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3 NOTICE

0

When Government drawings, specifications, or other data are used for »
any purpose other than in connection with a definitely related Government

1’

20N procurement operation, the United States Government thereby incurs no

A responsibility nor any obligation whatsoever; and the fact that the

s Government may have formulated, furnished, or in any way supplied the said

-1 drawings, specifications, or other data, is not to be regarded by implication -
; or otherwise as in any manner licensing the holder or any other person or )

o corporation, or conveying any rights or permission to manufacture, use, or .

= sell any patented invention that may in any way be related thereto. )

L .

< This report has been reviewed by the Office of Public Affairs (ASD/PA) T

b and is releasable to the National Technical Information Service (NTIS).

L At NTIS, it will be available to the general public, including foreign ‘

N nations. T

T This technical report has been reviewed and is approved for publication. -

~" -, .~
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fos S.W. TSAI, Project Engineer & Chief :
o Mechanics and Surface Interaction: Branch =
{ Nonmetallic Materials Division
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o F. D. CHERRY, Chief
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- Nonmetallic Mater1a1s v1s1on

e ]
Zg: "If your address has changed, if you wish to be removed from our mailing list, Ny
:Z} or if the addressee is no longer employed by your organization please notify =
- AFWAL /MLBM , W-PAFB, Ohio 45433 to help us maintain a current mailing S
NN Tist. %
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e Copies of this report should not be returned unless return is required by

o security considerations, contractual obligations, or notice on a specific

document.
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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.

This time period covered by this report was from September 1982 to e
June 1983. Dr. Thierry N. Massard is a Visiting Scientist at the Materials ;
Laboratory, Air Force Wright Aercnautical Laboratories, Wright-Patterson
AFB, Ohio, and a Chief Engineer at the Commissari at L' Energie Atomique,

-
N
Montrouge, France. N
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, i}
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
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
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NORMALIZED CONSTANTS

ENGINEERING

CONSTANTS

D <= -
O N -
Y

PLANE LOAD

INPUT IN

/

IN PLANE
STRENGTH

altat

—

—,

PROCEDURE
1. FLOW DIAGRAM
y$<P—
PERIPHERIC DEVICE FLEXURAI., RIGIDITY
QUTPUT AND INVERSION
M
— Fo—
Y
1-WINDOW DISPLA 2-PRINTER ENGINEERING
W DISPLAY R CONSTANTS
sy el ? 11
el l Y
NORMALIZED CONSTANTS
TNPUT MATERIAL | CREATE A AND INVERSION
CHARACTERISTICS NEW _—
MATERIAL N
ff— ?
b
[ INPUT LAMINATES [ [ INPUT LOAD ]
CHARACTERISTICS (MOMENTS)
T
() .
Y
INPLANE STIFFNESS FLEXURAL
A AND INVERSION STRENGTH
Y

[

INPUT LENGTH,
WIDTH

/

INPUT
A RATIO

LOAD

BUCKLING
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2. KEY OPERATION PROCEDURE

DA AN S A A A A

Display

Operation

Print Out & Remarks

1 - LCD or 2 - printer

Material
(m for menu)?

Material
(m for menu)?

No. of angles

angle = ?
number of plies = ?
angle = ?
number of plies = ?

ROM

] *

ENTER

can be a function key

f] or f2 or f3

1 will give results on the
display window

2 will give results on the
printer

Available data (4
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,vx,Es,t,x
X',¥, ¥', S

- INCREMENT N IN
LINE 1820

the laminate can use
only one material

T300/5208

definition of the laminate

the laminate is [04/904]s

layer nearer the midplane
[ 2222222222222 ]
ANGLE 1 = 0
Number of plies =4
layer on the outside
(2223223222222 22
ANGLE 2 = 90
Number of plies = 4

PSPy

*user' choice

Te s I RPRCTNEFI 3
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Display

Operation

Print Out & Remarks

Number of Core Plies?
(flexural)

In plane calculation

~Y/N?

Engineering CST
Y/N?

E]*

ENTER

Bﬂ*

The core has no mechanical
property. The ply thickness
is the same than the laminate
of the faces.

n. of core

plies = 0

IN PLANE
CONSTANTS

STIFFNESS

in MN/m
All 192.157298
A22 192.157298
Al2 5.79384891
A66 14.34
Ale O

COMPLIANCE

in m/KN

all 5.20880528
a22 5.20880528
al2 -.157053784
a66 69.7350069
alé O

a6 o0

ENGINEERING
CONST.

El-o 95.991 GPa
E2-0 95.991 GPa
E6-0 7.17 GPa
v2l-o .03

vli2-o .03

v6l-o
v16-o
v62-0
v26-0

(ol e e No)
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Display

Operation

Print Out & Remarks

Normalized Constants
Y/N?

In plane strength
Y/N?

N1 = (MN/m)?
N2 = (MN/m)?
N6 = (MN/m)?

s

STIFFNESS

in GPa

A*11l 96.0786488
A*22 96.0786488
A*12 2.89692445
A*66 7.17000001
A*l6 O

A*26 O

COMPLIANCE

in TrPa-1

a*ll 10.4176106
a*22 10.4176106
a*l2 -.314107569
a*66 139.470014
ar*leé o

a*26 o0

IN PLANE
STRENGTH

- —— - — -

angle 1 = 90

R+ = ,746808548
n+ = 22

Sgm+ =
373.404274 MPa
R- 4.53828452
n- = 2

Sgm- =
~-2269.14226 MPa

angle 2 = 0

R+ = 1.36378965
n+ = 12

Sgm+ =
681.894823 MPa
R- = 2.21547827
n- = 6

Sgm- = -1107.73914 Mpa

[

NPy, SN

.
-
.
«
~
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Display

Operation

Print Out & Remarks

Flexural calculations

Y/N?

Engineering CST
Y/N?

Normalized CST
Y/N?

II*-

ENTER

ll*-

ENTER

FLEXURAL
CONSTANTS

STIFFNESS

in Nm

D11 106.918678
D22 21.1861875
D12 1.93128297
D66 4.78000001
Dle O

D26 O
COMPLIANCE

in (Nm)-1
dll 9.36832861
d22 47.2784122
dl2 -.853994778
de6 209.205021
dle o
d2e O

ENGINEERING
CONST.

El-+ 160.113
GPa

E2-f 31.726 GPa
E6~-f 7.17 GPa
v21-f .091

vl2-f .018

v6l-f
v1e-f
ve2-f
v26-£f

[eNelNe

[&]

STIFFNESS

in GPa

D*11 160.378016
D*22 31.7792812
D*12 2.89692445
D*66 7.17000001
D*16 ©

D*26 O

-
By
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Display Operation Print Out & Remarks
i
- COMPLIANCE
! in TrPa-1l
. d*11 6.24555241
d*22 31.5189415
‘ d*12-.569329852
3 d*66 139.470014
5 d*16 0
! d*26 0
Flexural Strength
) Y/N? [¥)
. ENTER
»
. M1 = ? (MN)
-
2 M2 = 7 (MN) FLEXURAL
3 STRENGTH
> M6 = ? (MN) M1 = 1 MN
M2 = 0 MN
: M6 = O MN
N
» gl Rt
>, angle 1 = 90
R+ =
. 8.85874406E~04
e Sgm+ =
N 253.81161 MPa
N R- =
" 4.31521825E~03
Sgm~ =
-7222.82739 MPa
oo 2 oo
angle 2 = 0
R+ =
. 7.9212116E-04
N : ng+ = X
y 1188.18174 MPa A
P R- = :_.‘
J ‘.-
- 1.13734025E~03 o
3 Sgm- = P
-1706.01038 MPa 5_!
- :.-
A ™~
5 e
< 8 1.
D" . w . ‘-\‘v- '
o ettt e e e T B - RS S o~ e ‘
[ ..-’ O = \-.\ .‘-...-. 'h'.“. .. UG . . < .

------




.133719444 MN/m

P W P T P T T T W Vs ¢ (Ta¥ e Pt T L S B B A AL T
2
) .
» AFWAL-TR-83-4093
23
Display Operation Print Out & Remarks
Buckling Y/N? K|
Length & width in m? D =
ENTER BUCKLING b
dim. of the plate
[m (1, w, t) is -
(1, .1, 2E-03) ;
. load ratio By
Load N1, N2 in MN/m? m (N2/N1) is O 3
ENTER critical load N
@

0 MN/m

E N T E R mode 5,1 _.»
i
Load ratio is N2/N1. The x
dimension of the plate is: "
length, width, thickness. -~

The buckling mode is given N
by mode i1, 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 A

first question. To study =
an other laminate =
strike key Cl1 (break) Y
and F3 (RUN) -

. - avamt v e w
. e Te
. o« e

». .

e m ot s e W B TP IV T SR B R e B P N T I TR PR AL R W PR S )
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3. MEMORY CONTENT

!€%) DESCRIPTION {VERSION 'ng DESCRIPTION JVERSION 4@; DESCRIPTIONJVERSION
% 23] = 11213] % 1123
o f
A E KB | calculation A(6) Vel *Ve1
X
0 f
; E KC A7) | Vg ie
y
0 f
¢ Vx KD A(8) | vg2+v62
0 f
control .
E hO TT | variable B(1) N
scale (10%) )
Folm=(1-v v )! XX | factor B(2) | N
Xy
I | control P X B(3) | o
variable
J " Q X' B(4) | o
N 1t
R Y T | F,
Z " S Y’ T(2) | F
X
CO | cosine © T S F
T(3) vy
st ine § calculation
sine i
U |} variable T(4) Fy
variable for 0 f
TR |trigonometrig A1) E] ’ E] T(5) Fss
)
E, , E,f
TY |calculations A(2) 172 * 2 T(6) Fry
TX M) €D, £ T(7)
Xy
0 f
constants for ¢
3 I3 o
ka |trigonometrig A(5) Va1 sV T(9) ny
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= :::
X [ 3
2 @ﬁ'%}, DESCRIPTION {VERSION A’%OQ DESCRIPTION[VERSION A{z"q? DESCRIPTION JVERSION
. 1 71 ) 1 P2 FY 1213 -
invariants :.\ '
- Wl GSS B$(6) "26" V(1) lof the G, L
- tensor -
3.' ' " _.‘:
<+ W2 Gx 83(9) 'E]' V(Z) 1] A
[
w | s B$(10) | "E2-" vy | S
s El 3 B$(11) | "E6-" vy |
E2 €5 B$(12) | "v21- V(5) " _\.
£6 £ B$(13)] "via-" e
6 E :
> n a0 B5(14) | "v61-"
\ . o . = - \'-
> v( ij Dij | ¥
> angle of ] ] -._-{
~ Y(I) |each ply B$(15) | "vie- .
v humber of . . e
. (1) plies for B$(16) | "v62- o
- bach angle o
- ralculations . . ..';
- X(1) variable B$(17) | "v26- ]
K tput
R A$(1) E"stiffness" % ::r[;:ble :
% &
'J A$(2) E"compliancé G$ tyn, YN !_
invariants \-
B$(1) "1 U(1) Jof the Qi‘ e
tensor NS
B$(2) | "22" u(2) " %
i@
; B$(3) nyon U(3) " :..:
- ::-
8(4) | "66" u(4) " 2
:; 83(5) "]6" U(s) n :::::
.. -. -
‘ -I
08 i’
‘ ‘..
n »

% ,_;. i
':f:fn.’f A
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4. SAMPLE PROBLEMS

c-1 T300/5208  [0,/90,/+45,]_

4 core plies

=
[}

1 MN/m N2 = N6 =0

=
"

) IN M2 = M6 =0

c-2  T300/5208  [0,/90,]

no core
N1 =1 MN/m N2 = N6 =0
M1 =0, M2 = 1N, M6 =0
M. = 1N, M2 =0 M =0, M =1MN, M

6

C-3 Kevlar/Epoxy Sandwich [¢304JS

10 core ply

=
n

1 MN/m N2 =N =20

M2 =1 MN M2 = M6 =0

Adhdod
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-T300/5208
-ALUNINIUN
-KEVLAR/EP
-GLASS/EPX

o s foy—

7308,5208

SRR BARRDNE
ANG.E ! =0
nunper of Plies
 *
CUSRISRRDRAS
ANGLE 2 = 98
runper of Plies

SEREERESRERE
ANGLE 3 = 43
nunper of P!l.es
-
SSERSRRRERES
ANGLE 4 =—4§
nJnper of Plies

=

n..af core
Fi.es= 4

IN PLANE
CONSTANTS

STIFFNESS

in fINcw

A1l 75.3682178
A22 75.36562176
A2 22.68735%6
A%6 26.8804311
Ris> 8

A% @

CONPLIANCE

an WiEN

ail 14.352157%
022 14.3%2.976
a12-4,2466943%9
066 37.2017643
a6 8

a26 @
ENGINEERING
CONST.

2i-0 69.679 GPa
22-0 69.679 GPa
t6-0 26.88 GPa
Vzl-o 0296
Vlz-o -296
vbl-0 @

vié-o @

v62-o §

v26-0 @

ey - - - www

SAMPLE PROBLEM C-1

STIFFNESS

in GPa
AElL 76.3682178
nB22 76.3682176
AB12 22.6073536
ARG6 26.8804311
fisl6 @
A=26 0

TOMPLIANCE

n TPa-1
qu11 14,3521976
1822 14.352197¢
1812-4.24869%46
1866 37.2017843
1#16 @
aEzd 8

IN PLANE
STRENGTH

Niz ! "N/

N2z @ MN/a

Né= @ WN/a
zx==cx | cEmss
angle 1s-49

Re= 347657121
nez 24

Samez
347,857121 "Pq
R-= 677583674
n-z= 10

Sfn- =
-677.583674 WPa
zzzzss ? cz=mx=
angie 2= 45

Re= 347657122
nex 24

Ssaes
347.657122 WPa
R-= 677983674
n-= 18

S9u- =
-<77.583673 MPa
zszres ] ssames
ang-¢ 3= 99

Rez , 276743756
nez 30

Sgues
275.743756 MPa
R-= 1.31149767
pP-=z 6

Son- =
=131..49767 MPa

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

b SIS e

===z 4 ======
ingie 4= 9

Re= ,5829743!
nes 148

Sgeex S82,97431
aPq

R-= .56£51%812
n-z 14

9n- =
-966.915812 MPa
S_EXURAL
CONSTANTS

STIFFNESS

‘n Ne

11 52.9323284
022 43,5553373
212 9,49191825
Dés :..9845457
D16 1.574456269
D26 ..oT446273

- - ana—— ———

COMPL IANCE

in (Nms-t
dll :9.716i24
@22 23.9827143
d12-4,21341993
avd 34,.293569
alo=-z, 0601447
a26~-2,78227587
SNGINEERING
SONST.

Ei-t 75.87% GFa
EZ-¢ 92,542 Gre:
g€o-t 17.839 GFg
v2l=f 213
viz=¢ ,17%
vbl-f-.11
v16—+~,026
vp2=f-.116
v26=¢-.833

STIFFNESS

n  GPa
w1 79,3984926
Dx22 65.33300859
DR12 14,2378774
Dme6 17.976818S
De1é 2.51169403
Om26 2.5116941

- o o e e e——

NEIEI .'_-_._ e e
.'~f_.- -..'$- RN .‘! N }

- = .
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L&
:.-‘:,- SAMPLE PROBLEM C-1 (Cont'd)
\l‘\-
-\. T S R ———
N CONPL IANCE BUCKLING
; 'n  TPa-} Jdiw. of tne
L e 9811 13.1448826 PlateCl,u,t) 1
- 9822 15.9691429 N K]
- ogn}2-2,80894602 loga ratio
S 866 56.0862446 'N2/NL) is @
S au16-1,44400964 sritical i0a0d
DO an26-1,.8415172% .2%5298111! AN7a
- & NNy
o LEXURAL moge § . L
‘-':u' smmm
E:\‘: Mi=z 1 MN
- 2= @ WN
nG= @ WN
o s=zrxz | T=EEa=
ang(e =-45
GG Rex
AR 4,12495439E-04
: ;-;;_- Some=
N, §18,743159 WPa
o R-=
3.42673673E-04
b Sge- =
s -1264.01352 MPa
_.;:.‘ szzoxe 2 s=z===
oy angie 2= 45
I3 Res
S 3.24260165E-04
a Some=
_ 435, 330249 WPg
I 7.4321028E-04
Sgn- =
e ~1114.81542 WPe
. sz=se= 3 zcxzwm
| “angie 3= 99
Rez
" .28829112E-0¢
po Sgne=
:.__‘ 343.243669 MPa
N -
e 1.16682481E-03
-— Sga- =
= ~1758.23723 APa
A z=z===z 4 ZRZEER
o engle 4= 9
o Ros
0;-_ e, 04691727E-D4
N Sgnex
O 607.437391 MPa
ot 4,57958315E-0¢
e 3= =
.c;:: ~685.907474 MPq
‘:-",,
A
o
NS
)
N
\i: 14
5
~I

------
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AFWAL-TR-83-4093

-T399-52@8
-ALuUmINIUN
~hEVLAR/EP
-G ASS/EPX

o as fos

73995208

tec e sNER
ANGLE { = @
gamper o¢ F|ias
cesCoRRNNRRR
Aviz 2 = 90
nunger of Plies
= 4

r. ¢t -:-e
Fi.ez= 4

LONS T8

STIFFNESS

N MM

Ait 132,:57293
RiZ 122,157293
Al £.793848%!
Roe §3,.34

[ B

Rze

ComPLIANE
vt

all 3.29%92@525
022 5.29239523
0:2=-,157952784
ehn 63.7752969
ole @

ain 9
ENGINEERING
CGNST,

€.-7 99,991 57
t£2-c 95,99! 3Pe
t==2> 7.i7 GPa
v2i-: .83

vi2-: .33

vEy=-- P

vib-: B

vé2-: ¢

vab-c ¢

e wo . ---o-

STIFFNESS

in GPa
Ae . 35,3730488
ReZ2 36,87350488
AvLl 2.3969Z445
Aten 7, 17000001
ARip

SAMPLE PROBLEM C-2

SMpLIANCE

in TPa-1
aeil 1€.4175196
0e22 16.3.751a%
cf12~.3.3:4758%
cehp .3%,379@14
ceid 9
ce26 @

IN SLang
STRENGTH

cndie 1= 4
Re= 30503543
rés 12

Some=

673.434274 mPq
R-= 4,53823432
r-= 2

Son- =

-2253, 14226 MPa

angle 2= @

R+= 1.36378965
he= 12

Sqme=
€5..294822 "Pq
R-= I,:2.547827
n-= 9

23m- =
-119a7.73914 NPg

FLZXURAL
CONSTANTS

STIFFNESS

n Ne

[i1 196.518678
[22 21.1861375
012 1.33120297
052 4,73000001
[is 4

D2¢ @

- - - -

COMPLIANCE

in (e =t
0. 9,28831:a1
d22 4?7,27341:8
d12-,353994778
dee 299,:2902:
- D)
ol @

P A A P Y A NI A

ENGINEERING
C2NST,

Et-f (68.1)3
GF 7

E2-¢ 31,726 GFe
tEe-¢ T.17 GPa
vii-d L asd

v 2=t 213
vai~f 4
vic-f @
vei-f @
win-¢ @

- e ——

STISPNESS

o GPa
w2l :1568.:730:8
22 31,778232
Ia12 2.39692445
[#sn 7..700902:
[=x16 8
Tw2g A

CIWPLIANCE

v TPa-!

i%11 5.24555241
Je22 31.5:139415
1812-,969329852
ixan 139.376014
1815 @
1225 9

- —— -

fiz= E-96 AN
An= 4 PN

! 3
ngie i= 99
k+= 218.180797
Samez 477271197
"Pqg
R-=z 599.9293%6
Sym- =
-372544936 WPq
zzs=s==2 ] ===s===
ngie 2= 9
k+= £2.378661
Symez= 124317992
MPa
f-= 532.%882322
gm- =
-73992423% Pq
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SAMPLE PROBLEM C-2 (Cont'd)

1 ===2==
Indle 1= 99

Rz
8,353744Q0t -84
5:!’-
1253.31:81 MPq
R-=

San-
-7I31,3277% P

argle I= 2
R*-

:Jl*-
1158,:8:17¢ w8y
R-=
1.13734825E-92
igm- =
-17926.819338 MPa
FLESURAL
STENGTH

1= 1E-85 N
M= 3 ®N

Me= a ™

engie iz 9
R+= 335.97

12933.16.1 Py

R-= 4315,2::32¢8
SJn- =

BUCKLING
dlm 3¢ s he
Piate! . g,7: |
load ratio
(N2:N1) 15 @
critical |aaa:
133719444 pmnp
© Nn/n
mode 3 ,

16
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T =T108-5208

I o=~ UNINIUN

. =<gYLRAR/EP

+ =3LrSS/EPX
KZY_aR/EP
* LSRR RRREREN
ANz 1 = 29
runper of P!ies
* 48R ERESEHEE
AnGLe 2 =-38
r.mger 3¢ Piies

—4
‘"
n
X
m
[97]
]

'nN!‘n

31,7783415
I8.56841775
2,7I75504
28.5569044

fore— 3 —4

DPDLDDID- D

For e Fewr
B A N BB

DO

COamP_IaNCE
{5 i ke

61! 3,33Ska4
¢ll 33,4943012
¢li-2%.2325003
6% IZ.TRETRZ
als 2

nis 4

ENGINEERING
(omz™.

gi-0 24,327 GPa
EZ-2 2.527 GPa
E<-0 15.273 GPa
vii-o 1,437
vii-o ,328
YRi=-¢ @

vig=n @

vai-o- @

vin=-0 @

STIFFHESS

ir GPa
Re1y 45,5894708
Ae:2 10,3420887
As:.: 14,3837782
Rass .S 2780022
fe: 4

[L X\ O

SAMPLE PROBLEM C-3

COMPLIANCE

irn T2q-1
sl 40.7712879
3422 1808.598683
ox12-58.59790007
1856 55,453584
1#lo 2
1825 @

- ————

IN PLANE
STRENGTH

Pw Il 3 3 5
[ 3% T

N -] l,

Posy

ool

Zames
125..9945¢ mPq
R-= , 3988191250
r- = 175

3m- =
-45,2@99623 MPa
----- - ) -
endie 2= 39

R+= ,290390912
ne= nd

Cames
125,:2945: MWpq
k== ,39301912606
n- = 1Té

Sam- =
-43,8095633 MPa
FLZXURAL
CONSTANTS

STISFNESS

in Npm

11 288.72:.2%4
[22 35.8689752
D1z 92.5179382
Deb 36.1248974
Dio 49.8493119
D26 13.32432¢6

COMPLIANCE
in (Nm)=i

dil 5.96%0807
d22 28.7603163
d12-3,27204833
doe 11.0438326
d15-1,44427301
d2s-.270617426

TENGINEZRING

CINST,

El-¢ 13,745 GPa
E2-¢ 2,573 GPa
Ea-f 11.9:3 GFa

v2i-f 1,251

iswda

vii-s .322

Vé:-’.-n 2'5?
Vlé-‘.-n 13:
V6z—8—. ‘31

V26-+-,82%

- ———— it e

STIFFNESS

v aPa
w1l 22,32098598
22 3,56879292
o1l 12,7.511%
Zaee 12.5583173
T#i6 5.27238345
I®26 1.320848737

CMELIANCE

in TBa-:

w1l 58.8433316
w22 218,299652
1812-70,4551138
Jebp 33,3644834
1M 3-13,9674482

1#25-2, 49500108
FizsuReal
ITOENLTH
SCI
M= 4 N
Moz @4 MN

nd.e l;-ia

Rez=
4,%530055E-94
S3me=
12S.298102 “Pq
k-=
1.39437432E-24
Sim- =

-44, 377773 MPq

‘angie i= L]
goz

3. 43395920E-94
STwe=
122,131137 MPa
R—:

1.:743:47 1E~de
S¢n- =

'4ﬁ- 726‘ { ?9 mPa

Cin, ¢ the
Fiete(i v TY

1 4.5t-@:

foad ratic

(N2/n1) ¢ @
cevdicor leod:
2.DRBEISST My '
@ MNSu

pede § 1
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roe
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-
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‘;:

SN 4, PROGRAM LISTING

Yo

N 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.
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aTTACK 85 TO

INPYT Tiel LD

AN Y]

% NI s e W
'
Tt
-~

Rkt

81 "i67."26"

S ST

- Es=" tw2i-
R

35 IATA

it W e e e
dolet  Mwie="

* c T " -, .;a- -
inZ- wig=
124 DHTA
‘7298-5208" .31
$3.:8.2E2..28,7
L2723 02%E-30
<998.1500,49, 245
Y
288 Dav
TSLLMINIUmT 5OE
3,23E3..3.28.3E
» 469,238
30 JaTa
“KREVLARER" . THE
3.5.5£3,.34.2.3
T .12SE-%.1498
2:9.12.%3.34
429 DATa
‘GLASS/EPY" . 38,
6E2,8.27E3, .26,
4,:4E2,,125€-3,
1926212 31.:18
1389 INEUT
"MaTERIGL w for
meny"sG$
1319 RESTORE
(EOR I=1 70
LTIRERD
B TTINEXT I
1£28 N= YAL
(G3:LIF
G3="n"THEN N=ze
1325 FOR I=: T3

. N:READ

psraj'ﬁ'B-C'BiE
PR T

1339 IF

g £5="n" THEN
FRINT

22123 -"1A800)
1835 NE.T It
GS:> m" THEN
Gd70 1350

by

PROGRAM LISTING

1548 GOTO 1308
1258 PRINT

LA I

2009

RS’ 1 = STIFFNES
SUiag I ="COMPL
T&NCE”

2.0 [NPUT “No
3¢ ¢nges’in
2109

F=is. t=CRCRB/AD
1Y i=Fent X2=FuB:
“I=FeCaBiN4=])
KL
Jisilaxle3mxze?
#43+amA4) /7

J2=eE1=42 02
2328
2=ixiesz-2ex3-
b3 IY S

3lag

Udzi Kl e+X2+08) 3~
a%%4e)/8

2358
JE=(xie¥2-2MX34
anxd/8

2359
Ti=21/P/RsT2=

TLeT3)

%29
T7=T{mx1~2428T¢
wX1X3+TIWK3A2
3269
TI=T1¥X342+428T%
#X38x2+TIMX2A2
2499

Ta=T exia23+T4e
(3] WK2+x32 14T
€xImx2

2385

Wl =TSeX4A2: w2=T
1L eT4MAI WIsT
Qux3+T4RN2
24:9

Vis: 2aT7+3873.
€T2eaayl) B1V2
(T=-"3:-2

140
V3=(TeTe-2uT0-
FY IS YT CTh 24
Tiene"3-aeW1) /8
2459

VS=/ TT+T2-20T9+
 CERRe"

2372 IR I=! ~:
G

2948 [NPuT

g le=

Y igelet

F

19

o ot At -y - Y T AP
M AR A K ta Rae R Rl S

T A A T I (2 A

PR

S SN |
APV ¥ :A-A_ q‘l—{L 'n.

952

Hz= "ANGLC "+37F%§
(1)*u =u

2969 F T=:
THEN PRINT

371 RRTRERERE
.

1979 3IPINT
$TIASIYIG-14]
2R2@ INPUT "Na
of Piies

R Sk e PO

- AT i,

239@ P0INT

871 “numper o
Plias

209
3529 FRINT
273", e Izre
proag="tI3
3428 [NPLT T A
? ane
b EEAPET § S

ITaa FaR =
2453308 TRee
=

1729 SOR J=r 7L

- -

-—r
? i
Tg=tatiN=l i T Tz
HESE SR L FY
T1T I8Nt ThEN

33908 1999
3778 3070 490
3599 33SUB
513903 PRINT

STIUE L ASIN L on
ius

35am FCR 1= 7O

SR DI

(V(is"" @v: E

~a ThEN _Z7 =4

T
ik
7

iy

Ca e ¥ P

5="GP9" 132503
TLARAIPEINT

32" "THGINEIO NG
LONST, iPL T
.2

.

R S e L

>
o
.
.
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AFWAL-TR-83-4093

o
e X4

P~
n
(24w ]
k)
s re

L )
~
D I | O S Y
- P &
- m
] nx
~
mt
—

3

ct38(I+8r 47801
INT

RQC[VEXX U

tr
[T RN T )

(YL TR OB SRR TS %
u i
0
r—t
z
—4

o~ T g

G v

0wl

'3 NEXT
EVURN

T+ 23 ) v
n
.
..
C
bod
]
48
..
=
I N

333U 3808
3399 50SUB
12908
3999
Z8="2" 1 INPYT
‘eng:n,
Cinss.,~3/n
LYY H
35=" 4" THEN
£I3UB 4979
€488 INPUT
‘Aorm,

12329:G0SUB
o B

-

::%0
I5=T0etiNs2:TTS
31vR=1E6:Us="TP

1=1IF
3E=" U THEN
33548
224925058
L2490

=299 G070 :300e
5288 FIR I=t TQ
Tiu Tve@INEXT
[1RETRN

7228 50SUB
32099: TX=28y( 1)
$535U8
<91909132=TR: 50S
UP $8120:C2=TR
7219

T =4av( 7 1:50SUB

€9138:54=TP: G5
UE 50120:Ce=TR

PROGRAM LISTING (Cont'd)

7:.90
Koii=uiec2mi2+C
41,2

7220

L ARRE T B (T2 N
2my3

~300
SRRCRE T SO S {TK]
7439
Kidr=yS--amy3

A 6‘0:‘52‘“3/3‘5‘,
#113:RETURN
2004
TV IR 2V Y
1:42WY(31MYL 5,8
PR PEVER-BY TP
I BB AZ-Y
3 M3 )A2
2209
W =2 vl g
=75 a23/D7
3259
AR Y VI W
=40 §Va20, 0T
tlee
RSP I IR0T [Ty
LU IEcAl 'T¥ SRVSING
299
NS AETRITR N {YEg)
—ht 3 i ;..3 i Fae

SIATTRCAE TS
e 208,07
3599
YOm0 i my(g
~dCLmuCe DT
‘RETIRN
12399
it XO1R /Y
TLra2is1- 30018y
WIFVIR(I =Ky
13410
12190
ALd T E=g RN N T
$aSy==U09) . y(8
RICYL ISR
-
12298
Tyl oV 10
ST BEITTE RRITT ¢
3 :10(9i=0(12; /Y
“ 101 :RETURN
.2500 FOR J=:
T
HAEIBO T T I SO
Biclebrzui e
ImEc 190 INERT
JERETURN

20

LA 2ave" o .
12498 =00 =:
-

b e

EHPTISE I T4

Aoty Jenzv e
CLBINEDT

TIRET PN

17383 [NPUT

“iv randtn

-+ nTIGELIE

Gs 797507

27209

1:I%g 53503

TLARAIPBINT

$Z:PRTNT #7587y

PLANE

ITRENGTHTIPRTNT

L2
13440
IE=UNTIUS= NG g
"1305UB
121399:G0SLB
.3200: G070
LS

1I33@ FIP =1l
T
12033=2¢+mI08 §

| S T

ARINT
14 Cegen

11353 INPUT
NP To 1 PRTNT
Pt H LIS ERE

Eooue TOMNMI Y ey
€3 anme2ieg
NN Y

13389
[RETR-DY T PRy
(2 anme2ien 2
ENM T

13449
ISV ANM D .
ViiZ enmi2 o
STaNMI I IPET RN

14589 F3P 1=,
T
Gims="qang g e<7
3 IDERRES

15289 0SUB
1TSARINEXT
1:3079 27h00
13599 SO0SUB
399@: TY=2ey. !
ted5UB
30180:62=TR: 335
UB =812@:02="7
155549
TX=amv: [ 13354
52190:54=TP:1]
UB ©0129:4=7F

-
t
-
<
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i
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ety
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15600
CisV1+C2M2+Can
43

15550
32=01-2m2+C 4y
.S789
33=U4~-C4amy3
(5750
Ge=vS-Camy?
15208

Go=52my2. 1-zamy

A= 1 eEAZ+528E2
A2-TABEQA242B
Qe wE2+15NE BE
6~ 0#E28EY)

v

15208
9i=1-3+50P
(ERB+aBAL /20
15336
F2=1-3-30R
(F%B+am87 125

i92d@ Bilv= INT
(47187 E-91/2+1
le2

12458 Be2ix INT
(- 1BY/E/R2-2+1
€2

L5479

2=l X010

(a:=R2/%010)
16528 PRINT
47" =zs==="i]i"
18530 PRINT
EIIHEIY(T
15398 PRINT

827 "R+="1R1
8528 IF A1 <1
THEN 16550
125690 PRINT
$23"ne="1B01)
15558 PRINT
¢21"Sgme= i B(3)
iTpgyt

16728 PRINT
$20°0-="{ 4BS
(R2:

15738 IF aciH
THEN 16800
15759 PRINT
$2i°n= = "1 ABS
(82

T T
Pt
$f$ >

PROGRAM LISTING (Cont'd)

_5808 PRINT
3Z1°%9m- =
TiBd I "MPa Y IRE
TURN
27288 INPUT
“¥iex,
ca-cuterians
~4/n"IGEIRS="FL
SUURAL
TONSTANTS®
7489 GOSUB
2590:X(19)=Z(9)
st
27738 FOR I=)
T3 3:G0SUB Toee
17950
2 1AY=SX(1B 1 +E87
27309
S=243mA018) A3~
SLlE)=TCIEE)A
22904 FOR J=:
0
LIRS TASE I 2
€7 INEXT JiNEXT
Cidd=X1@)
5509
N=1:28="]D":TT=H
4= 1ERIUS="Na"
IF GS="9TTHEN
355UB 2800
29188 30SUB
3999
23790
LE= T IN=2128="g
"1TT=26INK=1E-3
i§= I Nm)=1"¢[F
25="4"THEN
au5UB 3808
294940
K:.8:=28%(18)~3
<3:50SUB 12006
123400 INPUT
‘ang,
const, "3 28="
29709 IF
385="4"THEN
305UB 4979
28088 INPUT
“a0rm.
cirst, "G
33190
T8$="IR"iN=1:TT=
A dX=1E-31U$="G
Pa":1F
G8="4"THEN
GoSUB
123092 GOSUB
2900
205090
TE="am IN22:TT=
2i3%z1E6:USs TP
a=1"21F
GS=" v THEN

23548
:308:G0SUB
12390

$.980 INPYT
‘Srrength
RERTS HM

¥ T9Ra0T)
33188

$.208 GISUB
CLISAPRINT
228 C EXURAL
STRENGTH®

1588
Zg=rmtsigsmn
30SUB 1799

4,0

a
Aem et
R
23238 SR I=
i

ateilizai -1 T
FLeElH$="qng ] -
~3TRS([ae = 1
25UB 14200
12598
EizElwac] €222
2#Q¢ I ESSEDEG.
21505UB
(SSPARINEMT T
33189 INPUT
"RUCKLING
SRR ¢
CE "y THEY
GoT0 2400
3213 G0SUB
22988:G0TD 349k
<3298 S0SUB
C.A08: PRINT
#I3TBUCKLING™: T
¥=1E33
12918 INPUT
"angth &% wogth
in aVB.CIINPUT
"_Jﬁn NX:NE N
PN SK L L
33825 PRINT
#7250 im. Of toe
P'QtEKI-U'tJ
“iBICIZ2wNM. ") oa
4 rato  N2INY
g LK
43049 FoF Iy
T2 StFOR 5=i 74
S:0=01,3:A24(J7
Cra2mL/x
23858
Tr=amaa2 D8 (1/
Diamyi L ~2e (4(
3)-2euiai v eT
7B/ 20 ) o (T
c “d i
iéga% OTHTY
THE~N <3383

dwraa

'. '. . -'l 'n
SRR

EEERI R
ANy eV

NS TN T,

sagnS NEVT
Jing T 7T
44479 PRONT

871 -ritical

—e e,y Ty e
e INLY U M S
L) . s =

"o

.....

2-rar 12770
Taled TNz T
(T« +. 5

39:79

TT=,SeT8pIT T N
INT - TThTLEN o

(T -FheT ~TNew
ey 1T -i

(fF =
TR=T:3IT6

Tacs,

0238
3220
Tk="++2178=. I
LaTR4n " 4TRS T .67 :1
Roﬂ)!TD+*;lT9 {
ta23e -
TR=TF+TFe™R: [T S,
T3 THE~ .
TR=-"7

SB242 RETURN
31008 IF 2=
THEN RETURN
5105¢ PRINT
*Z

<" RETUKN
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:%ﬁ
N SECTION IV
R CONCLUSIONS

The description and the instructions for the use of the Panasonic

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

e

el
)

I‘I;'FI{“'

ity

s

-"-
l.".‘

s _n_A
P A
AREY

l' l'
Y

%" RF
Ll AR
-l..."~"

O

22

xR0

ﬁ US, GOVEANMENT PRINTING OFFICE—759-062-710

a
X

.“.“'.ﬁ'-‘:’ \ \-.:1‘:"».:' -'\h‘:. ._-_.‘\ -_. N

) N?*&igrﬁiav'*wv" "
AN 'ﬁw; AU OO A A O o 0 0 Y 0 R W,




LR o MM A

N

o
¢ 1}
¢
q
ol i
o ! )
. i

—v—r— -

-y

:

iy Bt
LI P

s

(24
e
Tae

.
Y-

s

PN

-

ataalat ataa®aalala ot

[N

PPN




