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This report has been reviewed by the Office of Public Affairs (ASD/PA)
and is releasable to the National Technical Information Service (NTIS).
At NTIS, it will be available to the general public, including foreign
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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.
The work was performed under the support of Project No. 2419, "Nonmetallic }
Structural Material", Task No. 241903, "Composite Materials and Mechanics
Technology". The time period covered by this effort was from September

to November 1981. Stella D. Gates (AFWAL/MLBM) was the laboratory

project engineer.

The programs are written for Texas Instruments Calculators TI-59 i
to operate with or without a printer. However, the use of a printer is
highly recommended. The specially designed "Composite Materials Module"
must be installed in place of the standard "Master Module".

This report is meant to be used in conjunction with AFWAL-TR-81-4116,
"Instructions for TI-59 Combined Card/Module Calculations for In-Plane
and Flexural Properties of Symmetric Laminates", co-authored by S. W. Tsai

and S. D. Gates; or with a revised expanded edition currently being

published. In this report, the ideas previously presented are further
developed to include the case of a symmetric hybrid laminate. Some of
the previous information is repeated to facilitate the operation for a
user.

Any references to equations and table numbers are the same as

Introduction to Composite Materials, co-authored by S. W. Tsai and

H. T. Hahn, published by Technomic Publishing Company, Westport,

Connecticut, in July 1980.

The author wishes to acknowledge Stephen W. Tsai of the Materials

Laboratory for his encouragement and helpful suggestions.
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H(2)

]

NOMENCLATURE

in-plane modulus; i,j =

1,2,6

in-plane compliance; i,j = 1,2,6

normalized in-plane moduius; i,j = 1,2,6

normalized in-plane compliance; i,j = 1,2,6

half depth of core in equivalent number of plies

engineering constants;

i = X,Y,S

effective in-plane Young's and shear moduli;

i=1,2,6

strength parameters in

normalized interaction

strength parameters in

unit ply thickness

stress resultants; i =

total number of plies,

total number of plies,

on-axis modulus; i,j =

stress space; i,j = 1,2,6
term
strain space; i,j = 1,2,6

1,2,6 (Prompter 6.1, 6.2, 6.6)

material 1

material 2; or material i

X5¥ S

tensile and compressive strength ratios

shear strength

vi

LABEL NAME

Al

A*

Ax]

CR

Ex

FXY

N1

N2
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NOMENCLATURE LABEL NAME
4
Sij = on-axis compliance; i,j = x,y,s S E
Us = linear combinations of moduli; i =1 to 5 -
i
]
X, X' = longitudinal tensile and compressive strengths X
E
Y,Yy!' = transverse tensile and compressive strengths - ;
[ e: = 1jn-plane strain; i = 1,2,6 - ¢
| :
§ Vy = Jongitudinal Poisson's ratio -
|
; v;] = major in-plane Poisson's ratio -
c;,c:' = allowable stresses, in-plane loading z
0, = ply orientation (TI 2-digit alphanumeric code = 60 +

as prompter)
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INTRODUCTION

Combos 4 and 4P are designed to allow the user to calculate the
in-plane stiffness and strength of a syﬁmetric, hybrid laminate. This
laminate may be designed for two or more component materials and have
a honeycomb core. The only difference between Combo 4 and 4P is the

automatic print routine which occurs when Combo 4P is run while the

TI-59 is attached to a printer.

A certain amount of caution must be used when working these

T Y —

programs because of the bookkeeping necessary when using two materials.
Each material will have a different set of material properties and
constants. Only one set can be kept in storage at any point in time.

Therefore, it is necessary to keep track of the contents of certain data

registers to maintain accuracy in calculation. More will be discussed 1

in reference to this in the directions for each program.
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AFWAL/MLBM CARD-MODULE COMBO FOR TI-59 ,
PLY DATA CARD COMBO-I P }
Ex,.. | X... |SFENGLISH | ENGLISH>S ‘
1
1
4

£q. 1.12 Eq. 3.15
Exo -+ <o (25-28 59—=———Q  (10-15) U (30-39) |
_ Eq. 7.11 Eq. 7.28 ]
X, .- -Fyy (25-28) fb————F (@4-29) —>—C 44-49) ‘

Register locations are shown in parentheses. Equation and Table numbers
are those in introduction to Composite Materials, Tsai and Hahn.
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! COMBO #1P  PLY DATA
! PRINTER CALCULATOR
: STEP PROCEDURE PRESS LABEL PRINTOUT PROMPTER
la Initialize program A E - 4
b Enter E, R/S - E, 3
E, R/S - £y 2
v, R/S - v, 1
Eq R/S - £ 0
hy R/S H h,
Q Q1s Q2> Q120 Qg
> S11» 522> 5120 Se6
U Uy, Uy, Uy, Ug, Ug
A M1s A2as A2 Ags
Al s 2220 20 26 %66
2a Initialize program B X - 5
b Enter X R/S - X 4
X! R/S - X' 3
Y R/S - Y 2
Y R/S - Y )
S R/S - S
FXY 0
Enter Fy, R/S F;y
F Faxs Fyye Fryr Fsso Fo By
G Gxxr By Gxys Gggr Gxs Gy 6,

USSP §
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COMBO #IP CONTINUED

PRINTER CALCULATOR
STEP PROCE DURE PRESS LABEL PRINTOUT PROMPTER
3 | Convert SI » English c v Uy ,Uz,U3,Uq.Us
K h he
4 | Convert English - SI D ' u]',ué,ué,ul;,u})
H h he




s 2

e a2 43

e e s —

AFWAL-TR-81-4183

COMBO 1P PLY DATA (W/PRT) 28 JUL 81
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COMBO 1P PLY DATA (W/PRT) 28 JUL 81
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INPUT

Pyt

£
181.

10.

7300/5208
s1

o0 09
0 09
00-0%

Tiro oA

10 -0

ENGLISH
E

B(4)/5505

0

pusm——_ 1
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AS/3501

INPUT

INPUT

SCOTCHPLY 1002

ENGLISH ENGLISH
E -

25

A

T

Fov goo¥ v

e

3
[

. L

e o e
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INPUT

KEVLAR 49/EPOXY

ENGLISH

3
31,022 06
797. €79 03
340, 000-03

333,575 03

SI

E
69,000 09
£9. 000 09

300. 000-03
26.9538 09

H
1,900 00

F9, 400 a0

ENGLISH

E
10, 0T D&
10, £07 0¢
300, C00-0%
3,849 0%
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NOTES
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AFWAL/MLBM CARD-MODULE COMBO FOR TI-59 i
SELECTED PLY DATA CARDD COMBO -I |
AL Si~ENGLISH ;
T-300 B AS SCOTCH | KEVLAR

i
4
£q. 1.12 Eq. 3.15 3

By ---No (25-28, 59—=——Q (10-15 ——1Y__ (30-34)
i Eq. 7.11 Eq. 7.28 i
X, -Fyy (25-28) f—a—-F @449 | G w19 !

Register locations are shown in parentheses. Equation and Table numbers
are those in Introduction to Composite Materials, Tsai and Hahn.

n
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COMBO #  SELECTED PLY DATA

STEP PROCEDURE PRESS DISPLAY
1 Enter material [
| properties ]
& a T300/5208 A 216.59641 f
. b B(4)/5505 B 214.39805
o As/3501 C 130.57541
d Scotchply 1002 D 198.05771 j
e Kevlar 49/Epoxy E 350.87335 ‘
f Aluminum A' 0
2 QfConvert SI » English B 39.4
A pre-recorded data card should be made for each material in order
to facilitate using Combos 4 and 4P. This entails recording the data

generated by Combo 1 into Bank #3 (30-59) of a magnetic card. To do this,
enter the material properties of the material of interest by pushing the

appropriate button. Push [ 3] [[2nd ][ Write ] and feed a blank magnetic

card through the card reader. This has recorded the necessary data. Label
the card and save it. Two materials may be put on each card, one on each

side. For more information, consult the manuel that came with your TI-59.
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NOTES
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[oN-AXTS]
114
e |
1
[OFF-axis) f
2 i

material 1

material 2

] S )I’MM

1090t /0(2) 902

/Cy]

s 1

EXAMPLE OF LAMINATE STACKING SEQUENCE

16
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COMBO #4P (PRT)
HYBRID : IN-PLANE STIFFNESS AND STRENGTH

PLY PATA PLY gATA
(@l
n(”.,eg > - n(Z)'e"
Y By
(1 (2)
Via Via
y
(1) (2)
A [RI10-15 AZ  |ri0-15
> -
y
R16-2l
ZAy |Ri0-15
oy b o
- Y4 TRie-2i Es
r Nb >
& <
PLY DATA .
V
v
'\
1 R,Ry —| %9
- )|

17
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COMBQO #4P  HYBRID: IN-PLANE STIFFNESS AND STRENGTH

Al BI Cl Dl El
core
A material 1 B material i C D E
n(]),Oi” n(‘),0§') AjjoaiESATy | Ny - el Gy = Ryeo”
. (') .
OO USED |5 A26(1) 30 U] 1 45 ny(")
Ol 16 . 13! i 46 i
USED ZA”(’),a”,Gxx(‘) U2(1, ny(’l)
02 17 . | 32 (i) 47 (i)
o gy g 6,V Us Bss
03 USED !’_gz(l),a]z,ny(i) 33 Ud(i) 48 Gx(i)
04 useo 19 (; .| 34 (i) 49 (i)
e ) agg 055! Us ° {
05 .. |20, . |35 - 50 |
, . T
07 &, 22 37 52 !
08 m 23 e 38 v3(") 53 P
09 24 39 v?_("), useo | 54 q
10 4,0 |25 . a0 0 (55 -
b1 ay,(P) 26 N, 0 41 o 56  useo
12 a0 27 n,, 0 42 i 57  useo
13 Al 28 . 0 43  yseD 58 s
14 Am(i) 29
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COMBO #4P HYBRID: IN-PLANE STIFFNESS AND STRENGTH
PRINTER CALCULATOR
STEP PROCEDURE PRESS LABEL PRINTOUT PROMPTER
0 Enter ply data #) 3 - - 3
la | Enter n(]) A N1 n“) n/2
b 0 R/S - o n/2 - 1
? ¢, R/S - 0 n/2 - 2
‘sz -1 R/S - Cns2 -1 1
* al
“n/2 RS - Cor2 0
SYM
2 Enter ply data #2 3 - - 3
3a | Enter n(z) B N2 n(z) n/2
b e R/S - 0 n/2 - 1
c Gz R/S - 9, n/2 - 2
Car2 - 1 R/S - Cns2 -1 !
0,2 R/S - On/2 0
SYM
o *
TR 3175 20 1y Agps 3qgs Agg
g* E;, E‘é, \)51, Eg
* * * * * *
A* A”, A22, Alz’ Ase Ag» A26 6.1
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COMBO #4P  CONTINUED

PRINTER CALCULATOR
STEP PROCEDURE PRESS LABEL PRINTOUT PROMPTER

5a Enter N, D N Ny 6.2

b N2 R/S - N, 6.6

[« N6 R/S - N6 60

Enter ply data _ _ 3

6 {see note 1) 3

7 Enter Ot E + Ot
R+2 Rt,Ré
o%,o%' cg°'

OPTIONS
* For sandwich when prompter = ¢

construction

(see note 2) A CR ¢

SYM

Continue with step 4

Notes:

1. Only one set of material properties, for either material 1 or material 2 may be kept in
the storage registers at any one point in time. Therefore, to calculate the strength
ratios and allowable stresses for a particular ply ©,, it is necessary to insure that
the material properties correspond to the material tﬁat ply ©; is made from. Step 6
has the user enter these numbers using the pre-recorded ply data card described in
program 1. This step can be emitted if a whole series of strength ratio calculations
are to be performed for plies in one particular material. But the user is cautioned
not to emit this step, if there is any doubt, to avoid large errors.

2. The number of equivalent plies of core material should be entered with material 2,

20
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4P SAMPLE PROBLEM  HYBRID:

LAMINATE: [0¢")/90(?)

MATERIAL I: 1300/5208

IN-PLANE STIFFNESS AND STRENGTH

MATERIAL 2: Scotchply 1002

PROCEDURE JKEY PRINT PROCEDURE ] KEY PRINT
ENTER Ny | D 3
tooTT
)
Ne
T
ENTER N E
1)
Enter {1} A
ner n - PRINT R, ;
R! z :
Enter 1 R/S : t
- c® .
Enter n(2)] 8 o
ENTER o, | | E
Enter :] R/S
PRINT Ry Pl
PRINT Aij C . " R
ToeEr t o
e TE o s°
T o
PRINT ]Remember to use pre-recorded data card for
i j SN each material to insure that the correct
-5 material properties are in storage.
- — : - y:
PRINT ES .
p
= !
*
PRINT Aij

23
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4P SAMPLE PROBLEM  HYBRID:

LAMINATE: [0,")/90,(23

MATERIAL I; T1300/5208

IN-PLANE STIFFNESS AND STRENGTH

MATERI AL 2: Scotchply 1002

PROCEDURE |KEY PRINT PROCEDURE f KEY PRINT
ENTER N, D
N,
N6 -
ENTER 0,1 | E
Enter n“) A t
PRINT Rt e
Enter 0 R/S Sl
\~2 R/S Rt
OD
Enter n (2] g oy ) oo
ENTER @t1 £
Enter M R/S
PRINT R, Lot
PRINT A]-J- C o y .
s t
PR a°
- - :» 00.
PRI R IRemember to use pre-recorded data card for
RINT ajj = LN each material to insure that the correct
material properties are in storage.
PRINT E‘; S
* -
PRINT Aij g .

PN U

ks,
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AFWAL-TR-81-4183

4P SAMPLE PROBLEM  HYBRID:

LAMINATE:  [s0(1)/0t2))

MATERIAL |: T1300/5208

IN-PLANE STIFFNESS AND STRENGTH

MATERIAL 2; Scotchply 1002

*
PRINT Aij

PROCEDURE JKEY PRINT PROCEDURE | KEY PRINT
ENTER Ny D b
N2
Ne
ENTER 0,1 | E 1
EEANEAL IO b
(m
Enter n A g PRINT R,
Rl
Enter 0, fR/S Loorn d t
1 A o
REL SR e
(2) _ Y TIT.0TS O
Enter n B -
- entEr o, ' | € .
Enter <, ﬂR/s v '
PRINT Ry
PRINT Aij o R!
t
._: 0°
]Remember to use pre-recorded data card for
PRINT 3j - PR each material to insure that the correct
= Tt material properties are in storage.
PRINT Eg




AFWAL-TR-81-4183

4P SAMPLE PROBLEM  HYBRID:
LAMINATE: 0,417/ 90,(8)1,

MATERIAL I:

T300/5208

IN-PLANE STIFFNESS AND STRENGTH

MATERI AL 2. Scotchply

1002

PROCEDURE JKEY

PRINT

PROCEDURE | KEY

PRINT

Enter n

Enter G] R/S
02 R/S
23 R/S
o R/S

Enter n(2)}] B

Enter O, R/S

02 R/S
o3 JR/S
o R/S
PRINT ;5 } ¢
PRINT aij
PRINT E?
*
PRINT ij

CUIOD o

ENTER Ny | ©

ENTER 0,1 | E

PRINT R,

enTer o' | €

PRINT Ry

CAT

S
L, DIOGEE D
[ I A

]Remember to use pre-recorded data card for

each material to insure that the correct
material properties are in storage.

26
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4P SAMPLE PROBLEM  HYBRID: [IN-PLANE STIFFNESS AND STRENGTH
LAMINATE: [0,‘"/50,(%)/c,1. MATERIAL I: T300/5208

AFWAL-TR-81-4183

MATERTAL 2; Scotchply 1002

PROCEDURE | KEY PRINT PROCEDURE | KEY PRINT
ENTER N, D
)
. N
Enter n()) A B - 6
enter 0,1 | €
Enter 7 R/S 3
Enter 2 R/S PRINT Rt ) |
R . 1
Enter n(Z) g :
o
U -
o'
Enter Oy R, S
2 RS enter o, ' | E ;
PRINT Rt _@i,’:
PRINT Aij C ) R : -
N t
L ° e <
T5 ey T e
Coe - TRemember to use pre-recorded data card for
PRINT a5 LT each material to insure that the correct
material properties are in storage.
PRINT E;
* iy
PRINT Aij :

e [
[ R

O, SO0 ooo

27
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NOTES
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AFWAL-TR-81-4183

COMBO #4
HYBRID : IN-PLANE STIFFNESS AND STRENGTH
Gl
PLY DATA PLY DATA
@l
ntlg, - ‘210,
y B __¥Y
@ I
Al |RI0-15 A2 |RIO-15
— >
W e
: A |R16-2
Y |R10-15
f - o
W Rie-2 el ©
A. ¥
N, u
\ El
& € o
PLYDATAL
(€
g'»
T R‘.R.' Lt O':.U':'
]
29




AFWAL-TR-81-4183

COMBO #4 HYBRID: IN-PLANE STIFFNESS AND STRENGTH

A B’ C' D' E'

core Aij 2 A o
A nmaterial 1 | B material i C D E

n(‘),0§]) n(i),9£1) Es Ny » €3 0, + Ry»0°

00  usep 15 Azs(i) 30 U](i) 45 6, ")
Ol useo Izg](i)’a]]’GXX(i) 31,0 46 (1
02 ysep Ifzzz(i)»agz,ﬁyy(i) 32 W a7 ¢ )
03w |’3§12“)’512,6xy(i) 33y 48 o0
04 useo ZA66(i)’a66’Gss(i) 34 us(i) 49 Gy(i)
05 nli), ¢ 229]6(i)’a16’8x(1) 35 o 50
06 =r, 22}\26(1-),326’%(1-) 36 v () 51
07 &, 22 | 37 P 52
08 23 38 1 53 ,
09 24 o 39 v,V w0 |54
10 a0 25 .. 40 % 55
I WAL 26 N, 0 41 56 s '
12 4,0 27 w,. 0 42 e 57  useo
13 alh) 28 n, 0 43  yseo 58 s
14 2 () 29 useo 44 o () 59

30
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AFWAL-TR-81-4183

COMBO #4  HYBRID:

IN-PLANE STIFFNESS AND STRENGTH

STEP PROCEDURE PRESS DISPLAY/PROMPTER
0 Enter ply data #1 3 3
la Enter n(]) A n/2
b 0, R/S n/2 -1
c 92 R/S n/2 - 2
On/2 - 1 R/S ]
On/2 R/S 0
2 | enter ply data #2 | 3 3
3a Enter n(z) - B n/2
b 0] R/S n/2 -1
c 62 R/S n/2 - 2
On/z - R/S 1
* On/z R/S 0
o (] [+]
2* Compute Ei C,R/S... ,Ez,v21,E6,6.1
5 Enter N] D 6.2
N2 R/S 6.6
N6 R/S 60
K}
- W

ishangilngre - -

et oo,




AFWAL-TR-81-4183

COMBO #4  CONTINUED
STEP PROCEDURE PRESS DISPLAY/PROMPTER
Cnter ply data
6 (see note 1) 3 3
7 Enter O, E Ry
R/S Rt
R/S a;
R/S ot
R/S 60
OPTIONS
* For sandwich - when prompter = ¢
construction
(see note 2) A 0
continue with step 4
= calcutate A B' | A Razs Pyzs Aggs Aygn Aggs 6.1
aij c' a3y, 829, 2955 84, a16, a26’ 6.1
* ' * > * * * »*
* ' * * * * * *
aij E a”, 322, a-‘z, 666, 616, 326, 6.1

Notes:

1. Only one set of material properties, for either material 1 or material 2 may
be kept in the storage registers at any one point in time., Therefore, to
calculate the strength ratios and allowable siresses for a particular ply
0., it is necessary to insure that the material properties correspond to the
mgterial that ply 0, is made from. Step 6 has the user enter these numbers
using the pre-recor&ed ply data card described in program 1. This step can
be emitted if a whole series of strength ratio calculations are to be
performed for plies in one particular material. But the user is cautioned
not to emit this step, if there is any doubt, to avoid large errors.

2. The number of equivalent plies of core material should be entered with material 2.
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HYBRID: IN-PLANE

COMBO 4
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HYBRID: IN-PLANE

COMBO 4
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