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" FOREWORD

This work waé conducted by Mr T. J. Muha, Explofatory‘Developmeht

fGroup, Advanced Composites Branch, at the Air Force Flight Dynamics

Laboratory, under Pro;ect 4364, "Fllamentary Compos1tes Structures.-

The manuscript was released by the author in February,}l973 Thls

Technical’ Memorandum has been rev1ewed and is approved.
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PART T .

GENERAL INFORMATION '

'1 1 BACKGROU\D o
PLSTR was ertten‘by Dr R S. Sandhu of the Ohlo State Unlver31ty._
. The codlng was based upon the earller work by Professor Wilson of the .
;University of California at Berkley, but modificatlons were made to
‘1mbrove the program s eff1c1ency. The preseat ‘version in use by AFFDL/
FBC 1nc1udes modlflcatlons by Mr T J. Muha to- account for orthotroplc
‘materials and to permit the output of erther maximum and mlnlmumvstresses
‘or‘stralns. . |

_ 1 2 PROGRAM DESCRIPTION

‘ Thls program performs an elastlc; plane stress; flalte element,
‘structural analys1s. It can haadle 11nearly varying thermai.and pressure
" loads. fAt the present time it can handle quadrilateral and triangular
elements, up to three thousand elements or grid points, ap to twelve mat-
erials, up'to eight‘temperature pointsvfor coﬁputing material prbperties
,of‘eacb material, and pressure acting on up to threevhundred elements,
The maximum Semifband width is fifty. |
The analysis proceeds from

Ax = F, o LT W

wbere A is the stiffnessimatrix; x is the‘dispiacement matrix, and F is
‘the force matrix. E

Having deterﬁiﬁedvthe displacements from Equatioo (1), the straias .
are asssmed tolfoliow froﬁvb | | %

- Be =‘_~X.,v R : i | v (2)
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o whé?e E‘is.ﬁhébﬁaffiijlinking'the étféins.aﬁd tﬁe"diSPlacemeﬁté,_and é
is the.sftéiﬁﬁméffix.  | | |
Fiﬁélly?vtakiﬁg.the sfrainsifrom EQﬁatidﬁ (2);'tﬁe'stresses are’
fo#nd(froﬁ | | |
. -  ¢¢’ | | ..».i K | ., o | S ,.   R  ; (3> |
.whéfe_c is‘thé stress métrix'aﬁd C is ;he.matefial sﬁiffness'matrix;v
. - ,.  vFor isotropic matetials, EQuation (3):is‘Hooke's ;aw.
1.3 - FUTURE WORK | | ) |
- 'As stéted iﬁ‘Section 1.1, PLSTthéébundérgoné a substgn;151 modifi—:
’:cétion since being feceived by'AFFDL/FBC. Futdrevmodifications‘ﬁow being
coﬁsidered'aré using SPLINﬁ inperpolatibn functions.to inéorporate ndn;
iinéar matériél properties, a biane stfain oﬁtion, the abilifyAto runvv
’ multiple load cases, and a failure criterion forvdevelopiﬁgbmargins of

safety.




d PARr'ii,
f’INévr'INsTRﬁcrIOﬁs .
“;_ The 1nput for PLSTR ccn31sts of elght 1og1ca1 cards. It mast bedc
‘.noted that a loglcal cardimay con51st of more than one phy81cal card.
For the remalnder of thls section, a 1ogical card W111 be referred to
s1mp1y as a card.

LI . . The eight 1nput cards needed to run PLSTR are formatted as follows.

CARD 1: T;tle

Columns = Format  Variable . Explanation

1-= 80. : 8A10 - HED R - - Any alphanumeric‘infermation

necessary to identify the problem

CARD 2: Basic Information

_Columns ‘:_Format Variaﬁle . | : ﬁkglaticn
i‘- 5 . : 15 : ‘NUMNP | . ' cnumber'of grid points :
6 —.10 o 15:' . NUMEL o d.Number of elements
11 -15 15 NOMMAT Number of materials
16 - 20 . 15 - .NUMfC - | v ‘Number»of pressure
’ ' . cards (See Card 7)
21 - 30  F10.2  ACELR | "_‘ Acceleration in k-direction.y
’ 31 -40  F10.2 . ACELZ N Acceleration in y-direction |
. “.- ' 41'; 50 A.FlO.Z Q ' S - Reference (strees—free)’
‘ . : : temperature
CARD 3 :v Material Identification

Columns Format Variable o Egglaﬁation'
1-5 15 . MIYPE. | " Material Identification Number

6 -10 - I5 . NIC(MIYPE) - ‘; Number of temperature cards
o BT ) S ~ for material MTYPE (see Card 4)
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11-20  F10.0

20-25 I

 Columns ‘ .Fbrmat 'Variable

RO(MTYPE)

' NORTHO (MTYPE)

' Explanation

Massvdensity for material MIYPE

MIYPE S
0, ISOTROPIC MATERIAL

“Material type for matefial

1, orthotropic material

CARD 3A: Material Orientation (Orthotropic Materials Oniy)

Columns ' Format Variabie‘
1-10 ~ F10.0 Angle , O

Exglanatioﬁ

Orientation angle of material

_lbngitudinal‘strength directionb

(fiber direction for dilamentary

" composites) in x-z plane

Figure 2-1. Grid Geometry

1
8

T
. ‘Z”

TN

at




-.CARD 4A: Materlal Propertles (Isotroplc Materlals Only)

“rCoiumnsfeg'onrmat ' Variable 'f., ; Explanatlon
I,f 10_?f?'_fi0.3 ‘:v'vE(I;l,MTYPE)‘; : ' 'Temperature 1
i; ?IZO_E 'F10.3'_t.. E(I,Z,MEYPE) _  Young s Modulus at temperature I
21 - 30: x;‘FlO.B 1 .E(I,3,MTYPE) o ’P01sson s Ratlo at temperature.I
L 31-40 F10.3 Eii;a,M:YPE) . Coefficient of thermal expan-:

" sion at temperature I

. _ NOTE: Repeat Card 4A for each temperature de31red for materlal MTYPE,
i.e., repeat NUMTC(MTYPE) times. : .

"CARD 4B:v Materlal Propertles (Orthotroplc Materials Only) o

Columns . -Format Varlable . Egplanatlon
1-10 . F10.0 TMAT (MTYPE, Iy - Temperature I |
11 =20 F10.0 Ell(MTYPE;I) . Longitudinal Young's modulus at
' ' temperature I E L
21 - 30 " F10.0 “ E22(MTYPE,1) | 'Transverse YOung s modulus at
o ‘ ' ' o 'temperature I
31 - 40 F10.0  Gl2(MTYPE,I) " Shear modulus in the 1,2 plane
. at temperature 1
41 - 50 ~ F10.0 AMU12 (MTYPE,I) Poisson's Ratio, v ,, at
- S ‘temperature 1 '
51 - 60 F10.0 A1 (MTYPE,I) Longitudinal coefficient of
" R : - : _ . thermal expansion at temperature I
61 - 70 ' F10.0 - A2 (MTYPE,I) "~ Transverse coefficient of thermal
" S expansion at temperature I . .
71 -80 F10.0  Al2(MIYPE,I) Shearing coefficient of thermal -

expansion, alZ’ at temperature I

. NOTE FOR AlZ(MTYPE I) - At thls time “12 has not been incorporated into :

the analysis; it has been included in the input w1th p0331ble future 1nclu—
§,~H o ~ .sion in mind. For orthotroplc materials “12 = 0). o

NOTE: Repeat Card 43 for each temperature desired for mﬂterlal Bﬂﬁwr,

i;e.,‘repeat'NUMTC(MTYPE) trges.'

Cards 3Iand'4 are repeated NUMMAT times.
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' CARD 5: Grid Point Data

Columns " Format
1-5 15
6-10  F5.1

11 - 20 * -Fl10:4
21 -30  Fl0.4

31 - 40 F10.4
41 - 50 F10.4

51 -60  TF10.4

N

’CODE(N):Z

R(N)

Z(N)

UR(N)

Uz (N)

TN)

- Explanation
_ Grid point number .

Boundary. condition flag for‘grid  

point N: 0, UR(N) and UZ(N) aré
x and y loads

1, UR(N) is: x—dlsplacement and E

UZ(N) is y-load

- 2, UR(N) is x- -load and UZ(N) is

y-displacement -
3, UR(N) and UZ(N) are x and y
dlsplacements

'X—coordinate of grid point N

Y-coordinate of grid point N

X-load or»displacement,of grid
point N(See CODE(N) above)

Y-load or displacement of grid

. point N (See CODE(N) above)

Temperature of grid point N

Card 5 is repeated to input the entire grid system. The repetition is

performed eithetr for every grid point or for those grid poiﬁts‘required

by the mesh generator within PLSTR (See Appendix A).

CARD 6: Eleitent Data

Cblumns 'vFormat
i:—'s 15
6 - 10 '—_ 15
111— 15 15
16 -20 15

21 - 25 15

26 -30 15

Variable

- M

IX(M,1)

Ix(M,Z)Q

XM, 3)

IR (M, 4)

TX(M,5)

ool amreant M

Explanation
Elementvnumber

First grid point for'element'M

 Second grid point for .element M.

Third grid point for element M

Fourth grid point for element M

Material identification for

\




f'As for Card 5 Card 6 is repeated elther for every element or for those
' elements requlred by PLSTR s~mesh generator (See Appendlx A) ‘The
rsequenclng of grld p01nts for an element is counter clockw1se as shown

.‘in-Eigure 2f2.

" Figure 2-2 Element Grid Point Sequencing.

- (A) Quadrilateral | (B) Triangle
,4 . _  3=4

NOTE: Four grid‘points must be input for each element type.

CARD 7: ‘Pressure Data (If NUMPC is greater than zero)

Columns  Format Variable . Explanation .
. 1-5 | 15 | - iBC(L) : ' ) d First pressure grid point
’ 6 - 10‘ - I5 ‘ 1JBC(L) :_‘ | 3 1 Second pressure grld p01nt
S 11 - 20 - F10.3 | PR(L,l) o Pressure acting at IBC

21 - 30~ v FlO.3 _PR(L,Z) - _ : t Pressure scting at JBC

Card 7 1is repeated NUMPC ‘times (See Card 2) : The grld p01nts are sequenced‘"

‘1n a counter clockw1se manner as yOu proceed around the perlmeter of the




grld (See Flgure 2 3) -A linear distriﬁution'ié‘aséumed aldng the ele-

ment face. -

- Figure 2f3 Pressure Card Nomenclature

PRE,D

CARD 8: Output Selection

. - Columns Format Variable - © Explanation
) 1-5"  I5 - NPRT ' Stress-Strain output flag
. : , S : 0, print for each element
. ‘ ' - : , i El. No., xX,y, X-stress, y-stress,
- : ‘ o o xy~stress, max-stress, mln—stress,
‘ S ‘ and angle

1, print for each element El. No.,
X,y¥, X-stress, y-stress, xy-stress, .
-x-strain, y-strain, and xy-strain . 3
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* APPENDIX A . .

| PLSTR MESH GENERATOR

- The mesh generator in PLSTR is 1oacted between 1abeled statement 60

'l(Llne 34) and labeled statement 190 (Llne 68) of the main program (See

'Appendlx B) Thls generatlon scheme is useful in’ reduc1ng the requlred

number of phys1cal input cards when many orderly, 31mllarly 31zed ele—

. ments occur in the grld

-The 1mpact on grld cards needed is that, - 1f the N + l consecutlve

' grld p01nts, M to M + N, are evenly spaced the varlable CODE for each

of these points is zero, and no loads are applled only the grld points M

and M 4+ N need be entered. The generator Wlll calculate

XM+N—
and

. N~
v - MHN-Y,

Then the mesh generator will assign

Xur1

]

; -+ » = | .
X, + DX, Yy = Y+ DY

Xy = Ky PO T T T T

Temperature will be handled in the same‘manner; and CODE for all*genereted '

‘points will be set to zero.




The 1mpact of tne mesh generator on the number of element eards needed
1s 51m11ar to the 1mpact.on grld cards If the N + 1 consecutlve ele-
~ments, M to M + N have grid p01nts progre551ng by ones, and the material
~is the same for all N +- l elements, only the elements M and M+ N need bevd

entered. The mesh generator w1ll ‘assign

IX(3,K) = IX(I-1,K) +'1 I = 1M K=1,4

~and

" '.‘I‘XtJv,-S)" IXQ,5) I = M—!—lA,AM‘!-N—l |
The followlng examples will lllustrate the_use and‘effeon of the mesh -

generator. o |
EXAMPLE l. Take a grld con81st1ng of 64 grid p01nts and 49 elements (See
Figure A-1). In this problem, assume materlal 1 exists frOm Y = 0.0 to B
‘0.325 and material 2 exists from Y = 0.32 to 0,8. Also assume that no
points are constralned i.e., CODEVis zZero enerywhere; Withour a mesh
lgenerator, 64 grid point cards and 49 element cards would be needed

| The grid p01nts which must be 1nput for this problem are 1,6,8, 9 14
‘16 17,22,24, 25 30,32,3338, 40 41,46,48,49,54,56,57, 62 64 Thus, only 24
grid p01nts need be 1nput instead of 64. The elements which must be 1nput
are 1 4,5, 7 8,11,12, 14,15,18, 19 21,22,25,26,28,29,32,33, 35, 36 39,40,42,43,
46, &?,&9 Therefore, only 28 elements need be- 1nput 1nstead of 49. In

thls problem, the mesh generator causes 61 fewer cards to be requlred.

10,
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vEXAMPLE é"HTAEé the same gria.as ih examéle lte Assume; thie time :that‘
loads are applled at.grld points 1 to 8 a zero‘x-dlsplacement is 1mposed
at grld p01nts 57 to 64, and only one mater1a1 is used. |
_ The grld points Whlch must be 1nput for th1s problem are 1- 8,9,14, 16 17,

- 22,24,25,30, 32 33 38,40,41, 46 48 49,54,56,57- 64. The elements which must -
be 1nput are 1,7, 8 14,15,21,22, 28 29, 35 36 42 43 -and 49. Since 6n1y>34
‘grld p01nts and 14 elements ‘are input, 65 fewer data cards are requlred |
-'because of the mesh generator. |
EXAMPLE 3.: Take a grld consisting of 100 grld p01nts and 162 elements
(See Figmre A—2) - Assume one material, no loads, and no constraints.
Wlthout the mesh generator, 262 data cards would be’ requlred.

The grld points which must be input are 1 10,11,20,21,30, 31 40 41 50,
51,60,61,70,71,80, 81, 90 91 and 100. The elemehts which must be 1nput
" are 1,9,10,18,19,27,28,36,37,45,46,54,55;63,64,72,73,81,82,90,91,99,100,
108,109,117,118,126,127,135,136,144,145,153, 154 and 162. Thus; only‘56

cards are requlred, 1nstead of 262.

12
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APPENDIX B

PROGRAM LISTING
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APPENDIX C-

SAMPLE PROBLEM INPUTYAND.OUT?UT '

rTake a grid consisting of 64 gfid points”and 49 elements (See Fig-

ure A-1). Assume a distributed load through grid points 1-8 such that

. ‘the eightAfespeétive point. loads are 500, 1000, 1000, 1000,1008,1000,
+ 1000, and 500 poundé. ASSuﬁevalso that grid points 57—64'aré comn-
‘ strained in the_x-direétion;- A constanf pressure of IOO’psi is applied
" to the.lowér sﬁrface. Tﬁe temperature ;hrOughout thekgrid is TGQF,b
while the étgess-free teﬁperature of the structure is OdF.. The struc-
ture consists of two materials as follows:. |
Material 1 (isoﬁtopic) éxistsAfrom y=0.0toy= 0;32 and &as‘as’
propefties: |
N Oé ' ; ‘ | | 7ooﬂ
B 1% psi B 9x10° psi
v . 03 03T
a _A - 5% 107 1n/1n/%F 6% 107 ta/in/%F
':vMéte¥ialvZ.korfhétfoﬁic)_éxists from y = 0.32 ;9 Y:? 0;8 at an énglé
v’, of 60 in‘ﬁhgvxé—pléné'and hasbas properties”‘ o -
» » o ; o J V‘ :
- | »,  ‘ v i.v _,~;00 _i'..‘ _ L o ‘ 700 |
- g,  'm6  ,1 | '  BEEESUE
'vﬁzz "; :"J 105 :‘ '   o ‘-_‘9 x 104;vA._
»G12 :‘; | 10° e B ,:-,’9}5 x 104
v, - ea2s f - .’:o;zsf -
911' 5x 19'6 o ‘_ '_"_:6 x 10‘§f
Cpy .»$_x710’5 . o :éfg:iofs
R R 0.0
@, ; 0.0 _ _47v 948




input and output for this problem is as foll

48
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