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FOREWORD

This report was prepared in the Mechanics and Surface Interactions

Branch (AFWAL/MLBM), Nonmetallic Materials Division, Materials Laboratory,

Air Force Wright Aeronautical Laboratories, Wright-Patterson AFB, Ohio.

This work was performed under Contract F33615-82-C-5001; SB5448-82-C-0086.

F This time period covered by this report was from September 1982 to

June 1983. Dr. Thierry N. Massard is a Visiting Scientist at the Materials

Laboratory, Air Force Wright Aeronautical Laboratories, Wright-Patterson

AFB, Ohio, and a Chief Engineer at the Comnissari at L' Energie Atomique,
Montrouge, France.

Dr. Won J. Park is a Senior Scientist from Universal Energy Systems,

Inc. and Professor of Mathematics and Statistics at Wright State

University.

The equations and table numbers which appear in the flow charts are

the same as in Introduction to Composite Materials, co-authored by

S. W. Tsai and H. T. Hahn, published by Technomic Publishing Company,

Westport, Connecticut, in July 1980.
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SECTION I

USER GENERAL INSTRUCTION

(1) The program language for HR-1800 Hand-Held Computer is BASIC

from the Microsoft BASIC ROM attached to the computer.

(2) The capacity of the computer is 8k RAM (model HR-1800). The
0J4

printer is optional.

(3) The program is called SYM-LAM (for symmetric laminates). The

program considers only symmetric laminates of composite materials -.
and is restricted to orthotropic materials for the buckling

calculations.
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SECTION II

CONTENTS OF THE PROGRAM

The program performs scientific operations and computations of

composite materials.

(1) In-plane stiffness of symmetric laminates and matrix conversion.

(2) Engineering constants.

(3) Normalized in-plane stiffness and matrix inversion.

'- (4) In-plane strength of symmetric laminates.

(5) Flexural stiffness of symmetric sandwich plate and matrix

inversion.

(6) Engineering flexural constants.

(7) Normalized flexural rigidity of sandwich plate and matrix

inversion.

(8) Flexural strength of sandwich plate.

(9) Buckling load and modes of a simply supported rectangular plate

subjected to two axial loads. (ORTHOTROPIC MATERIALS ONLY)

Reference: Mechanics of Composite Materials, R. M. Jones,

* MacGraw Hill
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SECTION III

PROCEDURE

1. FLOW DIAGRAM

PERIPHERIC DEVICE I FLEXURA, RIGIDITY
OUTPUT AND INVERSION

I-WINDOW DISPLAY 2-PRINTER ENGINEERING

' I C AND INSO
V y

NORMALIZED CONSTANTS1
TNPU MATRIALCREAE AAND INVERSIONCHARACTERISTICS NEW

"I y
imp (MOMENTS)

INPLANE STIFFNESS FLEXURAL
AND INVERSION STRENGTH

.NORMALIZED CONSTANTS 
INPUT LENGTH,

ENGINEERING / INPUT LOAD
)'+," "CONSTANTS RATIO

INPUT IN BUCKLINGPLANE LOAD LOAD

' '[ -. S T E N G T H ,

3
k.. ., ',. . -.- .',-4...£., . '. "" " . " ... " +.* .* . ," . , .. . . ' .'- ., ." , ''% . .' .* .*-'. . . • - - -.* .. -*.". "'...' '. '. ',

- ." *-" ." - ." " .*." "* . .. - .. ".. .- ..*, ". . "..,.. . . . .... .,..."".. .. '.,.. .".". ."... ."..."".."....""...'.."-.... .-.. ."." -" ," '
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2. KEY OPERATION PROCEDURE

Display Operation Print Out & Remarks

(RID [ can be a function key
I~E N T ER

" '[" flor f2 or f

I - LCD or 2 - printer 1 will give results on the
display window-E N T ER 2 will give results on the

printer

Material Available data (4
(m for menu)? materials) 1-T300/5208

2-ALUMINIUM
3- KEVLAR/EPOXY
4-GLASS/EPOXY

Instructions to create
new materials data

TO INPUT A NEW

MATERIAL (number

N)- TYPE THE
FOLLOWING LINE:

10*N DATA
* Ex,Ey,vxEs,t,x

X',Y, Y', S

-INCREMENT N IN

LINE 1820

Material
(m for menu)? i * only one material

E N T E R T300/5208

definition of the laminate

No. of angles tj
[E N T E R the laminate is [04/904]s

angle ? 1 N layer nearer the midplane
number of plies = ?

[E N I ANGLE 1 = 0
angle = ? Number of plies =4

number of plies = ? 1 layer on the outside

T ANGLE 2 = 90
•_ _ _ _ _ _ _Number of p lies = 4

*user' choice

4

. . . . .. .. .. . . .
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Display Operation Print Out & Remarks

Number of Core Plies? ]* The core has no mechanical

(flexural) E N T ER property. The ply thickness
is the same than the laminate
of the faces.

n. of core

In plane calculation 0* plies = 0

-Y/N? IE N T E R) IN PLANE
CONSTANTS

STIFFNESS

in MN/m

All 192.157298
A22 192.157298
A12 5.79384891
A66 14.34
A16 0

A26 0

COMPLIANCE

in m/KN

all 5.20880528
a22 5.20880528
a12 -. 157053784

a66 69.7350069
a16 0

a26 0

Engineering CST
Y/N? * ENGINEERING

CONST.

EI-o 95.991 GPa

E2-o 95.991 GPa

E6-o 7.17 GPa

v21-o .03

v12-o .03

v61-o 0

v16-o 0
..% v62-o 0

v26-o 0

'.,

%. %o.
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Display Operation Print Out & Remarks

Normalized Constants
Y/N? 0*

STIFFNESS

in GPa
A*11 96.0786488
A*22 96.0786488
A*12 2.89692445
A*66 7.17000001

A*16 0
A*26 0

COMPLIANCE
in TPa-1

a*11 10.4176106

a*22 10.4176106

a*12 -. 314107569
a*66 139.470014
a*16 0

a*26 0

IN PLANE
STRENGTH

N1 = 1 MN/m

N2 = 0 MN/m

In plane strength N6 0 MN/m

Y/N? E1l*

IE N T E R] angle 1 = 90
R+ = .746808548

NI = (MN/in)? 0* n+ = 22
Sgm+

I E N T E R) 373.404274 MPa
R-= 4.53828452
n- 2

%' N2 (MN/m)? (]. n- 2, ",."Sgm- =

E N T E R -2269.14226 MPa

N6 (MN/m)? * angle 2 = 0
R+ = 1.36378965

SE N T E n+ = 12
Sgrm+

* 681.894823 MPa
R= 2.21547827

n- 6

,"'-__Sgm- -1107.73914 MPa

-k6:-:.,,.
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Display Operation Print Out & Remarks

Flexural calculations
YIN? n

JEN TER FLEXURAL

CONSTANTS

STIFFNESS
in Nm

D11 106.918678

D22 21.1861875
D12 1.93128297
D66 4.78000001
D16 0
D26 0
- - - - - - - -

COMPLIANCE
in (Nm)-1
dl 9.36832861

d22 47.2784122
d12 - .853994778
d66 209.205021

d16 0
d26 0

Engineering CST
Y/N? II

E N E RENGINEERING
E N T RQCONST.

El-+ 160.113

GPa

E2-f 31.726 GPa
4 J E6-f 7.17 GPa

v21-f .091
v12-f .018
v61-f 0

v16-f 0
v62-f 0
v26-f 0

Normalized CSTSTFNS
Y/N? F~*in GPa

D*ii 160.378016

D*22 31.7792812
D*12 2.89692445
D*66 7.17000001

D*16 0
0*26 0

7
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Display Operation Print Out & Remarks

COMPLIANCE

in TPa-1
d*ll 6.24555241

d*22 31.5189415
d*12-.569329852
d*66 139.470014

d*16 0
d*26 0

Flexural Strength
Y/N?

IENTER i  "

M -? (MN)

M2 (MN) FLEXURAL

STRENGTH

I IIMI 1 MNM6 ? (MN) K2 0 MN
M6 = 0 MN

angle 1 90

R+

8.85874406E-04
Sgm+ = .
253.81161 MPa

R-
4.31521825E-03
Sg- -
-7222.82739 MPa .4-

2,----

angle 2 = 0
R+ =
7. 9212116E-04
Sgm+ =

1188.18174 MPa
R-
1. 13734025E-03

*:, Sgm- -
-1706.01038 MPa

8
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Display Operation Print Out & Remarks

Buckling Y/N? 0J

1ENT EI:

Length & width in m? EU'p

E N T E R] BUCKLING
ED dim. of the plate

(1, w, t) is
T (1, .1, 2E-03)

load ratio
Load N1, N2 in MN/m? ED (N2/Nl) is 0

E N TE RI critical load
.133719444 MN/m

:-[ oMN/m
F ENT E R mode 5,1

--3

Load ratio is N2/Nl. The

dimension of the plate is:
length, width, thickness.
The buckling mode is given
by mode i, j where i is
the mode in length and j
is the mode in width.

In plane calculations. -.
Y/N? The program restart to the

first question. To study
an other laminate
strike key Cl (break)
and F3 (RUN)

.-.

<,..

.. ,
99

"--""-..
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3. MEMORY CONTENT

DESCRIPTION VERSION DESCRIPTION VERSION DESCRIPTION VERSION
__1_ _-T- Ott_1 . __T-27 - 12 3

A E KB calculation A(6) v 61

4 .,

"114::o f
B E KC A(7) vo16 V16

KD A(8) vo62 V62

Es KE A(9) vo26 V26

control

Eh0TT variable B(l) N'

scale (10a)F m=(l-v y)-I XX factor B(2) N-

I control P X B(3) +
variable

J Q X' B(4) -

N R Y T(l) F
xx

Z S Y' T(2) FX

CO cosine 0 T(3)
,_T(3)___ 

Fyy
-s - calculation

SI sine U variable T(4) Fy

variable for f
TR trigonometric A(l) ET(5) F4. T(5)__ __ _ _ - - - - __ _ _ _ _I IF Iss

TY calculations A(2) E2  E2f T(6) F
- - --. - -xy

TX A(3) EO E6f6. 6 T(7) Gx

TF A(4) vl2 'vf2  T(8) Gyy

constants for
. trigonometric A(5) 21 0 f T(9) G

.4 ... . -' -- . ... - - - - - lii-

KA -~- A( 2 2 ()G:
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DESCRIPTION VERSION ' DESCRIPTION VERSION DESCRIPTION VERSION

1 _2 3 1_12_1 23 123
invariants

WI Gss B$(6) "26" V(1) of the Gij
tensor

W2 G B$(9) "El-" V(2)X

W3 G B$(1O) "E2-" V(3)
y

El 1 B$(11) "E6-" V(4)

E2 £2 B$(12) "v21-" V(5)

E6 £ 6  B$(13) "v12-"

V(1) A . D . B$(14) "% 61-"

angle of
Y(1) each ply B$(15) "v16-"

number of

Z(1) lies for B$(16) "v62-"
ach angle

calculations

vX() ariable B$(7) "v26-"

A$(1) ="stiffness" varapb

A$(2) ="complianc4' G$ "Y", "N"

invariants
B$(1) ="11" U(1) of the Q.

tensor

B$(2) "22" U(2)

B$(3) "12" U(3)

B$(4) "66" U(4)

B$(5) "16" U(5)

%[ - .,% ... *.. *, ., .. . ..... , ......... . .............. ,.... .............
* * *,**,*',*.*".**, -'" '" . -' ." . *,' . -" "" -, ,"". . , .".. 

-
, .'", ' ' "
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4. SAMPLE PROBLEMS

C-i T300/5208 [01/901/±451]

4 core plies

N, = I MN/m N2 = N6 =0

M1 = IN M2  M6 = 0

C-2 T300/5208 [0 4/90 4 s

no core

N1 = 1 MN/m N2 = N6 =0

M1 = 0, M2 = IN, M = 0

M, =IN, M = 0 M6 = 0' M, lMN, M 2 0' M6 =0

* C-3 Kevlar/Epoxy Sandwich [±304] s

10 core ply

N1 = I MN/m N 2 = N6 = 0

M 1 MN M=M 0
2 = 2 = M6 = 0

-... 1

alb 
'

*,'%***° . *

* > . . . , , - - , ; - . - . , . . . . - . ., ., . - / . . * . - . : . , . . . . . . . . - . . . - . .. -- . - .: . . . - . ; , . - -- - -- -: .: .: -;
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SAMPLE PROBLEM C-i

I -T3@/5208 STIFFNESS
Z. -ALUNINIU im GPc ,.egg* 4= *
3 -KEVLAR/EP A.111 76.3682178 R-= .38297431,
4 -CLASS/EPX o*22 76.3682176 nria 14

A12 22.6873556 Sit-Z 5B2. 7431
-. A166 26.8804311 "Po

6T30/528 A16 0 R- .566515812
*.uem.n..,u A1111126 1 -- = 14

.__'. ,NG, E I a 0 'go- z

numoer of Plies -566.515812 mPg
" 3NPLIANCE

Sf..H l ~n,;n TPe- 1"EXURAL
AHNGLE 2 a 90 iall 14.3521976 CONSTANTS
runoer of Plies 2522 14.3521976
= .012-4.2486946 S;:FFNESS

m@66 37.2017943 ;n "a
ANGLE 3 - 45 116 6 D1: 52.9323284
numoer of Ptets .m26 S D22 43.5553373
S•12 9.49191925

366 ::.9845457
ANGLE 4 a-45 1N PLAE D16 1.07446269
nmoer of Plies STREEN h D26 :. 7446273

n. of core "I= ! RN/v
Fi ,es= 4 24 0 KN/ COMPLIANCE

06 : N/0 ;r Ns)-!
IN PLANE ====I" I i11 19.716!24
CONSTANTS Ingle I-45 022 23.9927143

R+a .347657121 d12-A.21341993
STIFFNESS re. 24 o66 34.,293669
ill IN4 81+z 016-2. .66;#?447
Ail 76.3682178 S47.657121 "P-
422 '6.3662176 R-a .677583674
Ai2 22.6873556 n- = 10 E,4G;NEERING

". Ai6 26.8804311 SIR- a nsST.
A16 0 -677.583674 NPi
A26 zzz 2 E:- 76.075 GF
-- anile 2m 45 E1-: 6 2.142 GF:

R+ .347657122 E6-i 17.829 GFq
COMPLIANCE n'= 24 v21-, .213
-";n akN SIm = v12-4 .175
ail 14.3!2t;'76 347.657122 RP. v61 -.11
.22 14.3.2:976 R-= .677583674 v16-4-.026
.12-4.24869459 ft- a le '62-f-. 116
a66 37.2017643 SIR- * v26-f-.033
6 .--77.593673 RP

&26 6 0a
anye 3 90 STIFFNESS

E14GINEERING .= 276743756 0, GhP
* . CGNST. n+= 30 3s11 79.3984926

*Si4+2 D1122 65.3330059
11-o 69.675 GPe 276.743756 NP. Dm12 14.2378774
-2-o 69.675 GPe R-- 1.31149767 Dm66 17.9768185

.6-o 26.89 GPe P- a 6 Dm16 2.5116493
v2!-o .2% SIl- a Dm26 2.5116941
vZ2-o .296 -131:..49767 RP-
v61-o 0
v16-o 0
v62-o 0

v26-o 0

13" in
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SAMPLE PROBLEM C-i (Cont'd)

COMPLIANCE iUCKL:NG
inl TPa-1 die. of too
Ill 13.144826 ptte(Ibs,t) I
1122 15.9091429 .1 ZE-03

.0 512-2.808946b2 Ioa ratio
i66 56.0862446 'N2/h1) is 0
.'u16-1.44404%4 :rtic, ioao:
-'26-1.94151725 .25299111! Nm/I

FLEXURAL Noce 5 , L
STRENGTH
MIX 1, RN

146a 0 0N

Wnhle 1=-45

4. '2495439E-04

618.743159 NPa

g.4267567SE-04
396- =
-1264.61352 MPe

,l j :z::3, 2

I' i 2= 45

3. 24269165E-4

486~.390249 ffPm

7.4321028E-04

-1114.81542 NP.
-~3 zum

anfl3,e 39

2.288291 12E-04
SIR+=

343.243669 W~e
Si-.

.- '.. 1.16682481E-43

-1750.23723 NPa
eaPIz 4x 8

,...]. :i--=-= ,

607.437591 flP
-. - 4.5;58315E-04

-85.587474 MPs

14

.. . .. . . ....... . . . . . .. .-
• ...... ,. ..-... ,., .... ,. - ..... . ,. .,_ ., . ., -.. ., ;. .*,qW,9
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SAMPLE PROBLEM C-2

I -T3@0/5208 :30PLA:NCE E GNEERING

a -ALUNIIUN ;n ?P-I CZNST.
3 -iEVIAR/EP ie,.i
4 -G6"aSS/EPX ftf;2 le.4:7 : 0 El-V 160-113

c~il-. 34:13569GF,7
e,66 .3. 791 E2-1 31.726 CFr [

O.E;6 E-~~ .17 GPa
-

,e/28 .26B- .111

* .....*.2 -*a .---

ANGLE = i -L#E
.TRE;GTH 2 6

a i 90 N:= i
numuer o f Plies N6= a ON,/% STiZZ4ESS

: 4 ...... 1 ==== -=z GP .

r. iN :,'s ag !12 2.996925

SSTIFFH33 R-= 4.53828452 t126 0
'i r- =

-:.. " 8 22t9. 14226 M C ..- NCE
SAE 1 . 298 n 2 TP-I!

--: T,939489! nhi, 2" @ .22 3.5341[

A~ 0 3 111 6.24555241
. 4.;4 R+= :.36371965 1022 3.5139415

i A2 m-= m6 '3G714

C -gs E83.?.422 -u 014--O-PL .E -- = !.:4782 26 @

---------

ail .20Q011S-;0'7.73914 "Fia
',4 eC22 5.208S8528

FLEXURAL I:Z:-036 "Nt
=.66 65.7-9069 CCNSTANTS flh @ MN

m:.,a2 @STIFFF4ESS IO 1= 90

Tin4v R+= 318.18e797
:06.918678 a~e-= 72 7

' CSNST. 12 21.1861875 "

E:- 95.991 ; D.2 1.93123297 R-= 55'.829356
*E2- 95.99: P 05 .g6eelsm- =E2-s ; 99 P a _-;!544036 nPa

E -. '.!7 GPa -25=4836 -
"t-.- v21-- *3 D2= a

via-': .33 R- E2.978661
p COMPLIANCE S -= 124317992

vj6-: 0 in ( l)-i Mpa
v62-: P .363 - 32.682322

d22 47.27344L Sim-a

------- d 12_.953904"8 -7?92423! '9Pa

T d66 29.2582:

6 .n Ch . sui~_
A.:: ?6.0786488 2 =I= 'N

A )22 )6.0736489 . .= 0 "'

Fist*. 2.3969z45 i:= 8 "N

i.

-S-

.--
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SAMPLE PROBLEM C-2 (Cont d)

8..3S74406E-04

7 . Z .4

STZE.:G74 iQ

4.MN

anl2= 0
16= 7.IZ::

C- *q+

4-..

dim .,# !.n

.1~i 2E-8
loa "2.a:

cr3tcal joac:

0 till/st

mode 5

16....



1a97 . 7- - .5a a .
- . . -a.- - - -

0.
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SAMPLE PROBLEM C-3
-" -: 88 ' 5288 COMPLIANCE E?4GINE.R1NG
--LUMIIUM , Tp-[ C3NST.
S- E'LARiEP .l 48.7712879

- --L$S/EPX "22 8.98603 E!-' c949 lPe
!- EP 2.la-58.5970007 E-1 4.5'7 8  P.

1#66 5.453584 Ei.. :!.';3 GPa
S-NLE 0 = iml6 8 V2- :.,4
riOer of P it s v 1 .-

V6:-.217

2N'LE =-30 IN 0Lv4E v62--i - @I

,.rmor 0' p ies STRENGTH V26--"-.025

". ) sore t1 N
.. / STIF:4ESS

C T ngle 1=-3@ .22 .56875.392
R-  .259398912 -,12 12..'319U9

-TI:7 ESS 4= 6 $ '.. 2.6583173
7+i6 5.27398345

Ci ? 1. 7729415 IZ. :99456 MPa 26 1.82848737
-70.6841775 R- = .9@@191266

A 23g77564 r- = , 1D7t6c

--. ',3,6 @ -45.095633 mp -:- a;.. *:

ji!" 50.6433316 Fioe(I ,. . I
- - - - - - enue 2= 30 iI- 28.38652 .1 4.5E-e.

R+- .25839891 IC1.453 I88'd t

C'0'-" 4 :ANTE 1*t6 83.6,4834 (r42 ,M_
i, ,. 1 ,-:'.9674482 r,'4 " Ic od
-9: .396 12.:99 E6-1. a51589 108 2.08P3!5T Mi4'
... 543012 R-= .@9?0191266

17-. 298503 F- = :7 FLE"U RAL ,cd5

2.72E92 am- =G7
-45.A095633 MPa r:= " IN

FLEXURAL
EDr,. >EE!: NG C3NSTANTS .

.S' NESS

.pJE:-c 24.52' P in Nag 0~-3
E'-o :5.52- GPa InI 238.721254

p.. E o :5.4"3 GPa E22 i5.8689752 125'.8@163 'PC
v:':-o .437 D12 93.5179382 k

ov'-o .32 D66 96.1248974 1. 943743E-04

v- -** B16 40.0493119 S M
v-o 9 8 D26 13.824326 -'.37779 P(

COMPLIANCE
.1 ( m - ; 3 . 48 95 8 9 E -0 4

ST[FFNESS dlJ 6.6690807 Sgqv=
;rGq 2 28.7683163 m p13

A#11 45.S894708 d12-9.27984@33
A22 :8.3428887 d66 11.8438826 1. "':"E-84
W.,2 !4.8' 37782 d16-1.44427301 Sg - =
""66 :.2789622 d26-.270617426 -40. 720179 MPa

17

%.. . . . .............. . .. ... .... .... .',,.,.. " .
* ".r

"
. t % " '-% ""% .'' " '* '' '= ". . -- % "" ""I """

°
"=" '

°
""" " "

•
" ''' -''. *.*" 

•
% %



AFWAL-TR-83-4093

4. PROGRAM LISTING

The program, when running, utilizes the whole 8k RAM (1117 bytes

free before running, only two bytes free when running).

The program has two subroutines to perform trigonometric functions

(SINE & COSINE). This part could be skipped by using the scientific

ROM which could be attached on the hand-held computer. This ROM was

not available at the time when we made the program.

The program can be saved on a programmable external memory, to

transfer the software on other computers. No cassette or disc interface

is built in the hand-held computers.

*118

* P.

..

Io

. 4-.- .4

,.-4 .- . . t- - .
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PROGRAM LISTING

-AC '3 TO :848 GOTO :900 119 50

-- :~Leee 9q:
2-r dtr' -=5rFE THEN Ppki

3~ *"COMPL

.4 3:e 292:I "PIJ) 30T

F=Iz Fw -C'RB/9) of P;ies

. ~~ ~6" .3!=FSC§B:X4SD 38':N

'E 15 vZI- .J::'1130~2-2 plies

22 2 8 X4I)/8 - I

~> .='~1~.Z. 2 ~9'3:NPUT

!H DATA 3':-?3 P ,
T ?Oe5208>:.3: 1x!

E3-0xlEX22f37*23' :sr

344 T,,P'-

3,3E...2.3 L35 .- P' a

-EX)/ :a=~~' -Uit

3, SZE3,..:4. 2. E%6@ T6=0;SQR-. -

-2.2E-1..1400 T? 0r!)

408 DA 7=7101A2*29T6 *-.:*E: 'i !
CLFSS/EX",38. EINX3+T3§X3A2 34--

6E2,8.27E2..26, 2?s8e' -70P --R =:
4.:4E3,.:23E-3, TS=Tl§X3A2+2§T6 - I= Ifv
10': 1 -: 1'cBI 8 EX3fx2+T2EX2A2 t N.~E

248

rfenu--GS ox3vx2
128 RES7OPE Z~
:Cop 1=1 TO :=m42wz 'BE 3 98

E..ED :4:T46X3:w3=T 3 2 4'3
ES",':4EXT I 2I%.34*~X2 3VO3 13sUp

19S I29 4= VAL 24:0 8@:Q4

CS="%"T4EN 4=4 I2.t)8V
!325 P 1=: 3W pop' *-

v 4~ sT7- T)-EN .

FR14~T VlzYT*'-2*T9. -TT wYX*ANE.'

19 S !s E.,. ::IF 293e :)p I=s!.4?.

G010 1956 2948 :4P-jT -P0P'-

19

%.......................................
%.. .-.. S . . . . . . . *
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PROGRAM LISTING (Cont'd)

I, : E-6 :PE*u3

D RINT 3 =U4---4*U3 gtr

-BINf X'4)=U5-C4§U3 GS fQ

:T SEXT *lJ 3
54A@ ;OSUB 6)i6'S2*U2J ,'-54 PLA~NE

F ;S=". I3;.TR.,

5300 SOSUE 6 2-VSU
i A2@8:GOTO

5993 ?209

ZW" :PU 1:4@@;o :=I:

C-73UBSU 497@iu~vD

3=!c8:NPLIT IL
'-1~~~4p 3-~'1X . O

~.JSUB 1/:T

c 05% EXT :4@0:~?8 ou

6*5 U8:E~P S0: E~'Y
UP~~~~ 482:2:P

Up -82:~r E WEIRI

:.2',=(Q2UPv 5 31 @ 4~

:.>: * .~ **** 230* : G0SUB: -i..:: I:. ,ikV ')2 l .
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PROGRAM LISTING (Cont'd)
:5686 :6900 PRINT

C:=JI'-C2'V24C4u zs. 38GOU K*ttN
J3 N~E"T

:5656 38 I&4P1JT -:.; T

.z=4-C,4*V3 3VG:SF 'i H
* :!'56EXUPAL :,100 G.3SUB '

G4v5-C4wV? 2NOSTAHTS" !M5:PRINT P

7 '400 GOZ(8) ~ EXUR ---
G S:8 23~: a E4r I

- r-2770 FOR 1=i Its=" %VN*=': Q. 14~~.-.
-- -; - - OE76 SUB :380988O 1

w 2

4A@5 6 ; z :;j

2*1e2&Gme* FOR jl=! EI-nI
6-.6E2.E6) pII+

j , = j') I*.'CB 14200 ~ E7QEP
.' 7:NEI+J2uE2+j I~ NEXT J: SEXT

* 3'E6 ":W=X(ue) E:=E1*A(1i:E2:- * *
:628800)E=6. ~.--
(33B4*A~ )2A QPmI

5 39 a@ G$=" T r4EH 310 1APUT p~~4
~2' -;C SUB 3800 "3UCK!:4G (T'...u
(?00~2~ 98 GOSUB - -$: IF

(.z -E P1/ . -TO9 7 340@

INT @ 8GOTO 34i
i@@@@8 rOSUB . C

:647 30S'J 380 * B lCKL1. ": 7 T T Er :
3+-Q1 *X(!@):B 96 Y= _+E 3 3 N E

(~ R'X( 6) 1 :9)21x(6)48140~ :NPUT
16528 PRINT 3ISB16 & tt

eng. "-)A~D N1rNZ n
: 65,3 PRINT const."IGS:Z$= '~''

*z;H~v() ' 4025 PRINT (T --P. -TK-4wi
:-6550 PRINT 299 IF C*.:dim. of tie =;I

:5i@ IF A(1)(1 OSUV 4976eBC2U7U.bc TR 1 ?T
-4E4 16650 '36668 INPUT I1 rato 0 wz 4
166 PRINT nr.'L!8

16650 PRINT T1 !:POP j=1 T ~'-
~~S~m~~~I(3)z D=(uN1:~ I., 1./A?4~j

~P2 3:X=1E-3:US="G __0,1~.* 30
1'791R PRINT p- 95

.6 1736 IF 4'I)(1 12300:GOSUB -3) - ?*,4w. &>T 524 WEiu~
"~EN1686 ,~' ~2~':).3 .1000 IF Z=1

167150 PRINT 8500 10-)"4 *IfN RETURN
(B'1-N :T :S Th5 PRINT

3:. Xx1E6:USz'TP
a-,'I _"* ETORIN

21
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SECTION IV

CONCLUSIONS

S'. The description and the instructions for the use of the Panasonic

HR-1800 Hand-Held Computer, the calculations of the stiffness and strength

of symmetric laminates, are presented in this report. This package has

been made very easy to use and requires no previous knowledge. Instant

calculations can be made for practical use.

.,-
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