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F4MC III %. Evelyn Ae.. Suite 01
Sunnyvale. California 94056

ASSOCIATES, INC. (408) 736-1636

I
February 5, 1987

Larry Libhardt .
* FMC Corporation

3989 Central Ave NE MV A/I
Minneapolis, Minn 55421

Dear Larry,

Here are the results for model 11. We made all of the thickness
changes as shown on the drawings you sent to us. The enclosed table
shows the REALs, their properties and the areas that were assigned to
that property. The set of element and area plots are also included as well
as an Input listing. The same set of contour plots are also Included. We
will plan to perform a transient analysis this weekend although we will
probably reduce the number of elements from 3 around the radius to 2 to
decrease the wavefront and the required disk space. The static run is
using 185 mb of disk and we do not feel that there is enough disk space to
run a transient which would probably require at least 300 mb. The model
has been built in a parametric way so that reducing its size should not

" require excessive man-time (about 3-4 hours). Also, the model accuracy
should not be as crucial for a dynamic analysis as for extracting stress
results. We will send you the dynamic results on Monday of next week.

Best regards,

Mark C. Rodamaker
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LREAL# PROPERTIES AREAS

1 .081 P 1-14, 15.29. 21-22, 35-36

.0405 P
2 2 C 17-19, 24-28, 31-33,38-43

.0405 P

3 .324 P 52-53, 66-67, 80-81, 94-97, 109,110,
121-124,129,135-136,141,147-148, 153

.0675 P 46-50, 55-57, 60-64, 69-71
4 2 C 74-78, 83-85, 88-92, 99-101,104-107

.0675 P 112-113

5 .162 P 51,54,65,68,79.82.93.98CAvlw
1 C 108,111,120,125,128,134,137,140

.162 P 146,149,152

7 .135 P
I C 44,58,72,86,102,114

.135 P

a .135 P 116-119, 126-127, 130-133, 138-139
2 C 142-145, 150-151

.135 P

39 .0405 P
I C 16, 20, 23, 30, 34, 37

vw .0405 P

11 .270 P 45, 59, 73, 87, 103, 115 9"

16 .81 P 154-167
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Sunnv ae. ( lifurnis 9.10X6(

N ASSOCIATES, INC. (440j) 736-16. 6

February 11, 1987ULarry Libhardt p j

FMC Corporation

3989 Central Ave NE [,A . (
Minneapolis, Minn 55421 - / f-

Dear Larry,

% Here are the results of the latest dynamics model. Figures 1 to 11 I-L
•. -,..=., are the similar set of elements and area plots from before so you can - 71

-. determine the real properties. I have included a listing of the input that
was used to run the transient analysis. Figure 12 is the recoil pulse in
pounds. The recoil force is applied to 2 nodes so the total recoil force was

-': divided by 2. Figure 13 is the torque pulse shown in inch-pounds per node.
There are 8 nodes having the applied load and they are located 6 inches
from the center-line. The same integration time constant was used for
the different runs so I only used half of the torque pulse force values
which accounts for the non-smooth nature of Figure 13.

We ran the model first with the recoil force only and then did a
restart for the torque case. Figures 14 to 20 are plots of displacement vs.
time. Node 1353 is one of the nodes where the recoil load is applied and is
located at X=6". Node 4352 is the node of the other side of the manifold in
the -X direction. The rear manifold has its node numbers incremented by
500 so node 1853 is at the front surface of the middle manifold. Node
4853 is located at X=6 opposite 1853. The plot labeled "'"BEX is the X
displacement for the node located at the end of the barrel. The same nodes
are plotted vs. time for the torque load case on Figures 21 to 27. Itappears that the X displacement of the end of the barrel Is much less under

the torque load then we experienced before. Let me know If there is any
additional work you need done.

Best regards,

CMark C. Rodamaker

re- .



a,
z~jr- kJ

LL



N. z

ID S

5'- -5- -

LAJJ

0.
,l. IaJ



-AR3 99i LIGHTWEIGHT TOWED HOITZER DEMONSTRATOR PHASE i AND 215
PARTIAL PHASE 2 VOLUM (U) FMC CORP MINNEAPOLIS MINN
NORTHERN ORDNANCE DIV R RATHE ET AL APR 7 6

UNCLASSIFIED FMC-E-84-VOL-D2--PT--3DAAA2--6-C- 47 F/G 9/6 NLmo||o||ollso|
EhhhEmhhhhhhhE

som|ossllocl
comm/ommom/o/m



11111-~ 3~*2.2

1QQ.2.5 11111_L ____ _L__ B16

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS -1963-A



II

* F)



a 0
U)I.- 4

. m0 bZM80Ui &0hZ > 0

h..~L 1- 04 'd

IN

.1C4



100
-i

0 w
*ez

).40 1-- IL X
ZMO* i-. gIWIL

ID

Eli



er - IL

Oa r - mu-0
iL IL- 0~U

3 za-w .ci

- - - - - -- - --~i d



*i - OI18
* 0

YS h-Ji amo
S~iL L&I- a *0

*e-z



1~ /0

Uj

a - Zi
Z 0

IL -IL

II
IN

I '- l

0o



a z

z m~ 0 k )
&0 (0

)- I*- I~ if)

* -i-. i A-



m aoz

ez ~ 0 w
)- 1- r-m ZU0 0

10 14

in)

CD
&LL



I/3

la
IV~ -A

0 w

- I I - U
co I.- IL r , . -

IL 1. L & X-

-L94" .... : ;, ",
*. ,2-j.4t. , ,

",, -. .

5 0 . "



001

. 0

c S a)x >
OI I -

S

ci

CD 

LL 0

~ to

7



15"

"IIL

,- IL

IL-S.IL



0)
z mr

I) W'i S I- -l')

WIL 4L 4 n

r)h

('In

F)in

c~q 0

rU.

In

> DC D I qCD 0m 0 CD -

S..' a- W'



CD"

0) 

6

w --
) . 0 - ILJ N

wu.w

OD L)-* Ib
CZY. O w ......

-N

-i

> co

xt



c -)

-So
0 0 Zcm

U hir)

N1



N I
U4

c ~w -

NN

00 _

LL

~ ~l - - - - -



OD I

.0>

-. 0. r)
(V~r)

tan.B Ia tn .

In to
p)x



II
In C

.0) C

CD-0.
0-4 u

LL w ~

0 ~ -~- -.1

zm o N*0Il



0

c w-1~ 0 ->
IL 9L N a

LLI-

U.U)

tea IV0 a



IInc

-I

,.-6SID

C-0-

3uD 0 6
to



IC

m. D

LLS

zmeo u

I -d



~dr-
IL)

cm0

,-~- t~U6
in na-h- -A



I In

U.

vi il f I



r-III

)-- - tCa
cm Fq-- - j-

AixJ



z go
1 104 0

*-s0

w m w-c

U.Z#

an- (~

. ., M lwllllltto 6E



Iz
II (

.......I...... ... ...... ......

9Nr

am-

A6~



I
I
I 

D2/29o

U

COMPUTER RESULTS - MODEL 11

*C)

g

U

~ (

I



67

I %

Ufa~~ A.
gc.d 44 o4o o%

0 c

pr 40



10

00 ei0 I

.. 00 0 l. 0. fme

or O SP :! ~
on II % % f t ta

0- w 00000: 00 %fmm on-, '. d NM
am m -f m *.me

:0 0 %-" mm . - Za"%- Vit

a..0. all -. W.q . m

'.'..s. Ai RA m .. C



In

owe 0 . ... oe ovw % %I** %* %F. U %IPN~..... .

- -o ft - - ~.

L C C 0 C C 0 0 C 0 '0



4n I-

C, 1

*0*

0 t .- -. . -.- . UwOa J

*~~f 0 a I 0% * % U 0 0 0a2 w 9 W. ev im inn mi. w
U'% z' P40 on* ~ % *% '% ' % V- Z

6W~~~~~~~~~~~~~1 009 iw09 ' 06090909696690 6 90 99

%a %-0-0 0 00 4 - 0 9 0* 0" %OF. .09- *69 *.O" %9 * 00 0In 01

99 9 9 99 9 9 0 0 .19 0 6.%14 9OU9m 0%9-99-% 9-99-0 % 00 0 kpp
%46 %1& %&Pm -Osm009-9-0%WIU0& 00w *ou I .61 6 f %&. 6 %& k&&.0 . %ft 96,1 66 666

a------990-09 a a6 :a a90 90 0 0-0 0- 090 900- 0-0 90 *m i bo a mu m m a m a0 a- a6 a a90m W = u t

*U---0699--09-99 99 9 9 0 0*-0*-0-90 9 U -0-099 9999 9 *99999



IL
10 :X .a91

.40

Pdoft m.1*b 0 Pd 1! -Z0, -

m @.4 Pd N ~ 4 P~d~dd~d S 4 4 4 %Q % W Pd P

cP P c -0 .c c P~~~ d.~~-P



1 7

I
I

I.

i0

U

I

* p,

4 - . 0

-- - - * ~~4@hfl@ ~- ~ ~ - -.

pUhmm a @~*4~~.S**,~.ja ~- ~ %

a- - - a~ -~ - - - - -- - - - - - - * - - - -. - - - - - 0f0flC&

Icc' c c o c~ Co z~ z~ ~

A 4



I
i

I
I
I

, C 0 '0 0 0 F. ft 0 0

vU ~ s
% &O

.. ' 00

left.6 % t f
% % % %% %w01 0 1:100 : 0,P = :-0 0 "

a;4" I ' =sln
01 f

%

aO

cc0 0'0 :

a6Imkk "a&



InI

I 1
40vm4

Aato W
Iiin

OK A ft- . .. . . .

0 p... c 0 c S



*t "IA

BII1 0 . 0 : T4A a
In i i % Z%9- t Z~ x i 7 S

%-o 4I WP
.43 ;

%a fIt s w# w. "% W W

c



IC

10I

3.m ,0%.%aR 0s

0 e ---

% %wm .J
49 ,0 k a 4 '

a ..
ILa IL 0 

*0. 
w 

mf We% .CE ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I WI I r 3 % @ .m*WWWW IIIII.gU * 4 4 e e 4

quo c c c 0 Pc lWa o ~PII * *...... . . S0



alII %1I-ofw
0 % %M'll 040 1 o % oo 00 a 00

3%~~~M. v. %iS 40 14 % % % % % %

%S % 00406 6 S S % ~ a0000 *000 % Z Z

1 30 Si40 i oft0 0 g o * 4iNf000.S~ 4

0 mm wl "W iPt i-Dqft S *lM. iC~ *I al Pd%
M e ii %0 3* !S O P .. .a0 0 * 0 0 0 0 3 3 0 S t 4 1,~ 3 3~~~~~ ( %f~ 4 U S 3 3 3 3 3 33%3%3 3 3 3 3 3 3 3 3 3 3 3 3 3

C,4. S C~fff~ 0 *4.f 0 0 0 0 3D C 300000 0f i 7N 0 3 S0 d 3



10

9"',o 
IdAd0

a a

A"*.a
c.. 0 0 c oo oD So

111 1 1..'11 1..tl ijjjj M i !j~ &



D2/300

GEOMTRY PLOTS -MODEL 12

LI
U7

ifJLX



on -z

0.V ..J ) V
M 0) .i

z w-0 w- U) 01
cZw-9 h - & > U- L I

ILI IL I0- X>- N aX- N



0 C

OR Z ~~M lz M m

Vt0



0q

* Or)



I-- Lr I k

200



Iz

hin

3.-lw
Cwr-.a~z~-lL



c w r- 6) >

IL IL* F4d 0dC

ggi

via)



0

c la -. -urn2.
IL ISLLI- N a 0

10B



0

bi

10 -C' -IN I I

IL OIL-. It lN

Z.-ow~son

~wr-.gz In

v )i

Ur ) ) L



c a IaIL IL I

.D0i
Ve qv

cc~

~OC ' O0



1, - -

rl

lkhi



10 00b
z

c la -j
.5 IL&

VW6i

VT.~



CID

m -,zI

i h

0 oinw
>. ( r-

w-r a >>-I U .j
W ILL.W X>- N aX).t'.

.J~ v.i'

. r:'

L 0

- Ok__ ....



U I- L E II.-

SOOD

Z 6 O(1) 4D13

*~~~% -L'..iaU>IL



M z

C0KD

t-mr
if)

Inq -'n. Il-
-) zm- w~ 10

£hm'OqJ Z >N



I2 I

m - xz

- O. ; - .0j.

IL-AILILW X > Jx >P

"Il

At



Lai

itc~ ro - T WO
c uir-.j &z I-u.O

VjI-

in (14
r cu

9-j

jjO



-) z - -.. - - r- - -U-W* - - - - -

ki

6) ) i0r ii

z~ w Um 0)D

.. 1!

c w -E V z 0

W IL L ILI fq a

L$

I _____ ____ 0_,____



D2/310

MCR MEMO: FEBRUARY 14, 1987



February 14, 1987
Larry Llbhardt
FMC Corporation
3989 Central Ave NE /JL (,
Minneapolis, Mn 55421

Dear Larry. S4, 4 ic

Enlcosed are the results for model 12. We made the thickness
changes as requested. The buckling analysis is running at this time but
will not be finished before I depart. The plots are not labeled but the
numbers showing the plot number on the right hand side are virtually the
same as before except we added the SXY values. I have also Included plots
which show the REAL #'s and element numbers for model 12. The model 11
transient model was Identical.

Aloha,

-Mark Rodamaker
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D2/320

NCR MMO: FEBRUARY 27, 1987



III %. E~el)n Ale., Suile ,01
Sunny 'ale. (alifornia 94086

ASSOCIATES, INC. (403) 736-16.%

Lr February 27, 1987
Larry Libhardt

FMC Corporation
3989 Central Ave NE
Minneapolis, Minn 55421 8,7

Dear Larry,

Enclosed is the input listing, stress contour plots and short results
printout for model #13. The main changes that were made are that the
core has been reduced from 2 inches to 1 inch. The connection between the
front manifold and the shell was adjusted so that there is a full bearing
surface in the Z direction only. There is a connection at the lower center
of the manifold to the shell in the X and Y directions and a spring connects
the upper center in the X direction with a spring constant of 1000
pounds/inch. Short beams were extended from the manifold out to an X
value of + or - 23 Inches and connected to the cables. Four load cases
were run which consist of recoil, torque, gravity, and finally all three
loads combined. The detailed printout is being sent and you should receive

UmC It the first week of March.

I Best regards,

Mark C. Rodamakerp

I ,.
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III t . I~bein 4e.. uir . 1

Snn) ylae. (slurnia 944 6
"ASSOCIATE.S. INC. (44N 7.4.6-16.46

I March 3, 1987

Larry Llbhardt

FMC CO:POATON
3989 Central Ave NE
Minneapolis, Minn 55421

Dear Larry,

I found one slight error In the coupling equations that were used in
the previous run. One of the nodes around the periphery should have been
listed as 1322 and was actually coded as 1332. This would explain the
high stresses noted around the periphery of the front of the shell.
Enclosed are the stress contour plots with distorted geometry contour
plots for this last case. The actual printout will follow later. I would
expect the results 6 to 8 Inches behind the shell would be fairly close to
reality. The printout for this case will follow In a few days.

Best regards,

Mark C. Rodamaker
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