at ground level, with flze horizontal:
Comparison of everage rumver perforations teliow 2 foot level

Grenados

on fragmentation panels 6 feet high:

! Item angn to Targai Perforatiors | % Inorease
MG w/M204A1 Puze 5 yurda 78.5
M26A1 w/M204A2 Puze 5 yawdo 118 508
M26A1 w/T1011E) Puze 5 yards 124 507

I 1%
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4. ANALYSIS.

a. The analysis of the results of fragmentation when the grenade
- is positioned within a circular target area of § yard radius composed of
fragmentation panels 6 feet high are as follows:

(1) There is no major difference in fragmentation effective-
ness betweer: test and control fuzed grenades when grenade is positioned
with fuze verticel or when the fuze is horizontal. Both types give better
fragmentation results when positioned with fuze vortical, as evidenced by
a merked increase in both number of lethal fragments and number of square
feat receiving lethel fragments on the target when positioned in this
menner. In Test Ny 8, HAKD THROWING, it was noted that ‘the grerade will
position itself after impect in a vertical or near vertical position
approxdmately 2 per cent of the throws.

{2} Neither the test nor the control fuzed grenade hes
a neer uniform fragmentation dispersion pattern when detonated in a
horizontal peeiticn.  Targets orposite the base and fuze ends of dbot
types receive an insignificent mumber of lethal fragments. The arc of
the circle receiving few lethal fragments totals aprroximately 138 .
This ig the combined erea opposiile the fuze and bese ends.

(3) Tme test and control fuzed greredes each show & sub-
stantial inocrease in lethal fr ntation over the limited standard M-26
grenade as evidenced by a 50-58% increase in lethal fragmentation below
the 3 foot lewvel at a 5 yard range.

(4) Both test and control tuzed grenades are egually in-
effective when detonated in mud or water.

b, The analysis of the decline in the average cf total number
of lethal perforations by the test and control fuzed grenades, when poci-
tioned horizontally 5, 10 and 20 yards within a circular target area
composed of frogméntation panels 6 feet high, is as follows:

(1) Prom 5 to 10 Yards.--The test fuzed grenade showed a
desrease of 50 per cent in perforations and the control fuzed grenade
showed a decrease of 55 per cent.

(2) Twenty Yards.--At this distance beth test and control
furzed grenades becams relatively ineffective. Both items gave a small
nupber of lethal fragments spread over a rolatively large aresn.

15
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Test Nr 5, HOT AND COLD CHAMBER. :

1. PURPOSE.~-To determine and compare the effect of extreme tempera-
tures on the test and control items.

2. METHQD.

.

a. M26A1 grenades fuzed with the test and control items were
stored in a hot chamber at 125?? at maximum humidity for 72 hours. The
grenades were examined for damage and then transported in an insulated
container to the range and detonated by hand throwing.

b, M26Al1 grenades fuzed with the test and control items were
stored in a cold chomber at -30°F for 72 hours. The grenades were examined
for damage and then transported in an insulated container to the range
and detcrnated by hand ithroving. (Subsequent to the ccnduct of this test
USCONARC di-~ected that items be conditicned ai -25°%F, ref 13, app IV.)

All test and control items had been expended in original tests and none

.were available for retest of this phase.

5. DBESULTS.--Shown below are the fuge burning times of.test and
control items following hot and cold chamber storage. All fuzed grenades
functioned (Time in Seconds).

Time from Arming HOT CHAMBEFR COLD CHAﬂBER
L__%o Detonation Test Control Test Control
' Haiimnm Time 5.0 4.7 5.6 5.4
Minirum Time 4.1 2.9 5.1 5.2 n
Average 4.4 . 4.2 5¢3 53
4. ANALYSIS.

a. The test and contrcl ilems furction adecuately with high
order detonations after having been subjected to extreme highs of tempera-

ture ard humidity.

b. The test and control items function adequately with high oxrder
detonations, but show an apprecziable increuse in the average buriing time
ter having been sutjected to an extreme low temperature. This increase
in burning time for the test and contrel items is .7 second more than the
maximm time (4.3 + .3 secends) stated in the military characteristics.
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Test Ny 6, ADVERSE CONDITIONS.

1. PURPCOSE.--To determine and compare the effects of adverse con-

ditions upon the performance of the test and control items.

2. METHOD.

a. M26Al grenades fuzed with the test and control items were
removed from their containers and subjected to the following conditions:

(1) Pive each type fuzed grenades were submerged in fresh
witer for three days.

(2) Five cach type fuzed grenades were submerged in fresh
water for three hours, then exposed to the elements for thirty days.

(3) Five each type fuzed grenndes were submerged in salt
water (1 pound of salt to 24 galions of water) for three days.

(4) Five each type fuzed grenades were submerged in salt
water for three days and then expose? to the elements for three weeks.

b. After storage under adverse conditions listed in 2a, above,
the fuzed grenades were inspected for damage and detonated by hand
throwing.

3. RESULTS.

a. Visual examination of the test and control items after
storage under adverse conditions reveslied no damage.

b. The test and control items functioned adequately. However,
when the grenades, which had been submerged in salt water for three days
and placed in open storage for three weeks, were hand-thrown severcl
malfunctions occurred. Ope each test and control item bocame unscrewed
from the grenade upon impact with the ground. One test item becene
unscrevwed from the grenade in flight. The safety lever of one conirol
item did not come off immediately upon beinyg thrown, but did come off

upon impact with the ground.

1 | 16

CONFIDENTIAL

:'p; 2 N e AP L A "r; ! e T e TE T i 0 gy ¥
R 9 o ST | " !
(- "/ 4 . s : = e % L e




CONFIDENTIAL

HEADQUARTERS
UNITED STATES CONTINENTAL ARMY COMMAND
Fort Monroe, Virginia

ATDEV-3 471/48(C}16 May 58) 16 May 1958

SUBJECT: Report of US Army Infantry Board, Project Nr 2751 (Temperate),
Service Test of Fuze, Grenade, Hand, T1011El (DA Project Nr
505+04-001) (U)

TO: Chief of Research and Development
Department of the Army
Washington 25, DC

“. 1. (UNCLASSIFIED) Inclosed is a copy of Report of U5 Army
Infantry Board, Project Nr 2751 (Temperate), 19 March 1958, subject:
"'Service Test of Fuze, Grenade, Hand, T1011E1 (DA Project 505-04-001

(0)..

2. (UNCLASSIFIED) Commanding General, United States Continen-
tal Army Command, concurs in the conclusions of President, US Army
Infantry Board, as stated in paragraph 6 and approves the recommenda-
tions in paragraph 7, inclosed report, as restated below.

3. (CONFIDENTIAL) It is recommended that:

a. The Fuze, Grenade, Hand, T1011E1l, be adopted for Army
use with the Grenade, Hand, Fragmentation, M26A1 (Modified), and be
type ciassified as standard type, Modernization Code A.

. b, The Fuze, Grenade, Hand, T1011E1l, with Grenade, Hand,
MZb6Al (Modified), be further modified to correct the deficiencies cited
in appendix II, inclosed report.

c. President, US Army Infantry Board, be furnished 100
each of the initial production lot of the modified Fuze, Grenade, Hand,
T1011E1l, with Grenade, Hand, Fragmentation, M26A1 (Modified), for
confirmatory test.

REGRADING DATA CANNOT
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4. (UNCLASSIFIED) It is requested that CG, USCONARC, ATTN:
Materiel Developments, be notified of action taken,

FOR THE COMMANDER:

it

1 Incl LEONARD, S, LEE
Rept of USA Inf Bd, Major, AGC
Proj Nr 2751 (Pemp-~ Asst Adjutant General
erate), 19 Mar 58,
w/app 1-1IV

Copies furnished:

F1 (USA Inf Bd w/oiincl)
CG's

Third USA (w/o incl)

CDEC \
Comdt

USACGSC

USAARMS

USAAMS

USAIS
USCONARC Ln Off

Aberdeen PG

Pentagon (w/o incl} :
British, Canadian, ¢« 41 Marine

Ln ox;. Hq USCONARC{(v//o inc})
Hq, USMC
Dir, Marine Corps Lddg Force Dev Cen
Comd.gASTIA

5.
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c. Shown below are the burning times of test and control items
after storage under adverse conditions.

3 Days in
3 Days 3 Hrs in Water 5 Days in Salt Water
tem iz Wetor 30 Days Storage | Salt Water | 3 Wks §j’.orggg___T

Maximum | 4.5 sec 4.8 sec 4.8 sec 5¢0 8eg

Test Minimum | 4.2 sec 4.% sec 4.4 sec 4.7'890
Average | 4.4 seo 4.4 sec 4.6 ses 1.9 sec

Maxinum | 4.4 sec 4.4 sec 4.7 sec 5.1 sec

Control Minimum | 4.1 sec 4.0 sec 4.2 sec 4.8 sec
Average | 4.3 sec 4.3 sec 4.4 sec 4.9 sec

4. ANALYSIS.

a., Test and control items functiion adequately after Being aube-
jeoted to storage under udverse conditions.

b. The lack of a sealing compound between the fuze and the
grenade, as noted in Test Nr 1, FHYSICAL CHARACTERISTICS, may permit
the test and control items to become unscrewed from the grenade in some
instances when hand thrown after storage unuer adverse conditions. This
may adversely affect functionirg.

6. Tre increase in burning time of the test and control items
following immersion in salt water and open atorage for three weeks, might
be attributable to the freezing temperatures prevailing (18° - 32°F) during
thie test, o

1 17
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*Teat Nr 7, RIFLE PROJECTION.

1. PURPOSE.--To determine and cqmpafe the performance of the test
and control fuzed grenades when projected from a rifle.

2. METHOD.

a. M26Al1 grenades fuzed with test and control items wer?2 pro-
Jected from an M-1 rifle in a machine rest, utilizing the M743 rifle
grenade launcher, M1A2 grenade launcher adapter and M3 rifle grenade
cartridges. Tre rifle was laid at various elevations from 350 to 600
mils to determine the maximum range attainable.

L. M2641 grenades fuzed with test and control items were rifle-
projected using the same system as described in &, ebove, sc as to impact
against a tank null, a concrete block, and the ground at ranges varying
from 75 to 150 yards to determine stability in flight and reliability

of arming.

c. The stability in flight and reliability of arming of the
test and control items when rifle-launched was observed and recorded.

d. PFuze burning times were determined from time of projection
to detonation.

3. RESULTS.

a, Rifle Projected to Obtain Maximum Rangc.
AVEBAGE RANGES ATTAINED

Fuze Burning
Nr & Type Elevation Range Time (Sec
Items Grenade (Mils) | (Yards) Max [Min |Avg | Malfunctions
500 135 5.214.5 4.8 None
6 Inert :
Teat 5 HE 550 150
600 *8i4r-
burst
500 140 5.014.51]4.7 None
Control| 5 HE 550 148
600 **A{Y-
burset

* Subsequent to conduct of this test, USCONARC direcied that rifle »rojection
tests not be conducted (ref 13, app IV). The results of this tesi were not
considered in detarmi{¥ing the suitability of the test item.

##Airburats were approximately 150-175 yzrds from projection point ard varied
approximetely  to 50 feet in height abovw the ground.

18
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b. Rifle Projected Againet Various Surfuces.

Kr & Type ®uze Burning Time
Iten Grenade Impact On (Seconds? Malfunctions
2 HE
2 Inert Steel 4.8 Pad
Test 3 HE
2 Irert Concrete 5.6 3+
4 HE
3 Inert Ground 4.7 0
2 HE
1 Inert Steel 5.0 2%
Control 1 HE
2 Inert Concrete 5.4 1+
5 HE Ground 4.8 ¢

*Notet In all instances primers had been struck by the
striker prior to impact on the steel or concrete.

c. The majority of the grenades and adapters, when rifle pro-
jected as in a and b, above, were stable in flight. There were a few
inatances in which some wobbling of the adapter occurred. However, there
were no instances of tumbling observed.

4. ANALYSIS.

a&. The maximum range atteined with M26A1 grenades “uzed with
botl test and control items when rifle projected was approximately 150
yards. Low airburst3 were difficult to attain due to variation in fuze
burning vimes or hoth test and rmontrcl items. Te3t and control items
function aleguntely when impact of the fuzed grenade is with the ground.

h, Tne functioning of M26A1 srenades fuzed with test and con-
trol items whmn rifie projected inst steel and concrete is unsatis-
factory. Fifty-five per cent (55;? of the test and fifty per cent (50%)
of the control items projected in this monner failed to function.

Test Nr 8, UAND TREMWING.

1. JPURPOSE.--To determine and comp:re the performance of the MI6Al
grenade fuzed with the test and control items when thrown by hand.

2. METHOD.

a, Ten men of varying degrees of physiocal capability throv
ten each inert grenades fuzed with tert and control iteme from the
standing position to obtain maximum range.

1 I 19
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b. Ten men of varying degrees of physicel capability threw
ten each inert grenades fuzed with test and control ite=s w«i a pull's-eve
type horizontal target from the prone position at a range of 25 yards to
ascertain accuracy. The point of impact of all throws was measured
from the center of the target. This test was repeated from the standing
position.

c. Test in b, above, was repeated at » range of 40 yards.

3. RESULTS.

a. There is no difference in the distance nor accuracy attazined
with the M26A1l grenade fuzed with the test and contrcl items when hand

thrown. .

b. The average maximum distance for test and control fu-ed
grenades was 143 feet.

¢. Average throwing error (test and control fuzed grenade).

?zstancg" (
Yards Position of Thrower Error (feet)

25 Prone 5.0

25 . Standing 3.4

40 _Prone 12.6

40 Standing 7.9

Test Nr 9, SUITABILITY FOR PARACHUTE DELTVERY,

=
¥

1. PURPOSE.--To determine and compare the suitavility of the test
item for parachute delivery.

2. METHOD.

a. Five M26Al grenades fuzed with the test iter were packed

in a standard shipping box so that they would impact on the ground with
the test item up. This box also contained sufficient send in individuzl
grenade containers {c czuse the box to be equivnlent in weight to a box

of 25 grenadc3, This box was included with enough sand filled boxes to
make 8 bundle having a'total waight of 300 pounds. The bundle was dropped
from a C=112 cargs type airoraft flyins at o speed of 15T awpli ab anl
eltitude of 1000 feet onto an unimproved drop zone, utilizing a G-1lA

cargo type parachute. : ‘
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b. The same test as 2a, above, was repeated but grenades vere
packed so that items would impact on the ground with the test item down
in the direction of impact. '

c¢. The same test as 2a, above, was repcated but grenades weve
packed s¢ that items would impact on the ground with the t@st iten hori-
zontal to the direction of impzaet.

d. The three tests listed in 22, b, and c, above were repeated
with the grenades fuzed with the control jtem.

e. 'The three tests in 2&, b, ¢, and 4 above, were repeated
but the cargo paraschute was rigged tc mnlfunciion in each case.

f. Upon completion of the curgo drops, the test and control
items were inspected for damage and serviceability by ordnance per-
sonnel.

3. RESULTS.

a. In :wo inotances when delivered by malfuncticning parrcliute
the handles of the grenades were bent in varying degrees but the items
were not rendered unserviceable. One grenade was thrown from its con-
tainers several feet from the point of impact. Upon being recovered and
insnec-ed it was found to be servicesble. Two grenades were slightly
flattened on cve side at their widest diameter when delivered by mel~
functioning marachute. All grenades were determined visually to be
safe for handling and were trrnsported to the grenade range and detonsated.
111 test and control fuzed grencdes detonated witl> high order detonations

(app III-3).

b. Effect of impact upon burnirg tvime of the test and control
item (time in seconds).

TEST CONTROL

FUNCTIONING MALFUNCTIONING|| FUNCTIONING
- Position of Puze to PARACEUTE PARACHUTE PARACHUTE

MALFUNCTIQNING

H&i- Avg

| Direction of Impact |[Max |Min |Avg || Max |Min [Avg || Max | Min | Avg

———— s

- Puze Horizontal 5.0 14.3 14.6 ]| 4.8 4.2 4.4 || 5.0)4.4)4.7T 1 4.814.2]4.5

Fuze Up 5.0 [ 4.3 [4eT ] 4.9]4.1[4.6 ]| 4.9714.0]4.6 ] 4.9] 4.0] 4.6

" Puze Down 5.0 {4.4 |4.8 ]| 5.0]4.4 4.8 }1 4.914.1 4.6 1 5.0] 4.6]4.E
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a. The test and control items are suituble for aerial delivery
by funrctioning cargo parachute.

4. ANALYSIS.

‘ b. When test and control items are delivered by malfunctioning
parachute, damcoge may result to individual grenndes. A thorough exini-
nation should be made of each individual grernade while it is still in
its container to determine if any daps.ge hes occurred which would sender
it unsafe.

¢c. The avercge time from erming to detonition of test and
~ cortrol items deliveiel by both functioning end malfunctioning p.ri.chute
" i3 increased in some instances. This increase in fuze burning time appearc
to depend upon the degree of shock to which each individual bundle is
subjected. ' )

Test Nr 10, RELJABILITY.

1. PIMRPOSE.~-To determine and compure the relinbility of ths test
and control items.

2. METHOD.--All the date recorded, when grenades were detonated
statically and by hend throwing, were studied, analyzed and comprred
to determine the reliudility of the test and control items.

%, RBSULTS.--Shown below are the results of all detonctions of
M26A1 grenades fuzed with the test and conirol items under various
conditions. .

a. YNot subjected to abnormrl conditions:

"\

=
Mex Time  Avg
Under |3.0-3.9 | 4.0-4.6| 4.7-5.0 | 5.1-6.0 | Variation| Time
| Item Nr {3,0 Sec | _Sec Sec Sec Sec (Sec) | (Sec) | Duds
Test (Per- :
centage of )
total 57 0 2(3%) | 38(67%) | 11(19%) | 1(2%) 1.2 4.6 | 5(9%)*
Control
(Percent-
sge of '
total) |34 O (5(1%6) [25(7%)| 4Q32%)| o 1.5 4.3 0
L ' 2

-

#%otes Duds occurred when grénadoa fuzed with test ilem were
hand-thrown againet steel and concrete and impacted with the fusze end first.

1 2z
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b, Subjected to cbnormal conditions (Hot and Cold Chuamber, adverse
corditions, parachute delivery)

N

Max Tirpe [avg

Under |3.0-3.9 [4.0-4.6}4.7-5.0 |5.1-6.0 |Variation | Time
Iten x| 3.0 See Sec Sec Sec Sec (Sec) (Sec) [Duds
Test (Per-
cen of
Totﬁa 90 0 ¢ |42(47%) |43(48%) | 5(5%) | 1.4 4.6 2»
Control
(Percent-
age of ‘
total) |60 0 1(25) |32(53%) |22(37%) | s(&b) | 1.5 4.6 1*

e

#*Note: The test and contrnl items functiored normally, but when
rand-thrown they beceme urscrewed from the grenades in flight or upon im-
pact with the ground due to lack of sealant between the fuze and the grenade.
These particular items had been immersed in salt water and placed in open
storage for three weeks prior to detonation.

4. AFALYSIS.

a. No low order detonation occurred during tne corduct of
this project. Ninety-seven per cent (57%) of the test and one hundred
per cent (100%) of the control fuzes functioned reiiably under all con-
diticns. There is no significant difference between the reliability
of the test and control items.

b. Neither the test nor the conirol items fully meet the mili-
tary characteristics of heving a 4.3 + .3 second fuze burning time between
activation and detonztion. Kowever, ninety-two per cent (92%) of the
test itams and eighty-nine per cent (89%) of the control items hed &
burning time of 4.0-5.0 seconds under all conditions. The control item
showed 8 slightly greater maximum tZme veriction in fuze burning time
than did the test item:.

Test Fr 11, COMPARISON WITH MILITARY CHARACTERISTICS.

1. w.-To determine the extent to which the test item meets
the approved military characteristics for fragmentation hand grenade fuzes.

2. METHOD.--The results of all tests were analyzed to determine the
dezree 0 which the test iter meets the approved military characteristics.
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3. RESULTS.

- Jilitery Characteristics
* %« 4+ *»EXTRACT (ref 3, app IV)

4. ESSENTIAL CHARACTERISTICS.

» - »* »* »* * »* *

(e) Military characteristios
of each country will determine type of
fvze to be used.

To permit interchange of
fuzes, ‘the fuze well and threads shall
be common to all thres countries.

The time element to be
used by all three ocountries shall be
4.3 neconds plus or minus 0.) seconds
after projection.

The opcration of the fuze
shall be noiseless, smokeless and
sparkless.

» * L ] #* #* * * *

5. DESIRABLE CHARACTERISTICS.

. *» _» * “ * * »* »

(b) If a handle is provided
it shall not contain the fuce.

» » » * » ¥ » »

.goquXTRACT(NfzraPva)

» * * * » #* » »*
e, Puge: The grenade shall

be provided with a fuze containing
time and impact elements.

* * ® * * * *

Discussion

Although the threads of the test
item will fit the M26Al grenade, the
fuze well of the M26Al grenade,
designed tc accept the M20442 fuze,
is too small in diameter to accept
the detonator case of the tast

iten (Test Nr 1).

Requirement met to an acceptable
degree. The degree to whish this
is met depends upon adoption action
bty the Pripartite countries.

Requirement met (Test Nr 3).

M26A1 Grenade has no handle.

Requirement not fully met. The
fuze contains a time element only.

24
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(2) Impact Element:

(a) The grenade shall
detonate by action of the impact element
during the interval 1 second to 4.3 seconds
plus or minus 0.3 seconds after arming., If
upon impact an instantaneous detonation re-
duces lethality of the grenade, a fraotional
second to position the grensde for maximum
lethality will be desirable,

(b) A blow equivalent
to dropping the grenade 18" on concrete
shnll be required to cause impaot element
of the fuze to operate, after arming.

(3) Time Element:

The grenade shall
detonate by action of the time element
4.3 seconds plus or minus 0.3 seconds
after arming.

Item hes no impact elerent.

Item has no impact element.

Requirement not fully met. Times
of detonation after arming in Teat
Rr 5, HOT AND COLD CHAMBER (after
cold storage and in Test Nr 6),
ADVERSE CONDITIONS (after open
storage for 3 weeks following
immersion in salt water), were .7
and .3 seconds, respectively,
greater than the maximum time of
4.6 seconds, However, this is
considered acceptable performcnce.

25
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APPENDIX II -~ DEFICIENCIES AND SUGGESTED MODIFICATIONS

Report of Project Nr 2751

The deflocilencies listed in this eppendix are minor deficiencies,
the correction of which will increase the desirability of the item, but
which need not be corrected to mcke this item suitable for Army use.

Minor Defioiercy

1. Fuze burning times
between 4.6 and 5.3
gseconds. (Tests Nr 5
and 6, app I.)

2. T1011El1 fuzes were
a3sgembled in M26Al
grenades without
sealing ccmpound
between fuze and
grenade and became
loose when stored
under adverse con-
ditions (Test Nr 6,

app I).

b 9 ¢

Results Suggested Mgdification
Fails to meet the Correct.

military character-
istics of 4.3 seconds,

4+ .3 pecconds, fuze

burning time.

ract.

[
[«
wl

Disassembly of fuze
from grenade when
hand thrown.
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App H1-1

UNITED STATES ARMY INFANTRY BOARD
FORT BENNING, GEORGIA
PROJECT NR DATE NEGATIVE NR
761 16 Jan 8 (AR NS W RN

A - Grenade, Hand, M26AL, with Fuee, MIU4AD (ContraY)
B - Grenade, Hand, MZ20A1l, with Fuee, TI01TEL (Test)
C - Fuse, Grenade, Hand, MJO4AQ (Control)

D - Fuse, Grenade, Hand, TI0ITEL (Teat)
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UNITED STATES ARMY INFANTRY BOARD
FORT BENNING, GEORGIA

PROJECT NR ODATE NEGATIVE NR
2751 16 Jan 58 09-166-51/A3-5H

A - M2bAl Grenade with TI011IE} Fuze properly seated in MIA2 Grenade Adapter,

Safety Pin In
B - M26Al Grenade with M204A2 Fure pioperly scated in M1A2 Grenade Adapter,

Safety Pin In

C - M26a1) Grenade with TIOIIEL Fuze in M1A2 Adapter,
Safety Fin @ ~maoved

D - M26A1 U ennde with M2Z04A2 Furs in M1AL Adapter,
Salety Pi, Removed
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UNITED STATES ARMY INFANTRY BOARD
FORT BENNING, GEORGIA
PROJECT NR DATE NEZGATIVE RR
2751 16 Jan 58 09-160-527/AJ~%8

“Top: Typical Aerial Delivery Container with Functioning Parachute.
Bottorn Typical Aerial Delivery Container with Malfunctioning Farachute,

App 111-3




APPENDIX iV ~ REFERERCRS
Bep:rt of Projact Nr 275L

1. FM 23-30, w/changes 1-4, D4, 14 Apr 49, Hand and Rifle Grenades.

2. Report of Project Nr 2481, AFF Bd Nr 3, 2@ Jul ., Nilitary
Characteristics for Fragmentation Hand Grenade.

3. OCM Item 35169, OCOFCRD, 30 Sep 5%, subject: "FRAGMENTATION
HAND GRENADE - MILITARY CHARACTERISTICS."

4. OCM Item 35231, OUOFORD, 10 Feb 54, subject: "FUZES, GRENADE,
HAND, M204A2, M206A2, AND PRACTICE, M205A2 - Classification as Standard
Typet FUZES, GRENADE, HAND, M?O4A1 M20641, AND PRACTICE, M205A1 -~
Classification ¥ Lim¢ted Standard Type."

5. Report of Project ¥r 2588, Bd Nr 3, OCAFF, 12 Feb 54, Check
Test of M26 Fragmentation iusnd Grenale.

6. Paragraph 277, Army‘Equipmént Davelopment Guide, DA, 3 May 54.

7. Ltr, ATBC 471.6 (P-2601) (Arctia), i Ep 3, OCAFF, 24 Sep 54,
Report of Project KRr 2601 (Arctic), Test of %rsnade, Hand, Fragmentation,
M26 (DA Project Nr 5-04-11-004).

8. Technical Information Report 8-5-14A1, OCOFORD, Aug 55, Deve-
lopment of Hand Grenade Fuze, T10l1lEl.

9. Mechnical Information Report 8-5, OCOFORD, Aug 55, Development
of Puzes for Grenades.

10. Report of Project Nr 2683, Bd Nr 3, CONARC, 27 Nov 55, Test of
Production Puze, Grenade, M204AZ2.

11. 2d iInd, ORDBB-DC3, Ord Corpa, Plcatinny Arsenal, 9 Jul 57, to
Ltr, TP470, Picatinny Arsenal to Diamond Ord Fuze lab, 5 Jun 57, subject:
"Request for Notes on Materisl and Drawings of Ordnance Small Arms Items."

12, Notes on Development Type Materiel Nr 174, Puze, Grenade, Hand,
T1011El, Picatinny ..rsenel, Nov 1957.

13, Comment Nr 2, MD, USCONARC, 4 Dec 57, to DF, ATBC 471.82 (P-2751),
this Board, 27 Nov 57, subject: "Plan of Test of Project Nr 2751, Service
Test of Puge, Grenade, Hand, T10llEl."
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