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SECTION I A
INTRODUCTION

Significant advances in digital computing capabilities, coupled with
parallel development of more efficient methods of analysis, have contributed
to the emergence of automated structural synthesis as a viable design tool.
Early contributions to the concept of optimum structural design can be found

N P ARANANY  ca o AREEE - SN
* \".
-
A

in publications of Maxwell (Reference 1) and Michell (Reference 2). The
1950's witnessed the development of the simultaneous failure mode theory

.

2 (Reference 3), in which a structure was considered optimal if it failed in each

i ) of the several failure modes at the same load condition. The contemporary

:: approach to the optimum structural synthesis problem can be traced to the

; pioneering efforts of Schmit (Reference 4). The past two decades have

§ witnessed considerable research activity in the field and has resulted in the

; emergence of two distinct approaches - the optimality criteria methods s

. (Reference 5) and the nonlinear programming technique (Reference 6). An :;;;;
Eﬁ extensive review of the literature in this period is documented in Refer- Zi;}t
- ence 7 . Of the optimality criteria and the nonlinear programming strategies, iﬁiizb
~ the latter is considered a more general approach, and is used in the work L7

:E described in this report. ?Zij
Eﬁ The nonlinear programming approach has enjoyed considerable success in i-i:}
v the design of elastic structural systems subjected to static load condi- i;i;‘
!! tions. The methodology involves the coupling of a mathematical nonlinear .Tati
}E programming algorithm to an analysis procedure for a given problem domain,in E:f;

F{ order to obtain an optimization programming system (Reference 8). Despite the E::ij

Ei apparent success of this approach, there are several drawbacks that must be T;Z;f
!: considered in its implementation. Strictly speaking, the problem of optimal _}\:f
;E structural synthesis is one of repetitive analysis of candidate designs, to IS;E:
:; obtain the best in terms of a prescribed set of conditions. Rather than use }jfgi
b, a random selection of the trial designs, the optimization algorithm provides SPf"
%; a systematic search procedure. Furthermore, the search for new designs is ;F‘i
EE terminated when certain mathematically determined conditions for optimality, _i;i;
}? such as the Kuhn-Tucker conditions (Reference 9), are satisfied. The search

A techniques for constrained optimization problems need the gradients of the

!? constraints and the objective function, in addition to the function values.
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Hence, in the presence of a large number of design variables and constraints,
such methods become extremely inefficient from a computational standpoint.

Several approaches have been suggested to circumvent the problems of
large dimensionality described above. One approach to reduce the computer
resource requirements is to substitute the detailed analysis of the structure
by an approximate analysis of a reduced order model. Such methods have been
proposed and implemented with a great degree of success. The other approach
is to simplify the design space itself by reducing the number of design
variables and constraints that the optimization algorithm has to contend
with, Design variable linking is a process that allows the user to limit the
number of design variables in the optimization. Constraint deletion and
cumulative constraint representations permit a further reduction in the
dimensionality of the design space. Additional savings in computational
effort can be achieved by constructing high quality explicit approximations to
the design space. A detailed description of these concepts is available in

References 10, 1ll,and 12 .

The developments described above have been largely confined to the design
of statically loaded, elastic structural systems. Constraints obtained from a
dynamic loading environment have largely been of the form in which the natural
frequencies of the structure are constrained to lie in some prespecified
pockets (Reference 13). Transient response constraints (Reference 14) and
constraints from a random loading environment (Reference 15) have received
little attention in this effort. Also included in the latter category is the
optimum design of structures which exhibit geometric or material
nonlinearities.

The primary focus of the work described in this effort was to assess the
applicability of optimization methods in the design of structures that undergo
significant plastic deformations under dynamic loads. This includes the
development of an optimization programming system for the task. An additional
task was to identify the problem areas typical of this class of structures,
where the analysis is inherently nonlinear and does not lend itself conven-
iently to the approximation concepts developed in context of optimum design of
elastic systems. The test problem chosen for this task was a shell colliding
against a rigid wall with a prescribed velocity, resulting in severe plastic
deformations in the structure. An interesting feature of the proposed problem

N

/
s

r
ys,
ey
4200,

,.. ~ S

AN
a0

AR




Sl
- ‘.5 ‘-.
R0
X
i
is its resemblance to a shape optimization problem, a subject that has o
received considerable recent attention (References 16 and 17). Subsequent 5-
sections of this report describe the structural optimization problem, the b A
- ST
implementation of the cumulative constraint concept to circumvent the .j=3:
. Y
parametric nature of the design constraints, the description of the ﬁ:}}
P I
optimization programming system,and preliminary results for the test -;:t

.
N
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problem. Shortcomings in the present approach are also identified.
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. SECTION 1I
i STRUCTURAL SYNTHESIS PROBLEM
S 1.  MATHEMATICAL PROBLEM STATEMENT
o
E The general statement for a nonlinear programming, optimum design problem
N can be written as follows.
! Minimize W(d) (1)
Lol
- Subject to gJ.(H) <0 3=1,2,...m (2)
s h (@) = 0 k=1,2,...p (3)
2 u .
I d]. < d].< di i=1,2,...0 (4)
ﬂf Here, W(d) is the objective function and, in structural optimization problems,
g} is typically the structural weight; gj(a) and hk(a) are the inequality and
Ev equality constraints that prescribe bounds on the response quantities of
Ej interest. The constraints are generally defined in a normalized manner as
< follows.
gj(_cf)=—§(a—)-1<0 (5)
all

Here, z(d) is the response quantity to be constrained and, in structural
design, would typically be the element stress, nodal displacement, natural
frequency of the structure, or a buckling load parameter; Z. is the
prescribed bound on this response quantity. The vector d represents the
design variables that are to be optimally assigned in the optimization
algorithm and are generally the element member sizes, material properties, or

RN SO A - CAUNNNYY © AARaA

PR

geometry definition parameters. The individual components di of the design
variable vector have prescribed lower and upper bounds, df and d?,

- respectively. These permit specification of limits on design variable changes
gf to achieve the desired objective. It is important to note that the objective
Ei and constraint functions are, for most realistic structural design problems,
:q implicit functions of the design variables. The sensitivity of these

::: functions for the design variables must be obtained by numerical techniques.
~,
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2.  THE FEASIBLE USABLE ALGORITHM

The optimization algorithm adopted in the present work is based on the
feasible directions approach of Zoutendijk {Reference 18} and is the basis of
a constrained minimization program CONMIN (Reference 19). The basic approach
of this technique is described herein for completeness. Consider the scalar
objective function W(d) that is to be minimized subject to the constraints
gj(a) <0, j=1,2,...,m, where W and g; are general nonlinear functions of the
design variables. The feasible directions approach is in the category of
direct methods for constrained optimization and proceeds towards the optimum
in a sequence of design variable update cycles of the form

il = al + oS (6)
where, SJ is the direction of search established by the algorithm and o« is
the step size that must be taken in the direction of the proposed search. The
search direction is deemed to be feasible if a small move in that direction
from the current design does not cause an increased violation in the con-
straints. For linear and convex constraints, this can be mathematically
stated as ‘

sTng <0 (7)

where the equality condition is applicable in the case of linear and outward-
curving constraints., Further, the direction is considered to be both feasible

and usable, if in addition to Equation 7, the following inequality is also valid.

STYF ¢ 0 (8)

This represents an improvement in the objective function for a mini-
mization problem. A geometric interpretation of this approach is shown in
Figure 1. The inequalities given by Equations 7 and 8 result in a feasible-
usable sector in the design space in which the search must proceed. The step
size selection for the algorithm is based on a one dimensional search along
this direction. The basic technique used in CONMIN is to minimize W along a

steepest descent direction until one of the constraint boundaries is encountered.

The search then proceeds along this boundary till the objective function can
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no longer decrease. The significance of objective and constraint function
sensitivity for the purpose of optimization is abundantly clear from this
discussion,
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3. HIGH VELOCITY IMPACT COMPUTATIONS - EPIC 2

The analysis for the design problem considered in this study is complex,

and involves the transient dynamic response of a continuum. The ability to o
X model arbitrary geometries of the continuum is of absolute essence in any -t%};
ﬁ automated design environment, and hence a discrete numerical approach is pre- ;ti?f
‘i ferred, The EPIC-2 computer program is configured to obtain solutions for E;;f;

dynamic response analyses in impact and detonation problems, for plane strain, —
. and axi-symmetric situations. Furthermore, it has the capability to model -
strain hardening and high strain rate effects that are typical of the problem

o« under consideration. The geometry of the domain is discretized into tri-
angular elements, with lumped masses at each node. The displacements within -
v the elements are assumed to vary linearly between the nodes, giving the Eﬁsﬁi
; triangular elements the semblance of constant strain triangles in the finite ;E;EE
: element method. The solution grid is Lagrangian in that it moves with the :jﬁ N
. material during elastic and plastic flow. For an initial set of prescribed ;;_,
N displacements and velocities, the strains and strain rates are determined by Ei;ig
> considering the spatial derivatives of the former. The strains are then used ikﬁtj
;ﬁ to determine the stresses using the constitutive laws. Once the element and jS;E:
. nodal stresses are established, the corresponding nodal forces and and nodal 5%??-
? accelerations can also be determined. New estimates of the nodal velocity are E;Eﬁ
& obtained by a linear extrapolation of the velocity at the previous time step :fﬁ:}
- and from the acceleration determined for that step. This process is repeated ﬁjhﬁ'
! for the time period of interest,and a time history of the quantities of l:.iﬁ
3 interest such as strains, stresses, and pressures are stored for postpro- -
'f cessing, Additional details on the theoretical and computational aspects of
> EPIC-2 are available in Reference 20 .
if 4, EFFICIENT METHODS OF CONSTRAINT REPRESENTATION
El The pressure and strain information available from EPIC-2 is a function itﬁ‘,
& of time and the design constraints to 1imit these responses to allowable ‘ﬁ??
: T
- 7 ':E'-:E-’: ‘

A |

‘-‘ i A




values during some predetermined initial period of impact, can be written as

;: follows:

; - DIAD
.{ 'Ei(aat)l/ea'” 1<0 (9) :::,- /

: :

- e

: lpi(dst)|/pyqy -1 <0 (10) N

- where, pyy7 and €417 @re the upper bounds on the pressure within the explosive :\

&

3 and the strains in the structural shell, respectively. The constraints i jfa

- denoted by Equations 9 and 10 are parametric in time and a maximum response }s iy
) o' e

cannot be determined by either a close form evaluation or a functional
maximization, particularly in the case of the pressure, which is a nonconvex
function of time. A discrete sampling of the response is therefore used to .

- represent the pressure and strain constraints. To avoid the problem of v j:

! misrepresenting the maximum response, a large number of closely spaced points : .i
must be considered in the solution. This, coupled to the sizeable number of A
elements that one must include in a relatively coarse model of the structure, .
would result in an inordinately large number of design constraints for the
problem.

This problem can be addressed by recourse to the cumulative constraint

. formulation which allows the user to denote a large number of design con- E?
- straints by a single representative measure. For the design constraints 9 ;ﬂ
j=1,2,...,m, the representative cumulative constraint Q is written as follows: g
) m . :
- -e+t I1<g50 ifQ> ¢ N
j=1 -
Q= (11) RO
m . 3
d e+t tn( £ exp(pg;)) iface » f*?’d
K P iz J N
\ J N
" 94 if g, >0 "
: where <gj> = R

0 if g1.<0

where, ¢ is a preselected parameter (order 10‘1) that allows transition from "
- one formulation to the other and is chosen so that the change occurs close to e
the constraint boundary; r is a constraint smoothing factor typically chosen éi'
: as 2 but is reduced as the constraint approaches the boundary; p is the Sﬂ: v
vy :
Aoy
8 RO

'y
A
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A IR
< constraint participation factor and its numerical value is typically of order -:.-';I‘-
N . . . . e s ROTH
N 100. The constraint participation factor is such that the most critical ;\"\f
s . . _\’.‘-
’ constraint dominates the cumulative function. If a smaller value of p is e
~ chosen, a smear of a larger number of constraints can be obtained in the ﬁ::‘_:sj
-‘ .-
. . . . . PR . P Loty
o cumulative constraint. Discussions pertaining to the mathematical validity of .-j-.-:
. LS
N the constraint representation are available in Reference 21. ot
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‘§ SECTION III E;?g
;;': IMPLEMENTATION OF THE PROGRAMMING SYSTEM N
1. PROGRAM STRUCTURE E-i,’.;it

i: The analysis and optimization programs described in the preceeding Ei}i
ﬁ sections were coupled into an automated synthesis environment by a sequence of ii;i
" pre- and post-processor programs. The flow between these programs and the fof
. other processors was controlled in the Command Language feature of Digital if;g

§ Equipment Corporation (DEC) systems, and is best illustrated in the annotated g;;;

;J flowchart shown in Figure 2. This section of the report describes the specific §;E§
tasks of each module in the flowchart, including a description of the data -

ij files that are necessary in the present implementation. ;i?f
: A typical input runstream for the program EPIC-2 can be broken down into 254
; three segments. The first deals with input information pertaining to the task ;{:&:
o that is to be performed, i.e., whether the program is to be run as a ?;fs
preprocessor only, or if dynamic response computations are required. It also ;22;

E contains input on what information is to be saved for postprocessing. The Eﬁza

) second portion of a typical runstream is devoted to the definition of the :;:;

~: geometry of the problem domain,and a third segment details element con- :¥;;
nectivity information and additional information pertaining to velocity of :i;;

: impact and time for which response must be tabulated. In a typical synthesis Eszi

? procedure, it is the geometry of the structure that is generally changed to ::5:
achieve the desired objectives. é;}'

19 The program PREEPIC is the preprocessor to EPIC-2, and is configured to %ﬁ%ﬁ
2 generate new geometry information for the program in a desired format. It sgg;
makes use of the design variables, which in the present problem are r or z :;;‘

2 coordinates of nodes, and computes the location of other node points in a j;;;
: grid, the order of which is predetermined and not allowed to vary. The design j:;;;
X variable data is contained in a data file DESIGN which also contains lower and RSO
2 upper bounds on the design variables. Other parameters that describe the E;::
{ geometry of the structure, but do not change in the resizing, are contained in ;}:3
3 another data file GEOM. A1l data files in the present task are unformatted E:E;
i for ease of programming. é:;:
) The optimization algorithm requires not only the function information for i;;é

the pressures and strains, but also the sensitivities of these response Qf:{

¢ \:":;:.
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quantities for each design variable. This sensitivity is obtained by a first
order finite difference approximation, by perturbing each design variable, one
at a time. Hence, for n design variables, the analysis to obtain the response
sensitivities must be repeated n+l times. The parameter that identifies the
variable to be perturbed is in the data file NDVNCON, which also contains
information on the number of design variables and constraints, the number of
explosive and structural elements, and the step size for the finite difference

approximation,

Each new runstream created by the preprocessor is executed by EPIC and

)
S St te t
._:_1._._ .‘! l.f‘/.-_.‘J"‘.

e e
LI YRS

the output information is postprocessed in the program POSTEPIC. Here, the
cumulative constraints for the strain and pressure constraints are computed

and stored in a data file CONFUN for computing the sensitivity information. f:

The latter information is obtained in program GRAD and transferred to the Ei;
optimization program CONOPT in a data file GGRAD. The program CONOPT contains EE%S
the call to the constrained minimization program CONMIN and also provides the (-;g
latter with objective function and constraint information as required. The éfjf
flow chart illustrating the execution of the optimization program is shown ° ;iﬁg
Figure 3. ﬁfii
For purposes of computational efficiency, the nonlinear optimization R ig
problem was replaced by a sequence of piecewise linear approximations. ZEﬁE
Consider the case of a general nonlinear objective function F(X) to be Et;&
e

minimized subject to nonlinear inequality constraints gj(Y), j=1,2,...,m, and

prescribed lower and upper bounds on the design variable vector, xf and x?,

A
Ja)

.
e
Id
o ‘vt antat

)
* .

respectively. At any given point in the design space, the objective and e :
constraint functions can be assumed to be linear for small changes in the ﬁj:j
RS

design variable vector. The function sensitivities can be obtained at the ANEN
given point and updated values of the functions can be written as follows. ifis
F(X + &X) = F(X) + VF(X).&x (12) o

DA

— — — —_ - e |

g;(x + &) = g;(x) + vg,(x).Ax (13) T

The validity of these approximations is ensured if the change in the __i
design variable vector is restricted to be a small one. One possible approach 53&3

of ensuring this is to permit a $+20% change in each component of the design RS
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vector for any piecewise cycie. The optimization problem statement for such a
repetitive piecewise linear approximation can be stated as follows.

Minimize F(X) (14)
Subject to gj(i) <0 (15)
0.8 x; < xj ¢ 1.2 xj (16)
xf < x; < xg (17)

This process is repeated till the constraints are satisfied and the
objective function does not show an appreciable change in successive
iterations.

2. THE TEST PROBLEM DESCRIPTION

The projectile shown in Figure 4 is chosen as a test problem to assess
the validity of the programming system implemented in this study. The
projectile has a steel shell and is packed with an explosive charge. It
impacts a rigid target, normal to the surface and at a prescribed velocity.
The rigid target assumption was made to reduce the complexity of the analysis
problem as would be introduced if the projectile were allowed to penetrate the
target. The impact causes severe plastic deformations to develop in the
structural shell and also introduces a pressure pulse into the explosive
charge. The optimum design requirements were formulated to maximize the total
internal volume and hence the explosive carrying capacity of the shell, The
design constraints include an upper bound on the plastic strains at any point
in the shell and on the maximum pressure in the explosive. An additional
constraint was imposed requiring the ratio of the explosive weight to the
structural weight to be above some prespecified value.

A mathematical statement of this problem can be formulated as follows:
Maximize V = Minimize (-V(X)) (18)

where V is the internal volume of the shell
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| o
: Subject to gy = 91(51,8611) <0 (19) 3;;;
. 7]
' 95 = Qy(PyaP,qq) <0 (20) N
s

! g3 = 0.675 wexp/wstr -1x<0 (21) :;2:
f e
: In the above expressions, the values of €11 and p,yy7 are 0.5 and :j‘j
i 0.725x108 psi, respectively; wexp and Wgy,. are weights of the explosive =
' and the structural shell. The time duration of impact for which these {tﬁ;
conditions are to be satisfied was chosen as 80 psecs. The constant 0,675 of 'ﬁé

(21) was selected on the basis of typical explosive to structure weight ratio -

in a 5001b class warhead. The design variables selected for this study are
designated as x;, i=1,2,...,5, in Figure 4, NN
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SECTION Iv
NUMERICAL RESULTS

Numerical results for the problem described in the preceeding section,
were obtained for two specific cases., The first, involves a fixed external
geometry and variation of the first three design variables only. This permits
a change in the internal geometry of the shell, To obtain a better understanding
of the design space, parametric variations of the design variables were attempted
to observe their influence on the strain and pressure constraints, These plots
are shown in Figures 5 and 6, and show a nonlinear but monotonic behavior. A
starting design variable vector of {x}T = {2.0,4.5,4.5}in. was chosen. For
these values of the design variables, all three constraints were violated.
The internal volume of the shell was 4856.11 in3. A total of five piecewise
linear optimization cycles were required to satisfy the constraints and

resulted in an optimum volume of 5715.15 in3

» and an optimum design variable
vector {x}T = {3.696,4.9,4.9}in, The design variables x, and x5 were at their
maximum permissible values at the optimum. In each piecewise linear cycle, a
design variable move of $20% was permitted. The iteration history of the

objective function is shown in Figure 7.

The nose section of the projectile shows the most severe plastic defor-
mations. A sketch of this section at time of impact and at 80 psecs is shown
in Figure 8 and the distortion is clearly in evidence. Similar plots for the
optimized design with a thicker nose plate are shown in Figure 9. The extent
of distortion is clearly reduced to satisfy the ~onstraint on allowable
plastic strains.

The problem was repeated with the addition of two more design variables.
These were the radius of the truncated cone at the nose tip and the position
of the shoulder, where the transition between the conical and cylindrical
shapes occur, The starting design variable vector was the same as in the
previous case, including the variables that describe the external geometry.
Seven piecewise linear optimization cycles were required for convergence to an
optimum volume of 5882.87 1n3, and a corresponding design variable vector
(x}T = {2.561,4.9,4,9,12.232,2.338}in. The nose radius increased slightly
above the starting value and the shoulder of the projectile moved closer to
the nose.
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Plots of the strain history for the most critically strained structural
element for the starting and optimized designs are shown in Figures 10a and
10b. Similar plots for the pressure response in the explosive are shown in
Figures 1la and 1lb. An exaggerated view of the nose section for the
optimized design is shown in Figure 12. A reduction in the plastic
distortion, as stipulated in the optimization requirements, is clearly
indicated.

23

" \-' .

e .'.'y. WAl

“v

‘. .
>

-; p l-,\".j
U

VYA

¥

5]



nr. D A ] 4- LRSI

RV I i a _.\.......ﬁ.q. . X T T A SR A ..
..\.‘... A _ \u L NS ATN r& .ff....f...,..a.....z SR A X B A AR A A Y a.w.”u...‘.s....z.. A AR B R .
e \ﬁ

R IR ..\.........s..\.,....\ RS T AR R B R Al et PN N A R R A - .....:..\......
2 *ubLsaq paziwijdoun syl 404 AUOJSLH ULRAIS JUBURLT |eDLYLu) “eQl d4nbirg
" SANOJ3ISOUIIW - IWIL

: bl ELT9G  2bTLE 12781 B8O
, _ | : 00+ 3000°

H / - 18-3855"
: /. pee+32iLi’
. - 00+3891°
: - 00+ 3e2e”
“m Y - 00+362.2
w \\\ - 00+ 35€EE”

NIVYLS
24

s - 00+316€°
: - 00+ 3Lbb
“ - 00+ 3€0S
. . 0B+ 3855

o 4.4JJJ.‘.'. " l.\Q.ﬁdt--\.A ,-u.bxu-.-. .» _4-.-.. f..-ff\lff\ 1‘-.........--.‘ PN PN I TR I R ey N SN,

o U » - Eaks Lad




. o " .« i o A 4 P ~-\\-1.1.f—1.v . .. . ...\..q... i---« 101“ -.hc.f.c-ml -n.c.-
P ...A:q...\...\..ﬂ# W.u..nmnx..“ suxu_m .\Naﬁwﬁem.\.ﬁ._ .__”..“.,..x..\f\.. RO b SR s“ 1.\ ..U...”..P?s.\...f\_.&w.w..w.......\..s.\. ¥ JH.....W
A...._ -.- ) .... N ’ P XAy <, A --.--.~ .~-.. ! L . -.. -.-...- -.o-.o..-. .... n...-\a bt .\ \-\- P s ' rd .-- P d
1.._“. .-.F\r\(.-..-nh.-n PRA AR AR IRV RIGE S SUA PP AT SN BV YOODRMNCLUN A § 9 o
L)
‘v
by
s
e 4
*sajqetsep ubisag g W
- ub1sag unwiydp 9Yy3 403 AUOISLIH Ulea3S Juswe|I [BD1} 14D Q0T aunb 14 e
s

SANOJ3SOYIIW - IWIL

G2 92795 bH8LE 26°8L 08B0 o
_ . = G0+ 3000 %

- 19-3+05° %

\\ - 0R+31B1L° <
/ 5 - B
/ BR+31S1 : 4

- B@g+310c
- B0+ 3252 v
- B0+ 320E° 5

25

s - B0+ JESE )
- 00+ 1E0V°
- B0+ 3ESP”
BB+ 3IPBS° :

'-.' '-)

RN

»
)
-

- I - D [ "4 -
c . - PR Y RAMRAAAIS JR PP -4 LA LR “x” A x4 [RRBNE -
o 3P S S N2 oy ? A o



"ub1sag paziwiidoun 8y} 40j AUOISLY BUNSSBUG JUAWA[I [@ILIL4) ‘el aunbly

SGNOJ3SOYIIW - 3WIL

bl mr.w_m mw.m_m _w.w__ BB 0

S0+3EQ1
Froe3e8L |
- 50+ 3959
- 5p+3051
- 50+3bES” 3 3
) L 5p+361E° B g
- S0+ 3EBY :
L 50+ 3080 b
; L 58+31¢2G° %
. - 50+3959° ;
: S50+30bL° E:
W.H .f.m
.“.. \...u
¥

L
g




A -\- T NS Y N Y,
I. ... -\.- 5 v T - .h Y .--.-.-...M.-.- by h
AT P O B SO T. v
“ *sajqelaep ubLsag g
- ubLsag wnwi3dg 8yl 40} AU03SLH BuNSSAU JUBWA|F [BIOLIL4) QI d4nbi4

SANOJ3SOUIIW - IWIL

. 52 94795 H8LE 26°%1 08'W
3 | _ _ SP+352.2° -

3 - S+l -
.. L b+ 3222 -
. o~ - b0+ 3262
: Vs L Sp+3LEL”
/ - 5p+32€2

34NSS3IYd
27

- S0+ 3PEE”
- S0+ 35EP°
2 - S@+ 3LEST
: - S0+ 38T
3 S@+38vd°

PR Ra Al

v .

RAFAL CEXBRRA  (RreAr SITIIRE RIRISI0 OO . TR  MRTENE).  RSRIIRNY NRAKSER A" ISP S




(XX “2b - %
A < NN NN FANAE

RN s O A A -.«.-_-.-f..ﬂ.\.\\\\\\A vy 55" j 3 ‘ p feln [
Ny yYy) ! EAL NN St e afuVu¥als e ’ . 2" RN A Yy -v-.n- N
.,.w.. KA AN R R AR SO ; i AN P AR A
a V-!- --‘P-\F A w-o.hc‘n-.\!.(-’.-t-. LR IR P B S \-.-n-'-.him ~<~.<\... WO A v ) ~\-\-o\ FEP g -*.f;-
! *sa[qetaep ubtsaq ¢ - ubisag paztwtidg 9yl 404 9L3d3lo4d

3y} 4O UOL}IDS DSON 9y} 404 A4ABWOIY |euij pue (eiItu] 21 [unbij

P,
NN

4

. $29s1 g = auwll $oasv (0 = awL]

28

Uyl
Py

-
'.’\I:

-
-

!
!

"
,
B

&
i R S PP

4

s

RN

%
Ay

>




T

NN

SECTION V DAY

CONCLUDING REMARKS RN

o

The report describes the preliminary implementation of an optimum E}:}:ﬁ
synthesis methodology for the sizing of structures that are subject to high :;32:.
strain rate deformations. The use of hydrocodes for analysis appears to be a t&:i:.
logical choice for this class of problems. In the current application, the %.;f;

)
N
1“‘

hydrocode EPIC-2 was coupled to a feasible usable search directions program
CONMIN to obtain the synthesis procedure. Numerical testing of the proposed
method indicates the potential for using such techniques in the design

N process. Extension of the current work to include target penetration and the NS

. ‘s . P
associated time dependent pressure boundary condition on the shell, is a YR
natural choice. Despite the encouraging results obtained in this effort, :ﬁikﬁ
there are several issues that need to be addressed at a fundamental level. RN

: \.‘_'4";
At the very outset, it is important to emphasize the considerable .'\f‘
investment of computational resource required for hydrocodes to run in a y “E?

29 N
Yo

repetitive analysis mode. For the class of problems examined in this effort, fr
‘ it appears that the constraint functions can be approximated by explicit ,. .
i linear or quadratic functions. Approximate analysis procedures, similar to 5;77
: the reduced basis concepts in the synthesis of elastic structural systems, ﬂg;;;
. must be explored in some detail. The design problems that are most likely to :&:&:&
E be addressed in such an environment include the element of shape change in the §§E§£§
| basic configuration. This is a relatively new discipline in the field of -"'
: automated synthesis and requires a focused effort in context of this ;E;ﬁif
: problem. The response sensitivities generated by perturbing the nodal :;;;Ef
; coordinate system also include the effect of a reorienting grid system. This E£:§;¥
i effect must be isolated to obtain better convergence characteristics in the W
: optimization process. The current set up is somewhat limited in that the EE?S
| order of the grid is not allowed to vary in the optimization. This places a iﬁ%ﬁﬁf
i restriction on the allowable changes in the design variable. A variable f:k;&;
] order, adaptable grid for the analysis problem is seen as a possible solution k.
i to this problem. ;p-
p -~
. Ongoing research on this subject is expected to address some of the A
; problems outlined above and will be reported in other publications. 2:;:
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