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Chapter I E

INTRODUC TION -

i

The program of this report i{s based 5n class wdork per- i

e

formed during the Suamer Quarter 1982 at the Naval Postgrad- !:

uate School and taugkt by Dr. Stephen W. Tsai of the Ai:
Porce Wright Aeronautical laboratories. The origiral pro-
gram vas based on reference 1 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 tha: program, however, it was enhanced by *he addition of

subroutines and displays <¢o compute the max stress and

‘-'
)
*e

* -

. e
.

it
-

strain strength ratios in a2addition to juadratic strength
ratios.

Chapter 1II explains program logic basad on the flow
charts of Appendix A. The reader will find that 1o special
programming techniques were raquired ard all calculatiorns

are straight forward.

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

as this on a microcoampter. Pirst, al-hough a aicrocomputer j;
\‘.:
such as the HP-87 is obviously not as portable as a hand- bﬂ
F..,
held calculator, the user will note distirct advantages *o o

being able to view labeled output and matrices several lin=s s
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Q at a time as opposed to single line, unlabeled outpu:. Sec- :
. &
. ondly, <the program code is very easy to read and md>dify if !
3 necessary.
%
This program is not intended to be all encoapassing, bu+
it should be of assistance to users designing symmetric la-
y minates. Users are encouraged to modify “he program to suit
their ovn needs and to publish addendum and erratta +o *his
b report. Corrections and modifications 3h>uld be addressed
S to Dr. Tsai at APWAL/MLBM, Wright-Patterson APB, Ohio.
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Chapter II
PROGRAN LOGIC

Even though this progzam has been written fcr ths HP-87,
odifica+cions to fit this bprogram on other microcomputers
should not be difficule, The only really unigue aspect of
the program cccurs during +ha initial parts of the progranm.
Refer to the flowcharts of Appendix A.

A basic familiarity vwith the HP-87 is assunmed. Load the
progras froama disk storage, +hen initiats program operation
with the RUN Xkey. The program will proapt the user *o sig-
nify if printer output is desirad or not. Reply with Y or
N. The prograa code is set for a printar address of 701.
Ensure the printer has “his address, or list <+the program
code and change <he address in line 60.

The HP-87 allows a programmer to set up 14 pradzfinsd
keys for selective branching. In this program, selections
are es-ablished for each of five commonly used lamina*te ma-
terials: T300/5208, B(4)/5505, AS/3501, SP1002, and
KV49/BPOXY. Selection of any cne of thesz five au‘onma‘tical-
ly inserts ergineering constants into appropriate variable
names, The uni+s of these variables ars in %he SI systenm.

UOsaeres desiring <o work in Erglish uni¢s n=zed only select *he
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"SI <> BNG" key prior to selecting a material. A "flag va-

riable" is set to urity for later logic +2sting to datermine
vhether or not to apply a conversion factor to each of the
input variables.

Users desiring to define their own material may 3o sc by
selecting "User Def'aw, Th2 program will promp* for a ma-
+erial name and each of the engineering constants before
continuing.

The "Referenca” key selects a display with an abbreviated
explanation of the program, a 1list of the references, and
author information., Press CONTINUE to return to *he materi-
al selection display.

Unit ply thickness, ho, is then requastad. Ensure that
“he dimension of this param2*+ar is the same as <that of the
previous variables.

Following this, and in several subsequant locations, +*he
user can choose to display computed variables or to bypass
the display. If a printer is used with “hes program, promp*%s
for variables and displays will not appear on the CRT, but
vill appear on the printer instead. Rafer back and for+h
betveen the two %0 determine what *he nex* input should be.
With a printer connected, only a gquestion mark will appea:

on the CRT. Pirst time users are encouraged to use o5nly the
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CR?T diéplay (ro printer) in order +o geot used *o answering
prompts and observing output. Run time for a complate ser-
ies of calculations requires only a fesw ainutes, ErreTs
should be hardled by stopping program operation with the
PAUSE key, +*hen reinitializs witk the RUN key. Effor¢ has
been expended <+to make <this program as user "friendly" as
possible. Mos*t prompts are self explaratory.

Pollowing cptional displays >f modulus and coapliance ma-
*rices as well as strength paraameters, ths program will sig-
nify that computation of in-plarne variables are now pro-
gressirg. A prompt for CORB/NO CORE 1laminates is then
displayed. CORE laminates ars those coaprised of a honey-
conb sandwich section placed on the centerline tha%t contri-
butes little to the stiffness of the laminate but is used *to
alter *he weigh®t characteristics. The thickness of the ccre
is usuyally input as an integral mul%iple o9f +he ply “+hick-
ress.! Proper input of ply information in sequential order
is very important for flexural preper+ies later ir «he pro-
gram, CORE anrd NO CORE aaterials both raquire ply informa~
tion to¢ be entered from the can*er ply >sutward in consecu-

tive order. No a*tempt has been made <0 group ply

LI non-integral nu‘t‘Ple ‘c- gote thickness, nc, may be er-
tered “he ini+ ply index numbar, " ¢ti, will still
have %o be “entered as an ivte er. Us2 *ha rea'est zul%i-
plc rounded off to tha nex* h he t §ulbe.. Slight ercors

bu~ L sané l
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orientations, and the user will be requir2d *“o enter c=ach

ply. Programming was simplifizd by this sxpediency, bu%t us-

- ers entering complicated laminates or laminates with mary
? plies may fird it somewhat t24ious. Peedback from the prin-
il +er is immediate, however, so any mistakes may be disccvaered iﬁ
quickly.
-
ig Following input of CORE/NO CORE information, *he in-plane
modulus cf laminates, Aij, is computed followed by its in- fi
verse, 21ij. Normalized versions of these matrices, Aij* and ;ﬁ
aijx, are ccmputed as well as the effective in-plane engi- fg
neering constants. A display of these variables is option- :?
al. ;!
The program then requests input of loads (stress resul- ;;
tants) N1, N2, ard N6, £fcllow2d by a reques~ for thz orien- ??
tz.ticn of the ply *o be examina2d. Variables computed from ?i
these inputs include the in-plane strain variables, on-axis Ef
strain and stress variables, max stress-s*rain strength rat- i
ios (R/R'), and quadratic strength ra%*ios (R/R'). A non-op- 12
“ional display lists results of thesa calzulations. Follow~ i;
ing the display, +he wuser can =nter a new 1lsad anid Ei
orientatior and repeat the calculations and display. If a Eg
Ve

new load/orien*a*ion is ro+ desired, the program proceeds *o

-

flexural computations.
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Without further proampts, the program computes the flexur-

2l mcdulus matrix, Dij, followsd by its invzrse, dij. And
in a wmanner similar to in-plane comput:®ions, normalized
parameters, Dij* and dij*, are computed as well as effective
flexural moduli, Eif, A display of thes2 parameters is op-
+ional.

The program now prompts for the moments, M1, M2, 2and M6,
An index number, t, representing the segyuential ply numkber
for the ply “o be examined (counting from “he ply closest %o
*he cernter line) is requested along wi*h the orientation o€
that ply. With these inputs, the program calculates curva-
ture, ki, on-axis stress-strain, max stress-strain streng+h
ratics (R & R'), and quad-atic strength ratios (R & R')., A
non-optional display presents all parame*2rs in a fcrmat si-
milar t> +tha*t for in-plans parame*ers.

Following the display, the user can z2n+ter a new set of
moments, index %, and THETA: for a r2p2a: of “he calcula-
tions. Select*ing the o+*her option %eraminates program opera-

«ion.
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Chapter III
SANPLE CALCULATIONS

The following pages are reproduced from <saample calcula-

tions gererated by the LAMINATE program. The first prograa
run displays all optional displays. Subsequent prograa runs
delete many of +hese 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
“*he ¢title fcr each run. The printer used for these runs was
configured for a laterally compressed mode to allow for re-
port format.

Many of the prompts do no+t appear on *these print outs.
The program is written to display many of +the prompts orly
on the CRT. The reader is refarred to the flowcharts <o re-

solve questions about program speration a specific points.
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CONPUTATION OF IN-PLANE AND FLEXURAL PROPERTIES OF SYMMETRIC
LAMINATES ON THE HP-87 MICROCONPUTER

Selected Composite naterial =) TI00/5208 [0-/ 90] . g

Inpet laninate thickaess, he (SI & ENG),

he = 000425

[

LI I E bbb o p bbb e p O oo phbbtanaioestbssbotobosdbbbobhobsblbrets m

Engineering constants and compressive, tensile. and sheer
constants for T300/5208

Tl i DA

Ex = 181.000E+OF

Ey = 10.300E4089 e
ws= 28 K
ES 3 7017'[’..9 u;t

X = 1500, 006K
X' = {500, 100E+006
T2 A0, 0E+00¢
Y' 3 246, 000E+006
§ = 68.00E+0b
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On-axis Qij’s, 8ij’s, Uil’s, Aij's, and ai j’s fer TI08/5208

(Nete: ij=xys).

( 181,B1E+009 2.8969E+489
n-exis Qij = ( 10, J46E+089
(
( 5.5249E-442 -1.547E-012
on-axis 5ij = { 97.087-012
{
14Q = 74, 368204089
U2 = 65,7325 +009
U3Q = 19.7104E+009
UAQ = 22,6074E+009
USQ = 26.8804E+809
( 22.726E+006 .3b212E+406
on-axis Aij = (( 1,293+ 006
( M4.199E-049 -12.37E-009
on-nxis qij = ( 776, 70E-009
{

)
0
7470E+089

]
'
139.47e-12

0
.89625E+486

'
'
1120.9€-M9
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Strength parameters in stress space, Fij, and strain space, 6ij.

for 7300/5208 (Nete: ij=xys),
( AAMAE-018 -3.3H0E-818 0
Fij =« 1M .63%-018 0
{ 215.26E-118
Fr = 00.000E-004
Fy = 20.935E-409
{ 12, 004E4003 -3, 069E+043 0
ij = ( 10, 584E+003 ]
( 11.118E+903

61 = 5. 06ATE+IO
Gy = 2.1660E+002
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The pregran will new compute in-plase and flexwral proeperties of
laninates specified by the user, Either CORE or NO CORE loninates
can be specified and any number of plies defined, The vser will
nete that this pregran takes a ’brute ferce’ appreach by request-
ing an entry for each ply. This methed allews simpler progran
ceude, ensvres fever errors, and enhances acceracy.

N I N N N I N I I N I I G N N I I I I I N I s I s s v i sy s s s i ‘
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In-plane computations fellew...

-
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¥ill the laninate centain CORE or NO CORE?
/¢ =) EN LINE

»
e
»-
2~
.
-

W0 CORE laminate: Enter ’n’, the total number

of plies, surface te surface.
nz?

n=4

NQ CORE laminate thickness, h = 0085

Now enter the ply erientation of each ply:
THETA(1), THETAC2), ... , THETA(n/2)
188 —) FRON CENTER TO OUTER SURFACE (-- 3% (INPORTANT!)

THETAL 1) 2 ?

THETA( 2) = ?
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In-plene parameters: Aij’s, aij’s, engineering censtants, and
nermalized Aij8’s and aij8’s for TINO/S208 (Nete: ij=i26)

( 48.039E+006 1.4M0SEHNG 8. ANX-006

in-plane Aij = ( 4503964006 2.0144E-004
{ 3.58SIE+806
( 20.87SE-009 -.62B2E-409 -.{T7ME-019
in-plane aij = ¢ 20.835E-009 -, 144%E-047
( 2.7894E-007

tio = 9.5794E+010
E20 = 9.5991E+040
v2le = . 03045

Ebe = 7.4700E+009

( 9.6079E+040 2.8969E+089 1§.5B69E-002

in-plane Ai j$ = ( 9.079EH010 4, 0200001
( 7.4700E+089
€ 1.04186-044 - J1ALE-DI2 -.6899E-423

in-plane aijg = ( . 0448E-011 - 5BAGE-024
{ {.3947E-000

SRR SRR LR A A RS AR AR AN OSSR SRS AR S R AR SRR AR ARLEAN R EALERALILLS

Ioput leads Ni,N2,N6

M=1 N2=0 No=1

fow, enter THETAt, the orientation of the ply
te be erxanined (in degrees).

THETAt = ?
THETAL = §
e Te e e :. ........... ." ~~~~~~ .. ..'.‘-- .. .
....... TR TP I ST S U LT St R i

RIS TR T RN
N o Wt Wt

T I
WS,

12

2T

,—
2

RRIALMN

TS A T35 0

SEUTEwy yw e
LA M
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-
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in-plane strain: eio = 20.8FTE-I4Y

e W

02 = -,62826-409
tbe = - {I7E-019 s

—

For THETATt 2 0 ..., (T300/5208)

- ..L‘ —"‘.J". '.n

on-gxis strain: exe = 2,0835E-M48

- tye = -5, 286140
u eso = - {IME-1Y 3
- n-axis stress: sxe = 37.863E+002 :

sys = 53.858E+000
sse = -, 903E-010

P

»
F Y S}

oY

Jefutud -
2

)
Sa

s
b

strength raties ] [ Y

mex strain  3.98E+005  3.78E+00S
nax stress  3.96E+005 J.ME+NS
qeadratic JAEHI0S  S.S4EHIS

gverage stresses: ste = 6.8188E+008
sto? = 1. {07TE+009
(=f(qeadratic R & R?))

I N I R N N N N N I NI I N N N NI NN

New load: Nl =t N2=8 N6z

Yew, enter THETAL, the orientation of the ply
to be examined (in deqrees).
THETAt = 7

THETAT = 90

DR IR I A P I S - .
DT SY DR TR AR I SN B RUE S A R e T oy
R A R A L 80 AR A . . - .
PGPS L - . PSR L SRS IR SO PR S = .
" - . - o - . . - = e o = . Y T ‘e W ~ * - M -
LI Sl A VR W T N U Wl TR W Ted TAJIC T TR ST T SR TR S S B S SISy Lt
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(L2030 hhaat it s ditiead it iioate i idiasiiinstiidndiittiiiaetiinasiiit nsdsiiis]

TS WOV AT AN -2 W

in-plane strain: efo = 20.835E-407
= ¢ = -, 6282E-409
h:_‘ Cb. 2 -.1371E'l19

. For THETAt = 90 .... (T3NN/S208)

IO S BUBTHN

eye = 20.83%-019 g

B on-axis strain: exe = -.5282€-909
- ese = -.1964E-048

n-axis stress: sxo = -5, 05 +00¢
sye s 21, 374E+00¢
sse = -, {AME-448

streagth raties R R

max strain  §.86E+005 §.1SE+086
mx stress  1.07E+085 1.1SE+006
geadratic 1.87E40845 1.13E+006

average stresses: sty = 3, 7344E+008
ste’ = 2,2680E+489
{=f(quadratic R A R?))

Y]
9
O
-'_‘- 000000000(0000.00'500000'00000000 IZEERRESNSS 3355343553300 55 N
o™’ o
-
-
="
-
.
by
¥

uo PAL O b QA e D b O Ry L h bbb a bbb o bbb bhshran bttt tsbbotobteosbbnetoted

» N
.

.'::l "
5 The progran will new compute flexwral properties for the loninate :
-~ defined dering the ia-plone definitisns, Properties caltvlated ]
’- include the flexsral stiffness matrix (Dij), the flexvral compli- F
ance matrix {dij), effective flexsral laninate medeli (Eif), and

¥ the nermalized versions of stiffness matrices (Dij8 and dij3). "
= TR T EE AR R PR T A T T T

# "
proy= - 9
5 ;
i :
L §

- .- - e e ter et maum e et e a AT, g S
- “- e - ot W e T e e,

P T T U PRSP RSP B AL P S T - I N . .
T T e e et e e S et e e e T et . T e e e N Tt e et e T N e . B SR
WP, DAY PN PRSP A W SR il Wl SR SOV . . i Mo Bveren T, Bt B B, Rt Bt 2. ML
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Flexwral preperties Dij, dij, effective Fletoral engineering “3
constents, and the nernalized Dij§ and dijs, (Nete: ij=126) 9
71
{ 1,670HE+000 . J0S76E-001 4. 3929E-014 “i
flexsral Dij = ( 3303001 4. 0492E-012 )
{ 7. BIE-882 r
( 5.99TE-0 - SAGSE-IL A,1S12E-H43
flezwal dij = ( 3.0258E4000 -, 4247E-40 ]
( 1. 3309E+004

Eif = 1.601EM1Y
€2f = 3.4727EA108
v2if = .INiS

E6f = 7470048

W TOTDE

ey

{ 1.6030E+011 2,8909E4009 4. 2A71E-003

3 Fhondie

flexwral Dijs = ( T.ATI0L0 1. 00T2E-W
( 2.4700EM09
( 6. 246E-012 -.SHO3E-42 4.32ME-N24
Fexwral dijs = ( TASIOE-ME -, M2E-121
( { I947E-144

ISEESEERRSESRTEEARSE SR AR S SR AEARR AR EREARSREAAEEERCASRETALIRIRAEILINLILRLINENS

Inpet nements M, M2, M6

=i M:=0 MN=0

How, enter the inder number, t, and the orientation, THETAL,
of the ply te be examined,
t, THETAt = ?

t=2 THETAt =

e
:
3

e
..

g
.

DR
IO A

-
<

2 I

A B O DOk

e
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corvatwre, ki = 5, 999E-001
k2 = -, SA6E-IN
k6 = 4. {S4ZE-03 :
For t= 2 and THETAY = | j
flex’l strains, eif = §.4909E-004 b
of = -, {36004 R
ebf = {.0I78E-016 3
flex’] stresses, sif = 2.724E+017 1
§2f = 2,9286E105
sbf = 7, M4E-187 “
strength raties R [ L g
mx strain  5.5EHM  S.SEM g
mx stress  5.51E4001  S.SHE+MY ]
quadratic 4,95840  7.41E4 00

avereqe stresses: sto = {,100E+H9
sto! = { 7USIE+NNY
(sf(quadratic R L 1?))

VbRt Rt ey b I R R N I SR RTINS Vs

Input new loads M4, ,M2, 06

New moments: M =z{ M2=Q Moz

Wew, enter the index number, t, and the srientation, THETAt,
of the ply te be exanined.
t, THETAt = ?

tzg THETAt = 99 =

v wal Reaseeet el

Tl
"

?

¥
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curvatore, b4 = 5, 9957E-001
k2 = - SARSE-001
k6 = 4, 151Z-013

For t = { and THETAt = 99

flex’] strains, eif = 7,.4947E-405
2f = -, b83E-NS
ebf = 5.18906-047

r
PR Y

flex’]l stresses, sif = 7,552 +#1S
sof = -, {925EH07
sbf = -, S43E-NS

o ‘1;_,'-._. Tttt

strength raties R R

P,
ARkt
)19 iale

max strain  S,i8E+00f  1.{9E+002
max stress S 29EMM  J.26E+40D
quadratic 5.22+00f  1.04E+082

¢

O Y

.
X

average stresses: ste = §,2535E+009
ste’ = 7,213%EHE
(=f(quadratic R & R"))

RS S R A R I AA E S A SN SN SR L AR S S SRS LSS SRS LN ST R LR L SRS S AR R RSN 100S

vy e -
. 1
(RTRAN !\l

XL 10

End of pregran. Thaoak yeu.
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COMPUTATION OF IN-PLANE AND FLEXURAL PROPERTIES OF SYMETRIC
LAHINATES ON THE HP-87 NICROCOMPUTER

Selected conpesite material =) T380/5248 _ [02/ 902 /452 /—-452] .

Input leninate thickness, he (SI w ENC).

he = . 000425

.ouon B It s I N R N R L L A

The pregran will new compute in-plane and flexeral properties of
laninates specified by the wser. Either CORE or NO CORE laminates
can be specified and any nenber of plies defined. The wser will
nete that this pregran takes o 'brote force’ appreach by reqeest-
ing an entry fer each ply. This methed ellevs simpler pregean
Code, enseres fewer errors, and enhances accwracy.

3555550533553 RNIR IR B33 ES I NSRNR R IR IR A4

SNSRI SR LR S S KU R L NS S SR S SRR AR AN SSLR LR AR RLASALARELIEES
In-plane cemputations fellew...

¥ill the laninate contain CORE o NO CORE?
C/NC =) END LINE

N0 CORE lominate: Enter ’a?, the tetal number
of plies, swrface to surface.
2=

...............
.................

ZaTalulR WM. ¢ 2 0, .. E ¥l

Palasic Rt R.CZT .2,

e

LSNPl 1

L ]
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W= i

N0 CORE laminate thickness, b = 002

New enter the ply erientation of each ply:
THETA(L), THETAC2), ... , THETA(a/2)
353 —-) FROM CENTER TO OUTER SURFACE (- %38 (INPORTANT!)

THETAC £ ) = ?

THETAC 2) = ?

THETAC 3 ) = ?

S

THETAC 4 ) =2

‘;_1 1.'.:“; ..‘_.' . ','/.‘.

85

THETA( 5 ) = ?
9

- ':‘.‘4 T
’ < "M gy 0 1

JVRRP AP AR AN

THETA( 6 )

"
c—

supve s e
P,

9

",

THETAC 7))

11
e 3

. (] :‘.:
.d h"
. X

THETAC 8) =22 5

~ o
a

~~~~~~~~~
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In-plane parameters: Aij's, 1ij’s, engineering censtants, ond
norsalized Aij%’s and aijs’s for TI00/5208 (Note: ij=126)
( 15.274EM407 4,S2{SEH07 {,686%-005
in-plane Aij = { 15,274E4007 4, 4288E-004
( 5. J761E+007
( 74, 761E-040 -, 2124E-008 1, 3648E-024
in-plane aij = ( 71.764E-040 -~ SIE-MHY
{ i.8601€-008 4
Efo = 6,9676E4010
E20 = 6,9676E+010
vaie = , 29643 R
Ebe = 2,6880E+040 o
( 7.6368E4040 2,2607E+010 8,4343E-003 ;
in-plane AL j8 = ¢ 7.6368E4040 2. M ME-00 :
{ 2,6880E+410
( {.43526-844 -, 4243E-041 2.73%E-023
in-plane 9ij$ = { . 43S2E-01 -, {062E-121
{ 3. TR0E-M!

B I R S SR AR AL TSR AR KU R AR RN R SR AL ARIRRLLTATLILANS

Input londs Ni,N2,N6

M=1 M=) No=0

P NI INSSININPS S POV YT AT NI IV IR e S AP A

Now, enter THETAt, the orientation of the ply
te be exanined (in degrees),
THETAt = ?

Tt oo Ralald AvSfeas K. W

THETAt = 45

s
)
PEPITY S Y S RTINS




............................

r

21 %

. 2
IR SRS SE AR EE AN ES AL SR S RN LATESARES SR A SERRSASELIIAIATEILLINELLLS g

in-plane strain: efo = 71.761E-10

e20 = -, 2424E-408 ¥

ebe = 1, 366E-120 -

For THETAt = 45 .... (T300/5288) T

R
i

an-azis strain: exs = 2,525%-049 :
eye = 25,25%-010 rj

eso = -.7300E-008

- sn-axis stress: sxe = 46,455 +IHL £
- sye = 33,4SIE+400 i
r.‘« 550 = -, b6HIE+002 B
3 ' ;
S . ' ’-0
s strength raties R t !-

max strgin  1.02E+006  1.02E+806 -

mx stress  1.028+006  1.02E+006
qeadratic 6.94E4005 1 .JSE+006

avercge stresses: sto = 3, 470E+008
ste? = b,7508E+048
(=f(quadratic R & R?))

. ASESERSRSERARARENRLLETAANEILRLREATLETIRATALLASATLERLLARALRLXTILILILAATLLANNLNL

New load: ML =1 N2=14 No=14

New, enter THETAt, the erientation of the ply
te be examined (in degrees),
THETAT 27

THETAt = 90

N I LT

P DRI S SO, BEPRCHI AP S S
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it ettt bidedetitetotites et lhedid ettt o bttt b b e v e s b e et ioitestiosdsssooptesl
in-plane strain: ete = 71.76E-040
e2e = -, 2{24E-108
ebe = 1, Jb6EE-020

For THETAt = 90 .... (T380/5208)

n-01is strain: exe = -, 2124E-008 RS
eye = 74.76iE-040 -4
eso = -, {1047E-048

11'". ey

on-axis stress: sxo = -34S +002

» sye = 68, I91E+000 R
& sse = -, 750%€-019 &4
: R
strength raties R r ]
: max strain S, 44E4005  3,33E+006 et
B max stress  5.87E+005  3,HiE+006 =
» quadratic  S.SE+I0S  2,60E4006 B

i) average stresses: ste = 2,75{2E+048
t ste? = §,2976EH09
whi (=f(quadratic R & R7))

. oo
-,
EARIAL

- l"'\
e

& o

New load: N1 ={ N2=0 No=0

ia Ve

000
§ 4 at

.4
SO

PRI

Now, enter THETAT, the orientation of the ply
te be examined (in degrees),
THETAt = ?

o S 0

t
PRy

THETAt = §

TEIRT I LG IRTRTIS
P ".I et T e,
VAP 3 .

- v e
A
O

....................
.......................
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. e e
L)

in-plane straia: efo = 71 .76iE-04)
e = - 2124018 .
¢be = {,J660E 020

g S

FOI‘ m.‘ = . LR N} (n"/sz“) b

n-exis strain: exe = 7, 1764E-949
tys = -2, 12E-009
eso = 1,356BE-120

on-exis stress: sxeo = 12,985 +442
sye = -4 ,{90E+000
sse = 9, 799%E-414

streaqth raties R | K

max strain  §.1SEe006  1.1SE+006
mx stress  L.10E+006  1.16E+DOL
qeadratic {.46E+006 1.13E4006

gvergge stresses: ste = 5,8485E+808
ste’ = 5,4542€+008
(=f(quadratic R § R"))

-]
pa
s rdiiitintitiietitiettretettdddotidani et diiedadidiatianistsdniiboidititieiots] .1
atittet ettt bt ddastetadnsddtd d bR bivnd i biinintoitititetbotietiidisintedeitesed 4
The progran will new compote flexural preperties for the laminate {

defined during the in-plane definitions. Preperties calcvlated
include the flexeral stiffness matrix (Dij), the flexeral compli-
ance matrix (dij), effective flesural laminate medeli {(Eif), and
the nsrnalized versions of stiffness matrices (Dij® ang dij¥),

iiditisstttadiadinrtaattiadssbididud i berandibin bitiboreitotioeeersitetessoteted
QLAABARRR St i it issti ittt il tidiitatend bbb dddsitiensdtitdrt tidiriititls

b P et T T R R S
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Flexwral preperties Dij, dij, effective flexural engineering
constants, and the normslized Dij8 and dijk. (Nete: ij=126)

( 7.6842E+00 S216AE+00L 2.67HE+NND
flexoral Dij = ( 4,4673E+004  2.67E+0N
{ 8. 06SIE+0N0

:,ﬂ ." .'.‘ .'_‘.'. .”. -

v AN e
LR

( §.3204E-002 -.{7E-002 - J964E-002 _
fleswral dij = ( 2.295%E-002 -.749%-402 :
( 1. 2770404 x

Eif = 1.1329E4044 i
£2F = 4, 5TUENN o
af = 09977

EbF = 1, 474TEN10

( 1ASHENLE 7.826EH09 4. MUTENES r

flexeral Dijs = ¢ 6. NIERL0 4. HETE+N9 B
( 1, 2096E+010 i

R

( S.0271E-012 - Q7106012 -.2bA%-11 %

flexvral dij8 = ( £.S306E-011 -, 4794E-011
( 8. 51 3E-084

"l " .t .'
. o 7!

SESSELELIRRERENSEIRERSRNRINEEE IS SER RN RRIERE S RE RS IRLLITTRLISTALIRLLSINLLLLS

Inpet nements Mi,M2,46

[ M=y K=0 No=1

New, tnter the index nember, t, and the arientation, THETAt,
of the ply te be exanmined,
t, THETAt =?

W
T

-, Tt
AR

t=8 THETAt = 0

PENCE ]
")

v - @ se
17" %t

- -
el ik nl ot

|

A N R SN
..........

T AT W P PP S . s tem T e Mo . et N .- D L e, . et e

PULAP Ui S VUSSR PUNIL SR Sy S SO DO NP R T R R
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cervature, ki = 1, J2ME-082 5
k2 = -~ {30482 ‘.
kb = -, J9HE-002

For t = 8 and THETAY = § 2
1
flex’l strains, eff = §,J244E-WS :
e2f = - 1E-S 3
ebf 3 - J9ME-I0S .
flex’] stresses, sif = 2, MTE+I 'j
sof = 2,4827EI0A '
sbf = -, 24X +NS "
strength ratiss R R _~
max strain  6.20E+4002  6.26E+0R2 .;;
mx stress 6, 2E+002 6. 4E+I02 e
quadratic  S.AGE+M02  7.62E+002 o
average stresses: st = 8,16R1E+008
ste? = 1, 4431E+009 %
(=f(quadratic R & R?)) H
'.';:1
Ispet new loads Mi,M2,86 ';
Newnments: Mi =1 H2z0 M=) ;’;3
Now, enter the index number, t, 1nd the erientation, THETAt,
x of the ply to be exanined.
- 1, THETAL = 7
-
g
"’ ta=b THETAt =98
L .
: ]
¥ -
: A
S e e R e B T I S '
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(N

corvatere, i = i, JOME-002
k2 = - 1307E-00
kb = -, J96E-002

For t = b ond THETAt = 4

flex’] strains, eif = 9.9305E-006
2f = -, 790KE-006

A LS PR AV

ebf = - 297-45 2

flex’l stresses, sif = 9,990E+004

S2f = -.1AVSEHINb A

sbf = -, 24 HE+US ’

strength raties R r

-4

mx strain 3 MESE2  2,MEHE3 A

mx stress  4.00E+002 2, 4E+003 P

quadratic 1.09E+002  2.10E+083 s

average stresses: ste = 5.8418E+008 o

ste? = 3. 1496E+H9 -

(=f(quadratic R & 1*)) .

Piritbettitainctaditobiodiervideibitiforiiteratiineribiirtisiidiirdegiiifiditio ;:

: 2

Tnput new loads #3,M2,H6 3

"l

s

l‘.J

New moments: Ml =4 M2=0 Mo=0 N

N

-

Now, enter the index nember, t, and the srientation, THETAY, i\‘
of the ply to be exanmined.

t, THETAt = ? ¢

5

t=4  THETAt = 4§ r

oy

el -ra. 71
va's ¢ e

R I I S
.""“A‘.AJ LN

-
P

.......................................................................
.............................

------------------------
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corvatere, ki = §, J2ME~-002 )
12 = - AN7E-002
kb = -, J9HE~102

¥
For t 3 4 and THETAT = &% r
flex’l strains, oif = 6.520FE~006

2t = -, 653E-100
ebf = -.1982E~005

flex’l stresses, sif = 2.62ME+I1S '.J
s2f = §.SB1SE+I0S .
sbf = - 20506 ]

strength raties R [ &4

et strain  9.7TEMN2 43064003 r]
mx stress  B8,SE+II2 1 JE+N3 ~-
quadratic 6. 71EH02 1. 9764003 ™

average stresses: sto = §,0072E+809
ste’ = 2,9548E44089
=f(quadratic R 4 k"))

KIS S SR S R AU S RS ARER SR ISR IR TEAS LSRR IR SRR AEAALLL

End of progran. Thomk yeu.
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COMPUTATION OF IN-PLANE AND FLEXURAL PROPERTIES OF SYMMETRIC
LAMINATES ON THE HP-87 NICROCONPUTER

Selected compesite material =) T310/5248 [02 / 90, / 45, /=45, / Ce]
s

Input loninate thickness, ho (SI w ENG).

he 3 000425

The pragran will new conpete in-plene and flexwral preperties of
laninates specified by the vser. Either CORE or NO CORE laninates
can be specified and any nsmber of plies defined. The vser will
nete that this pregran takes a ’‘brate force’ appreach by request-
ing on entry for each ply. This methed alleus simpler pregran
Cede, ensures fewer errers, and enhances accoracy.

P hh O b a b a p bbb o r b b o R b pp b bbb hobp bt h s be st hoadrtbperbbeoebribodip]
LR L R L L A LS S L L S SR L R L S S S LRSS L SL S LR LR LR LR ELL: 5

In-plane competations fellew...

Will the laminate centain CORE or NO CORE?
C/NC =) END LINE

TORE laminate: Enter 'n’, the tetal number of

laninate plies, and 'ac’, the total awaber of equivalent core
- plies that define its thickness, swrface to swrface.

- nhnc =

n=sibl nc=ib

CORE laminate thickness, h = 084

s

-~ RS -..4.....-1_;,','.-, .-
N NSRS SR

Ry SRR,

B I R

- o
A
2 L




i SN oM A I LA A LB e g e b A b RS e e ban e Setg e e Bua aru drol el SNt s Jran S SO
¢ SRR
0
-

d

Cownting ovtward fron the ceater of the loninate, enter an

T'. «Th .
. R

-

integer nunber 'ti’ (t initial) that represents the consecutive .;-4
5 indez nnber of the ply odjecent te the core. (For insteace, X
. - if the core is @ total of dhe thick, cowat 2 equivalent ply layers
. fron the center S0 that tisd), 1
tis? =3
r
'

ti=9

Hew enter the ply srientatiom, in degrees, for each ply:
THETA(ti), THETMtiet) ... , THETA(a/2).
538 —) CENTER WOST PLY TO OUTER SURFACE PLY (— %83 (IMPORTANT)

¢ 1 Ce e
Aot DA T AR

TETM 9) =?

KR 1‘ R AR
Lok WRTI

THETAC £ ) = ?

5 I m"":"':".:"‘}_'f.f b NPT

¥

THETA( 11 ) = ?

LH]
THETA( 2 ) = ?

s
THETA( 13 ) = ?

N

THETAC 14 ) = ?

"
THETAC 45 ) = ?
[
THETAC 16 ) = 7 '
o]
5

...................................................................
....................................................
.............................
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30 .
LR he it biiiaiiiatentianbareatadinens i taeidiiibed Leodititadtiabis i itetiletdid ] T
In-plane parameters: Aij's, 0ij’s, engineering constonts, and
nersslized Aij8’s and aijg’s fer TIN0/S208 (Nete: i js126) 8
K
{ 1S.24E4007 4.54SEH87 1, 686%E-005 =
in-plane Aij = ( 1S.274E4807  4.0286E-404 -
{ S.J76iE+08? *3
.3
( 71.761E-010 -.2024€-408 1.3648€-420 _I
in-plane aij = { 78.764E-010 -, SIULE-119 ;
{ {.86HE-008 o
Elo = 3.4030E4040 pi
E2e = 3.4030E+010
veie = , 29603 3
E6e = 1,3A40E4410 A
( 3.8104€+010 1,13MME+010 4. 2174E-003 3
in-plane Aij8 = ( 3818464010 £, 0072001 R
( . JMEEHD :
( 2.87ME-1 -.8097E-011 5. 47%-03 A
in-plane ai j¥ = { 2.870E-141 -, 2124e-021
( 7. MM4E-HL E ]
hoihtasa it et biib e iiib it ab ittt sl estitiaddtitaniabitaditttintititatitenttd S
:]
>
Taput loads Ni,N2,M6 )
9
M=t M=) No=d rl
.
Now, enter THETAt, the orientation of the ply ;
to be eranined (in degrees), 1
THETAY =) bt
¥
THETAt = 45 g
9
X
g
....... -' - . .. . ' : : . B _..’ -. -.' 74~. -> ) - - . ...-‘
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31 2

4Oﬁl‘""'000llO"O'OOtODOOOOObD&)O'D 233 3B ) 33333 XXX R [ X1 I XX XX .r.;
in-plone strain: ele = 74 . 761E-010 tji

t2e 3 - 224E-008 3

ebe = §,J66E-020 -

For THETAt = 4S ... (T300/5200) L,
-

m~exis strain: exe = 2,5259€-009 o

eye = 25,250 -040
eso = -, T300E-008

W-aris stress: sxo = 46.555E+044
sye = J3.4S0EHEN0
ss0 = -, bOLBE+002

strength raties R [

max strain 1. 02E4006 10264006
max stress  §.02E+806 1.0E+006
quadratic 5.94E+005  {.3SE+006

average stresses: ste = i,7350E+018
ste’ s 3, J754E+H08
(sf(quedratic R & R*))

itiidistaatiiaianaasinans i n it iibi ittt ibidetatittetieeiaieitatitiedi]

i ts ittt iidititttoitetibaebiostindotastttididisidiidadiadiiitiiibiotitett]
aiinieiiteibitadiidianteiaiesaabidtiidibiidiiiatiiintiiiontetieitidtitteettttttd

The aregran will new cempete flexeral preperties for the laminate
defined dering the in~plane definitions, Praperties calcslated
inclede the flexwral stiffness matrix (Dij), the flexwral compli-
ance matrix (dij), effective fleswral laninate nedeli (Eif), and
the nernalized versions of stiffness matrices (Dij$ and dij%).

idteittititadtd dosasiitisdieid o bbbl bl ld it ittt iiieitietitetottistt]
SEERREES RS ER S AR RIS L AT AR TER A MR NS AR SER RS ARA S NI SINRARAR AR IS HRIIT NI K 24X

oo

’;

Y
.1
-
n
R

.

..................
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% 32 :
. Prdthsdtiobebatiasbetbitsdiadtiatididibibiibortosdibiiibiiosbiiitotitiiriiinied
;- Flexwral properties Dij, dij, effective flexerql engineering
g constants, and the nernalized Dijs ond di j8. (Nete: ij=126)
s ( 4, 2346E4002 ,7S9TSE+NI2 1.33NE+NL
flexwral Dij = { T ABMEN2 1. T396E+0 .
( 9.SB76E+401 :
{ 2.4645E-003 -.5246E-M3 -.2M97E-083
s flexwral dij = ( 2,.9980E-003 -, 4S2E-003
( 1,9516E-002
Eif = 7.60B0E+0¢0
E2f = §.54264040
e veif = 24N
Ebf = 1, 78TNEHNN
( 7.9399E+840 1 .423BE+010 2.S5417E+009
o fleswral Dijs = ( 6.5T3TEH10 2.5147E+009
:‘:.; { 1. NTIEHL
2N (.IME-01 -, 2B9BE-0iE -, 144E-011
= Flexvral dij8 = ( 1.59896~041 -, 1B44E-4{
‘ ( S, 6I86E-141.
.
Input moments H{, N2, M6
Mei W=0 Moz :
- Now, enter the inder nunber, t, and the orientatien, THETAt, b
-~ of the ply te be ezanined, -
'::-: t’ T}ET“t s , '-
2 X

t=4h  THETAt =)




[rheebibtt betbibbiaibeted it it ted adiinettsdeadsiidisesaintitontediniitetiodid]

;-
. -
;

corvatore, ki = 2,4645E-003
k2 = -,5266E-003
ké = -, 2707003

For t = 16 and THETAt = §

P ﬂ e
R % e aatal a7 Ta

flex’l strains, eif = 4.9290E-006
e2f = - LISE-U1S
ebf = -, SA15E-006

flex’] stressas, sif = 8,9340E+085
s2f = J.3809E+003
sbf = -, JBBZE +0M4

by

ot 2B _AL

strength raties ] R?

y

ARARMEL & fPp

i o
[Y T MRS NN e
'

nox strain  1.53E+003  1.68E+40Q3
sax stress  1.08E+003  {.G0E+003
qeadratic 1.6264003 1.83E403

T « 7 o - P

t l' ' 1 E ) bl
. el gt
an [Tt LAY D)

'
PP PPy

average stresses: ste = 6, 0642E+018
ste! = 6,B4B0E+NI8
{=f(qguadratic R & R?))

R J Flemtoivers
=tes 00
4

Bliietesiiaioitatantbentesaiitidiidiadinintirdnrsiidiiiiitiitottioitsetiteetsetid

Iapyt new loads Mi,M2,M6

New moments: Mi 2{ ¥2=9 Mob=1

New, enter the inder nusber, t, and the erientation, THETAL,
of the ply te be examined.
t, THETAY = ?

THETAt = 90

ERV



4
34 3
itedosidbieabidediiraidbioboditobibiveetettiattdesiethtididiettotsitidpdtondrit] .
-4
corvatere, ki = 2,4645-043 N
k2 = - S266E-403 -
kb = -, 207E-003 g
For t = {4 and THETAY = N .*
flex’l strains, eif = 4,3129€-006 1
P e2f = -, 9216E-006 :
L ebf = - AT3BE-006
B flex’l stresses, sif = 4. 195%+004 y:
_ s2f = -, {SSIEN08 |
. sbf = -, J39E+I4 j

strength raties R R :

max strain  9.00E4082  S.54E+083
mx stress  9.53E+082 S.B5E+003

o WPE RN
. [T I
.. P

- ovadratic 94464002 4, 4AEXN3 p
% P
average stresses: ste = 3,4204E+018 R
ste’ = {.7398E+009 ’

(=f(quadratic R & R?)) ]

blieedtitetitegedettaittabtititndideiititidobidintidiapatetbbidedsdeitiisdesti}]

Input new loads Mi,N2,Hé

ew maments: M ={ M2:=0 Mb=1

Hew, snter the index number, t, and the orientation, THETAt,

of the ply to be exanined.
t, THETAt =

t =42 THETAt = 45

NS L R YO AP




i 35 :
T 30t strotrdobsrreasbaribiraiteititediisehitnsidnintinetasist i dodiiittitiintsd -
corvature, ki = 2, 4645E-003
k2 = -.S266E-003
k6 = - 27M7E-403
For t = 12 and THETAt = 45
flex’l strains, eif = J.4748E-086
e2f = -, 7908006
ebf = -.406{E-006
flex’l stresses, sif = 1.586{E+00S
s2f = 9.4270E+904 g
sbf = - 7049E 4005 4
strength raties R 14
mox strain 20164003 2,14E4003 3
nax stress  §.93E4003  2.4E+003 -
gvadratic  {.306+843  2.9TE+403 1
average stresses: ste = 4,8649E+4008 i
sto’ = {.4153E+009 ¥
{=f{quadratic R & k")) r
T Lae gt titartobotrtorstraettatiibiiriortidiisiiniiadeniistisetritstaditttitadt s ';
End of pregran. Thank yeu, _
o
3]
:
i
| -]
! -]
L. , 4
[
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Chapter IV
CONCLUSIONS

The original intent of this program was *o duplicate and
enhance the TI-59 prograam of <reference 1 on a popularly

available microcomputer. The HP-87 is a uni+ more :han

likely to £find ufility in many sngineering osrgarizations and
i+ was the hope of the author to contribute to the dzsigr of '
laminates by automating many t24ious calculations, present-
ing 4hem in an easy to read format. |

The prograa listing in Appendix B should allow gquick and

easy *rouble shooting of any uncorrected programming errors.

p
‘
3
1
1
j

Modifica+tions and additions should be relativel siapls *o

program.

ty than the TI-S9 progran. It should also serve well as an
educational rool for students and enginesrs desiring to re-

viewvw *he thecry of symme=~ric laminates.
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Appendizx A

PROGRAN PLOWCHARTS

Inftiaitze
w'“‘“.
congtents, ahg
arrays

Set key lsbels
for saterie!’
sglection
displey
t:oo/sﬂ [u/sses AS/3%01 $P1002 XV49/EPOXY luur Def'o l?m-m ST -> ENG
“
Ref FLAG~]
ofsple )
T e T
'. L) v .
PR LA M Do Xooxsytyy e, 8
£0.19,292
AG=1
You
Convert S1
constents to
units
(/6096,97543)
Enter p)
thicknees: hoe? :®
APy L e T .

pAP VI - 1P

B L A
T B EP, P )

R T

Y

..1 o,
. PP ST ST Y

. ’
A % o4

AL, 1 -
PSR- L P

SRAAC b

S S iA




. R T bt an el et et bt ni et e i AiSe s 2l SSEL ME e SRS (A AGIE AN AL B ook St Shat Sad et B AChe dcib A MR SR AN S i S e R~
e EERRS - . -

38

Ofsplay Ex, €y,
] Vl.'tﬁy.. ’o

Ca-auto on-axis
nom us and
fance:
of3, st

eans (1.9), (1,12) p0.13.18

O

Compute
e

ean (3.15), p.73

-
’
i
-

.

'tr'uz' F(f ;!_ ’r,v. 5 |

| Cauwto on-axfis
A ory
s

7% s

uﬁm‘iﬁ-x

zulr' OU.

» ‘. - " . . Y e = - - By . - N X
LN » . . PR . St LT TR L S R R B Y LR P P S e Y - -~ . PN
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o tetfon of
- ~plane

ke

CORE lec CORE
\”./ =
gnter n,nc (ned €nter n (ned of
pites; nced pltes)
oquly core
piles)
I v (nenc)eho henetwe
Enter t!, fnoex Let t! = )
# for ply
adjacent core
o .
1." .
Riasise
zeenceno/h 280

volume frectfon of core

o e

Compute
T
1 ]
-t

- T4.3, D.124

Compute
fn-plane

conp | tence
(tnverse) => afJ

satrix favereion

.
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40

B PO TN

. s -
malal. laledase

]

=
28

A R

.i 1."_-‘

e

s
"
by

C "."E:':o' .‘A'tift.

1.

" 1oads?:
o™

Compute
‘ ‘"-’.'r.!"..ov.":.m
FOAPrA X A0

New load end THETAL

from next pege. Enter THETAL
o of 'ly !0
oxenined

1(4.2), p.121

Compute on-exis
strain
varisbies, elo

12.6, 0.93
LI - . . v
- PR Ta Tl . . .
L A IR L . St .
P W WA Tt VI WL S . e 2 P i St 3 P 2 e 2" a4 ata w
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Compute on-exis
strese
varfebles, slo

T1.8, D.14

X
stress-strein
e )

'm‘ll; PRI Rt §

oaret]
quedaretic .
~ 3
[ ] :.‘
[
o

Ofspla
'ﬂ-':lm'o .
strein, on-exle
stres sﬂn. 3

Go to previcus pege

g
S
2
e, 1;.41 BORIRY B AT

]
PR

Jro=(1-Feee3) onee)
See 75.3, 0.100

-y o
-

g

Compute ,.
140¢({ufQ,. e, V10 X
15.3, p.100 2

e I

PRI

|

bl

’

. _J q -,'- . "‘,. e
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g

'

X .
-~ ;
[

foveres 3th

'l‘z.lhn
| -m-:ll;

te

.%‘x‘m
lni'r'n.::'“ "

Eff. xiif

Eqn (5.21); pA7?

> O <N 8 Gat
« rar. .
R A AT
re 2y N
RPN .

b t SOReNte:
ol

New somgnts
(see next pege)

Compute

MEAH A

15.2, 0.178
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Cospute on-axfs
stress-strain, 2t
efo and sfo P

12.6, ».93 T1.6, D.14 '_J

™~ t’mml"! iSﬁI.H : .
L

Qe Max
ttrm-ﬂr”. [[)

.uda.'l]h.u_

WA o v
1.'.:

NS Y

POTEPINTE OT oY

e .
Otfspley '$
curvatures, v
on-axis o
stress-strain, oo
t/THETAL ’

Go to previcus bege
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Appendix B
PROGRAN CODB

L) PACESIZE &b

28 OPTION BASE

38 CLEAR @ DISP @ DISP "De you wish te have a copy of the outpst on *
40 DISP *a printer? Y/N*

e T e e
B KORTR TR SRS
e o hT Ty S e,

o

S0 INPUT AS e
40 IF UPCS (AS)="Y" THEN PRINTER IS 701 ELSE PRINTER IS {
80 PRINT @ PRINT °*COMPUTATION OF IN-PLANE AND FLEXURAL PROPERTIES OF SYMMETRIC® v
96 PRINT * LAMINATES ON THE HP-87 NICROCOMPUTER® @ PRINT @ PRINY -
100 DISP @ DISP @ DISP @ DISP “Initializatien of pregram sarishles. Standdy.* =
110 ! Initialize voriables, strings, and arrays. b
120 INTEGER 1,J,t,ti,a,nc,FLAG - s
130 REAL EX,EY mx,:s L AR S,m,cZn,cbo,cif,ch,cM,slf sof ,sbt !"1
148 REAL H,QXX OW,OXY,OSS SXX SYY,5XY,555,E40,E20, v210,Eb0 ELF, ezf,-m,m

150 REAL AXX,AYY,AXY ,Ass,m,m,cxy,nss B

168 REAL FXX,FYY,FXY,FSS,FX,FY,FXYS,6XX,6YY,0XY,068,6X, GV ,U1Q,U2Q,U3Q, UAQ, US4
170 REAL N4 ,N2,N6,M,M2,M6,k1,k2,k6,h,he,25,08,p,4,8,b,€,00,mn,5E, Ie,Re ,x B
180 REAL V1,V2,V3,VA,WiD,Vad, V3D, V4D, THETA, THETAd , DET
190 REAL exs,eye,ese,5%e,594,550,5t0,5t00D

200 REAL REPSX,REPSXP,REPSY,REPSYP REPSS,REPSSP

210 REAL RSICX,RSICXP,RSIGY,RSIGYP,RSICS,RSICSP

229 DIM A{b,6),0(6,5) ,A5(6,5) ,as(b,5),Q(6,5) , THETA(SH)

230 DIM D<6,6) ,4(b,5),D8(6,6) ,d54,8)

240 V£,V2,V3,V4,94D, V2D ,VID , V4D, FLAGSH

250 SE=6894.97543

260 FXY52-.S

Z0F0R 1= T0 &

280 FOR Jsf TO ¢

299 Q(1,2)=0 @ ACT,7)=0 @ AS(I,1)=0 @ a(],])=0 @ as(I,])=0

n DL, 0=8 @ DSCI, a8 @ d(1,1)=0 ® dst(I,])=d

30 MNEXT )

30 XTI

30 COTD 4660

340 CLEAR @ FLAGS

IS8 PRINT @ PRINT °SI -) English Units Cenversien: A pregram 'flag’ has been®

- 340 PRINT “that will key apprepriate legic te Convert each of the wlues inpst”
3 370 PRINT *netematically in SI enits by pregram READ statements. If this®

y 388 PRINT “option is selected, be sure to inpet ’he’, the laminate thiciness,®

390 PRINT *ia English wnits as well.®

A 209 PRINT @ PRINT *Now, press CONTINUE to retern to the CRT disploy of the'

‘ 418 PRINT *material selection.® @ PRINT R PRINT

; 420 PAUSE ,
i A
% v i
: ~
- uy - ‘
! v

..................
...................




.............

4
r

45

430 GJTO 66

440 PAGESIZE 24 @ CLEAR  PRINT 2 PRINT

450 PRINT *  The LANINATE pregram is designed to guickly calcelate in-plone”
460 PRINT *and flexwral strength and stiffness preperties of selected ®

478 PRINT *laninates. The pregram is interactive and prespts the vser for"
480 °RINT *all required inpst parameters. Other prompts will reqeest the eser® R
A9 PRINT “to select o skip a display of varisws medeles and complionce *
S00 PRINT "matrices as vell as effective engineering constants. MNest ether®
S10 PRINT “prempts are self explamatory.’

520 PRINT ‘!
538 PRINT "References: (a) Tsai, S.4., Hahn, H.T., ’Intreduction te Compesite® S
S40 PRINT * Materials’, TECHNOMIC Pwblishing Ce., c1780.° -]
oS0 PRINT * (b) Denaldsen, S.L., 'Revised Instructions for TI-S9°®
S40 PRINT * Conbined Card/Medule Calculetions feor In-Plase and'
570 PRINT * Flexeral Properties of Symetric Laminates’, Air®
588 PRINT * Force Systens Comnand, Jene 1982.°

S99 PRINT @ PRINT "Program written by:®

680 PRINT *LCDR D.R. Ferrell, USH®

510 PRINT *Department of Aerenavtics®

620 PRINT “Navel Pastgredate Schoel®

630 PRINT *Menterey, Califernia 93944°,°(Septesber, 1982)¢

640 DISP ,,,"Press CONTINUE®

650 PAUSE

6b0 PACESIZE 16 @ CLEAR

670 ! Set key ladels for compesite material selection display.

690 ON HEYS 1,°T300/5208° GOT0 Ci

698 ON KEY$ 2,°B(4)/S50S* GOTD C2

700 ON KEY® 3,°AS/3561° GOTO C3

710 ON KEY# 4,°SP1842° GOTO C4

728 ON KEY$ S, "XKVA9/EPOXY® £OTO C§

730 ON KEY$ 6,"User Def’d* GOTO Cb

748 0N KEYS 7,°References® GBTO 440

758 0N KEYS 8,°SI -) ENG® GOTO I8

760 KEY LADEL

770 DISP * Selection of one of the five Compesites listed below automatically®
780 DISP “reads apprepriate engineering constants and valves of compressive,’
790 ISP “tensile, and shear strengths inte varinble names for later compete-*
800 DISP *tiens. All valves are in SI wnits. If yev anticipate werking in*
810 MISP *English units, press the 'SI -) ENG’ key. If you desire to define”
- 329 DISP *a material net listed here, select 'User Def’'d’, The progran will"
P 330 DISP *then interactively request values for Ex, Ey, vsx, €5, X, X, Y,*

940 DISP *Y!, and 5. Select ‘References’ for an explanation of the program’
850 DISP *aad a listing of references.®

260 GOTO 960

876 ! Set data peiater to read approepriate data string fer constants.

889 Ci: RESTORE D1 @ GOTO R)

890 C2: RESTORE D2 # G070 RD

999 C3: RESTORE 33 # GOTO RD

940 C4: RESTORE D4 @ GOTO RD

920 CS: RESTORE S @& GOTO RD

.,. 930 | READ and DATA statements for the constants.

- 949 RD: READ COMPOSITES EX,EY,NUX,ES,X,%P,Y,YP,8
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956 IF FLAG=0 THEN GOTO {iad
950  EX=EX/SE @ EY=EY/SE @ ES=ES/SE

970 X=X/SE @ XP=XP/SE @ Y=Y/SE @ YP=YP/SE @ §=5/5E

980 GOTO 1160

999 ! DATA statements. See pages {9 and 292, ref (a).

1900 D4: DATA T300/5218,181000000000,19300000008,.28,7170000000, {S4004009¢,15000
02000,40000000,245000000,58080000

1040 D2: DATA B(4)/9505,204000000000,18500000000,,23,5570000000,1263000000,25000
20008,51000000,202000008,57000000

1028 D3: DATA AS/3504,138880000000,8960000000,.3,7400000800,1447000000, 144700000
9,51700040, 206000000, 73000000

1030 D4: DATA SP1042,38600000000,8270004084,.26,4148000000,1062008060 540000000,
31000004,118000000, 72000000

1840 DS: DATA KVA9/EPOXY,75000000008,5500004000, .34,2330000000,14004000000,275000
800,12000000,53000000,34008000

1050 C4: CLEAR

1060 PRINT "Inpst name of the naterial:®

{870 INPUT COMPOSITES

1080 PRINT 2 PRINT "Input engineering constants:®

1094 PRINT “Ex, Ey, w1, Es®

1100 INPUT EX,EY,NUX,ES

1150 PRINT USING "2(3D.3DE),.4D,30.3DE" ; EX,EY,NUX,ES

1120 PRINT @ PRINT “"Input compressive, tensile, and shear strengths:”

1430 PRINT °X, X7, Y, Y? §*

1140 IWPUT X,XP,Y,YP,S

1150 PRINT USING °S(3D.3DE)" ; X, XP,Y,YP,S

1160 CLZAR @ PRINT "Selected compesite material =) °;COMPOSITE(

1179 PRINT P PRINT @ PRINT “Inpet laminate thickness, ho (SI or ENG).*

1189 PRINT @ PRINT @ INPUT he

1190 PRINT 2 PRINT *he =";he

1208 WAIT 1009

1240 CLEAR @ DISP @ DISP *De yov vish to see a display of the engineering®

1220 DISP "constants, and the compressive, tensile, and shear contants?®

1230 D1SP ¢ W/N*

1240 INPUT ¢

1250 IF UPCS (A$)="N" THEN GOTO {420

1260 CLEAR 2 PRINT 2 PRINT “SERssysssssssssssstssasasssssssssaasssssossssasasssy
RAETEIRRITLALLRNNLLILARAL" § PRING

1270 PRINT *Engineering constants and compressive, tensjle, and shear®

1298 PRINT “constants for *;COMPOSITES

1290 PRINT

1300 PRINT USING °10X,5A,3D.3DE" ; *Ex = *,EX

1319 PRINT USING *10X,54,X,2D.3DE* ; °Ey = *,El

1329 PRINT USING °10X,54,3X,.2D" 5 "vx = * NUX

1330 PRINT USING *40X,54,2X,D.3DE® ; °Es = *,E%

1348 PRINT @ PRINT USING *11X,44,40,3DE" ; "X = * X

1350 PRINT USING *10X,54,4D.3DE* ; "X’ = *, %P

1360 PRINT USING *{1X,4A,2X,2D.3DE° ; *Y = * .Y

1370 PRINT USING *10X,54,X,3D.3DE" ; °Y’ = °. M1

1380 PRINT USING *11X,4A,2X,2D.JDE* ; *§ = *,§
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1390 PRINT @ PRINT "SEESSESSERRSERTESSRSESTBRTASASEEESEXLALTILLALIILLIALINILLNS
ISR NANRNALLey® ¢ PRINT
1408 DISP *Use the (ROLL) key to view CRT outpwt.®,,"Press CONTINUE®

1440 PAUSE

1420 CLEAR @ DISP @ DISP # DISP “Computation of on-axis medvles and complionce®
{430 DISP *terms. Standby.”

{448 M=/ (1-MUK“28(EY/EX))

1450 QXX=NSEX @ QYY=NSEY @ QXY=NENUXSEY @ QSS<E!

1440 SXX=1/EX @ SYY={/EY @ SXY=-(NMUX/EX) @ 558=4/ES

1478 ! Compute UiQ’s, the linear combinations of en-axis wedeli (Rij, ij=rys]
1480  U10={38QUX+32QYY+24QXY+42QSS)/8

1490 U20=(QXXx-QYY) /2

1580  U3Q=(QXX+QYY-Z8QXY-44QS5)/8

1510 UAQ=(QXX+QYY+68QXY-4%055)/8

1520 USQ=(QXX+QYY-25QXY+43Q55)/8

1530 | Compute en-axis A matrix fer single ply

1549 AXXQXX(She @ AYY=QYYshe @ AXY=QXY#he B ASS=QSSZhe

1550 1 Compute inversion of A matrix (aij). See page 77.

{560 DET=ASSB(AXXSAYY-AXY*2)

1570 axs=AYY$ASS/DET @ ayy=AXXSASS/DET @ m--(ﬁXYtASS/DET) @ ass=AXXBAYY/DET
1584 DISP @ DISP *De yew wish te see a display of the wn-axis Qij’s, Sij’s®

1590 DISP *Ui@’s, Aij’s, and aij’s?"

600 DISP *  Y/N*

1610 INPUT AS

1520 TF UPCS (a$)="N* THEN GOTO 1880

1630 PAGESIZE 24 @ CLEMR

1540 PRINT @ PRINT *SSSSESSSIRssssstsnsasssssssssshsssnassasssssssssasssssssssny
EERERESTRRARASRLNL” @ PRINT

1650 PRINT *On-axis Qij’s, Sij’s, Uid’s, Aij’s, and aij’s for *;CONPOSITES

1640 PRINT “(Note: ij=xys)." @ PRINI

1670 PRINT @ PRINT USING *19X,2#,3D.2DE,2X,D.ADE,6X,A" ; *( *,QXX,QXY, 4"

1580 PRINT USING *SX,18A,11X,2D.3DE,8X,A" ; ‘en-axis ﬂu = (°,QYY,""

1699 PRINT USING 't?X,A,Z?X,D.ADE' } '(',QSS

1700 PRINT

1710 PRINT USING *19X,2A,D.4DE,2X,2D,3DE,4X,A* ; * *,5XX,8XY,"0°

1720 PRINT USING °*SX,18A,11X,2D,3DE,6X,A" ; *on-axis Sij = (*,5YY,"d’

1730 PRINT USING *19X,A,27X,3D.2DE" ; *(*,588

1740 PRINT @ PRINT USING "13X,6A,2D.ADE* ; *UiQ = *,Uid

{750 PRINT USING "{3X,4A,2D.4DE® ; *U2G = *,UeQ

1760 PRINT USING *43X,5A,20,4DE* ; "U3Q = *,U3Q

1770 PRINT USING *43X,5A,2D.4DE" ; *UMQ = *,UM

1780 PRINT USING °13X,b4,2D,4DE" ; °USQ = *,USQ -
{799 PRINT @ PRINT USING *19X,24,20.3DE,2X,.5DE,6X,A" ; *( °,AXX,AXY,"0* AN
1800 PRINT USING *SX,18A,11X,D.4DE,8X,A* ; “on-uxis Aij = (*,AYY,*t" T
1810 PRINT USING *19X,A 27X,.SDE' ;M ASS

1820 PRINT @ PRINT USING *19X,2A, Zb 3DE,2X,3D. 2D, 6X,A" ; *( *,axx,axy,™"

1830 PRINT USING °*SX,18A,41X,3D.2D€,6X,A° ; “en-axis aij = (" ayy,"d*
' 1840 PRINT USING *19%,A,27X, 4D DE® ; '(‘,ass

P 1856 PRINT @ PRINT 'tuunmuuuuummuummxmummmmmm
¢ SSSARESRSSILNIBININL” | PRINT

i 1860 DISP *Use (ROLL) key to view CRT outpet.®,, "Press CONTINE®
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1870 PaUSE

1888 CLEAR @ PAGESIZE 15 @ DISP @ DISP @ DISP

1890 DISP “Competatisn of strength parameters in strain and stress space.’
£900 DISP *Standby.®

L1918 FXXs4/(XEXP) @ FYY=4/(YSYP) @ FXY=FXVSES@R (FXXSFYY) @ F55=1/5*2

1920 FX=1/%-1/%P @ FY={/Y-1/YP

1930 GXX=FXXNQXX*2+28FXYSQXXRAXY +F YYRQXY*2

1940 GYY=FXXSQXY*2+2¢FXYSOXYSQYY+FYYIRYY*2

1950 GXY=FXXEQOUSAXY+F XYS(QXXRQAYY+QXY*2) +FYYRQXYRQYY

1968 GS5=F558QS5*2

1970 GX=FXSQXX+FYSQXY

1988 GY=FXSQXY+YXQYY

1990 DISP @ DISP

2000 DISP 'De yev wish to see a display of strength parameters in stress®

2018 DISP °space, Fij, and strain space, Gij?*

2020 DISP *  Y/N®

2030 INPUT AS

2040 IF UPCS (A$)="N" THEN GOTD 2254

2850 CLEAR @ PAGESIZE 24 @ TLEAR

2060 PRINT 2 PRINT *Sssssssssisssssssssitissssassisssanassssissssasesssssasist
BAsTAREARRLLRANANALS @ PRINT

2070 PRINT *Strength parameters in stress space, Fij, and strain space, Gij."
2080 PRINT “for *;COMPOSITES;® (Note: ijsxys).” @ PRINT @ PRINT

2098 PRINT USING °{7X,24,.5D€,2X,20.3DE,6X,A" 5 " *,FXX,FXY,*¥*

2108 PRINT USING "14X,7A,14X,3D,2DE,6%,A" ; "Fij = (*,Fyy,"0*

2140 PRINT USING *17X,A,27X,3D.20E" ; *(*,F5S

2120 PRINT

2130 PRINT USING "12X,54,2D.3DE" ; *Fx = °,FfX

2140 PRINT USING *42X,SA,2D.JDE" ; "Fy = ",FY

2150 PRINT @ PRINT @ PRINT

2160 PRINT USING "17X,2A,2D,3DE,2X,2D,3DE,&X A" ; *¢ *,GXX,GXY,*0"

2170 PRINT USING °11X,7A,14X,2D.3DE,6X,A" ; *Gij = (*,8YY,"8"

2188 PRINT USING *{7X,A,27X,2D,3DE"* ; *(*,655

2196 PRINT

2200 PRINT USING "42X,5A,D.4DE® ; *6x = *,BX

2240 PRINT USING "42X,S5A,D.4DE* ; *Gy = ",GY

2220 PRINT 2 PRINT *SRRessstssmssitiss s issaansssssttsassasssisasstaseeesssseg
INRRRARALLAILRAILLAL® @ PRINT

2230 DISP “Use the (ROLL) key to view CRT qutpyt.®,,"Piess CONTINUE®

2240 PAUSE

2250 PAGESIZE 16 @ CLEAR @ PRINT

2260 PRINT 9 PRINT *RSfXssussassysssasisssssssstessissssssssassranssstsasssstsy
abidipibettiteited

A M YU M b idiinttiibabidietotesiedtotiotiosdeodinetodibotedotistodtiostie]
mesesIsesnst @ PRINT

2280 PRINT “The pregram will nws cempute in-plane and flexural properties of*
2290 PRINT “laminates specified by the user, Either CORE or NO CORE laminates'
2300 PRINT “can be specified and any number of plies defined. The user will®
2310 PRINT “note that this program takes a ’brute force’ approach by request-
2320 PRINT *ing an entry for each ply. This methed allows simpler pregram *
2338 PRINT “code, ensures fewer errors, and enhances accuracy.®
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2340 PRINT @ PRINT “SR2Srsassss s satsassss s sssssssissssassssssssssssssssssssss
nInInIInt

2750 PRINT SEssssnataseasssssRatasssraassssssasassatnsassseassssssssssasssssss
sEassenaNest® @ PRINT

2360 MINT *In-plane computations fellew..."

2370 PRINT @ PRINT *Mill the laminate contain CORE or MO CORE?'

2380 PRINT *  C/NC =) END LINE® @ PRINT @ PRINT

2/ DT M

2000 IF UPCS (A$)="C"® THEN COTD 2Sb0

2456 CLEAR @ PRINT @ PRINT “NO CORE laminate: Enter ‘n’, the total number®
2429 PRINT “of plies, ser”ace te swrfoce.’

2438 PRINT * a2 ?°

2440 THPUT n

2450 PRINT @ PRINT °n =";n # PRINT 2 PRINT

2460 h=nshe ! Thickness of N0 CORE laminate,

2470 PRINT 2 PRINT @ PRINT *NO CORE laminate thickness, h =z";h

2489 PRINT @ PRINT @ PRINT *New enter the ply srientation of each ply:"

2490 PRINT *THETA{1), THETA(2), ... , THETA(n/2)"

2500 PRINT "$38 —) FROM CENTER TO OUTER SURFACE (— 538 (IMPORTANT!)"

2540 PRINT @ PRINT 2 PRINT

2920 ti=y

2930 GOSUB THETA

2548 15=8 | Uslune fractisn of core,

2550 GOTO 2800 ‘

2568 CLEAR @ PRINT @ PRINT "CORE laminate: Enter ’n’, the tetal nember of*®
257y PRINT "laninate plies, and ’nc’, the tetal number of equivalent core®
2580 PRINT "plies that define its thickness, ssrface te syrface.’

S PRINT * e =

2600 INPUT n,nc

2649 PRINT @ PRINT "n =":n;" nc =*;nc

2620 WAIT 1000 @ h=(n+nc)she ! Thickness of CORE laminate,

2630 PRINT @ PRINT @ PRINT °CORE laminate thickness, h =*;h

2640 UAIT {000 0 CLEAR

2659 PRINT @ PRINT

2060 PRINT “Coenting evtward from the center sf the laminate, enter an *

2678 PRINT “integer nember "ti’ (t initial) thet represents the consecytive"
2689 PRINT *index number of the ply adjacent te the core, (Fer instance,®
2690 PRINT *if the core is a tetal of she thick, coent 2 equivalent ply layers"
2700 PRINT “from the center so that ti=3).*

MO PRINT * ti =

2720 INPUT 1

2730 PRINT @ PRINT @ PRINT "ti 2%;tj

2748 WALT 1000 @ PRINT

2750 PRINT 2 PRINT "New enter the ply srientation, in degrees, for each ply:®
2760 PRINT *THETA(ti), THETACti+1) ... , THETA(n/2)."

2770 PRINT °*s1x --) CENTER MOST PLY TO QUTER SURFACE PLY (-- t33 (INPORTANT)®
2780 GOSUB THETA

2798 1sencthe/h ! Yslume fraction of core,

2900 CLEAR @ DISP @ DISP @ DISP *Computatisn of in-plane preperties. Stancby.'
2818 | Computation of in-plane medules of laminates.

2020 AU, 1)=UL08(nshe) +V15U2QW28UI0

2638 A(2,2)=U1Q8(n%ho)-VisU2G+2 W]

'
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2840 A(4,2)sUM8(nkhe) V28130

2850 A4, 4)=USQR(nshe) -¥20U3Q

2850 A4, 0)=VIN0/2+VARI3Q

2870 AL2,5)=V3RU20/2-VAsU3R

2880 ! Computation of in-plane compliance of laninates (inversion of A(i,j))
2890 DET=A({,1)3A(2,2)8A(6,6)+28A(1 ,2)8A(2,6)8A¢1 ,6)-A(2,2)8A(1 ,6)*2-A(4,0) XALY,
2)*2-A(1,1)84(2,6)*2

900 (i, 1)=(A(2,2)8A(56,0)-A(2,6)2) /DET

2910 a(2,2)=(A(1,1)8A06,6) ALY, 0) ") /DET

2928 oli,2)=(Al1,b)8A(2,6)-A(1,2)8A06,0) ) /DET

2930 alb,b)=tAlL,1)3A(2,2) Al ,2)*2) /DET

2940 al1,b)=(All,2)8N(2,6)-A12,2)8AL1,b) ) /DET

2950 ad2,8)=(AlL,2)8A(1,6) -Adt, 1 )8A(2,6)) /DET

2960 ' Computatisn of nermalized in-plane nedulus and compliance

2970 FOR I=4 TO &

2980 FOR J=f 10

29 ASCT,0)=A(T, 00

R0} as(1,D)=a(l,])sh

M NEXT )

J020 NEXT ]

3030 ! Conputation of effective in-plane engineering censtants,

300 Ele=t/(a(1,1)8h) ! Longitedinal medoles

IS8 E2e=1/(e(2,2)8h) ! Transverse nedulus

3068 Ebest/(a(b,5)8h) ! Shear madeles

070 w2iex-lal{,)/a({,{)) | Peisson’s ratie

3090 DISP @ DISP @ DISP Do you vish te see a display of effective in-plane "
3098 DISP "enginesring constants, the in-plane stiffness matrix (Aij)®

3100 DISP and its inverse (aij}, and the nermalized versims of these'

3110 DISP *matrices (Aij& and ai j5)1°

20 ISP * YN

3130 1NPUT A8

I{48 IF UPCS (A$)="N" THEN GOTO 3438

3150 PACESIZE 24 @ CLEAR @ PRINT

3160 PRINT § PRINT “SSxsassatesiasasssassssssassitssanssssstsstssssaasssssssnss
FERSREARSRREARANNNNL” § PRINT

317¢ PRINT *In-plane parameters: Aij’s, aij’s, engineering constants, and®
3480 PRINT *nermalized Aij8’s and aij¥’s for °;COMPOSITES;® (Nete: ij=126)"
3190 PRINT @ PRINT

3200 PRINT USING *19X,2A,2D.3DE,2X,L1 . 4DE,2X,D.4DE" ; *( *,A(1,1),A(1,2),AC4,8)
3210 PRINT USING "4X,{74,13X,2D,30€,2X,D.40E" ; *in-plane Aij = (*,A(2,2),A(2,81

3229 PRINT USING *19%X,A,27X,D.ADE® ; °(",Al4,H)

3230 PRINT

3248 PRINT USING "19X,24,2D.3DE,2X,D.ADE,2X,D.4DE" ; *( *,alf,i),a(1,2),a(1,6)
3250 PRINT USING *4X,174,13X,2D.3DE,2X,D.ADE® ; “in-plane aij = (*,a(2,2),a(2,bl

1260 PRINT USING °49X,A,27X,D . 4DE® ; *(°,a(6,8)
3270 PRINT

3280 PRINT USING *43X,6A,D.4DE" ; *Efe = *,Ele
3299 PRINT USING "13X,54,D.40€" ; ‘E2e = *,E20
J308 PRINT USING *12X,7,.50" ; *v2lo = *,02f0
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3310 PRINT USING *43X,64,D.4DE" ; “Ebe = *,Ebe
3320 PRINT
330 PRINT USING *19X,2A,D.4DE,2X,D.4DE,2X,D.4DE" ; *C ",AS({,1),A5(1,2),AS(4,6)

T340 PRINT USING *3X,178,14X,D.40€,2X, 0. ADE® ; *in-plase Aij% = (*,M6(2,2),AS(2,
8

T3S0 PRINT USING *19%,0,27%,0.4DE" ; *(*,AS(6,6)

3350 PRI

3370 PRINT USING *49K,2A,D.4DE,2X,D.ADE,2X,D.ADE® ; *( *,as(i,1),es(4,2),a8(4,6)

3380 PRINT USING *3X,174,14X,D.ADE,2X,D. 40E° ; *in-plame aij3 = (°,18(2,2),a5(2,
)]

1390 PRINT USING °49%,A,27X,D.4DE" ; *(",as(b,$)

JA00 PRINT @ PRINT “338sBuisssssssssssssssssssssssssssssssssssssssssssssnnyisyy
SEETATENASIERANRALIN" @ PRINT

3440 DISP “Use (ROLL) key to view (RT sutput.®,,'Press CONTINC®

3420 PAUSE

3439 CLEAR @ PACESIZE 16

3440 DISP "It will now be necessary te inpet the laeds, Ni, N2, and N6.*

3450 DISP *Consider twe sptions:®

J468 DISP *  Case {a): Inpet selective snit leads to deternine”®

3479 DISP * mxinsn leading allowable.®
3480 DISP *  Case (b): Inpet actsal leading to determine strain®
3490 DISP ° invariants and strength raties,*®

3500 DISP “(The progran operates the same in either case. It is up te the *
3540 DISP “wser to interpret the eutput preperly).”®

3520 PRINT 2 PRINT @ PRINT Inpet leads Ni,N2,N&® @ PRINT @ PRINT

3530 INPUT Ni,N2,Nb

J5A0 PRINT @ PRINT °Nf =";N{;" M2 =*;N2;° Nb =";Né

3554 UAIT 1000

3560 ! Compute the in-plane strain variables, eio, 20, ebe, (T4.2, p.121)
I adesa(l,{)sNi+a(l, 2)sN2¢4a(l,6)8N6

3580 e20%a(f,2)8N1+0(2,2)8N24a(2,6) 8N

3590 ebo=a(i,b)sNi+a(2,5)M2+a(b,b)3Nb

Jo00 PRINT 2 PRINT @ PRINT @ CLEAR

3610 PRINT @ PRINT “Now, enter THETAt, the orientation of the ply"

3620 PRINT "te be examined (in degrees).®

3638 PRINT ®  THETAt = ?* @ PRINT @ PRINY

o440 1NPUT THETAM

3550 PRINT @ PRINT °*THETAt =*;THETAd

3668 WAIT 1004

3670 THETAt=THETAJSPT /180

3680 CLEAR @ DISP 2 DISP @ DISP *Competation of in-plane preperties. Standby®
3690 ! Compute the on-axis strain variable, exs, eye, eso, for the given ply.
3788 1 12,6, .53

J710  p=(etorelo) /2 B q=(efo-€20)/2 @ r=ebe/2

3720 m=COS (23THETAT) @ nn=SIN (28THETAT)

kyad] e10=n+qiansr fnn

70 eyexp-qSm-rinn

Ly, ) ese=-(288nn) +28r tan

3760 ! Compute the sn-axis stress variables, sxo, sye, sse, for the given ply,
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3770 1 T4.4, p. 14

m szezdX)XSe1e+0XYSeye

379 sys=QXYiexe+Q1YReye

3800 sse=(558es0

3810 COSUB SSSR ! Co subr te compute the stress-strain strength raties, RAR’
1820 COSUB QUAD ! Ge sebr te Conpute the quadratic stremgth raties.

3830 steslg/h @ steppsRgp/h

3949 CLEAR B PACESIZE 24 # CLEMR B PRIN)

3850 PRINT @ PRINT
SEESSEEERRRNLERALELS” & PRINT

3860 PRINT USING *10X,23A,2D,JDE* ; “ia-plene strain: efe = *,elo

3870 PRINT USING °27X,6A,D.4DE° ; “e20 = *,e20

31889 PRINT USING *27X,5A,D.4DE® ; “ebo = *,ebe

3899 PRINT ® PRINT “Fer THETAt =*;THETAd;® .... (*;COMPOSITES;®)" @ PRINT
3900 PRINT USING *20X,224,).4DE° ; *wn-axis strain: exe = °,ex0

3910 PRINT USING *36X,64,20 JDE® ; “eyo = “,ep0

3920 PRINT USING "34X,bA,D.47€" ; “ese = °,e80

3938 PRINT

3940 PRINT USING *28X,224,2D.3DE™ ; “oa-exis stress: sie = *,sze

3950 PRINT USING °34X,54,2D.30E" ; *sye = °,sye

3968 PRINT USING °3bX,44,D.4DE® ; “sse = *,580

3970 PRINT @ PRINT

3986 PRINT USING *1X,154,8X,A,11X,2A" ; °strength raties®, ™", 'R’*

399 PRINT

4000 PRINT USING *1SX,10A,4X,D.DDE,3X,D.DDE* ; “naz strain ",Re,Rep

AY40 PRINT USING *1SX,104,4X,D.DDE,3%,D.DDE® ; “maz stress °,is,Rsp

4028 PRINT USING °*{SX,104,4X,D.DDE,3X,D.DDE® ; “quadratic *,Rq,Rap

4038 PRINT

4040 PRINT USING °20X,24A,D.4DE" ; “average stresses: ste = °,ste

A0S0 PRINT USING "37X,7A,D.4DE" ; *ste’ = *,stopp

4060 PRINT USING °30X,224° ; *(=f{quadratic R & R'))*

70 PRINT @ PRINT *SESESSSERSESRESEasstsrisssassasassstssssinssassssstissaty
SERREREANATRANLLALE® @ PRINT

4080 DISP *Use (ROLL) key to view CRT owtpet.®,,"Press CONTIMUE®

4090 PAUSE

4100 CLEAR @ PAGESIZE b

4110 DISP *Ds yev wish to compute in-plane preperties for®

4129 DISP “a nev lead and THETAU?®

AL30018P * YA

MO INUT

4150 IF UPCS (AS)="N" THEN GOTO 4200

4150 DISP @ DISP “Enter new Ni,R2,Nb.'

4470 INPUT N{,N2,Nb

4180 PRINT @ PRINT @ PRINT *New lood: Ni =;Ni;° N2 =*;N2;® Nb =°;Nb
4190 WALT 1000 ¢ GOTO 3560

4200 CLEAR ¢ PRINT

4200 PRINT @ PRINT *SESSSSSESEESEESSAEasEstasasasassassssssssnsasnssasssssssss
Prriiiieiia bbtt b

4220 PRINT *SORSSSSRARSESeasnsssssssssnassssasassrsssassatassssasnssasssasssss
SEELLL88ss” @ PRINT

4230 PRINT °*The program will new compute flexvral preperties for the laninate’

.................
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4240 PRINT “defined dwring the in-plane definitions. Properties calcvlated®
4250 PRINT ®include the flexwral stiffness matrix (Dij), the flexvral compli-®
4260 PRINT “ance matrix (dij), effective flexural laninate medeli (Eif), and®
4278 PRINT “the nermalized versions of stiffness matrices (Dijs and dij8).*

4280 PRINT @ PRINT "SSESSEERSSISSRtsIsisssasaastsssssssssassusssssssissstssisd
Ledtiatioias bl i i

4290 PRINT "SESESSSESSILETRSSELILILNRLLIRELINNLLS

susnng’

4300 DISP 0 DISP ,,,*Press CONTINKE®

A310 PAUSE

4326 CLEAR @ DISP @ DISP @ DISP

4330 ISP “Computation of fleswral preperties, Standby."

4340 he=(i-15*7)0043/12

4350 | Compute flexwral medeles (15.3, p.180)

4360 D{1,1)=U1Qis Vi DUGHVZDIIN

O D2,D3U1qshs-ViDaQHVIDSUlQ

4380  D(i,2)=UMashs-V2D8U30

4399 D(5,6)=USEhs-V2DSU3Q

408 D(§,5)2U208V3D/204DITA gt
4410 IM2,6)=208V3D/2-VDRU3Q "3

420 ! Compute flezwral compliance (inverse of Di ) o
M30 DET=DAL,1)8042,2)0006,0) +230(4,2)D(2,6)8D(1,6)-D(2,2)8D(4 ,5)*2-D{6, 6)1D _"]
(1,2)42-D(1,1)8K2,6)*2 -

A0 d(1,1)=(D02,2)8D86,6)-D(2,6)*2) /DET

S8 4(2,2)3(D(4,1)8D16,6)-D4 ,6)42) DET ‘
4460 d(4,2)=(D(1,6)8D42,6)-D(4,2)8D¢6,5) ) /DET "
70 dh,0=(D(1,1)8(2,2)-D(1,2)42) /DET -
M8 d(1,6)=(D(1,2)8D(2,6)-0(2,2)80(1,6) ) /DET '
M9 612,6)s(DUS, 208001 ,6)-DM1,1)8D(2,6)) /DET ]
AS00 ! Compute nermalized versions of Dij and dij. =
4518 FOR I=4 10 6 . R

S FR I TR ]
4530 BS41,13=M1, 11842/ -7
50 ds(I,D)=a(1, IMA3/42
4550  NEXT g
4560 NEXT 1 ,
4570 ! Conpute effective flexsral laninate nedeli. s
4980 Eifs12/(h384(4,1)) =
45940 E29=(2/(h*384(2,2))
4600 =12/(h*384(6,4)> X |
-' 10 v2dfs-(d(§,2)/d(4,8)) e
: Ap20 ISP @ DISP g
- 4630 DISP *Do you wish ts see o display of flexvral nodules snd complionce® -5
3 4640 DISP “matrices (Dij and dij), effective flexwral laninate nodeli, and* >
4 4550 DISP “the nermalized versions of the nedulvs and complionce matrices?® "
460 DISP *  YAN® e
i 4470 INPUT A8 ~——
4680 IF UPCS (AS)="N" THEN GOTO 4970
; 44699 PACESIZE 24 @ CLEAR # PRINY S
- 4700 PRINT @ PRINT “SSSSESSESSSORERssssasessssssssssassanssssasesssassassasrein O
; 2588932222230 0428° @ PRINT t?-j:
‘. v
ﬁ 7
E 1
ey
AR
|
L ~
e e S R LT e e T s ]




T e TemL . w wSw LaCh anl sl TwTwT T 8 v
ald ol - B - ™, v - ~ - . W 3 Sl Bl 2 TR Ty

<.

t _'-f_
: :
::f' 54 .

4740 PRINT *Flezwrel preperties Dij, dij, effective flexvral engineering’ ’
4720 PRINT “constants, and the normalized Dij$ and dij8. (Mete: ij=126)" P
4738 PrONT '
4740 PRINT USING *19%,2A,D.ADE,2X,.SDE,2X,D.4DE" ; °( *,D(1,1),D(1,2),0(4,8) L
A7S0 PRINT USING °AX,16A,14X,D,4DE,2X,D.ADE® ; “flexvral Dij = (*,D(2,2),D(2,8) .
4760 PRINT USING *19X,A,27X,D.4DE" ; *(®,D(6,6) .
AT} PRINY i
4780 PRINT USING *19X,2A,D.ADE,2X,D.4DE,2X,D.ADE® ; °( *,d(4,1),d(1,2),4(1,) :
4790 PRINT USING “AX,16A,14X,D.40€,2X,D.4DE" ; “flexwral dij = (*,d(2,2),d(2,8i ....
4808 PRINT USING °19X,A,27X,D. ADE* ; *(*,d(6,6)

4810 PRIN

4820 PRINT USING "43X,6A,D.4DE" ; °Eif = *,EAf

AB30 PRINT USING *13X,74,D.40E" ; °E2f = *,E2f

4840 PRINT USING *12X,%4,.50" ; ‘voif = °*,e2if

4350 PRINT USING *{3X,6A,D. 40" ; °E&f = *,Eof

4860 PRINT

4870 PRINT USING "19X,24,D.4DE,2X,D.4DE,2X,D.4DE* ; *C *,DS({,1),D8(1,2),08(1,8)

18 a8

4880 PRINT USING *3X,17,14X,D.4DE,2X,D.4DE* ; *Fleswral Dij8 = (*,18(2,2),08(2,
8)

AE90 PRINT USING *19X,A,27X,D.ADE" ; *(*,D8(6,b)

4900 PRINT

4910 PRINT USING *19X,24,D.4DE,2X,D.ADE,2X,D.ADE* ; *( *,ds1,1),ds(4,2),ds(1,6)

RN
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4920 PRINT USING *3X,17A,34X,D.4DE,2X,D.4DE® ; *flexwral dij8 = (°,d4512,2),45(2,
b)

1938 PRINT USING °*19%,A,27X,D .4BE* ; *(°,ds(6,b)

4940 PRINT @ PRINT “SSSSSSELLLSLERteresisstssesessssssissesssisessssssssatsssis
LLLEARERASERALRLNS" @ PRINT

4958 DISP “Use (RILL) key to view CRT satpet.®,,“Press CONTINUE®

4980 PAISE

4970 PAGESIZE 16 @ CLEAR

4989 DISP It will new be necessary to input nements N, N2, and 46.°

4999 DISP "Comsider twe eptions.®

S086 DISP *  Case (a): Input selective unit mements to deternine the®
Set DISP * mx leading allewadle.®

5020 DISP *  Case (b): Input sctual mements to determine strenqgth raties’
SA30 ISP * and carvateres.’

Si40 DISP *(The program eperates the same in either case. It is up te the’
SOSH DISP “wser to preperly interpret the results).®

Sked PRINT @ PRINT *Input mements #i,M2,M6° @ PRINT @ PRINT

SH70 INPUT N4,H2,%

SOB9 PRINT @ PRINT *Mf =":Mi;* M2 =;¥2;* Mb =*;Mb

5098 WAIT 4000

S100 CLEAR @ PRINT @ PRINT

5i1¢ PRINT *Neu, enter the index nvmber, t, ond the orientation, THETAt,®
5120 PRINT “ef the ply ts be exanined.®

S130 PRINT * t, THETAt = 7° @ PRINT @ PRINT @ PRINT

S140 INMUT ¢, THETM

SISO PRIMT @ PRINT *t =":¢;*  THETAt =*;THETAd

S160 WATT 1084
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b, |
5170 TNETAt=THETAISPT /180
- 5180 CLEAR @ DISP @ DISP @ DISP °* Standby®
:‘! S198 ! Computation of corvatures, bi. (15.2, p.17
. S200  ki=d(i,)aMisd(1,2)8K24d(1,8) M6
o S210  k2=d(1,2)8M1+d(2,2)8M244(2,6) 0,
& S20  kbmdii,b)SMi+d(2,6)8K2¢+d(b,6) 306
A N edo=kisting ! actually eif; called ete for sebr QUAD
S240 e2e=i28t8he
S5 ebozkisttho
268 eifzeie _
2N ef=e2e ‘
5288 ebf=ebe -
5290 ! Compute of f-axis compliance for stress calculatiens,
S300  Vi=heSCOS (28THETAT)
SI0  V23he8(0S (ASTHETAL)
S320  V3shetSIN (ZSTHETAL)
. SI30  VA=hetSIN (4STHETAY) "
S 5340 ACL,1)=UQRR sV RU2QW233Q -
S350 e, 1)=A(1,1) /Mo _
N 5360 A2, 2)=U1 QBhe-V1SU20W25U30
S3I78 Q(2,2)%(2,2)/he
5 5380 Al,2)=UAQBNe-V23U3 H
N 390 Q(4,2)=A(4,2)/he N
i SaN A06,6)=U50%he-V23UI¢ 2
' 5410 0(6,6)2A(6,6) /he .
5420 Al1,5)=U20V3/21W4S31
SA30 848,6)5A(4,6) /Mo RS
4 AC2,6)=U203/ 2480 y
5459 Q2,8)30(2,6) /% L
SA60 sif=Q(1,1)8e1£4Q(1,2)8e204Q(1,6) 8ebl .
5474 $2029(1,2)8e44Q(2,2)8e2£+4Q(2,6)8ef R
5480 sbF=20(1,5)8e644Q(2,6)3e2+Q(6,5) Rebf Y

S494 ! Compute on-axis strain for R/R? calcelations.
S50 ! (12,5, 9.5D)

SSi8  p=(elavedn)/2 B q3{efo-¢20)/2 ? r3ebe/2

5520 me=(OS (2STHETAt) @ an=SIN (28THETAL)

%3 exeprqinmtring

ool eyen—qim-rian

4141 ] ese=(2898nn) +28rSm

9564 ! Compute on-axis stress for R/R? calculations,
o7t sxe=0XXsexo+{XYSeyo

5580 spe=dXYexo+§YYSeye

SN ss0205S8ese

S680 GOSUB SSSR

S640 GOSUP QUAD

5620  stex6Rq/h*2 @ steppabRgp/Hht2

5630 CLEAR @ PAGESIZE 24 @ CLEM

S540 PRINT @ PRINT *SESSEBOSSSSSTasaasssaassssRassatasssssssaasstasssansassss
saeaRsssRasRR AL ¢ PRINT

S6S8 PRINT USING *10X,16A,D.4DE* ; “cervatore, ki = ° 4
Sob0 PRINT USING "24X,5A,D.ADE° ; *%2 = *,k2
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5470 PRINT USING °21X,54,D.4DE® ; *kb = *,ké

5688 PRINT @ PRINT For t 2°;t;"and THETAt =°;THETAd @ PRINT

S690 PRINT USING "AX,22A,D.4DE° ; “flex’l strains, eif = ®,ef!

5700 PRINT USING *20X,64,D.4DE° ; “e2f = *e2f

S740 PRINT USING *20X,64,D.41E" ; ‘eof = *,¢éf

5720 RRINT

S738 PRINT USING °3X,23A,D.ADE" ; *flex’]l stresses, sif = ° sif

S740 PRINT USING *20%,6A,D.ADE° ; *s2f = *,s2f

9750 PRINT USING *20X,64,D.4DE* ; 'sbf = °,sbf

S76¢8 PRINT

S770 PRINT USING *15A,3%,A,14X,24° ; "strength raties®,"R",*R’"

S708 PRINT

S798 PRINT USING "SX,{0A,4X,D.DDE,3X,D.0DE® ; *max strain ®,Re,Rep
S880 PRINT USING °SX,104,4%,D.DDE,3X,D.DDE" ; “"max stress °,Is,Rsp
S810 PRINT USING °SX,104,4X,D.DBE,3X,D.DDE* ; *qeadratic °,Re,Rqp
5829 PRINY

SB38 PRINT USING °20X,244,D.4DE" ; ‘average stresses: ste = *,sto
SB4¢ PRINT USING °37X,74,D.4DE* ; °ste’ = ° stepp

S8S8 PRINT USING “38X, 22" ; “(=f(quadratic R & R"))*

5850 PRINT € PRINT “SESEESIEssntssssIstEisisstisasiisEsststssstassssenassssaisn
SEESSEERRSELALRLLLL® @ PRINT

S87¢ DISP "Use (ROLL) key to view CRT ostput.®,,’Press CONTINUE®

G880 PAUSE

5890 CLEAR @ PACESIZE 16 @ DISP @ DISP @ DISP

G900 DISP “De yeu wish te compute a new set of mements, N{,M2,M6, index t,”
5948 DISP "and erientation, THETAT? (NO will terminate pregram eperation).®
S0 NSt YA

5930 INUT A8

G940 IF UPCS (A$)="N® THEN GOTO 6000

5950 PRINT @ PRINT @ PRINT “Input new leads Mi,M2,M6* @ PRINT @ PRINT
S960 INPUT M N2 46

5970 PRINT @ PRINT “New nements: M =*;Mi;" M2 =%;M2;° M6 =*;M4
5780 WAIT 1000

5994 GOTO S108

5000 PRINT @ PRINT "End of progras, Thaak yes.®

4118 £

ot !

03!

6040 THETA: ! Subreutine ts enter THETA’s for calculation of Vi’s and ViD’s.
6050 FOR t=ti TO n/2+ti-4

6060  PRINT @ PRINT *  THETA(®;t;®) = 1° 2 PRINT

6070 INPUT THETAC(D)

6880 PRINT ,THETA(D)

6090  THETA(v)=THETACU)SPT /184

6100  GOSUB Vi

6110  GOSUB Vib

5120 NEXT t

6130 122tho

4140 Vi=xsV{ @ V2=xsV2 @ V3sxsV3 0 VA=rsvé

5150 122/38he*3

6360 ViDexavid @ V2DexV2D @ VIDexsV3D 9 VaDe1dV4D
6479 RETURN
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6480 ¢

9 Vi

5200 Vi=V1+C0S (23THETA(t))
o240 V23y24C0S (ASTHETA(t))
6228 U3=U3+SIN (2STHETA(Y))
2N VsYMSIN (ASTHETA(Y))
6240  RETURM

4250 ! ‘
b2680  ViD: __
n pEta3=(1-1)4) )
62890 Wd=V1D+(08 (28THETALT)) Sy

62N VDV2DHCIS (ASTHETALT) )8x ‘
3N VIbeV3DeSIN (28THETA(1) )8
83140 VAD=UAD+SIN (ASTHETA(T) )8x
632¢  RETURMN

6334 !

! k
5350 QUAD: | Treasfermation of quadratic streagth parameters in strain space .
6368 ! in meltiple angle functions. T17.6e, p.298 4
8370 mmCOS (THETAt) @ masSIN (THETAY) ;
6380 G112CXXSan*44GY Y80 44CXYE28nn 2800~ 24C55848m0" 2000" 2 P
8399 G225GXXInn® MCYYSAR* XYM 28nn* 24CSS048AR 20002 b
6409 G125CXXBan28an 4 2+CYYEAN* 2800 24CXTS (" 4+nn * 4)-CES848nn 2800 *2 |
6410 GHOCXXSan* 28an *24CTY A" 28002 2-CXTE20AN " 28na* 246358 (An* 2-nn*2)*2

6420 G15=CAX3an* J8an-CYYSnatnn*J+CXYS(mban*J-nn* 3800 ) +CS5828({ natan *3-m* 38nn)
5430 G2536XX tantnn* J-CYYSAn*I8an+CXYE(mn*I8nn-nnlna’3) +SSSEE (an* J8nn-nntnn*3) :
400 CL=CXSan*24CYSnn*2 ! 17,68, p.290 h
450 52sG)X8nn*2eGYIA0" 2 -
6460 Co=CXSaninn-GYSnntng

6470 axCi18e8042+4G228020* 242061282 { 4822045058000 242801 b8e1 08060 +288268 208040
6480 H=Ciseie+C2Be2etGblebe

6498 c=-{

6500 Ra=(-4+SQR {b*2-4%a8kc))/(2%a)

6510 Rqp=ABS ((-b-SOR (b*2-4%qsc))/(2%a))

6520 RETURN

6538 !

65448 !

6550 SSSR: ! Subrowtine te compete max stress-strain R and R’

6560 Res=5/ANS (es08ES)

6579 1F exe)d THEN Rex=)l/(exe$EX) ELSE Rex=XP/ABS (exeREX)

6588 IF eye)d THEN Rey=Y/{eyoSEY) ELSE Rey=YP/ABS (eyodEY!

6594 IF Rex{Rey THEN ResRex ELSE ResRey

INY]] IF Res(Re THEN ResRes

5640  IF exedd THEN Rex=X/ABS (exosEX) ELSE Rex=XP/{exeEX)

6620 IF eys(d THEN Rey=Y/ADS (eyoSEY) ELSE Rey=YP/(ayosEYI

5638 IF Rex{Rey THEN RepaRex ELSE Rep=Rey

6648 IF Res(Rep THEN Rep=Res

6650 Rss=S/ABS (sse)

5668 1F sxe)8 THEN Rsa=)/ste ELSE RexsXP/ABS (sx0)

6670  IF sye)® THEN ReyaY/sye ELSE Rsy=YP/ABS (syel

6694 IF Rsa<Rsy THEN Rssfsx ELSE Resisy
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5494 IF Rss(Rs THEN RssRss

A708  IF sze(f THEN ® ~x=f/ABS (sxe) ELSE Rsx=XP/sxe
o714 IF syeld THEN Rsy=Y/ABS (sye) ELSE Rsy=YP/sm
6720 IF Rsx(Rsy THEN RspsRsy ELSE RspsRsy

730 IF Rss{Rsp THEN RepsRss

6748 RETURN

6750 EMND
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