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The purpose of this contract is to provide a comprehensive

j feasibility study, evolve a design plan, and develop a ground stake em-

placement-retrieving device. Capabilities of the device should include

I explacement and retrieving of the OPi-112/G and GP-113/G Ground Stakes

within one minute in various specified soils (1-1/2 iiutes in~ darknebs).
other limitations are weight, 25 pounds, length 4~2 inches and be non-.

te purpose of the work conducted during the second quarter

I has been to conduct a design study for the approach recommended at the

T completion of Phase I mmthe ballistic impact hemmuer. The engineering

I dta developed is to be sufficient to permit formualation of a design plan

frfabrication, development and test of operating models.
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IT. ABSTRACT

AnwLys of detail design parameters has been conducted. c"-

tensive background investigation had indicated that there were no rapid

emplacement retrieving devices developed at this time which were capable

of satisfying Signal Corps requirements. At the completion of Phase I

AAI had recommended that a ballistic impact device be considered in greater

detail as it appeared to show the greatest promise of satisfying the

performance parameters established. UMELDL concurred in this recomenda-

tion and detail desig and experimental work vas conducted. A design

concept has been developed to permit maximu energy output within the

tolerable recoil limits dictated by human engineering factors. The

Optimum piston veight-velocity relation is being developed as the result

of ballistic tests. Design calculations are shown which establish the

range of ballistic characteristics as well as stress analysis, kinematic

alysis, and life cycle analysis where applicable.

In addition to the primary design cbjective. related to actual

performance of the device, factors of producibility, availaility of.
materials, ease of handling and incorporation of standard components

have also' been considered.
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I TDuring the period covered by this report, two conferences

Iocc urr-ed between representatives of UISAZLRD and AMI. On 19 October 1962

UsAELR wasn vi sited by R. G. Stricland. to review the changes to the

first qnsrterly report and to review the drart of the Phase I report.,

ont 5 December 19629 R. Lione and R. Johnson visited MAI to rem

I View work to date. The design layout Vas examinted and suggestions received

.1 concerning several detail considerations. Four test firings with the
bllistic test model were demonstrated at the same time.

I During this period formal approval of the First Quarterly

Progress Report, AAI Engineering Report 2843, wras received and distribution

II ws made per the list supplied by USAELRDL. The Phase I report, AA!

Engineering Report 2853 , vas delivered on schedule. In addition twoA

monthly progress reports have been prepared and delivered. These were

AAI Engineering Report 2792B covering the period 21 September through

20 October 1962, and WI Engineering Report 2792C covering the period

21 October through 20 Noveber 1962.-
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IV FACTUAL DATA

A. Design Description

Conclusions draws frm the First Quarterly Progress Report

have led to the prelim-inawy design of a semi-automatic ground stak ef-

placement and retrieving device.

Basicallyj the device is powered by standard grenade

cartridges of the caliber 30 carbine fired with the standard carbine

action. By cutting off the majority of the barrel of the rifle and

threading this section, it is easily adopted to a piston type impact

homer. The cazbine action permits semi-automatic operation after merely

inserting a clip of cartridges which are self-feeding and self-ejecting

hand charging the first round. ii
Approximately 15,000 psi pressure drives a piston to de-

liver 500 ft.-lbs. of energy to the stake. This energy level was selected

after considering the recoil effects on the operator. A maximm tolerable

recoil level of 8 lb.-sec. was assumed with a 2-pomd piston to yield

500 ft. -ibs. of energy. After impacting the stake the remaining piston

velocity is buffed to absorb most of the high impact forces transmitted

to the hammer housing. A light spring returns the piston to the battery

after the gaoes have exhausted through the exhaust ports.

Shortly after the piston completes its power stroke, the

spent case is extracted and ejected by the bolt recoil action, At this

time the high pressure gases have ported to the large chamber volume and

6
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exbaust Passages to be vented through dfl rs: to the atmosphere. Spent

case ejection occurs during the bolt recoil. As the bolt counter recoils

I it strips the next round and feeds it into the chamber. The next round is

fired after depressing the trigger and pushing the hamer to seat fully

on the stake. A safety device is incorporated prohibiting firing the

next round until the operator exerts sufficient force to seat the haer

on the stake. This is done to assist in minimizing the co~terrecoll

effects and assure proper hammer-stake orientation.

Shock absorbing hand grips are provided for the comfort of

the operator. Trigger mechanisms And safeties can be operated with

1 mittens. Some difficulty may be observed ejecting the spent round clip

with mittens, but provisions for replacin g the small detent are being made.

No clear solution to the extraction technique has been de-

veloped but several possibilities are evident. In soft ground several

hamer blow to the side of the stake may comres the ground to widen

the emplacement permitting easy extraction. In the case of solid frozen

ground, permafrost, etc., a cantilever pivot may be adopted to the side

of the han-er to deliver the blow upwar-1

7
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B. Operating Parameters

The emplacementretrieving device is to be designed to

erpl Stake G P-13/G i pc12/ ifn permafrost, ice and hardpan, and emp-e

Oroand Stake GP 113/G in 5 specified normial soils. Emplacement and re

trieving times should not exceed 1 minute in daylight or 1-1/2 minutes at

night. A maximum weight of 25 pouds and length of 42 inches should not

be exceeded asouring a light compact device.

In addition to these design factors the human engineering

aspects involved in manipulating the tool with both stakes has been 1
considered. The positioning of the tool with reSpect to the stakes has

been determined with respect to a human operator's reach and strength.

Consideration has been given to reduce noise, eliminate

flash and operate safely and simply. Components are not complicated nor

delicate or expensive. The bolt action has the most moving parts but Is I
a well proven service accepted item.

With these considerations in mind a preliminary design

analysis has been made in an attempt to present a design plan at a later J
date for fabrication a d testing. The following sections describe the

areas of design considered and areas remaining to be more fully covered.

Certain design chan s will become evident as the various components are

tested.

10
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C. Interior BalListics

Certain desired design parameters :for the impact hamer willIiprescribe the associated interior ballistics. These parameters include:

1. Hammer energy required

2. Maximam allowable pressure

3. Maxim=l desired exhaust pressure

4. piston area

The piston energy is derived thermodynamically from~ extremely

hot propellant gases. The agziitude of pressure created in a filed volume

by a given propellant is described by the propellant impetus as

where C = charge veight lbs.

F -propellant impetus ft. -lb ./lb.

P1 pressure Ub./in. 2

V =fixed volume in. 3

As the gas expends from one state to another, assuming an

adiabatic relation, the vork done is

Pl V1  !IV()

12( Y' -i).

where P=pressure at or volume V ibs/iii. 2

V secone state of expansion in.3

P= initial Pressure U .in. 2



V1  initial volume i.

V = ork output ft. -lbd.

=ratio of specific heats Of pNopellant gases

pr" the adiabatic relationt

P P1  3

Combining equations (2) and (3)

Substituting CF for pl1V1 and describing the work done as the

kinetic energy, of the hammer. ~ .~1

l/2 mv-- V_(5-

vhiere z mass of bammer slugs

v velocity Of hamumer ft./sec. I
one final relation is the volume expansion. Part is due to

the piston movement and part due to the hammer itself as it recoils.-

V V + A(X +XH)()

where A =piston area in. 2

X piston movement in.-2

X homner movement in.

12
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I
Frdm the conservation of momentum the velocity of the hammer

jwill be related to the piston by

I VHi IM (7)

Similarlyr the travel vll be

Then equation (6) can be written

V 1 +I A(X + X)

v+ (i +up AX

Equations (5) and (9) relate the derived piston energy from

7- a given charge weight at a given piston stroke, x, measured relative to a

fixed axis. The folloving table is prepared assuming a hamer piston with

a 1-inch drive diameter and an initial volume V1 .5 in. 3 . Using the

standard c!ine grenade cartridge as the pover source provides 20 grains

of propellant. The impetus is est imated as F - 300,000 ft.-ib./lb, corres-

ponding to a peak pressure of 20,000 psi in the locked shut condition.

This pressure seldom occurs as the piston usually moves creating a larger

volume when all the propellant is burned. None of the energy is lost by

assuming al burning occurs in the initial volume but the p pressure is

13



somnething 'less than indicated at Xz=O. Explosive ordnance experience shows

that this type propellant Usually buns in .2 - .3 millisecond and :from

the pressure-travel curve, a :fair estimate Of the peak Pressure can be

obtained ond the adiabatic excpansion curve.

Increments of time are obtained over small travel incre..

ments using the mean velocity over that increment. The hammr veigh* 2-3

pounds and the piston 2 pounds.

v0X iO~AK V'V v.2  I/ '- Q y1 0 Z t at

0 20,600 0

.1 .085 .585 1.17 1.04 .96 .038 130 614.6 1.285 16,OO .25 .5
.108

.2g .17 .671 1.344 1.077 .928 .072 2147 89.1 i.4148 114,200 .366

.3 .256 .756 1.511 1.109 .902 .098 336 104. 1.675 12,300 *06 .1452
.076

.14 .3141 .8141 1.681 1.139 .878 .122 1418 1.16. 1.915 10,800 .528
.070

.5 .1426 .926 1.851 1-166 .861 .139 1477 1214. 2.160 9,500 .598
.o65

.6 .$12 1.012 2.021 1.192 i.639 .161 552 133 2.1410 8,550 .663

This data4 is plotted in Figmr 2- vith the estimated time-s

loppressure trace. The travel is relative to the baimier equal to(+ )
and detemines the actual distance required by the piston.

114
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D. Xiematic Analysis

Before extraction of a cartridge case can occur, sufficient

time must have elapsed or extraction will occur under excessive pressure.

For this reason a kinematic analysis is Usually conducted of the cyclic

action to insure proper extraction time. In addition, reasonble imp-act

velocities must be maintained to assume stress levels below that for the

design life of the various components.

Figure 3 depicts the 9 cyclic events during the semi- I

automatic bolt action of the U. S. Caliber 30 carbine used in the ground

stak-e device. Following is the related analysis with the numerical

evaluation for the preliminary design data. Such parameters as the pressure-

time function, spring rates, recoiling masses and functional operations are

subject to cbange after preliminary testing.

The analysis has arbitrarily set the initial time equal to

zero and the time relation is just for that event with the total time ]
being the sum of the preceding event times. All symbols refer to the

individual event. 1

16
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I
section 0 -Station 1

As the gas pressure comes in contact with the recoil piston face -

it forces it rearward aainst the operating slide and compresses the

operating slide spring. The pressure-time curve is vritten (s an exorl-

ential equation approximating it mathematically as

P e -bt ()

Since there is an associated rise time that the exponential pressure

decay cannot account for, the initial time is selected as one alf the

rietime. I
The equation of motion of the small recoil piston is

mx A -A (Fo + Ix)
APo-bt Foor + kx-- --

orm - 0 () I
where A = recoil piston area in. 2  1

b - pressure decay exponent sec. -

o peratig _pring'preload lb. I
k = operating slide spring rate lb./in. -

m - recoiling mass slugs-ft./in.

P - pressure decay coeffcient psi

t - time sec.

x - piston recoil travel in.

x piston recoil velocity in./sec.

x piston recoil acceleration 2n/bec2
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The chafeteristic solution of eqation (2) isI
x diB i t + C o/ t()
c ml Ov

The particular solution of eqation (2) is

= ebt ( D (t)

IThe general solutiOn becaie8

,= if7t +C(cVdo t De AC(5
Arbitr .y for t=O, x4, hence, 

I

-B(o)+ C + D + E (6)

~;I IDifferentiating equation (5endl with t -O, ki0,J

I.~~ ii = COSJA t -Cf/j Jin11 t - t*et ()V m 2

B C (0) -T (8)

Differentiating equation (7)

"x -= sC t+t-2 oLb e. .. (9)

Substituting equations (9) and (5) into equation (2) and

- colecting terMs -bt

2 k+ I t k Ao e Fo
(b - )D -=- 4(0)

19



Equating coefficients of like tern

APm In

2k

(b = -)--Uo m

e he o o o(12)
mub +k

Prom equations ( nd (12)

B t

APO b

Fruon equtions (6), (11) and (12) i
C "Z- -D

C M)

Hence the solution to equation (2) for the displacement of the

piston Is

Abp . vm (0 oAP' -bt F
AbP0 sn tF ... )sit + C j (15)

6010 -/ +k uJ4-I

Equation (7) doeribing the velocity is

AbQPO ~ F API AbP0  b (6

0 k Pik /j4-b--

20
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Afte th pitonthrstsandaccelerates the operating slide for

a ml itnei e tpadeieta of the operating slide

i ista nc e inerlt to AIRCRAF itAMN

ai ce'ti amun oa energy a

I F 1mFX + c 18

x totAl traVel of piston in inches

x ut additional travel of operating from past x1 in inches

u :z recoiling mass (less piston) slug-.ft ./in,

Equation (17) has the general solution

x msinv t + C cod /t -.- (19)

- Arbitrarily t-0, x=0

0= B(0) + C -F

Differentiating equation (19) ith k = l, t=QO

=] cosJt-CI sinV t (1

21



Hence the solutions for t 2t ti x X1
-~~ 

~ kIs 
t

S-- .. (I CO t) (23)

,~Fl
XX1  OSjt yfk/ Sin fkfm t (2&)

Station 2 to Station 3

At station 2 the bolt has a kinetic energy of

At station 3 this energy is decreased by compressing the slide

spring, imparting a rotational velocity to the bolt, and cocking the

hammer. This energy is equated to the Slide energy as,

2
+ (25)

Equation (25) bas a discontinuous value at xO, and must be used 1
for xtmO since and 4jH are zero at x=O, but i is not zero.

For the bolt rotation, the angular displacement is related to J
the slide translation by C1 as

% C, x

(OB~ Clx~

Similarly for the hamer,

e -c0
% =T C2 X

2
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Appro~dmating the bammer ipring motion, vhich is very small during

Ibolt unlocking by C 3 ,

I Because of the small comression of the banner spring during

bolt rotation the term j kj-x1 is neglected. Subtituting the geometrical

or1 ~= lag_________

.2~ ~ ~F 2 NH C H_3x(6

23

m + ' 115C1 + 1HI C2

b 3



Squation (6an be written for the slide velocity during bolt

unlocking a.

Station 3t Station I4

At this !point, station 3, the slide has fully unlocked the bolt

and the recoiling mass is increased by the mass of the bolt and spent

cartridge case. Assumiing no energy losses during impact the instantaneousJ

change in recoil velocity is obtained from the momentum relation,

( / = [m _0 I~m](9

x3 x3 mb +m--
Letting m3 = m + mb + m-~ the slide continues ccoressing the

haber spring, cocking the hammer, and compressing the slide spring. .
From the conservation of energy

M3 *2 +(F3 x + kx2 ) + r ?+IR (30)

2, ~3  (F + F0 C )x- (k +k, 2,x2

x 3 * 33 2,H C 2 1-
a ~3X3

3 + I C2
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--3

I integrating eqiatidn (30) and sol-ving for t

For the velocity

Ij (32) ''

Station tStio5

I At station 14 the hammer is fully cocked and the spent case is

ejected. The energy tran ferred to the spent case is

2.

whee c1 rlats te agiilar and translational motion of case and slide.

Ifttracting this energy from the total energy with the change in imass to

obtain the new slide velocity X*fat station 14,

Xm*4- I c1. j 2 I(m + mb) V +m c -

- -vhere c14 is the ejector location umaed on the case radius. Then,,

3- (33)X~- U42--

25
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After the spent case is ejected the bolt and slide continued

under inertia to the end of the strae compressing the slide spring.

Therefore calling mc 1h +

*4

M41 i (t 1 + 1m)

k F4 (1)
X - x - - . 3

The general Solution to equation (32) is

x ftB ginf t + C CosV t 4 (3

Arbitrariy x=, t mO, : *1 
-

Then o t B(o) + C-

=B cos/ t -C sin tm4 mh  M4 m

=4 B V- 0

Equation (35) - therefore

1

11 sinvi7 4 (1 cosVk/i t (36)

26
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uquation (37) ompletes the bolt opening cycle at teftu

1 ~ ~cpresse& station. it nov teai"" to determine the closing cycle.Ony

the eneM~ storedi in the aldo spring Is "sued -to be returmind. 2sbounil

T ~energy usually is kept to iniim resultifg in lover Impact stmesssaa

longer component cycle lfe.

Station 5 to Station 6

The equation describing the bolt and plide return to the pin

of beginning to strip the round is,

xk/n 4 x - F5/rj, (38)

The solution to equation (37) Us

Fm sin Vx/%te+C coo~7 tk +
/m, (39)

-For t-_O, XuO, 0101

0 B(O) + c +4

O 4

Differentiating equation (38) ith the second boundAw7 condition

27



V

it B -rk/M coo vCk7%M t C V si n I /114 t

B =0

substituting the constant values equation (38) becmes

I
station 6 to Station 7

At Station 6 the ass of the next round is added to the bolt

and slids reducing the velocity to as

., fm + ab

As the round is stripped from the case a constant stripping force must be

overcoe due to the frictional resistance of the round and cliP. Calling

6 x 6 lon ()

x + '//m6  x (F6  Ff)N 6  (4'3)

The solution to euation (43) is

28
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IAt tO, X*O, 1* 6  F6  'PBi)+
F

CI

Differentiating equation(R)

x * b Vkl -k i- M

~1B VkZ16k, 0

The equations of motion during stripping are

F6A v' 7~ F 6 - f.. (41.5

Station 7 to station 8

After the round is ramned to battery, the bolt is rotated end

- - locked during s=all slide travel. From the conservation of ener~



2X (47)
7 X~

22
%-6x ~Ii lo

7- + i7
6 + 111 IC2 i

m 6 + : IBC 1

Then
t ., [sfli 2 ex-b -1 -b

-s- in (48)

....... (11".119)c

TO- I
mtion 8 to Stion 9 -

The slide is nov accelerated by the drive spring for an additional

sal stroke,. then engaes the recoil piston. The equ-ation is derived for

the entire stroke neglectin tecange in uss as it picks up the s=3.1

Piston.

( )99 ~) (50)

310
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and the solution is

1 sBsgiftfi/m t +C doe W 7m t +

x , Bl ck1 oslikjmt -c vi sin M/t

IFor t=,X=0-, 1 8, hence

F18

I~~~ - v- 0

*8 Fa

and i =8 cos- m t + 8 V m sinly'ik t (5e)

zquations (1) through (50) describe the kinematic relationships

of the caliber 30 caibine rifle semi-automatic action used in the ground

stae eplaemnt retievngdevice. Folloving ithe numerical evala

tion of the time to travel from one station to next and muparized to

provide a time displacement curve of the operating slide. This data Will

assure saf case extraction at a time when the gas pressure is suff ici-entlyv

love

31



!9quations (1) through (5)have been used to evaluate the pars-.

Meters of interest for the cyclic Operation of the cale 30 rifle mteehanift.

The per'tinent into, mation for each station series is; listed belo:

A. Station, 0 to Station'1.

1. k operating spring constant

A iinit ae

Po 0  initial operating spring preload ~

m. m the mass of the recoiling Parts

=the mass of the recoil piston, spring guide, and

operating slide

1.35 x W3~ slugs-ft./in.I

5. P0  pressure decay coeffic~ient appearing in the ex-

ponetial pressurew-time relati~on approximation

= 16,000 Pai

6. b a constant appearing inte exponetlprsu-

tlime relation approximation

e 67 xl03 sec. 1

7. 41= distance from Station 0 to Stotioa 1

= /16 -inch

32
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8. t time for recoiling parts to travel from station 0

to Station 1.

IX ~ .~ =Vo-city off recoiling Parts At Station 1

B. Station 1 to station 2

1. kc 9 lb./ini

2. F1 operating spring preload

3. - a the maSs of the spring guide and Operating slide

=1.30 x 10"3 $l1 -f/n

4i. .9 distance from Station 1 to Station 2

3/16 inch

5. t time for recoiling parts to travel fromi Station 1

I. to Station 2.

6. :k velocity of recoiling parts at Station 2

C. Station 2 to Station 3

1. k =2 lb/in.

2. F2 =operating spring preload

2.75 lb).

3. i 2 =the mass of the spring guaide and operating slide

1.30 x 10 slugs-ft/in.

4f. x-= distance fro Station 2 to Staton 3

= 1/4f inch

33
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5. t time for recoiling parts to travel from Station 2

to Station 3.

6. 5 w velocity of recoiling parts at Station 3

7. C - a constant relating the transltion of the slide

to the rotati n of the bolt

C1 = 2.09 rad/in.

C8. 2= a constant relating the translation of the slide to

the rotation of the ha er |I
C2 = .712 rd/in.

9. C3 = a constant relating the translation of the slide to

the corresponding ccmpression (translation) of the

hmr spring. I
C = .170 in/in.

10. 1B the moment of inertia of the bolt about its axis

of rotation

3B = 2.17 x 10 -  lb-sec. 2 in

11. = the moment of inertia of the be er about its point

of rotation

1.05 x 10 A lb-sec2 -in. I
12. FH = the preload in the hower spring

= 16 lbs.

13. kH = the spring rate of the bmer spring

= 13.6 lb/in.
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D. Station 3 to Station 4

1 k =operat ing spring spring constant

9 2 b/in.

2. m3  the mass of te spring guide, operating slide, bolt,

and spent cartridge case

L 188 x 10-3 slUgs-ft/in.

3. -IR 1.05 x -10 l-b -aec in.

4. C2 712 rad/in.

5 . C 3 .170 in/ini

6. P3 =preload in the slide spring

F3 3.25 lb.-

7'. F2 = preload in the haimmer spring

=16.58 lb.

x. di stance from Station 3 to Station 4

=1-7/32 inches

9. t =time for recoiling paxr. to 'rvlfo tton 3

to Station 4

10. :i --velocity of recoiling parts at Station 4

E.Station 4 to Station 5

1. a=21inl

2. if the velocity of the recoiling parts at Station -4

a~fter the ejection of the spent, case
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3. IC the moment of inertia of the spent case about itsPoint of ejection

S2 z lb _2-in.

1. %4 = the mass of the slide, guide, end bolt

= 1.8.5 x l0 3 slugs-ft/in.

5. F = the preioad in the slide spring

S5.69 m.
6. x 5 ft the distance from Station 4 to Station 5

1./6 inch

7. t = the time for the recoiling parts to travel from

Station 4 to Station 5.

8. i= the velocity of the recoiling parts at Station 5. "

F. Station 5 to Station 6

1. k -2 lb/in. I
2. m5 = the mass of the slide, guide, and bolt

- 1.85 x 1o "3  slugs-ft/in. I
3. = the preload in the slide spring

-6.82 3.

i. w =the distance from Station 5 to Station 6

1-1/16 inches

5 . t the time for the recoiling parts to travel from

Station 5 to Station 6
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6. 16 the velocity of the recoiling parts at station 6

a. station 6 to Station7

IL 1. k 2 lbin.

~ II 2 the velocity of the recoiling parts at Station 6
after the addition of the cartridge mas.

3. Ff, :force to strip one cartridge from the magazine

4i lb.

1. 116 =the mss of the slide, gaideo bolt and Cartridge.

v5. F6 = the Preload in the 'slide spring

=5.69 lb.

6. x.1 the distance from station 6 to station 7

=.25 Inch

7. t =the time for the recoiling parts to travel from

Station 6 to Station 7

8. :k7 the velocity of the recoiling parts at Station 7

11s Station 7 to Station 8

1. x=2 lbin

2. m= the mass of the spring guide and operating slide

1.30 x 10-3 slugs-ft/in.

3. F7  the Preload In the slide sprIng

M .5 lb.
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14. 'B = 2.17 x 10- 5 1bsec2-in.

6. 8 - the distance from Station 7 to Station 8

.25 in.

7. t = the time for the recoiling parts to travel from

Station 7 to Station 8

8. A the velocity of the recoiling prts at Station

H. Station 8 to Station 9 1
1. k -2 lb/in. ]

2. m8 = the mass of the spring guide and operating slide

= 1.30 x 0 3  slugs-ft/in. ]

3. F8 = the preload in the slide spring

=2.75 lb.

+ . x= the distance from Station 8 and Station 9

5. t = the time for the recoiling parts to travel from

Station 8 to Station 9 1
6. 9 = the velocity of the recoilng.parts at Station 9,
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B~rI'B? IPA BotSlide Rtecoil and Coitrrecoii

Att x
Sttin (Vifliec (mInaue.) (inchs) (ft/sec)

.39

2 1.02 .675 55.3

1 2.80

1 4 2114.21 1.844 314.2

5 6.73 2.907 33.5

26.0

6 32.7 1.844 6.141

15.14

7 148.1 !,625 5.56

3.5

8 51.6 .375 6.io

41

9 55.7 0 6.70
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The smnury of the parameters of interest is found on pe 39 •

A plot of the displacement of the reoiing parts versus time is shown on

Fig. 4 e On this plot the location and occurmnces at each of the stations

are indicated.

It should be pointed out that the time, t, vas measured 1 mill-

seconds after the cal. 30 cartridge Vas fired. This vas done in order that

the area under the exponential pressure-time relation approximation most

closely approaches that under the calculated pressure-time relation.

Prom these calculations, it can be seen that the caing open of

the bolt is begun (Station 2) .921 milliseconds after the firing of the I
cartridge. It was calculated that .65 milliseconds after the first

cartridge is fired the piston of the impact hamr uncovers the exhaust

ports. This allovs the exhaust gases to expand into the atmosphere, I
which drops the chner pressure to a safe extraction level. The signifi-

cmnce of this is that the pressure in the chamber is at such a low value

that the exhaust gases will have no possibility of exhausting tbrough the

c er of the rifle mechanism either durina or after the un i (un- I
locking) of the bolt.

_ I|
Note that the initial chamer pressure of 16,000 psi was assumed

to act on the recoil piston. In the actual mechanism, however, the gases "

must trove! through a nozzle before acting on this piston, ith a corres

pon ding considerable pressure drop. This pressure drop in the actual

mochoni will increase the calculated cycling tie of the mechanism. Also

4o
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friction in the mechanism was neglected (with the exception or that required

to strip the cartridge from the Magazine). This friction in thete a.l

mecbsxiism winl also increase the calculated cyc-ling time of the mechanism.

For these reasons it can be stated that the calcdUlted cyrcle time is quite

low compared to the actual cycling time and that, in the ractual application,

the piston of the impact hanner will uncover the exhaust port well before

the uncamming (unlocking) action of the bolt begins.
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E. Weight AMalyii

The weight. of the major components of the impact hammer

have been calculated and are tabulated belowe

Item Weight _(1b)

Caliber 30 rifle mechan ism -

inceluding full Magainew. a. A.6

Rag:

tar"! 5----------

Plange at top Of Barrel ------. 50

Chamber ----------- 9.70

Itandles ------------- 1.88

Adaptor for Large Stake ----- 2.32

Adaptor for Small Stake -- -1.50

The total of all above - 23.65 pounds.

*NOTE- Tbroughout the remainder of the reprte terms "ramil and

"Piston" are used interchangeably.

4.3



F. Strese Analysis

This section of the report discusses several examples of

what are considered the most severe stress problems which might be en&

countered under &Wy conditions Of use. Most of the situations considered

are not likely to occur with aW frequency but the fact that analysis

indicates sfe stress levels* under these conditions indicaU a desirable

dege of safety.

A. Blarrel

1. The barrel of the impact hmmner must first be designed to withstand

the most severe condition expected to be encountered in Operation. This

would occur if the operator actuated the firn Mechanism with the impact

ba nr not positioned on the stake. if this occurred, the barrel of the

Impact hummer would be subjected to the whole of the available kinetic

energy of the piston (after energy losses).I

For the purposes of analysis, the following assumptionts will

be0 Made:

a. Upon impact with the barrel flanes sowe of the kinetic

energy of the piston will be dissipated.(2

b. The effects of the shock absotbers will not be considered.-

(In other words, the ram-barrel Impact will. be treated as metal-to-atal.)

~"Fo tua for Stress & Strain;" Raymond J. Roarkc; Trhird Xdition; 19%Ii;
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c. The barrel metal abbotbs all Of the available kinetic energy

7 of the rem as strain energy.

Ir ~ ~~~d. The velocity of the barkel is tero taltms

The kinetic energy Of the piston at the instant before impa ct

(!r) is: ~ -/ r

rr

xzr 1/ 61r (2)

= 485 ft-lb.

Upon imupact urne of the kinetic energy of the piston vill be

dissipated. "TMi loss is most conveniently taken into account by multiply-

ing the available energy by a factor K -- * 2

For the case under consideration:

+ 1/3 mu/m (2)
K mim2

"Fowmala@ for Stress and Strain;" Raynmond J. Roark; Third Sd-ition; 1954;
pps. 331w332.

145



vhre n1 -the mass of the barrel

.096 slugsI

a the mass of the ram

i-.0621 6lugs

K the energy loss factor

(1os0t X rn

1+ .096

-.1821

Bloat . K(K r)
M .1.82(4.85)

Bloat *231 ft-lb.

The available kinetic energy of Impact (A)is therefore:

w K4=185- 234I

According to asuwuPtion 3, all of the available kinetic enerGY

of impact of the ram (MBA) is converted to strain enegy~ in the barrel

(Ub)

1.6
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11 -AV2 (l)

Uh exe FW= the aximum force in the barrel resulting from
the impact.

T Kb =the stiffness factor for the barrel
Ab Eb

L Lb =the length of the barrel

.Kb.3(3x07 foitecareh(tel

Ab the cross-msectional. aaOf the barrel

F2 .2

2._3 3, x107

F2  10.6 x 1010
max b/n

F = 3200T.

(1) "D sign Uo 1/2in El m_ ; r 4. F. S o t, 2 d Ed, p 3 3

"b.



The barrel vifl be investigated for failure in three areas:

L AxaJ stresses in the barrel

2.Sear-Ing stresses at the Junction between the flang and
barrel.

1.Axial stress in barrel

where A -the cross-sectional area of the barrt-el
-2.36 in. 2

u--1.38 xz0 lObin.2

2. Shearing stress at Junction

=jI
there A j the shear area at the Junction betwen theI

barrel and flnge

=1I-(2.-7) .6

5.,1 -in,.

-6.4& x 101 lb/i2

4~8



- A-IRRAFT ARtMAMENTS, Ic

3. taximam bending stress at Junction f 1

(Flange treated as a plate Vith outer edge rigidly :fixed
and Uniforn pressure acting over surface.)

L 2 bg 2 2 J--
lit a (rn-il.) + b(n1

f1 vee=Unit applied load

V=78 x103  1b/in.2

t =thickness of flange

=.6 ineh

a -outer radiius of flange

i -1.35 inch

b a inner radius of flange

= .7 inch

Mn w 1/poisson's ratio

=3.33

7 [x8 103 .9 2409.33) .96(4.33) + e8901.33)1'
L ~1.82(2.33) + .4i9(4-.33)]

=11.9 x 1()3 33b/ta. 2

"(o)-4ul~ for Stress & Strain;" Raymond J. Roark; 3rd e., 1954,
pps. 194 and 199
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Since i43140 beat-treated steel its used for the barrel material

(ultimate strength 250,000 lb/in2 ), it an be seen that the barrel will

be streueturl. safe for the condition described. Note that the energy

dissipating effect of the shock absorbers was copiletely neglected. (in /

other Vords, metal-towaetal impact us assumed.) Also, it OA assumed

that the ram transferred all of its available kinetic energy to the barrel

flanges. Actually the ram would have a quite considerable rebound velocity

and vould absorb a considerable amount of its available kinetic enerVr.

For these reasons it can be safely said that the present barrel design vill

be completely safe for say foreseeable condition vhich could be encotered

-in oiperation.

According to the maxima cyclic stress versus nuuer of stress 1

cycles curve, it can be seen that the barrel vould endure nearly 10,000

stress cycles under this design condition.(3) Under norma. oprting

circumstances, It is unlikely the barrel vould be subjected to this design

condition for this =-W cycles.

2. The barrel design vill nov be investigated ith respect to I
its expected life under usual operating conditions. -

For the purposes of analysis, the following assumptions

will be mae:

stress vers u wier of Stress Cyclee Surve for 41340het
treated steel" (ultimate strength-2 0 lbi International N ikel
Co. - " gineering," October 2953
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aL. Upon impact with the stake,. sone of the kinetic energy

of the ram is dissipated.

b.* Half of the available kinetic energy of the rVA IS Used

Ii to drive in the stake and half is transferred to the barrel flianges.

(Effect of shock absorbers not considered.)

(~I c. The velcity of the barrel is zero at a3-1 times.
d. The small hardened steel stake is being used.

fte kinetic energy of the ran at the instant before impact is:

~r a 485 ftwlh.

Upon impact with the stake some of the kinetic energy of

the ram will be dissipated. "This loss is most coniveniently taken into

account by multiplyring the kinetic energy (K~r) by a factor K --

For the case under consideration:

K 1+ 1 / 3 ui/pm
L (I + 1/2 mlfm)r2

where ml the mass of the stake
- .09 slugs

M = the mass of the ram
- .0621 slugs

K :z the loss factor; (I st -K(KUr)

Therefore: K2

+ 1/2 ( 51



1. 182

K-.4i96

host &(Wmr)

* .1196(1485)

19lost & 212 ft-Jb.

fTh afaiibl@ kinetic energy is.. therefore:

- 185 - 211

U 241 ft-lb.I

According to assmption 2, one-half of NSA Vill be absorbed

by the barrel as strain energy (U.0).

.Ub .L22 _tb.in/2 -

2 -m 2(12) 1.77 x 10 (12) 1
= 5,200 x 107

r2mx 22l 0 b.

An va done previona2I~y, the bParre Iwil be Investigated for the- three

areas of faibl'e.

i. Axial stresas in the barrl'
F 2 2

22 mx
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TB2: I Xl

= .6 X l b/in2

:2. Shearing stress at Junction w l

2 ma2

6.41 0I(42

4.45 10

3. xmum bending stress at Junction -S

ft 1I9 x 103 (:Z2-72Z 105)
3.26 X 165

S =103,500aJ2  /n

Th~rough reference to the maxma cyclic stress versus number of

stress cycles curve, it can be seen that the barrel vould. endure nenrly one

million stress cycles under this condition.

Again it mest be pointed out that the assuigptions used were quite

conservative. It is highly likely that in operation practically a&U of the

available kinetic energy of the ramz is transferred to the stake, with little

- - or none transferred to the barrel. Also any enersy about to be transferred

to the barrel is derae-b h ffects of the rubber shock absorbers and
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recoil springs. in adAition to this, it is not transferred in ietal-to-

metal contact, as vas asumed. Taking these factors into consideration

it can be safely said that the barrel of the proposed mechatnm vill, aely

vithstand one million cycles of norl operation.

P. Piston of the impact Huzuwr

As vith the case of the barrel, the piston Vin be desi

to vithstabd the most severe condition expected to be encountered in opera-

tion. This v d occur if the operator continmousLy actuated the firing

mechanim while attempting to drive the 2.9 pound hardened steel stake

into an Impenetrable medium, such as rock.

The followin assumptions vill be made for the purpose of

analysis:

1. When the ram impacts vith the stake, some of the Imeact

kinetic energy of the ram is dissipated.

2. After iupact, the ram absorbs all of its available
kinetic enerz1 as str enrgr, with no ene-r transferred to the stake.

3. No contact occurs betwen the ram and barrel flanges.

4. The velocity of the barrel is zero at all times.

The kinetic eneriw of the ram at the instant before Impact is,:

r a1485 ft-3b.
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tUp= impact with the stake somne of the kinetic energy of the ram

8viU be dissipatedo This loss is Most eonveientl? taken into account by

multiplying the available energy (!M-) by a. factor X.

I L For the case wnder consideration:

IT~ 1+ 1/3 m/

(1+ 1/2 m/)

K .496

Eot- 2141 ft-lb.

The available kinetic energy of impact Is, tbrfoe

KXEA - 2141 ft-lb.

L.The ram vifl absorb all of its available kinetic energy of

impact (assmption 2) as strain energy.

Therefore, XZA -Ur - 241 ft -lbs.

F2ma
IUr -/2 K

where 7m - the imximum force fI the ram resulting from
- the impact

Kr -=LE

= stiffness factor for the ram

where Lr =length of the ram
= 4 inches

Ar =cross-sectional area of the ram
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1*

A 1.23 in. 2

Ir  YOUS a M&Ibufor the rf (Steol)

..10 3lb/ino

>rr

- . 3 o / .

tr 9.2x 10 lb/in.

p.- 1./2 Kr Ur

- V2/(32) 9.2 x 106 (2l4)

= 13,500 x 10
6

- 3135 8  .

F2 = _ U.6 x 101,

The maximm axial stress In the ram (j)Is:]

F

U-.6 X 10~
V.3

w 9.-43 z 101 b/iU. 2

S94I,300 3]b/i 2
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The material used for the ram has been designated as 4340 heat-

treated steel (ultimate stress w 250,000 nbe/in. 2 o). Reference (3) indicated

that 4340 heat-treated steel ill withstand one million stress cylesin the ram

is 9,300 lb/in2 . The ram, therefore, Vill endure over one million stress

cycles at a maximum stress of 94,300 lb/in2 .

IIt should be pointed out that the stress calculation for the

ras is quite conservative. This is because the ram was ased to absorb

all of its kinetic energy as strain energ, with no energ (or force)

impa-ted to the stake or ha er frame (bar).

The fact that the calculations indicate that the ram vil endure

over one million cycles of attempting to drive the hardened steel stake

into rock certainly indicates that it will function satisfactorily for

L over one million cycles of normal operation.

C, Stress Analysis of Stakes

It should be pointed out that the stresses produced in the

stakes by the impact of the piston were not ana3yzed. The reason for this

is that although it is conceivable that the yield stress (or even the

ultimate strength) of the stakes' heads could be exceeded by the impact,

the most impo r desi consideration is the tendency of the head of each

stake to "mushroom" due to the force of the impact. This "mushroomin-g"

could tend to Ja %he stake in its guide. At this point it is felt that

this tendency is not considerable, and, at az rate, it would be better

to analyze it experimentally rather then anlytical3y.
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G. Experimental Program

A limited experimental program has been conducted and is still I
in progress. Attempts are being made to measure the maximum tolerable re- j
coil a man can sustain. This has a direct reltion on the maximum energy

that can be delivered to the stake and on the optima design of the impact

hamer.

Another parameter vhich can reasonably be evaluated is the .1
depth of penetration at the various high level impacts. From an average ]
penetration per blow an estimate of the expected number of rounds per

stake vill be obtained. This may very Vith the type soil encountered but I
a maximum mmber can be established.

Also of importance is the amount of propellant residue from I
each round. This should have negligible effect on performance due to the

abrupt change from a small initial volume to a large exhaust reservoir.

Nevertheless an attempt will be made to establish the effects of residue J
or vadding deposits from each round and the possibilities of exhausting

these deleterious effects. ]

To date the experimental program has been limited to some I
very basic drop energy tests as described in the First Qrterly Progress

Report and to a siMpe mock-up device weighing 25 pounds to establish re-

coil Jump with a 5 pound piston fired at nearly 100 ft./see. Appro imtely

four tests were made where the piston vas guided to imp-act the Groun-d

Stake GP-112/G setting on a sand-clay soil. Penetration of 34 to 5 inches
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WiAS obtained Per shot but the recoil effect was to raise the 2O-poUzd

hamher nearly 3 to 4 feet off the stake. By adding 25 powu additional

weight, simulating an operator's eftort, the recoil Was reduced to{ IL. raising the hammer 4 to 6 inches off the stake. The current configuration

with a 2-pourxl piston is expected to significantly reduce the recoil

effects since the Momentum is reduced to about 1/2 that of the 5-pourxi

Piston.

Future testing will include the determination of a reasog-
17

able force a man can extert with the Ground stake GP-113/0 in the various;

positions of heights andi angles to resist and reduce recoil effects.
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V. COnC WSIONS I
During this report period extensive design analys is has been

conducted to establish the optimum detail design for the ballistic imet

hammer. The general characteristics of a device have been developed

although some detail considerations remain to be established. Limited

experimental work wais conducted With a ballistic test model. Work if;

continuing upon the design layout, aditional tests and analysis should

be co pleted before the design plan is formuiated. This work is being

performed at this time. j

The primary consideration has been the ability of the design J
approaches considered to satisfy Signal Corps requirements for an em-

placement-retrieving device. Parameters not directly related to performance ]
such as flash, noise, hiuman engineering, safety, logistics, maintenance,

and simplicity have also been considered. I
]
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I tDuring the next quarterly Interval the following Items are
scheuledto be acocalisihed:

The design amlysis will be comleted And a desi-gn plan, fOr.a-,

lated to fuilly outline the design of a deo mn test model. This desig

I pla will be prepared in report form and sumitted to USAX=M for review

and design approval. Visualization data consisting of artists' concepts

of the device viii be prepared and delivered.

upon approval of design plan, work will be started o fabrica-

tion of an emplacement -retrieving device for development tests.* The scope

Of these tests viii be outlined in the design plea.

Monthly progress reports Vill be prepared and delivered according

to schedule.

Final copies of Second Quarterly Progress Report will bes sub-

mitted upon draft approval.

Draft of Third Quarterly' Progress Report wiil be submitted

according to schedule.



VII IDTIFCATON OF U! TECUCAL PflS U

Brief resm. of key technicatl persotnel vho have contribatea

to this proerM ane shown on the fofloVing pages.1
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Irvn R BarVice President m Development

Mfr. Barr is an original member of AMI,,
first serving as Chief Design Engineer,
ad attaining his present position in
196. betveen 1952 and 1960,. he directed
the COnpmy'd ordVance design activities
in the capacity of Chief 0rdwadce Engineer.
Hie ham had extensive experience in both

ordnnceandmisiledevelopment, being
co-inventor of the Viking rocket controlI system and holding patents on a variety of
ordnance iteins, including a vehicle,,
turreta, bearings, special fin stabilized
amnit ion, sad several autoatic guns.
Outstanding examples of ordnnce
mnaterial developed under his direction atI MAI include the T17511 Dual Purpose Machine
Gun, a series of turret-type cupolas, and
the T92 = Gunu Tank.

Mr. Barr is a graduate in Aeronautical
Eniering (19 4&0) from the Casey Jones

School of Aeronautics. He vorked for
tvo Periods, 1941l94I4 and 191i6-1950,.
for the Glenn L. Martin Companay, primarilr
in missiles. During the last of these
tvo periodsihe served in the U. S. Army
Air Force, receiving the Azzy camndation
medal for design of aircraft rocket
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Nichol as J. Lacoota, Manager, 9cplosive Ordnance Departwent

Education: Casey Jones School Of Aeronautics, A.I.

Work History: 1959 to present, Aircraft Armaments, Inc.
Manager, Explosive Ordwnce Department. Responsible
for directing and coordinating all activities of the
Explosive Ordnance Department. These activities
include the study, design, development, test and
manfacture of systems and components involving
propellant actuation, interior and exterior
ballistics, teriinal ballistics, kin aics, pas
dyteics and explosive train design, applications
and feasibility studies.

1951-1959, Aircraft Armaments, Inc.
Project )Mnger responsible for stabilized azmmni
tion development program, Corporal Warhead develop-
ment, a number of explosively actuated bomb racks,
canopy removers, thrusters and initiators and control
systems. Recent responsibilities also include nev
infantry veapon concepts, recoilless rifle program,
special veapons tools and an automatic sequencing
device.

1939-1951, The Glenn L. Mrtin Company
Layout Dnineer, Group Engineer, Design Specialist.

1938, Bell Aircraft Compwn. Layout Engineer.

1936-1937, Consolidated Aircraft C,mn. Draftsman.
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SRichard G. Strickl , Senior Design Engineer

eucation: City College of New York, Bs., 1953
University of Maryland, Graduate Work.

Work History: 1956 to present, Aircraft Armmnts, Inc.
Project Manager responsible for design and development
of tools and procedures for special weapons handling
and disasembly, underwater timing device, and special
devices for underwater recovery operations. Design
of Special tools for remote handling of explosive
devices. Survey and study of CAD in all U.S. aircraft
and missiles. zoerimntai study of recoilless rifle
internal ballistics; study of recoilless weapon
optimization. Spotting round development. Study of
missile fuel Spark ccmpatibility. Development of timer
concepts, applied explosives research. Design and de-
velopment of underwater guns and anaunition, measurement
of effects of undervater explosions. Responsible for
development and fabrication of 125 Demolition Firing
Device and associated test equipment. Study and develop.
ment of wide area mine fuze. Design and development of
ground stake emplacing device and earth anchor concepts.

1 1954-1956, U. S. Navy Special Weapons Disposal School.
Special Weapons Instructor. Nuclear Phsics, Health
ltysics, Weapon Principles, Weapon Configuration and
Weapon Effects.

1953 - 1954, U. S. Navy
Special Weapons Disposal Officer. Field test of
special weapons. Attended Nuclear Weapons Training
Schools at Field Commnd AFSUP, Picatinny Arsenal and
Lowry Air Force Base.
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Theodore . Stastni-, Senior Engineer

Education: Oeorgia institute of Technolo, BEN, 1958
Oeorgia institute of TechnolOW, MN1, 1959

Work History: 1958 to present, Aircraft Armaments, Inc.
Responsible for analytical and experimental evaluations
of the internal ballistics of recoilless rifUs and both
bybrid and solid-ftel rockets. Study and design of
various cartridge actuating devices employed in ejection
mechmisms, parachute deployment, and separation problems.
Trajectory, stability and aerodynamic analysis of pro-
jectiles and gun boosted rockets. Stress and cle
analysis, inciuding dynamics and kinematics of mutontic

eapons. Responsible for compiling theories of detona- |
tion and explosive phenomena, and fragmentation of
bombs and grenades for handbook usage. Designer of
"Lo to Hi Pressure Admission Valve" of hot gases (Pat.
Pend.). Heat transfer and stress analysis Of large,
high pressure flat-end chemical reactor. investigation
of underwater ballistics on Mach 0.1 to 0.5 projectiles
covering velocity decay, vaporization bubble, stability
and nose configurations. Responsible for extensive
literature survey and analysis covering techniques
of rapid ground anchor emplacement devices including
related studies of soil mechanics and soil properties.

1954-1958, Koppers Coqpaza, Inc., concurrent vith
schooling. Design and stu Of gas leang equilment,

design of gear teeth for coupling misaligment, studies
of sealing ring and piston ring prdoblms. I

Technical Society: Member and past officer of American Rocket Society,
N"731 anSction.--
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I

I Ar . _ Powel, Senior Engineer

Education: Massaclusetts institute of Technology,
B.S. in ME., 1948
U. S. Nary Electronics Techniian's Schools,

I Work History: 1958 to present, Aircraft Ar ents, Inc. Senior
Engineer. Design and test of a parachute sequencing
device, a bydraulic power supply, recoilless veapons,
cartridge actuated devices, a remote arming device,

escape system components, bydraulic timers, and
production tooling.

I 1952-1958, Van Zelm Associates, Inc. Design
Engineer on a variety of aircraft arresting gears,
target drone catapults, and bridle arresting
equpinent. Field test engineer On aforementioned
equipment.

1949-1952, Friez Instrument Division, Bendix
Aviation Corporation. Design and test engineering
on numerous weather, recording and electrical
instruments.

198-1949, Industrial Research Laboratories.
Design, construction, and test of a filled-
bottle goods inspection machine.
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Commanding Officer 3
U. S. Army Electronics Research &

Development Laboratory
Fort 1omouth, New Jersey
Attention: Technical Information Division

Commanding Officer
U. Si Army Quartermaster Research &

Engineering command

Natick, MassachusettsIAttention: AN E46P, 3. W. Millard

Commanding Officer
U. S. Army Weapons Command
Rock island, Illinois
Attention: ORDOW-TR

Commanding Officer

I. S. Army Weapons Command
Rock Island, Ilinois

I Attention: 9310, 0. W. Marlow

Commanding Officer1U. S. Army Munitions Comnd
PicatinW Arsenal
Dover, New Jersey
Attention: CRDBB-DR4, P. B. Tweed
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