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IBSTR&CT

The computation of parameters for symmetric laminates in-

volves series of tedious calculations for both in-plane and

flexural properties. In order to alleviate the magnitude

and conplexiy of calculations for complicated symmetric la-

minates, the program of this report was designed for a com-

mercially available microcompu ter, the Hewlett-Packard

HP-87, and is based for the most part on program logic de-

veloped by the hir Force Wright keronautical Laboratories

for the TI-59 handheld programmable calculator. Program lo-

gic is explained in detail with flowcharts and a full list-

ing of the program is included. A descciption of the pro-

gram logic provides the user with a comprehensive

explanation of program operation.
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Chapter I

INTRODUCTION

The program of this report is based on class work per-

formed during the Summer Quarter 1982 at the Naval Postgrad-

uat School and taught by Dr. Stephen W. Tsai of the Air

Force Wright Aeronautical Laboratories. The original pro-

gram was based on reference I and was written in order to

compute and observe a variety of in-plane and flexural par-

ameters calculated for symmetric laminates. Upon completion

of that program, however, it was enhanced by the addition of

subroutines and displays to compute the max stress and

strain strength ratios in addition to quadratic strength

ratios.

Chapter II explains program logic based on the flow

charts of Appendix A. The reader will find that no special

programming techniques were required and all calculations

are st-aight forward.

The-e are two basic advantages to having a program such

as this on a microcompter. First, although a microcomputer

such as the HP-87 is obviously not as portable as a hand-

held calculator, the user will nots distinct advantages to

being able to view labeled output and matrices several linis

,, ¢,-,, ,.,..,-; ...-..........-........ ..... •....-...... ...-.... ........- -...... -
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at a time as opposed to single line, unlabeled output. Sec-

ondly, the program code is very easy to read and modify if

necessary.

This program is not intended to be all encompassing, but

it should be of assistance to users designing symmetric la-

inmates. Users are encouraged to modify the program to suit

their own needs and to publish addendum and erratta to this

report. Corrections and modifications should be addressed

to Dr. Tsai at AFUAL/HLBM, Wright-Patterson APB, Ohio.



Chapter 11

PEOGRAN LOGIC

Even though this program has been written fcr the HP-7

modfiV~nstofit this program on other microconputers

should not be difficult. The only really unique aspect of

the program occurs during the initial parts of the program.

Refer to the, flowcharts of Ippeadix A.

a basic familiarity with the RP-87 is assumed. Load the

program from disk storage, then initiate program operation

with the RUN key. The program will prompt the user to sig-

nify if printer output is desired or not. Reply with Y or

N. The program code is set for a printer address of 701.

Ensure the printer has this address, or list the program

a code and change th. address in line 60.

-,The RP-87 allows a programmer to set up 14 predefined

keys for selective branching. in this program, selections

are established for each of five commonly used lamiaatq ma-

terials: T300/5208, B(4)/5505, &S/3501, SP1002# and

KV49/LPxY. Selection of any on* of these five automatical-

ly inserts engineering constants into appropriate variable

names. The units of these variables are in the SI system.

users desiring to work in English uni.ts tsed only sel.ect the

3a
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"SI -B UIG" key prior to selectinq a material. A "flag va-

riable" is set to unity for later logic testing to determine

whether or not to apply a conversion factor to each of the

input variables.

Users desiring to define their own material may Jo so by

selecting "User Defd". The program will promp' for a ma-

terial name and each of the engineering constants before

continuing.

The "Reference" key selects a display with an abbreviated

explanation of the program, a list of the references, and

author information. Press CONrIUE to return to the materi-

al selection display.

Unit ply thickness, ho, is then requested. Ensure that

the dimension of this parameter is the same as that of the

previous variables.

Following this, and in several subsequent locations, the

user can choose to display computed variables or to bypass

the display. If a printer is used with the program, prompts

for variables and displays will not appear on the CRT, but

will appear on the printer instead. Refer back and forth

between the two to determine what the next input should be.

with a printer connected, only a question mark will appear

on the CRT. Pirst time users are encouraged to use only the

. . . . .. . . . . .
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CRT display (no printer) in order to get used to answering

prompts and observing output. Run time for a -.omplete ser-

ies of calculations requires only a few minutes. Errcrs

should be handled by stopping program operation with the
7.

PAUSE key, then reinitialize with the RUN key. Effort has

been expended to make this program as user "friendly" as

possible. Most prompts are self explanatory.

Following cptional displays of modulus and compliance ma-

'rices as well as strength parameters# the program will sig-

nify that computation of in-plane variables are now pro-

gressing. A prompt for CORE/NO CORE laminates is then

displayed. CORE laminates are those coiprised of a honey-

comb sandwich section placed on the centerline that contri-

butes little to the stiffness of the laminate but is used' to

alter the weight characteristics. The thickness of the core

is usually input as an integral multiple of the ply thick-

ness. 1 Proper input of ply information in sequential order

is very important for flexural properties later in tho pro-

gram. CORE and NO CORE materials both require ply informa-

tion to be entered from the center ply outward in consecu-

tive order. No attempt has been made to group ply

I A nor-interal multiple for core thickness, nc, may be en-
tered but the initial ply index number, ti, will still
have to be entered as an integer. Use the nearest multi-
ple rounded off to the nex highest number. Slight errors V
ma occr butthfy lhoul kbe gnif- k. n for !mi-Da~es Vwith a re at vlY t. c uan-Ti py thicknes-I.f a

I..
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orientations, and the user will be required to enter each

ply. Programming was simplified by this expediency, but us-

crs enterIng complicated laminates or laminates with many

plies may find it somewhat tedious. Feedback from the prin-

ter is immediate, however, so any mistakes may be discovered

quickly.

Following input of CORE/NO CORE information, the in-plane

modulus of laminates, Aij, is computed followed by its in-

verse, aij. Normalized versions of these matrices, Aij* and

aiJ*, are computed as well as the effective in-plane engi-

neering constants. A display of these variables is option-

al.

The program then requests input of loads (stress resul-

tants) N1, N2, and N6, followed by a reques: for the orien-

t-..icn of the ply to be examined. Variables computed from

these inputs include the in-plane strain variables, on-axis

strain and stress variables, max stress-strain strength rat-

ios R/R,), and quadratic strength rat..os (R/R'). A non-op-

tional display lists results of these cal-ulations. Follow-

ing the display, the user can enter a new load and

orientation and repeat the calculations and display. If a

new load/orientat.ion is rot desired, the program proceeds to

flexural computations.

........................
A ..
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Without further prompts, the program computes the flexur-

al modulus matrix, Dij, followed by its iniverse, dij. An d

I n a manner similar to in-plane comput,'tions, normalized

parameters, Dij* and dij*, are computed as well as effective

fl'%xural moduli, Eif. A display of these parameters is op-

tional.

The program now prompts for the moments, MI, M42, and H46.

An index number, t, representing the seluential ply number

for the ply to be examined (comnting from the ply closest to

the center line) is requested along with the orientition of

that ply. With these inputs, the program calculates curva-

-,ure, ki, on-axis stress-strain, max stress-strain strength

ratios (R S RI) , and quadratic strength rfttios (R & R') A

non-optional display presents all parameters in a format si-

milar to that for in-ln pamers

Following t6he display, the user can enter a new set of

moments, index t, and THETAt for a rep?&-: of the calcula-

tions. SelectIng the othsr option terainities program opera-

tion.
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Chapter III

SIMPLE CALCULATIONS

The following pages arat reproduced from sample calcula-

tions generated by the LAMINATE program. The first program

run displays all optional displays. Subsequent program runs

delete many of these displays since T300/5208 was used for

all calculations and many of these displays would not vary.

The ply designations for each composite are noted next to

the title for each run. The printer used for these runs was

configured for a laterally compressed mole to allow for re-

port format.

Many of the prompts do not appear on these print outs.

The proqram is written to display many of the prompts only

on the CRT. The reader is referred to the flowcharts to re-

solve questions about program operation a specific points.

-8-

----............... I?
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CMPUTATION OF 11-LANE AND FLEXURAL PROPEUTIES OF SYNDUUIC
LANINATES ON THE HP-67 IICOCUTUR

Selected ceopsiit material x) T310/5218 [0/90]

Inpuot Iminatt thickness, he (SI v END.

he .002

Eaqgneering constants and coeiprtssuiv, tensile. and show
constants for T300/S26d

Ex xi~l. IIIE40t
Ev s 0.311E+019

.28
Es a7.171E4419

x SC.SSE4V
X, is00.GlIE6E.
Y 41, IIE+1N6

S 68.1#NESIlb

mssusuw~u~w~n-----------m~sw

- - - - - - - - - - - -
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On-uxis Rij's, Sij's, MON', Aij's, ad tij's for T311/08O
(Note: ijatjs).

on~xis Qij s e
( 191.81+019 2.969E.60

M .249E-W1 -i.547E-6i2 I
on-axis Sij =(97.197-62 1

( 139.47E-012

UiQ E Y.3M8I109

U 19.7M14Ef
U4Q *22.607C+19
Q 26.8614E+119

(22.726E+116 .362i2E+$l6 I
on-axis Aij (1.2931+016 a

(44.199E-119 -12.37E-109 I
o-sis aij (776.70E-119 I

Strength paraueters in stress spae, Fij, and strain space, Gij.
for T3f1/S268 (Note: ijzxys).

.44444E-018 -3.361E-118 I
Fi~j ( i1.b3-Sis 0

Mi.26E-IiS

Ft : 0.ISE-SI
Fy 20.935:;: 3,59E60

Cij If (8E01



- lainetes specified by the mte. Either CORE or NO CORE laminates
con be specified ad an, nugmer of plies defined. The user will A
mete that this propunm takes a 'brute force' approach by request-

* ~inq ai entry for each ply. This method allows simpler proara
code, ensures fever errors, ad enthances accuraY.

4 In-plate c"optations follow ...

- Will the iminate contain CORE or NO CUE?
*C/NC i) EMLINE

00 CORE laminate: Enter I',' the total nuMber
* of plies, surface to surface.

NO CURE laminate thickness, h S5145

Now enter the ply orientation of each plyi
THETAMI, THErA(2,M, THETAOn/2)

4 Sfl -) FRON CENTE TO MMTE SURACE M 8 (IMPUTANT')

9.

THEM 2
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I - --l -------- - - - - -- - - - - - - - - -- - - - - - - - - -

In-plotamters: Aij's, aii's, tgintrimq custuts, ad
nermulized Aij$'$ ad aij$'s fer THUMB/2 (Nete: ijui26)

(4.13E+016 1.446E4416 1.4341-006
in-plae Aij U. 1.39E+106 2.84E£-004

( 3. SSE+116

20.8%-O9 -. 638a-OY -. 1371E-019
in-plt aij = ( 2983E-19 -.ii69E-li7

( 2.7894E-07

E£o : 9.99%4E9S
£2s 9.S991 Ei
921t .1310
F6@ :7.i7S01E.9

I 9.6179E 0i 2.8969E+119 i. 6 E-012
in-plan Aij$ : ( 9.60794i 4.121E-111

( 7.i76E+019

t W.S4i9E-Mii -. 3141E-812 -. 68M£-123
in-plat iijE = ( 11419£-Oil -. 84E-021

i.3947E-1t

[uput loads iNN6

fit i 2 0 N6 0

Noy, enter THETA, Othe orientation of the ply
to be examined (in deqrees).

THETAt x 7

TNETt 0 

S

'I,

.' .

~~~~~~~~~~~~~~~~.'...'._ ,.'.... ., ... ..-" .... ... ...,..., ,......."." ,.............,, . ,... . .... -.-.. . .;,. .. . ..-. . .,.-.-.. •.;. .. .. ,- '. ' ,"'" .. , ,, . " ,. , '. .- .'
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in-plugt strain: tic = 20.83SE-10?
e2o a -.6282E-109Iit~ r6. *-.1371-419

For THEM~ IS .... (T311523)

on-eis steiss tie 2.08M5-118
too -6.201-106
ts. -.i37E-119

snauis stress: s a 37.86K12

ss* -. gg6E-g18

strength raties 1 3'

MI strain 3.9.+015 3.9105
rm stress 3.96E+gg5 3.96E0S
qs.*ueic 3.41E405S S.5EM0S

PSI,.p stresses: Ste 6.8lNEusxi
Sts, M l. 11S9

Mew load: Mi i N2S 1 0'

Nov, enter THEM~, the orientation of the ply
to be examined (in degrees).

HETMt9 I
THEM 90
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in-plant strain: cti s 20.835E-1O
t2e ' -,6m292-09
As -,1371E-119

For THETA - .... (T313/S20)

on-axis strain: eto : -.x 2E-O9
eo a 2.835(-119
ess z-.%4ME-1i8

en-tsis stress: sit a -S.36i+i
syc s 21.374E+ l1

strteuh raties I R1

mai strain 1.89+015 iAS+e+6
'us stress i,87EeooS I.ISE+O16

quadratic i.87EOiS L.lI O6

avtrqe stresses: ste z 3.7340E+018
sit' a 2.268E,119

(.1(qmudrutic IU & U ) )

The prqram will now conptet fleivul Orlpertits for the luLinte
dtfined de'irq the is-ploe difini tins. PrFperl its calculteud
include the flexural stiffness f4tris (Dij), the fltxevrl cempli-
onct mtris (dij), etfftctive flexesrl lanuite nodli (if), end
the normulized vtrsiens of stiffness netrices (Dij$ ad dij$).

-' -" , --'" " - ..- -- - '-.- - - -

.. . . . . . M M.



Flazu'l proqertes bij# dij, tftective flezurcl cenqinterinq

cufitts) aud the nruulind KijS end dijt. (Note: Wji26)

(1.67g6EAggg *31M7E-1t 4.393E-01 .

fluural Dij MM .31E-1i t.I1492E-li2
( 7.4bUEf-102

S .99M7-git -.S4S5E-11l 4. ~AU-13
fluzurul dij U(3.s258E+1es -,4247E-410

Elf 1 .641liEll
£2? 3.0727E4111
921f .19116
E6f 27.1710E+11

Ci.6S3E+SIH 2.S9fRE4669 4,2171E-413
flezuzul DijS 3.0779E+111 1.S672E-N I

C 7.1711E+409

6 &2656E-Ml -.5693E-412 4.324iE-124
411tivzru dijS MW .1lE-il -. 4424-121

C i.3947E-011

Inpet moments gi,N2,,i&

Noew, eter the indes amber, t, md the orientationl, THEM~,
of the Pl1 to be exuiined.

t, THEM~ z-

t 2 TtCTAtt I;



- - -. -. - - _----- ----- - ---.------ --- w-- --.------------ r r--r-.

couimtur, ki 5.9 E41i

6 a 4,51-013

For t2mdTHEM aI

flx! strinRs, itt s i.419E-14
e2f a -.136-414
ta X 1.137KE-O&

flizll stresses, Sf z 2.72114137
s0• 2.9294IIS
ohf 7 .44lE-I17

strtrlqt rities 3 1'

tI stlln 5.i34U 5.53.Il

qehditic 4.%4ISi 7. tiE+st

Sotqi stFQsUst Ste *1. 1Ui+019
Ste' i .?I5&E46

1uot new lows MIii,00

Ik emwts: K zNil M2 iC I rA 21

Now, enter the isaz ner, t, 4M the orientation, THETA,
of the ply to be iihd.

t, THETAta

tI TEIAt 91

C,.~ ~~ ~ ... . . . . . .... .. . ...

,:.+,..,..,.....+ ,.................+.................... ........ .. . +- . . . .. ,. -. , :
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cma~turt, ki x S.995E-1k2 a -.5465E-Ili/
Mb a 4.iSUE-113

fltzl1 sirains, tif a 7.4947E-O05
tZf x -.&B31-OIS
t~f a SAME9-gj7

floil1 strissts, sif x 7.551+05
s~f a -.1125E+407
sfif a - .5131-605

* ~strmnqth ratios UU

"Ix Marin SASEOR0 3319E+112
mx stress S.29EIi 3.2WEP
qladratic S5.2aIi 3.SiE+012

aveauqe strosses: St. x i.2535E.019 S

St' 7.2139E+109

End of proqrin. Thuk you.

.f2
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CUWUTATISI OF IN-PM AND FLEXRAL PROPERTIES OF SYNETRIC
LANINATES ON THE U-9 NICROC WU

Selected composite merial a) T311/52N [ 1 2/ 1452 1-

Inpot liNteS thickns, he (SI v ENG).

ho • a t

The prqrm will nw compete in-plu and flexertl properties of
laminates specified by the mr. Either CORE or NO CORE laminates
can be specifid md Up mber 0 of plies defined. The iser will
note that this progran takes e brite force' pproach by reqest-
ing an entry for each ply. This method allows simpler proor

cede, eres fewer errors, end enhances accuracy.

... I ...: .

In-Plut ceapottiens fellow...

Oill the linete contain CE or NO CORE?
C/ :) EN LIIE

NO CORE laminute: Enter In), the total nvuder
of plies, surface to surface.

n=

oS.-

.....
.. . .o . .O



3 . V- 7- 7' 7 .........
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2]

NO COKE Imintte thickness, h * .012

Nev titer the ply erieutation if each ply: 2
THETA(M), T )ETA(, TA(n/2) ,i
.M -) FION CENTER TO OUTER SUIFACE (- S (INPOtTANT!)

THEMA( ):?

-4S

T1ETA(2):7

-45

THETA( 3 )7

4S

TETA( 4 )?

45

TETA(S )

THETA( 6) 7

91

TNETA( 7): 7

I

T 'ETA 8 ) * 7

o .- . , ".o. . ° - - - .. . % - - , . . . .. .* I
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In-plat paraeters; Aij's, oij's, engineering constnts, and
norulized Aij$'s ad ij$S's for T3152O8 (Note: ij:126)

(iS.274E+107 4.S21SE107 1.686€E-OI
in-alane Aij : ( iS.274E+417 4.1299E-014

( S.3761+067

( 71,76E'Oil -. 224E-108 i.366E-121
in-plane = ( 71.761E-0i0 -. S3iE-iit

( L,8601E-108

eo = 6.9676EW0SO
2s z 6.9676E+1il

v21@ = .29613
E6o = 2.6880(E.i0

(7.6368E+I9 2.2647EAH1l 8,4343E-003
in-plant Aij$ = ( 7,636EiSO 2.1144-Oi

C 2,6881EAi

C i.4352-li -.424SE-oii 2.73X-023
in-plane ij$ = ( iAT3.E-fii -.156 E-121

C 3.7202E-lil

Inpvt loads Ni ,242,146

I:i f, = 16:0

Now, enter THETAt, the orientation of the ply

to be examined (in dtqrets),THE"TAt z ?

THETAt 45

4

. .~ .. . . . .
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* -in-plot strain: cIo 7t.7&iE-1l3
e2o a- .224-100
e6s - i.3661E-120

For THEM~ 45 .... MOM36501)4

on-azis strain: ell 2 2.S25Y-06Y

on-qtis stress: szo 46A~SA
5ys 33. 451E+118

strength ratios 3

max strain i.12E+Sh6 L.0EM%

Al stress i.12+s6 t. 12E+016
qladrutic 6.94(4415 i.35E+06

astereg stresses sto 3.4719E+618
sit, 6.7S99E4668

(:f*q4drutic R 3)

N ew lead: HtIZI N2 zI N6 I

How, enter THETA, the orientation of the PlY
* to be uxuuiintd (in degrees).

THETAt ?

MUM 90
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in-plan strain: tie z 70U6E-lif
t2. -.2124E-119
e6o a i.3ME-020

For THEM~ 91 ... MUMSS/O)

on-Elis strain: te z -.2124E-016
eyt z 71.76iE-01O
ts. x -. 1147E-Oi8

on-axis stress: sze a -3.6%0E.O2
Sys - 68. 19iE.O33
550 - -.75GE-019

Strength Patios 1 1

mx strain SAMOsIS 3.33E+086
FAX stress 5.87E4S 3.6IE+014
quadratic 5SME005 2. 60E+116

Qseraqe Stresses: Ste :2.76i2E.OSS
Se 1.2976E+109

Noew load: Ni i M2 I N6 z

Nowu, enter THEM, the orientation of the ply
to be examined (in degrees).

THETAt :

flETAt I
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------------

in-plnn strain: tie a 71 .76iE-11I

t~e a -.224E-18

For THEM~ I .... (T314/5210)

onuis strain: tie 7.176iE-1S9
eo*-2.i2E-019

tse i.3M&6121

on-uzis stress: iso 1 2.9K+#l42
sa S 4.09SE+611

sso - 9.7999E-i

strenqth rtios 33

maX strin i.i5[4OO6 ISE4SO6
al stress tMiE+IO& 1.i&E.Wl.
41edretic i .i6E+1O6 ig,13E66

overaft Stresses: Ste 5,818
sts 5.6S42E+QI9

(af (qudratic R & ')

The proqrei will now conputt flexural properties for the lwanatt
defined dot ing te in-plane definitions. Properties calculated
include t flezoral stiffness matrix (Iij), the flezoral coimpli-
'lnce matrix (dij), effective flezurul laninait Podoli (Eif), and
the nornelized versions of stiffness iwtrices (Dij 'ad dij*).
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Flexeral properties Dij, iij, effective fleinrtl engineering
-' csnsttnts, Gad the nerin d UDI8 ond dijS. (Netc. iij126)

(7.6S4+*Ilt S2164E+Ul 2.679iE+9SO
flexural Dij *(4,4691+111 2.6791E+111

(i.3241E-102 -.0317E-112 -.3764E-102
flezural dij (2.29S9E-112 -. 7192E-112

i.277E-10i

Elf i. t.329E461
O~f =6.S334E+SiI
921f a AM37

'UERf a i.1747E+411

(l15S26E+01l 7.8245E4469 4.S17E4IU9
flouvrel flijS 6.7139E416l 4.3167E+119

( i.2099E.6l

( .327E-612 -6711-0112 -.2641-fil
* ~(tiorcl dijl a (i.36E-Iii .4794-111

Invot unewts "IIQ2,N6i

"t i 2 0 mfi I

Now, enter th~e index nunher, t, aud the orientation, fTM,
of the olf to be exenined,

t, TIETAt 7

tin8 THETAt xI -
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cmew~ ki a 1324E-102
k2 i .3S7-*42

M -.V66(-112

For t 8 ud THEM~ x1 I

flex'1 strains, elf 1 .3241S
e2f u-10-S
eff -.3964E-flS

flez'l stresses, SOf 2.41MA.OS
s21 2.4627.14
Obf x -24E+IOS

Strength Patins IR

mx stsaim 6.2&iE4102 6.26(4112
as: stress 6.24E+102 6.24E+112
qodratic S.49E+102 7.62E+#12

qserip sitesses: sto % SAOE+Ol9
ste' a U.431EAlS?

lopot neu leads Hi,112,NA

Newnmets: "1~ 12 1 14:

Now, enter the Wine nuMber, t, 'md the orientation, THETAt,

of the ply to be exanined.

t, THETAt x

IILI
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Cirvatot, ki xU NE.3 402fl
k2 a SM37-662
M -.366-0g2

Fert 4dTEM t90

Mll struius, elf a 9.935%-6
INf -.911IE-16
e~f *-2?M3-1i5

flaill stresses, sif -9.9M1E4
s2f a -.145E4S16
s6f z -.2131E115

strength rtious R 3

max strain 3.9IE.162 2.4iE.IO3
00h1 stress 4.UK+Il2 2.46E+013

qvadratic 3.M+61B2 2.IIE+1S3

average stresses.: sts z S.9841E+OO8
stel a 3.14YE+II9

(zf (qvqdritic I & 11))

sw nm ns r .......:. x w .... m

Ingot new Iends Mi,fN

New nmnets: fli :j H2: 0 Mbg

Now, enter the index nueqber, t, end the orientation, THEM~,
of the ply to be examined.

t, THEM~:

t 4 THETAt 4S

47A.. .. .. . .. .
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cu ktue i a 1.32411-462

M -.I3%E-112

For t '4 ad THEM~ -a4

*111111 strains, lf 6. 1-1

flaill streses, SOt 2.6246E+665
s2f 1.SOISEMIS

* strtriqth rhties 3

nit strain 9,77E+112 i .3E163
al stress B.sl+12 1.3113
qvodratic 6.71E+062 1.9713

41tral ittiseit Ste a 1.667214419
Ste' a 2.9546E119

($f(qusdrtic 3 & 1'))

End of pruoqru. Think you.
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WWIJATION W I"LNIEl AND FLEXIRAL PRWERTIES OF STI!ETIIC
LANIIMTE ON THE HIP-87 NICROCOIUTER

Selected coposite materiel 0) T30S1 [02/902/1452 1 45 /Ce] 8

Input laminate thicknss, he (SI or ENG).

The proyem will now compile in-plane and flezural prosrties ofgo
* laminates specified by the vuer. Either CME or NO CORE laminates
-Jcan be specif ied ind my somber of plies def ined. The eser will

note that this program takes a 'brute force' approach by request-
in! u entry for each ply, This method allows simpler progam
code, ensures fewer errors, and enhances accuracy.

.9- - -- - -

In-plone comptations follow... 7

Nill the laminate contain CURE or NO CUE?
C/NC x) EMO LINE

MEE lamitate: Enter 'a', the total number of
laminate plies, and 'mc', the total number of equaialent core
plies that define its thickness, surface to surface.

nl,nc7

M~E laminate thickness, h *.014
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Contin" utword from the Colter of the lmiNte, enter a

iuteger Nwume 'Itil (t initial) that repusents the cusecuttiue
*iukde P Oe of the ply Wjcemtt to the core. (For istate,
if the core is e total of Ao thick, coot 2 eqoiolent ply layers 4
fron th ceater so tht ti.3).'

ti ,?

Now etur the pIp orientetim, is deqmts, for each ply:
M1ETAti), TIETA(tiL) ,,, , THETA(I/2).
M1 -) CMNTEI NOST PLY TO OUTER SIFACE PLY - 2 (IMPSTAI)'

T1ETA( 9 ) 1

-45

THETA( 9) )

-4S

TIETA( i) = z

* 45

4S

THEM ( 13 )

91

ITHETA(4 )?

90

THETA( iS ) -

THEM? if )i

6o



30

In-plafe pumateers: Aij's, aij's, euqieerinq Constats, uud
nermulized Aij$'s and aij$'s for T311/521 (Note: ijuit2)

I i5.274E117 4. 52+t57 1.&I-OOS
in-plut Aij i ( i5.274E+117 4.12K-tO4

4 S.3761+107

( 7i.76iE-6tO -.2i24E-118 t.368-120
in-plot aij R 71,T&t[-OMi -.53iEOi

4 i.8diE-108

El. a 3.46, l

wait z .2960
LEo z l.3441OI6tl

(3.1841+01 1.3149 1 4.2171E-13

in-plane Aij$ 4 3.8184E+4i 1.0172E-I1
l.3t40E+Itl

(2.8714E-i -. M4Y7E-Oil S.4672E-23
in-plane aijo 2.97S4E-Ml -.2i24E-121

S7,44E-S-I.

lIpit loads IiM2,N6

M! i M2 1 M6 I

lov, enter THETAt, the orientatimn of the ply
to be ezxained (in degrees),

TMETAt 7

THETAt 45
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i at strom: . t=u71.761E-01O -

t2.* -.2i24E-009-'

For THETAt 4S .... (TU/5218)

is-oxs, srain. * 252W-41?
t5, : .9301K-00

se-axis str*ess; sxs 46.&5S+O1i
sit 33.4S1E+1S6
sso - .466E+102

stremqtb raties a U

az strin t. 12E+06 i.12E+166
mix Mi~ss 1.02+6I 0S+016

qvadratic 6.?4E+.65 1.3%E+016

uuerap stresses: ste z t.7351E+SI82
sts' - 1. 3754E+10I

(:f0quudretic R & AM)

The wrerm vill new compete flezeral properties for the lumaitt
defined doriiiq the in-plote dtfisities. Properties calcolated
include the flezeral stiffess atrix (Ili), the flexotal ceeipli-
act mitriL (dij), effective flezural lam~inate Rodeli (Eif), ead

* the normalized verioLns of stiffnless matrices (i and diji).

-------- -- ---- -W O au M ------ -----

-------------
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Fleuraql proerties Dij, dij, effective flexural enhinterinq
* constants, aud the nersulized Dij* and dijS. (Mote: ijai26)

(4.2346E+002 .7S9S+112 1.339&E+36l
flisa *j a 3.4844E+012 i.33961E4IR

( 9587&EIIi

(2.464S-03 - .5266E-103 -.2717E-013
flexural dij a 2.9901E-013 -.3452E-S63

C i.6516E-012

Elf a7.bMOE+IiI
Of a6.2942E+118
92f z .21370

(7.9391E+IiI i.4239E.SiS 2.SiU7E09
flexural Dijs 6.53=34111 2.5t11S9

l.7977E+0i3

C i.144-Uit -.2919E-Iii -.1i44E-0ll
flexural dijs i.S9YE-fi -. iSUE-Ift

Input ":;v;' mtm: 5N

Nenter the index nicer, t, and the orientation, THETAt,]
T of theply to be uamined.

t, THETAt ?

t U THIETA 0
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curvatmr, ki :2,46a5-103
k2 s-.SU-1
k6 -. 27ME-413

For t 16 and TH4EMT zx I

flex'1 straxins, tif z 4.MO9E-06
tf a -,jg5E-15

*1 .t64 a - .SU41E-16

* fleil1 stresses, SOf -8. 931K+IIS
s2f a 3.3809E+403

sfi -. 3W9164

Strengtha ratios IU

mot strumn I.biE.U13 1 .61+003
4 nMax VStrs I.A113 L.6E+113

quudratic 1.61+113 L.814013

eeertqe stresses: sto 2 6.06a+01O8
=t' 6.841E+118

(zf(qvadrutic U & U')

lptnew loads iN,M2h j
*Mew nomnis: At i Nl2:5 M6 0

Mow, inter the index number, t, and the irienlation, THETAt,
of the ply to be examined.

* t, THETAt:

t t14 THETAt 90
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cuvvture, ki 2.4645E-003
k2~ -.5266E-103
k6 =-.2707E-083

For t 14 and TIIETAt 71

fle:'1 strains, elf -- 3129E-46
12f z -. 9M1E-016
c6f a - .473SE-16

flei'l stresses, sif -4. i95+0S4
s z-.1551E+006

s6f = -339XE+114

Strength ratios R

sax strain 9.66E+002 S.S4E.003
FA stress 9.S1E+012 S.86E+003
quadratic 9A14E+Q12 4.64E+013

average stresses; sto = 3,4284E+08
SWe= i.7399E+1S9

(=f(qvudratic R & RM)

taput new loads Hiii2,M6

Hew sum~nts: Mt: 1 42: 0 6: 0

*Himo, enter the index number, t, and the orientation, THE'TAt,
of the ply to be exanintd.

t, THETAt I

t U2 T)(TAt 4S
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curvature, ki z 244SE-103

For t 12 ad THEM~ - 45 .
*fleil1 strains, tif :3.6968E-046

t2f -. 79OK-6
e~f -.4IbiE-116

flex'1 stresses, SOf = i .sufiE+06
szf s9.4275E+64
s6f -. 7OI9EOS~

* Strength ratios R 3

mlI strain LUNG.S8 2,iiE+03
mx stress t.9+103 2. iE+0S3
adrotic i.30E,663 2.M+1163

alerale stresses: ste 4.9649E+018
t ls zi.iiS3E+009

(cf(quuidratic R & 19)

End of program, Thank giu.



Chapter TV

CONCLUSI ONS

The original intent of this program was to duplicate and

enhance the TI-59 program of reference 1 on a popularly

available mcrocomputer. The HP-87 is a unit more t~han

likely to find utility in many engineering organizations and

it was the hope of the author to contribute to the design of

laminates by automating many tedious calculations, present-

ing then in an easy to read format.

The program listing in Appendix B should allow quick and

easy trouble shooting of any uncorrected programming errors.

ModificLations and additionsM should be relatively slapls to

program.

overall, this program allows considerably more flexiblli-

ty than the TI-59 program. it should also serve veil as an

educational mool for students and engineers desiring to rs-

view the thecry of symmetric laminates.

-36



ikppeunlz I

2306311 ?LoICHIS

vaiablesfM
Consu"M an

i~i~I~*e/g~ aS~5i SPIWI MV4/EP~YUwe s 6~d fteAC5e I i ENSI

FAU
Roe om-.. c:VM

Ex. x E. y

AG37

TOG



* 38

otoeII. ,

sae V x

I* ~w

amtents

NoI

compte o-axt

Fouu n



39

COR le NoCO

.strfv careo~f



40

C

nor"a Zied .

Coumte Offee-
t'tefr-pleiu

cafes,~.

We load end THEM~
from newt pegS.Ene HTt

4 . . . *1 O



41

compute o-euI

wTI.S. P.1.

stif

GO to prous POOR

Yes

Ioplttno

*Sa 1S3 PAN..



42

Ir

c-to

fct t

Nos C

22
* ~ ~ ~ o moments .-



4 - - . - - - - -- . or

43

Compute on-axle
stress-etre In.

.. and %to

72.6, p.S3 11.S, 3.14

stross-stiS In

trm-tan

ERR for*
t/TI&?At

programs. spFo



-~Z? 3 -- - w7rrn v -

ir

AppeudiX Br
PROGRAN CODE

Ll PARESIZE ti

* 31 CLEAR U I~ DI P 'D No pe visJ to hot# a cop? of the ,vtpot on
46 UP? 'n printer! YIN*
So INPUT AS

* 66 IF tICS (AS=Y' THEN PRINTER IS 76 ELSE PRINTER IS 1

81 PRINT I PRINT 'CONPUTATION OF IN-PIANE AND FLEXURM. PROPERTIES OF SYMNETRICO
96 PRINT' LANIIIAES ON THE 19-67 NICROCONPUTERI I PRINT I PRINT

*110l~ U DISP 11 01S UP *1 Initialization of program variables. Standby.'
11o I Initiolize variables, strings, and wrraps.
t 26 INTEMR I,J,t,ti,n,c,FLAG

146 REAL N,QX,UYY,XY,SSSX,SYY,SYSSSEio,E2o, v21e,E6o,Elf ,E2f, v21f,Ebf
150 REAL AIX,AYY,AXY,ASS,exz,ep~y, oss
161 REAL FXX,FY,MX,FSSFX,FY,FXYS,GX,GYY,CXY,SS,GXC,t,U2QU3U,U4Q,U56

* 186 UEK V1,Y2,V3,U4,VI,V2,V30,4,TETA,TETAI,ET
108 REA. set,eyl, ese'szo s,.,sso,st ofstepp

* 266 REM. REPSI,RPX,RES,REPSYP,REPSS,REPSIP
210 REAL RSIGX,RSIW ,RSICI,RSIGYP ,RSIGS,RSIQS
221 DIN I(,)a66,(,)a(,)94&,IT(6
236 DIN 064 d&6 D(,),s66
241 Vt,V2,V3,Y4,VYID,V,V'41,FLAsI'

251 SE4M9,97M4

290 @A(1,1)si I AS(I,3)=6 I o(I,J)zO I as(I,3)x0

366 )(1,1)4 1 DS(Ij)z1 I d(I,j)zt I ds(I,J)4t
310 NOT I
321 V(T I
336 GOTO 660
346 CLEMR I FI.A~zi
355 PRINT I PRINT 'SI -)Engishb Units Com~rsion: A program Iflaq' has been'
36# PRINT 'that Vill key appr~are logic to Convert each of the wolves inpit"
370 PRINT 'asuonticolly in SI mnits by program READ staltnents. If this'
388 PRINT *option is selected, be sort to input 'be', the lainate thickness,,
391 PRINT 'is Englis N its as well.'
411 PRINT I PRINT 'Nov, Press CONTIIAJE to Peters to the CRT displol #f the'
416 PRINT 'material selection.' I PRINT I PRINT

420 PAUSE

44U
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431 COTO 661
440 PAGESIZE 24 0 .EAN I PRINT I PRINT
46 PRINT I The LAINATE program is designed to quickly calculate in-plane"
460 PRINT '4nd flexurel stength and stiffness properties of selected
471 PRINT 'laminatts. The program is interactive and prompts the user for"

480 MRINT 'all rtquirtd input parameters. Other prompts will rtquest the user'
490 PRINT 'to select or skip a display of various modules and complianct '

50 PRINT 'matrices as well as effective engineering constants. Rest other'
Si PRINT 'proopts are self explanatory.'

S2 PRINT
531 PRINT 'References: (a) Tsai, S.U., Hahn, H.T., 'Introduction to Compositt'
546 PRINT Materials', TECHNONIC Publishing Co., ci98.'
S0 PRINT * (b) Donaldson, S.L., 'Revised Instructions for TI-S9'
S66 PRINT * Ced*ined Crd/Nodvle Calculations for Is-Plan and'
570 PRINT ' Flexoral Properties of Symtric Lainates', A6
58 PRINT * Force Systems Command, June 1982.'
590 PRINT I PRINT 'Poa written by:'
661 PRINT CN D1. Ferrell, USN'
61 PRINT 'Dprtmot of Aeronautics"
626 PRINT %9ve Postgradate School"

636 MINT 'Monterey, California 9394','(Septenber, 190)',
641 DISP ,,,'Prtss COTINUE"
650 PAUSE
666 PAGESIZE 160 CLEAR
670 ! Set key labels for composite material selection displav.
681 ON KEYI t, 'I6/5218' GOTO C1

690 ON KEY# 2,'I(4)/SSS' GOTO C2
701 ON KEY# 3,'AS/35 6 GOTO C3
710 ON KEYt 4,'SPH162" GOTO C4
721 ON KEY# 5,'XV49/EPOXY' COTO CS

731 ON KEY9 6,'User D 'fd" GOTO C6
741 ON KEY# 7,'References' GITO 440-
756 ON KEYS 8,'SI -) E]G' GOTO 346
761 KEY LAiEL
771 DISP ' Selection of one of the five composites listed below autonatically"
786 lISP "reds appropriate engintring constants and valets of coprtssivt,'

790 lISP 'tesile ad shear strengths into variable names for later comoota-'
866 DISP 'tions. All valu s art in SI units. If you anticipate working in'
8M iSP 'English units, press the ISI -) DIG' key. If loe desire to define'
821 DISP 'a material not listed here, select 'User Def'd'. The progran will"
830 3I3 'fhta inttr.ctivelv rtqoest values for Ex, EV, vi, Es, X, X', Y,'
846 DIS 'Y, and S. Select 'References' for an explanation of the program'
8S0 DISP 'Oud a listing of references.'
860 GOTO 861
876 ! Set data pointer to read appropriate date string for constants.
981 Cl: RESTORE It I GOTO RD
890 C2: RESTORE D2 I GOTORD
961 C3: RESTORE H3I (ITO RD
910 C4: RESTORE D4 I GOTO RD
921 CS: RESTORE IS I (ITO RD

930 ! READ and DATA statements for the constants.
941 R0: READ CODPOSITES,EX,EY,,UX,ES,X,PY,YP,S

'U+

......k ..... ""
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956 IF FLAC4l THEN COTO 1161
%6 EX=EX/SE I EYzEY/SE # ESES/SE
971 XxX/SE I V:XP/SE I YcYISE 0 YP'YP/SE @ S SlSE
S90 0 TO 161 r
99 ! DATA statemsents. See paes 9 and 292, ref (a).
ill Dt: DATA T311/5218,16lt6lIII,£S3116tlIII,29,717S6IO6I6156I6IIIOI, £|66

010 HN,41111161,246 01816801010Of
9916 D2: DATA 1(4)/55,20400U|10t 63Oll 661, ,23,5596111011 ,1266360tl1,25ill
10001,61111011,212911111,67060101
£32l D3: DATA AS/3St,i39llllliO6,89606636,U.3,7106llll0 ,44710101I,14473011 r
1,S7666i,216311101,93011011
t£36 D4: DATA SP£0i2,386010illi0,8271OO6i1,.26,414i6l60ili 6260006 4,6i006 6,
3W 001181045,7201 0011
1640 IS: DATA KV49/EPOXY,7600101101SSIIlOIO,. 34,236011660,i40606011,23SI3
oil, 12166,53011101,3401100
1HSI C6: CLEAR
9S6i PRINT 'Inpt name f the naterial:'
H06 INPUT COMPOSITE$
1680 PRINT 0 PRINT 'Inpvl engineering constants:'
£191 PRINT 'Ei, Ep, vi, Es'
i16 INPUT EX,EY,NUXMES
till PlINT USING '2(3D.3),.,30.3DE' ; EX,EYNJX,ES
£120 PRINT # PRINT "Input coepression, tensile, and shear strenqths:"
£13l PRINT 'X, X1, Y, Y? S'
1141 INPUT X,XP,Y,YPS
£1S PRINT USING 'S(,31E)' ; XXPY,YP,S
£166 CLEA 1 PRINT 'Selected composite material z) ';COIMOSITEt

1173 PRINT I PRINT I PRINT '*lpvt laminete thiciness, ho (SI or EN).'
it$8 PRINT 0 PRINT @ INPUT he
191 PRINT I PRINT 'he *';he
1211 WAIT 1101
12i CLEA I ISP 'Do yoe wish to see 4 display of tht enqinerinq'

t221 DISP 'constants, and the compressive, tensile, and shear contants?'
1236 DISV ' YIN'
1241 INPUT AS
t25 IF UPCS (A$)='N' THEN COTO 1421
1261 CLEAR I PRINT I PRINT "urn.. rnsrnrn**s u*n rs r n
*rPSUS* S m' ! PRINT
1276 PRINT 'Enqineering constants and compressive, tensile, and shear'

128 PRINT "constants for ';*,CPOSITES
£290 PRINT

366 PRINT USING '£6XSA,3.3DE' 'Ex : ',EX
13it PRINT USING 'iOX,SA,X,2D.3DE' ; 'Ep z ',E1
£326 PRINT USING '-tX,SA,3X,.3' ; "v= ',NUX
£30 PRINT USING 'iOX,5A,2XD.3DE' ; 'Es z : ,ES

£346 PRINT I PRINT USING 'tIX,4A,4l.3E' , 'X x 5,X
£35 PRINT USING '1XSA,4D.3DE' ; 'I a %V

£361 PRINT USING '££X,4A,2X,ZD.3DE' ; 'a %Y
137 PFlINT USING 't1XSAX,3D.3DE' ; 'Y' - '"I
1380 PRINT USING 'IX,4A,2X,ZD.3DE' ;IS 2 8,S

-Ue
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1390 POINT I PRINT S****U* *W S***SE
MIM*SS**,****S I POINT
Me0 DISP 'Use the (ROLL) key to view CRT ootpit. *,,GPress CONTINUE'
M4e PAUSE

1420 CLEAR I DISP I DISP I DISP 'Cogmstation of ON-GiL modios and co"Olince*
143 DISP 'terns. Studby.'

1441 Hmt/(l-NUXA2*(EY/E0)
1450 WOM0SE I QYY=W I QXY=MWNXSEY I QSSmEI

143e Caiqpute UiQ's, the linear corbinetions of on-xis ftodli (9ij, ij=xysl
148 UiO.(3*QXX.3*YY+21UXY+4SQSS)/8
1491 U20=-(QXX(-OYY)/2

* is30 U3Q__(000VQY-23MX-480S) /a
* IMe U4Q=(WQXYY+*Y-41SS)/8

0152 USQ-(BXX+QYY-2SQXY+4*QSS) /B
1533 Compote se-eis A matrix for sinqie pIj
01 AXXs4XX*he I AYPY=TYYho I AXY'-QXY~ho I ASS4SSfto
0155 ! Coipote inversion it A aetna (aj). See pale 77.
156 DET=ASS(A(XXIAYY-AXY'2)
1571 IusZAMYASS/VE I agymMIXASS/UEY I axqy(AXYASS/DET) I ass--AXOtAYY/OET
0158 DISP I DISP 'Do yoo vish to set a display of the on-axis Qij's, Sijlsm
0159 lISP 'UiQ's, Atj's, and aijls?l
Me 160ISP 0 YIN'

*1613 INPUT A$
* 1123 IF PC$ (A):N' THEN GOTO 1880

We63 PACESIZE 24 1 CLEAR
Me4 PRINT I PRINTutS****U U*fS08E U8*USfl

"I3W W S I PRINT
16S# PRINT 'On-atis Qij's, Sijls, UiQ's, Aij's, and aij's for 8;COHP0SITE$
166 PRINT ' (Note: i jzxys).' PRINT

1673 PONlT I PRINT USING 9i9X,2A,3D.'2DE,2X,D.4DE,6X,A' , 1( ',QXX,OXY,'
169 PRINT USING '5X,i8A,11X,2D.31E,6X,A- ; 'on-axis Qij a(*,Qfl,'3'
1696 PR INT USING -19X,A,27X,D.4DE' ; '(1,65S
1/00 PRINT
M7e PRINT USING -1?X,2A,D,4DE,2X,2D.31E,6X,A' ; (',SXX,SXY,*''

0172 PRINT USING '5X,i8A,iiX,2D.3DE,6X,A8 ; 'on-qxis Sij z(',SYY,'3'
1733 PRINT USING -19X,A,27jX,3VL2DE' -, YSS

L 01 PRINT @ PRINT USING 'i3X,6A,2D.4DE' ; UiQ %1
V175 PRINT USING -i1X,6A,2D.4DE1 1 U20 1 ,U2R
01 PRINT USING '13X,bA,3.4DE' ;U3Q 1,3

0177 PRINT USING -i3X,bA,2L,4DE- ; U40 'U44
1780 PRINT USING 'i3X,6A,214DE' 6 U5Qz ,S

1796 PRINT # PRINT USING -i9X,2A,33DE,ZX,.5DE,6XA' 0 ( ',AXX,AXY,'@*
I.1806 PRINT USING -SX,19A,11X,D,41E,6X,A' ; 'on-uis Aij a(*,AYY,I3'

1813 PRINT USING 'tX,A,Z7X,.SDE' ; '('.ASS
1820 PRINT I PRINT USING 'i9X,2A,2D.3DE,2X,3D.21EIX,A' 1 ( *,axx?2ixywil

183 PRINT USING -SX,i8A,iIX,3D,2DE,6X,A4 -; 'on-ois 4ij (Iay,1
1841 PRINT USING -19X,A,27X,41.DE' , '(',ss
1850 PRINT I PRINT I flU *P$S S8**fU W SfS' *I
MsmW*SlWums, I PRINT

* ~M 180ISP, 'Use (ROLL) key to view CRT 9 utpit. 'Press CONTIMAJ'
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1873 PAUSE
1881 CLEAR PAGESIZE t6 1 DISP @ DISP I DISP
t891 DISP 'Conpotation of strength parameters in strain and stress SpaC'
90O DISP 'Standby,'
L918 FXXt/(XSXP) I FYY=i/(YSYP) I FXY-FXYSgSQR (FXXSFYY) I FSSZt/S"2

920 FXt/X-t/XP I FY:j/Y-1/YP
1931 GXXzFXXSQ)X 2+2*FXYSXSQXY YYQXYA2
1940 GYYzM*QXY'2+2$FXYSQXYSQY+ 'YYQYY 2
193 GXY--FXSQ)O(q fXY$ (QXX$QYY+QXY2)FYYSQXYSQYY
1961 GSS=FSSgSS'2
1970 GX-FXSQXX+fYSQXY
1983 GYzfXSQXY4FYSQYY
t9 DISP I DISP
2000 DISP 'Do you wish to see a displap of strength parqnttrs in stressm
2613 DISP 'space, Fij, and strain space, GiJ?'-
2626 DlSP ' Y/N
2130 INPUT AS
2040 IF UPC$ (AS)S'N' THEN GOTO 2251
28S8 CLEAR I PAGESIZE 24 1 CLEAR
2061 PRINT @ PRINT 'SSSfl*88*SUSS$**8 $t*S$ $$8 $fl*S8I*f*3 $$$*
t*s$ 2$*s *$ * ' I PRINT

2379 PRINT 'Strength parumeters in stress space, Fij, and strain sace, Gij.
2093 PRINT 'for ';CONPOSITE$;' (Note: ijuxys).' INT I PRINT
2090 PRINT USING *17X,2A,.'DE,2X,2J.3 E,6X,A' ; ',F)XFXY,'§*
2109 PRINT USING '1iX,7Ai4X,3D.2DE,6XA' ; 'Fij z (,FYY,*'"
21i3 PRINT USING '17XA,27X,3D.2K' ; (',FSS
2120 PRINT
2130 PRINT USING tZXSA,2D.31E' ; "Fx = ,FX
2140 PRINT USING 't3,SA,2D.3DE' ; 'Fy ' ,FY
2150 PRINT @ PRINT I PRINT
2163 PRINT USING 't7X,2A,2.3DE,2X,2.3DE,6XA' ; '( ,GXXGXY,'I'
2170 PRINT USING 'tiX,7Ai4X,21.3DE,6X,A' ; 'Gij z (,GYY,''

2180 PRINT USING 't7X,A,27X,2.,3DE' ; '(',GSS
2190 PRINT
2200 PRINT USING 't2X,SA,D.4DE*' ; ' = 0,GX
2210 PRINT USING '12XSA,D,4GE' '"Gy ', Y
2220 PRINT I PRINT ,ssu8**UIE**$U*S *U$8s *Es s **ss Wssmsssss s *I*U8m

unum$35ssm5 I PRINT
2230 DISP *Use the (ROLL) key to view CRT otpVt.','lP.eSS CONTINUE'
2240 PAUSE

2250 PAGESIZE 16 @ CLEAR I PRINT
2260 PRINT @ PRINT '$1MMSIwsss*sus s wt ssssSus s us rnas *****ss

2276 PRINT ,sswwwsmsssww ssstsm
m314sMsM. 1 PRlINT

2290 PRINT 'The progran will now compote in-plane and flexural properties of
2290 PRINT 'laninates specified by the user. Either CURE or NO CORE laninates'
2306 PRINT 'can be specified ad any nuvFer of plies defined. The 'Jser will'
2310 PRINT 'note that this proqram takes a 'brute force' qpproach by request-"
2323 PRINT 'ing an entry for each ply, This Rethod allows slnpler progran
2336 PRINT 'code, ensures fewer errors, and enhances accuracy,'

p.

U
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234 PRINT I PRINTmm mumnusmw susussswussss

2W~ PRINT 's*iss~s:m~e~s~sm
ImmWss I PRINT
26 PRINT 'In-plant coeputetions foller...'
* PRINT I PRINT 'gill the lainate contain CORE or NO CORE?'
2381 PRINT " C/C a) IO LIE' PRINT I PRINT
2396 INPUT 4

240 IF UPC$ (A$)='C' THEN COTO 256O
2411 CLEN @ PRINT I PRINT 'O CORE laninate: Enter In', the total norther'
2421 PRINT 'of plies, svr'ore to surface.'
2436 PRINT * a ?
2441 INPUT n

2459 PRINT @ PRINT 'n z';n I PRINT I PRINT
2466 hntho ! Thickness of NO CORE laninate,

2476 PRINT I PRINT I PRINT 'NO CORE laminate thickness, h =';h
2483 PRINT I PRINT I PRINT 'Nov enter the ply orientation of each ply:"
2490 PRINT 'TIETA(I), THETA(2), ... , TIETA(n/2)'
2560 PRINT '*2 -) FROM CENTER TO OUTER SURFACE {- $ (INPORTANT!)"
2Si PRINT I PRINT I PRINT
2526 timi
2530 GOSUD THETA
541 zs=# I Volum fraction of core.

2551 GOTO 2961
2566 CLEAR S PRINT I PRINT 'CORE laminate: Enter 'n', the total number of'
257v PRINT 'laninate plies, ad Inc', the total nunber of equijolent core'
280 PRINT "plies thot define its thickness, surface to surface.'
2S91 PRINT ' n,nc = ?'
2600 INPUT nnc
261l PRINT I PRINT 'n :';n;' nc :';nc
2621 WAIT 1666 I h:(ntnc)lhe ! Thickness of CRE laminate.
2636 PRINT I PRINT I PRINT 'CORE lainate thickness, h :';h
2646 VAIT 01 1 CEM
2656 PRINT I PRINT
26W PRINT 'Coontinq outward from the center of the laminate, enter n
2676 PRINT 'inteqer number Itil (t initial) thet represents the consecutive"
2686 PRINT 'index number of the ply adjacent to the core, (For instance,'
2696 PRINT 'if the core is a total of 4hi thick, coont 2 equivalent ply layers'

2706 PRINT 'frm the center so that ti:3).'
271 PRINT' ti ?0
2721 INPUT ti
271 PRINT I PRINT PRINT *1 e
2741 VAIT il6 I PRINT

2756 PRINT I PRINT 'Now enter the ply orientation, in degrees, for each ply'
2766 PRINT 'THETA(ti), THETA(ti+1) ,,, , THETA(n/2).'
2770 PRINT 'IM --) CENTER ROST PLY TO OUTER SURFACE PLY (- 132 (IMPORTANT)'
2791 GOSI3 THETA
2791 zsxnctho/h ! Volume fraction of core,
2900 CLEM DISP I DISP I DISP 'Computation of in-plane properties. Stonobv.
29O ! Copetation of in-plane modulus of laminates.
2920 A(,) )-U98(nh)+V8U2QV2UE3Q
2830 A(2,2)zUi6l(nSho)-VtiU2Q+12UJ3Q

_.,2



2346 A(t,2)U40*(nSho)-V2U38

2%01 A(&,6)iJ9*(nlh,)4$2U3

298al Conpvtsti4A of in-plant Compliance of lainates (ingtrsion of AQi,j))

* ~~2996 %E:(1 ,)*(2A( (& 1M ,6)*A(,) 1 ,) A( (,)$(16'-A6&A
MI 2)2 (,)A(,6)2 ,6-~,)A66)ITr

*M 26 (i,1)(A(2,)A(2,2)-A(2)'2)IET

2941 a(i,6):(A(1,2)$A2,6)-A(2,2)SA(1,b))/lET
296a(2,6)n(A(i,2)$A(t,6) -Afi, 1)SA(2,6)) /DE1

29660 Co#*tuaiion of normalized in-plane modulus and conpliance -

297 FR a1TO
2993 FOR M~ TO 6

3129 NM I

3136 Coqputation of effective in-plant enqimeering constants.
3346 Ei#=tI(a(1,1)1b) !Longilvdinal. nodules
36S5 E2osi/(t(2,2)th) !Transverse nodules
366 W&a/(6,6)*h) !Sher nodulis
3178 2o((,2/(,) Poissoa's ratio

3691 DISP *tnqueerimq constants, the in-plant stiffness matrix (Aij)' 7
211#6 DI, 'an its instrie (eij), ad the normalized versions of these'
3111 DISP 'mtrices (Aij8 and aijI)?
312 DISP 4 YIN'

*31 INPUT A$
*3141 IF UPC$ (A$) 'Nt THEN COTO 3436
*31S5 PAGESIZE 2401 CLEAR I PRINT

31 PR INT I PRIT "USSnSUuu*n*uuu**tM*E*s~u
S$3"*SSUMM8** I PRINT
3M7 PRINT *In-plua paraiqetrs: Aij's, aijs enqinterinq constants, and'

*31 PRINT snormlized Aijt's ad aiji's for 1*;COMIPOSITE$;' (Note: ij1i26)'
3193 PRINT I PRINT
3205 PRINT USING 1i91,2A,2D.31E,2X,L.41E,2X,D.4KE ; ( ,A(1,1),A(i,2),A(,fi)

*3210 PRINT USING -4X,17A,i3X,2D.3DE,ZX,D.4DE1 ; 'in-plae Aij (1,A(2,2),4(2,61

3226 PRINT USING 1i9X,A,271,D.4DE ; (4,A(6,h)
3236 PRINT

3240 PRINT USING '19X,2A,2D.3DE,2X,D.4DE,2X,l.4DE* 1( 'a11,(,)a16
3250 PRINT USING -4X,t7A,i3X,2D.3DE,2X,D.49E ; 'in-plane aij (a(,)(26

3266 PR INT USING '1?X0A,27X,D.4DE1 ; (*,at6,6)
3276 PRINT
3286 PRINT USING 1t3X,6A,I).4DE1'Eii0 ,Eis

S21PRINT USING '13X,bA,.4K' ; IE29 z ',E2oI
330PRINT USING '121,7A,.SD6 , Wt2o 4,v21o
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3316 PRINT USING -13X,6A,D.4DE1 ;Ei 1E, E6@
3326 PRINT
3331 PRINT USING '19X,ZA,D.4DE,2X,1.4DE,2X,D.4DE' ' ',AS(1,i),AS(1,2),AS1,bi)

*3343 PRINT USING -3X,17Aj14X,D.4I,2X,).4DE9 g in-plot Aij* '6X22,S2

33 PMINT USING '19X,A,Z7X,D.4DE9 ; 4(6,06,6)

3370 PRINT USING '191,2A,D.41E,2X,D.43E,2X,D.41E ; ( ,as(i,i),as(1,2),ms1,fi)

3380 PRINT USING '3X,17A,i4X,D.41E,2X1 .41E' ; 'jailam aij* (6,u(2,2),as(2,
* 6)
* 1390 PR USING '19X,A,27X,1.41E' , Y(,a(6,6)

*3413 PRINT I PRINT -------
m SU3* u su3381 @ PRINT
3410 II 'Use (ROLL) key to view CRT outpot.*,,'Press CONTIIIJW

*3421 PAJE
*3433 CLEAR I PACESIZE 16i
*3443 DISP 'It will new he necessary to input the leads, Ni, N2, ad Ni.'

3453 DIP 'Consider turn options:'
3461 DISP * Case (a): Inpot selective unit leads to dtermine'
3473 DISP ' axinelm leading allowable.'
3480 DISP ' Case (b) - Input actual loading to detrmine strain'
3493 DIV ' inuariants ad Strength ratios.'
35O0 I '(The prora operates the sam in Weit cuse. It is up to the
3513 DISP 'Iser to interpret the otput preperly).'
3523 PRINT I PRINT I PRINT 'Input leeds N1,02,N6 I PRINT I PRINT
3531 IPUT Ni,N2,N6
3S40 12INT I PRINT 'Ni :';Ni;' 02 x*;N2;' N6 z';N6
3553 WAIT 1333
3561 Compute the in-plane strain variables, tie, e2s, t6o. (T4.2, p.121)

* ~~35731 iu(,)N.i,)N.~,)N
3583 e2o'e(1,2)SNi+e(2,2)3N2eu(2,6)*N6

*3663 PRINT I PRINT I PRINT I CLEAR
3613 PRINT I PRINT 'New, enter THETAt, the orientatien of the ply'

3623 PRINT 'to be examined (in deqrtts).'
33 PRINT ' TIETAt a ~I PRINT I PR INi

3641 INPUT THETAd
3653 PRINT I PRINT 'THETAt : ;THETAd io
366 MAIT 16#3

3673 TIETAt2TIETAdPI /183
3681 CLEAR I DISP I lISP I DISP 'Compoution of in-plane properties. Standby'
3693 Compute the en-axis strain variable, tie, eye, eso, for the give Ply.
37360 T2.6, p.S3
3710 pzel,$e2o)/2 I qu(ti"-2o)/2 I rze6e/?
3720 mCUS (2THETAt) I nnxSIN (21THETAt)
3731 txea"qmmrsnn
3741 tyszp-qS~m-r*n
3753 esou-(2$qnn)2r*.
3760 Compute the on-ais stress variables, sio, syl, iso, for the given ply.
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3771 !TI.6, p-14

3790 spy la ffSus.TTep
3810 sso4askso
313 GooSUIR Go IC sobr to cooqutt the stress-strain strtnqth ratios, R&R'
3821 GOSUS 91A Go sobr to conpote tie qoedeutic stamth ratios.
3833 Sto84A I sto~pulqpih

* 3841 O.E* I PARS12E 24 1 aM I P1111
ml5 PRINT I PRINT 88100---

* 386 PRINT USING -11X,23A,2D)3DEI ;, %Apl strain: te eo
3871 PRINT USING '27X16A,1.4DE' We '.. ,e~o
3880 PRINT USING '27,bA,D.4DE' ;A '.. ,1b
3890 PRINT I PRINT 'For TETAt *';,TETAd-,* .... (';,CWPOSITE$;')* I P1111
3936 PRINT USING '6)X,22A,3.4D' 'On-axs strain: te z 'cuei
3910 PRINT USING -36X,6A,2D AmE l ey# e ye

*3920 PRINT USING '3fiX,hA,D.4DE5 Itso z 'nto
* 3936 PRINT

*3946 PRINT USING '26X.,22A,2D.31E' e on-axis stress: sue ',sie
3958 PRINT USING -36X,bA,2D.31E IS?@ a %s
3960 PRINT USING '36iX,6AI.41E' -; 'sso Oiss
3976 PRINT I PRINT

*3980 PRINT USING -i3X,iSA,8X,A,i1X,2A8 ; strtngtb rcties8IIII,'R"
3993 PRINT

-4666 PRINT USING -tSX,1OA,4X,D.DC,3X,DDDE' ; 'no strain ',Re,Rtp
4161 PRINT USING '15X43A,4XD.DDE,3X,ODDD' 'nes stress ',Is,Rsp
4621 PRINT USING -JSX, 6A,4X,D. DIE3X,fl. OKI 'qvadratic I,kq,lqp
4036 PRINT

*4646 PRINT USING '26X,24A,3.40E' ; 'acraqe stresses: Ste ",Ste
4053 PMINT USING '37,7A,).4DE' 'ite' a 'stopp

*4161 PRINT USING '30X,22AS '(zf(qoadratic R & R1))
4376 PMINT I PRINT ,gf ts88f8***U fl$ SsfU U U

i Wpim M11 I PRINT
4680 DISF 'Use (ROLL) key to view CRT sotott.',,'Prtss CONTINUJE'

* 4090 PAUSE
*4160 CLEAR I PACESIZE 16

4116 DISP 'o y"w visit to compite in-ploD. preperties for'

*41 91SP *a new loaddand THETAIW

4146 INPUT 0l
415l IF UPCS (AW)IN' THEN COTO 4281

1t66 VISP I 919? 'Enite new Nt,N2,ftl
4176 INPUT Nt,N2,N6
01 PRINT I PRINT ISPRINT 'Ne load-, NI a',NI;' N2 z';N2;' N6 z',W6

41 WAIT till IC lD 3S61 i
4211 PRINT I PRINT I*U1 8**flW*1 8SI81W*1

4226 ~~ PRN PRINT * S8S U U **l~

4236 PRINT 'The proroo will no* compute flexural pwoperties for thle baiifatt'
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* 4240 PRINT 'defind during the in-ples definitions. Properties celculttd'
- 4253 PRINT 'include the fiesstt! stiffness nhtrix (bij), the flexurul csimli-'

4261 PRINT *aect mtun (dij), effective fleuural luinate modeli (Eif), 'ad*
- 4270 PRINT 'the noeanlized vensioms of stiffness mtrices (Dij$ ad dijO).'

4231 POINT I PRINT 'w s*unmssss**sm sunssua

4331F DIVI IS ,1 ,'Prtss COIIE'

4321 O.EA I DIVP IP 19 lS
4338 DIVP 'Conpetin of flezurul proprties. Studby,"
4340 hsu(1-zs'3)ShA3/t2

*435SI Compute flesunal modulu (15.3, p. i86)
43601 (1,)~~~$1*942h3
4373 142,2)aUlph-VI02"S=3
4360 D(,2)'ti08s-=J26U3

* 4396 Ul6,6)tiSIfhs-'JUIU
* 4406 D(1,6)'U2Mb3/2+44NU

4416 D(2,6)ul0 /2-4DU3
4421 1 Caopte flezunal compliuce (inverse of Dij)

* (1,2)a2-D(l,i)Q(2,6)h2
*4446 d(U, t)z(D(2,2)(6,6) -(2,6)2) /DET
* ~~4451 (,)((,)D6b.(,)2IE
* 4466 d(1,2)=(3(1,6)3fl(2,6)-D(1,2)63(6,&))/DET
* ~~4471 (,)((,)322.(,)2IE

4493 1 ,)(( 28(,)322U1,1)D,
*4490 d(2,6)s(3(1,2)S3(l,6)-D(1,l)S1(2,6))/DET

466 1 Caote normlied versions of Iii ad dij.

*4S20 FORiZ TO I

* 4531 S(I,1)4(I,I)St2/hA3
4541 dsl I,1)ud4I,J)3kA3/i2
4553 NEXT J
4S60 NUT I

45760 Comput effective flezunal liminate modoli.
4586 Etfzi2I(hA3WdU,W)
4591 E2f1-21(hA3$d(2,2)) --

460 Eif 42/0A3%46 ,)
4A16 v21fz-(d(l,2)/dU1,M)

4631 31S 'Is you wish to set a display of flexursl modulus ad compliance'
4640 3IF 'matrices (Dij and dij), effective flexunel laninate modeli, indl
465S1S 'I the normalized version of the modulus and comoliance mtrices?'
466 31SF ' YIN'
4676 INPUT A$
4686 IF IPCS (AS)=IN' TWA) GOTO 4970
4691 PACESIZE 24 1 CLEM I PRINT

4703 PRINT I PRINTSuusunflsssSswlsssuu~ s:
U*smS8*SUP*MWI PRINT

OP
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*4711 POINT 'flexurel properties Dij, iij, effective fleiural engineering'
4726 PRINT 6coustuts, and the normulized Dij$ ad dijt. (Hite., ijai2fi)l
4731 POINTi~J~1hL

4740 POINT USING -t9X,2A,1.4DE,2X,.5IE,2X,D.41' ;
* ~4756 PRINT USING -4X,IbA,14X,D.41E,2X,D.4UE ; 'fleiurul. Dij z 'D22)D21

4761 PRINT USING '19X,A,27,1.41E' ; '(',D%66)
4770 POINT -

4786 PRINT USING -19X,2A,D.41E,2X,D.43,.41' -, '4 5 d(1,1),d(,2),d(1,b)
4790 PRINT USING -4Xj1&A,14X,D.41E,2X,D.41E' ; 'fieal dij t',d(2,2),d(2,&I
463l PRINT USING -i1",A,27,O.4IE ; I(',d(,bi)
4"13 PRINT
4620 PRINT USING '13X,6A,).4DE' 'Elf x 0,Etf

401PRINT USING -13I,7A,.4K8 ; E2f a 0,E2f
4846 PRINT USING "12,9A,.5'* ; IV21f s ',,21f
4856 PRINT USING 1t3X 1&A).4Kv - 'E6f a,E6f
4666 PRINT

* 4670PRINT SING '9X,2A,D.4D,2X,.4KE,2X,6.41E1 4 '( ,DS(i,1),D (1,2), Q(,6)

4991 PRINT USING '3X,i7A,14X,D.41E,2X,1.43E' ; fleurul bijS : (,l(2,2)tDS(2,
6)2
4891 PRINT USING -i9X,A,27X,6.40E* ; Y(,06(6,6)
4936 PRINT
4916 PRINT USING '19X,2AV.4UE)2XD.4DE,2XD.4DE' ; ( ,ds(1,i),ds(i,2),ds(1,6)

4926 PRINT USING '3X,l7A,i4X,1.4E,2X,1.41 O flezurtl dij1 C',.sf2,2),ds(2,
6)
0193 PRINT USING '19X,A,27X,D.43' ; (',ds(6,6)
4946 PRINT I POINT -------INT -1a m

4956 DIO Use (ROLL) key to vitv CRT otpt.',,'Press CONTINUE*
4966 PAUSE
4970 PACESIZE 16Q1 CLEAR
4981 VIlP *It will now be necessary to input nmunts NI, M2, and Ni.'
4996 31Sf 'Consider tin options.
SM 5666 11' cast (a), Input selective uait Monts to detrine Theo

5616 DISP ' mu loading 41#lle tl.'
561231 DISP ' Cast Wh): Inpuft eftel moMets to determine strength ratios'
5631 DISP '(T urgnd curuavturs .

5646 119 '(htrga prates the sat in either case. It is vp to the'
5656 D611 'user to properly interpre the reslts).'
5366 PRINT I PRINT 'Input moments Ii,02,16 I PRINT ISPRINT
5670 INPUT Mi1,M2,M6
568 PRINT I PRINT OM s "; I a2 a'N; 6"
539" WAIT t300
510 CLEAR I PRINT I PRINT
511 POINT 'Now, enter the index number, t, ad the orietation, TI4ETAt,'
S12f POINT 'of the ply f# be examined.'I
5i36POINT'I t, THETAt a I'IPRINT IPINT IPRINT
514 INPUT t,THETMd
5156 PRINT I PRINT '1 u;t;' THEM~ z1;THET~d
S166 WAIT 16l6
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5101 THETAtmTHETAd*PI /181
516 mmW I big I Sg I DiSv I Standby'
5191 Cw~iptotiom of cowvatirts, hi. ITS.2, p.17fi1
S210 k2Ndi,2Id(2)Ie d(,60

5226 kdi1,6iMd(26*N246,fi)VA
5236 tiockltUho ! Liuslp eit; called tit for subp QUAI
S240 t2ok2*ko
525 e6emki~ttho
5261 elfugif

* S291! Coeut ff-is comace for sitss cslchlvtimms.
5366 VImbeCOS (29fIEAt)

* ~ ~ H 536 4h.CS (41THETAt)
5320 Y34M*IN (216NETAt)

* 5331 Vft*h. I 4TIETAt)

5356 Q(i,iDuA(,1)/he
* 5366 A(2,2)-U1tt11h-JU201J$U

5376 Q(2,2)aA(2,2)/he
5386 A(1,2)u4M#h-J2*U
539I Q(1,2)aA(i,2)/he
5411 AOM6s~h-US vJ2SU36

5416 Q(6,0)'A6,6)/ho
5426 A(1,6)U2P9J320J4$tM
5431 QQt,6)A(i,fi)/h
5440 A(2,6)uSY3/2V4443
5456 Q(2,6)mA(2,6)/k#
5461 sifzQti,)eiSabiSefQ(,)86
5476 s2t4g(1,2)8eif42,2)e24(2,6)Sebf
5466 S44-(1 ,6)Se6f4(2 ,4)8et4Q(6,b) Sehf
5491 Ceiput oa-wlis strain for RAI calcilatims.
5566I (T2.6, p.3 SW
5510 pu(ioe.2#)/2 I qs(ei-2i)/2 1 ruebe/2
S521 mCO (2$THETAt) I nn*SIN (28TIETAt)
5536 exfzm'qwrbne

5556 ts#-(2qmnn)+2*i~m
5561 C61qute e-uis sltss for RAI culcolations p
5576 suxstieoeOxyee

5596 sseamstSe
566 COSUS SSSR

5%26 ste'6J1q/h'12 I stoppab*Rqp/A,2
5631 CUFA I PAGESIZE 24 1 MEM
5646 PRINT I PRINT 602*S iwusu 1**s susu***susm sastsr tn

nmu~mmmnvI PiNo
565 PRINT USING 'IIX,i6A,D.41DE' ; corture, hi z G,kt

S566 PRINT USIG '21X,SAID.4DE' 4 2 's *,k2
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5471 MRINT USING °21X,A,).4DE' ; xk *, k6
5686 PRINT # PRINT 'fir t **;t;ud THETAt =I;NETAd I PRINT
5690 PRINT USING "4X,22AD.4E* ; Ifleill strains, elf a O ell
5711 PRINT USING 20Xf6A,D.4K" ; %t2t a ',2f
5713 PRINT USING "21X,6AD.4E" ; ' 6 % "
5720 PRINT
7 5 0 PRINT USING 3X,23A,0.4D ; 'fIill stresses, sif 8,stf
5746 PRINT USING 21XbAD.4 ; 's2f a ls2f
57SO PRINT USING '201,6AD.4DE ; *s6f a lslf
5761 PRINT
577 PRINT UIN "iSA,8X,A,l1X,2A' ; "Strength rttiss,','R'26,4
53PRiNT

S791 PRINT USING SXjlA,4Xl.lK,3X,.D0K' ; 'rno strain ',R,Rp
S590 MINT USING SX,0A,4,D.DE,3X,D.DK' ; *n stress ',isRp
561 PRINT USING 5XjlA,4X,D.DO,3X,D.hI" 'qoudrutic ',RqEqp
S821PINIT
583 PRINT USING 'MX,24A11.4DE' ; uerage stresses: sts O ',stu
5841 PRINT USING "71,7AD.4E' ; 'stol 'stpp
5850 PRINT USING 1X,2A ; '(-fliqudretic I & 1))'

4040101 -_- ....5au I PRINT
S870 DIP 'U (ROLL) key to viiew CRT otpt.',,'Prcss CONTINUE'
SW PALK
591 CLEAR I PAGESIZE t6 10DI 1 01?
50911 'ISPa" yes wish to compilt u une set of noents, HIH2,6, index t,"
59 11D0S 'aud orintatlin, THETAO? (NO will terninate program oprtion).'
5921 01SF ' /IN"
S931 INPUT AN
594 IF UK$S (AM)" THEN GOTO 610
5950 PRINT t PRINT I PINT 'Input mew leads Nl,N2,6" ! PRINT I PRIM
59 INPUT NiN2,116
5971 PRINT I PRINT 1v monts: Ni z*;N1; :'K2 ;2' A6 "';
S981iMIT T IIIO
Sill Goya s10t
011t PRINT I PINT 'End of' program. Thank too.,'

610 El
6121

6140 THETA: ! Subrotine to ester THETA's for calcultion of Vils and Vilis.
60SI FU tati TO n/2ti-i
6061 PINT I PRINT ' THETA(';t;') • ?* I PRINT
6071 INPUT THETA(t)
6180 PRINT ,TNETA(t)
6691 THTAQt)-THETAt0I /ill

MOO1 GOll V i

610 GSUI Vio
021 6 NET t
6031 s-2lho

6140 VI-%WI I V2, W2 I V3sx6'J3 I V4-tIY4
bISI :,2/3hoA
6161 Vi, Vil I V23,dl2 I Q3 xl31 I V4Da:$i4l
610 RETURN
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f1t" Vi:
$201 Vtz'J14COS (2THETAt)
6213f V2xVbCM (4*THEAt)
022 V3*93+SIN (2STMETAM)
6233 Y4.114+61W (4THETAt)
6240 RETURN

62531

6293 VIDMUD*CO (21THEAMt)h
* 6293 021#=I~a (4THEA(t))Sz
* 6333 V3)WU31SM (20TIETA(?))S

6313 14"D41SI (4*TNEA(t)Ix
6323 RETRN
6m33

6351 QUAD: ! Transformation of qoudretic stvumqth permeters in Strain SPiCe
w31 in mltiple eagle fectims. MIA6, p.291

* 6373 mu=O (TIETAOI) S 4 (TNETAt)

6393 C2Xuch,41Y4CXYSm2ma2CSSS4m2Sna2
630 C12UCX*I.2Ia4 TYb4GYm*2b ' S '$a24*CS4,2Sf
6413 G664XXMfh2SmA24YY1Yh2*.A2)GXtI2umm 24 cSS8(eMm2$an2a

6443 Cj~la"4nal ! 76b, p.291
6458 008X"1"101e~2

6463C4X71nCTn~
641 bjles+2uC*A
6493 cu-t
653 Eq=(-b+9U (bA2-48ek))/(2*t)
65ll RqpADS ((-b-SIR (bh2-48dc))/(2$u))

65431
6553 SSSR: 'Subrostine to compte All stress-stri I amd 3'
65I fts4S/Ara (esoSES)

6573 IF tio)8 THUN RtP'X(txoEEI) ELSE Rez'XP/ABS (exo8EX)
6581 IF 0,0)3 THEN ReSYI(ejs*EY) ELSE leynYP/ADS (oEYel

* 6593 IF Rts(Rty THEN R..Ati ELSE Whye
6683 IF les(Ie THEN leatt

* . 6613 IF tio(3 TOE tzX/ABS (exslEX) ELSE Rtt2XI(ezoEX)
-. . ~ 6623 IF tel{ TOE Rey*YIAD (cyo$ET) ELSE keyzYP/(eyo*EYI

6633 IF Iti(Atf MHE Rep~ez ELSE Repatty
6640 IF losiRep THEN Repales
6653 RSSus/AMs (550)
6663 IF szo)l THEN IstsX/sts ELSE Rsgu)?IAJS s)
6670 IF slo)3 THEN Rsy*Y/sys ELSE IsysYP/AN (syol
6683 IF ist<Isv THEN Rsatsx ELSE Rubys
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* 67l IF sns(S T1O "W~ABS (sxo) ELSE Rsx=XP/sxe .-

47il IF is(l THIl tisY/ABS (sle) ELSE RspYP/st
6721 IF Isz(sy THEN Eip~st ELSE tipalsy

6731 IF Rss(Rsp THEN Rspal,,
6741 REIM

Of ON
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