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I
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

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.
iii/if
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NOMENCLATURE LABEL NAME

Ai = in-plane modulus; ij = 1,2,6 A

aij = in-plane compliance; ij = 1,2,6 AI

Ajj = normalized in-plane modulus; ij = 1,2,6 A*

aij = normalized in-plane compliance; ij = 1,2,6 A*I

c = half depth of core in equivalent number of plies CR

Ei  = engineering constants; i = x,y,s E

E0 = effective in-plane Young's and shear moduli; E*
i i= 1,2,6

Fij,Fi = strength parameters in stress space; ij = 1,2,6 F

Fxy = normalized interaction term FXY

Gij,G i = strength parameters in strain space; ij = 1,2,6 G

ho  = unit ply thickness H

N = stress resultants; i = 1,2,6 (Prompter 6.1, 6.2, 6.6) N

n(l) = total number of plies, material 1 Nl

n(2) = total number of plies, material 2; or material i N2

Qij = on-axis modulus; ij = x,y,s

Rt,Rj = tensile and compressive strength ratios R

S = shear strength

vi
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NOMENCLATURE LABEL NAME

Sij = on-axis compliance; i,j = x,y,s S

Ui  = linear combinations of moduli; i = 1 to 5

XX' = longitudinal tensile and compressive strengths X

Y,Y' = transverse tensile and compressive strengths

0 = in-plane strain; i = 1,2,6

Vx = longitudinal Poisson's ratio

0
= major in-plane Poisson's ratio

2 O1

at,yot  = allowable stresses, in-plane loading

0t  = ply orientation (TI 2-digit alphanumeric code = 60
as prompter)

vii
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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 symmetric, 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 VP is the

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

TI-59 is attached to a printer.I A certain amount of caution must be used when working these

programs because of the bookkeeping necessary when using two materials.I
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

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... S~IENGLISH ENGLISHS

{ ... 5o,-28,59)1 1o 0,-15,J f-U" (o3-

i× .... y (25-28) F. ''  (44-49) P I  (44-49]

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

2
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COMBO #1P PLY DATA
PRINTER CALCULATOR

STEP PROCEDURE PRESS LABEL PRINTOUT PROMPTER

la Initialize program A E 4

b Enter Ex  R/S - Ex  3

Ey R/S - Ey 2

R/S - v 1

Es  R/S - Es  0

ho  R/S H h0

Q Q11' Q2 2 , Q12 1 Q6 6
S 51l , $22, S12 , S66

U Ul, U2 , U3 , U4 , U5

A All, A2 2 , A12 , A6 6

Al all, a22, a12 , a66 a66

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. I

S R/S - S

FXY 0

Enter Fxy R/S Fxy

F Fxx, Fyy, Fxy, Fss, Fx, Fy

G Gxx, Gyy, Gx, GssG G y Gy

3
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COMBO #IP CONTI NUED
PRINTER CALCULATOR

STEP PROCEDURE PRESS LABEL PRINTOUT PROMPTER

3 Convert SI English C U, ', U, U

H' h' h

4 Convert English SI 0 U' jU , 'U

H' h'0 0

4
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T300/5208 B(4)/5505

SI ENGLISH SI ENGLISH
E E

E Et 25 "7 06

17L 09 1.Q 40 06

H t H

ICIE

1 C ,0 Jr 
A

"'-1 -41:1?

t F

7 F l

44- 4-

14 44 l

1 F ' 4 F

,, -- sO

i-4t. 1 A i 4 0~

Ar7 D 1
7 '4 o A

eo0 fl4PtC

061 9I .O 24o S'
0

'

4.7

79 0 E 07 0 7
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AS/3501 SCOTCHPLY 1002

SI ENGLISH SI ENGLISH
E -E -. E

I,' (I C.1Il ; Q

1: 24 CQ

1 4c C

Ij -

C -40-

C O

J." _Olt 4
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KEVLAR 49/EPOXY ALUMINUM

SI ENGLISH SI ENGLISH

E E e E
%6. 000 O" 11. C.22 06 69.000 09 10. C.07 06E
5.500 09 177 6.79 '03 69. 000 09 1C.0 fO fE0

- .l C 340. 000-03 300. 000-03 3o. roD-OS
C . 300 o 09 33. 503 26. 538 09 W.4 06jE H H H

12! D I-Olt. 4.3-25-03 1.00 0( oO . t 00

76. 641 03 11. 11i5 06 5. 824 09 IC. -7 -- 06
5 -46 03 804. 409 013 75. 824 09 1i j. -70

86 03? 2, 3 4?9 03 7. 4- 09 -' I Ol

C10 09 ~ 3. 5 03 26E. 58 09' 0 t

30 - 01 4 9 1

F ~ ~ ~ ~ ~ ~ ~ 9 -.' 1 4-CE1.4

-0 C. 54. -A 1 3 i

55 1 t 4
4
1 A1. C'AC- SF.

CI4 044 t ' 5. C

105.14. 4"
5 I4 45 -N 14. -

Z* -0t -4. !.3-

-'40 41 III 1 : 1 It

7, t-7 CI 4 01 0 0 11tF

..FF F

IF F

1 A. AD I,301

-4 41 15 -rli A,. C,1 C

.
4  

-09 444. 489 lOt 01011 CIO n~

4 7

47 A- 1

An 35. -7 09 0). COO31 CIOI 1

8..442 09 1, . '~ 47~ Ot'0
1063 03:330.0

:I,10. 32 03 3. t Q? 3 3

125. 000 -06 33. 400lll~l-,;
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NOTES

10
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AFWAL/MLBM CARD-MODULE COMBO FOR TI-59

SELECTED PLY DATA CARD D COMBO -1I
AL SI-ENGLISH

T-300 B AS SCOTCH KEVLAR

~xt .... ho (2-28, 91 Eq 1.1-2, 1 1 -15' lU (o-34

(× .... F ' I- -q, ' -9 G -  ° -,

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 #1 SELECTED PLY DATA

STEP PROCEDURE PRESS DISPLAY

1 Enter material

properties

a T300/5208 A 216.59641

b B(4)/5505 B 214.39805

c AS/3501 C 130.57541

d Scotchply 1002 D 198.05771

e Kevlar 49/Epoxy E 350.87335

f Aluminum A' 0

2 Convert SI - English E' 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 [I)I E W 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.

12
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-I ~ F p- 0 5 EE
JOF E- LEL H I 1 E

Ifil 11 Fii 12h 1 1

2 2, 52 EE
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U7 .14 4

4 50 E
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!5 EE

04 FE4 TO
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0 -5
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-44

4 - Li 1t En l7- 5 E

44 FtLI

L EL

Af-

0
-a

0
CIO

B(4)/
5505

7

KeviarE
49/
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NOTES
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ION-AXIS

~x

IOFF-A XIS]

material 2 00 01~

goo0 ®2

SYMAI

[1 )/90(l )/(2)/9o(2),/c2]s

EXAMPLE OF LAMINATE STACKING SEQUENCE

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

UIl

IFI

172
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COMBO #4P HYBRID: IN-PLANE STIFFNESS AND STRENGTH

A' B' C' D' E'
core

A material 1 B material i C D E(1),0( ) (i),o i) Aij aij ,E C oiOlti t .C0

n t t 1

00 USED 15 A2 6 (i) 30 u1(i) 45 Gyy 0)

01 USED 16 3 1 U i) 46 (i)
Al(i ),a Gll Gxx ( ) 2 4 Gxy

02 USED 2 2i) 0) 32 U3 i)  47 Gss(i)A 2 2 ,a 2 2 ,G y y(

03 USED 18 (i) G() 33 u4(48 Gxji
LA12 al2,Gxy 4 _

04 USED 19 aG (i) 34 u5(i) 49 Gy1izA66 ,a66,Gss ()U

05 o), c 206,a 6,Gx(i) 35 50

06 Rt 22),yi )  36 vo(i) 51

07 Rt,  22 1A, 37 vl(i) 52

08 I/h 23 CO 38 v 53 pi 3)

09 h 24 C 39 v , USED 54 q

M0 Ali) 25 C0 40 v4(i) 55 r10 Al 6 4

I I A20 )  26 N1, 0 41 o 56 USED

12 A2(i) 27 N2, 0 42 USED 57 USED

13 A66 (i) 28 N6, D 43 USED 58 USED

14 A16(1) 29 USED 44 Gxx(' )  59 ho

18
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COMBO *4P HYBRID: IN-PLANE STIFFNESS AND STRENGTH

PRINTER CALCULATOR
STEP PROCEDURE PRESS LABEL PRINTOUT PROMPTER

0 Enter ply data '1 3 -3

la Enter n(l) A Ni n(l) n/2

b C1  R/S -l n/2- 1

c c 2 R/S n f 2  n12 -2

r/2-1I R/S n1- 1

n T/2 R/S n1-

SYM

2 Enter ply data #2 3 -3

3a Enter n(2) B N2 n(2 ) n/2

b 0R/S -01n/-1

C c2  R/S -02 n12 -2

0 n12- R/S - n/2-11
0 n/2 R/S - 0,/2 0

SYM

4 Print A13 , a ijC A All, A 22, A 12, A66, A 16, A 26

Ei Ai. ill 22, a12, 866, a 16, a26
1 2113E

A* A* A *, A*2  A *, A*6, A*6  6.1

19
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COMBO #4P CONTI NUED
PRINTER CALCULATOR

STEP PROCEDURE PRESS LABEL PRINTOUT PROMPTER

5a Enter N1  D N N1  6.2

b N2  R/S N2  6.6

cN 6  R/S N6  60

6 Enter ply data 3 3
(see note 1)

7 Enter 0t E 0

R + Z Rt,Rj

OPTIONS

.For sandwich when prompter = c

construction
(see note 2) A' CR c

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 0, it is necessary to insure that
the material properties correspond to the material t at ply 0 t 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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VP SAMPLE PROBLEM HYBRID. IN-PLANE STIFFNESS AND STRENGTH

(LAMI NATE: EO1 i9 s~ MATERIAL 1: T300/5208 MATER IAL 2: Scotchply 1002

PROCEDURE KEY PRINT PROCEDURE KEY PRINT

ENTER N1  D

N2

N 6

ENTER -,1 E

Enter n~l) APRNR

Enter 1 R/S 
to

Enter n (2 B

ENTER®
1  

E

t

PRINT A.. C
13

PRINT a*j 
1Remember to use pre-recorded data card for

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

PRINT E!

PRINT At.

23
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4P SAMPLE PROBLEM HYBRID- IN-PLANE STIFFNESS AND STRENGTH

LAMI NATE: [02(1)/90, (2) is MATERIAL I: T300/5208 MATER IAL?2: Scotchply 1002
PROCEDURE KEY PRINT PROCEDURE KEY PRINT

ENTER N1  D

N 2

N 6

(1)ENTER 1  E
Enter n At

Enter 1 R/S PRINT R t

'2 R/S R

Enter n (2) B o

Enter R/S ETR0t1 E

PRINT Rt
PRINT A.. C

- a30

1 Remember to use pre-recorded data card for
PRINT a-* each material to insure that the correct

material properties are in storage.

PRINT E!

PRINT A.

24
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4P SAMPLE PROBLEM HYBRID: IN-PLANE STIFFNESS AND STRENGTH

LAMINATE- [90(')/0 (2))] MATERIAL 1: T300/5208 MATER IAL 2: Scotchply 1002

PROCEDURE KEY PRINT PROCEDURE KEY PRINT

ENTER N, D

N2 -

ENTER 01  E

Enter n(l) A
- PRINT R. -

Enter 0 R/S - 7t

1 C-

Enter n() B 0-

ENTERS 1D E
t

Enter R/S

PRINT Rt
PRINT A1j C

- - 00

PRINT a*j I Remember to use pre-recorded data card for
13 each material to insure that the correct

material properties are in storage.

PRINT E?

PRINT At~
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4P SAMPLE PROBLEM HYBRID: IN-PLANE STIFFNESS AND STRENGTH

LAMINATE: 104 !1) 904 (2)1 MATER IAL 1: T300/5208 MATER IAL 2: Scotchply 1002

PROCEDURE KEY PRINT PROCEDURE KEY PRINT

ENTER N1  0

N6

Enter 0 R/S - ENE 1
13 t -

R/S
R/S

4 / PRINT Rt

t
Enter n(2) B G

co

Enter c01  R/
R/S ENTR® 1  E02 R/S ENE t

C4 R/S- -

PRINT Rt
PRINT A. . C

-
0
0

1Remember to use pre-recorded data card for
PRINT a1j each material to insure that the correct

material properties are in storage.

PRINT E!

PRINT A*~

iii
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4P SAMPLE PROBLEM HYBRID: IN-PLANE STIFFNESS AND STRENGTH

LAMINATE: [02(')/902 (2) /C21s MATER IAL 1: T300/5208 MATER IAL 2: SCOtchply 1C02

PROCEDURE KEY PRINT PROCEDURE KEY PRINT

Enter 1~l A/S

Enter R(2)

a01

entch matria toisuetattecorc

02

PRNTR
PRINTI Ii

I I lii II

27
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NOTES
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COMBO #4
HYBRID: IN-PLANE STIFFNESS AND STRENGTH

292
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COMBO #4 HYBRID: IN-PLANE STIFFNESS AND STRENGTH

A' B' C' D' *E' *

core A. a. A.. a.orAij aij j aij

A material 1 B material i C D E
n(1),0(i) ni),0Ci) E! Ni - Ot  Rt,

tt 1 1t

00 USED 15 A26i) 30 u1I) 45 Gyy (i)

01 USED 16 (i) (i) 31 u2(i) 46 Gxy(i)EA l 1 aillGxx2

02 USED 17 (i) (i) 32 u3M 47 Gssi)

03 USED I12(i) (i) 33 u4 (i) 48 Gx(i)C 2 ,al 2,Gxy,4

04 USED 19 (i) (i) 34 u5(i) 49 GYi)

0A66 ,a66 ,Gss

05 n(i) c 20 (i) 3 55 o 50
EA 16 ,al16, G x

(i

06 Rt 2 1 (i) Gi) 36 v() 51
z26 a26,y 0

07 Rt 22 JAI 37 vl(i) 52

08 1/h 23 ro 38 v3(i) 53 p
ii

09 h 24 C V239 ), USED 54 q

10 All (i) 25 o 40 v4(i) 55 r
6

I I A22(0) 26 N l, 0 41 o 56 USED

12 A12(i) 27 N2, o 42 USED 57 USED

13 A66 (i)  28 N6, 0 43 USED 58 USED

14 A 16(i) 29 USED 44 Gxx M 59 ho
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COMBO #4 HYBRID: IN-PLANE STIFFNESS AND STRENGTH

STEP PROCEDURE PRESS DISPLAY/PROMPTER

0 Enter ply data #1 3 3

la Enter n(1) A n/2

b E1 . R/S n/2 - 1

c 02  R/S n/2 - 2

On/2 -RS

n/2 R/S 0

2 Enter ply data #2 3 3

3a Enter n(2) B n/2

b 01 R/S n/2 - 1

c 02 R/S n/2 - 2

®n/2 - R/S

On/2 R/S 0

4 Compute E? C,R/S... E1 ,E2 ,v21 ,E6,6.1** 1J

5 Enter N1  D 6.2

N2  R/S 6.6

N6  R/S 60
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COMBO #4 CONTI-NUED

STEP PROCEDURE PRESS DISPLAY/PROMPTER

6L nter ply data 3

(see note 1)

7 Enter Ot  E Rt

R/S Rt

R/S o

R/S 60

R,'S 60

OPTIONS

For sandwich when prompter = c

construction
(see note 2) A' 0

continue with step 4

Calculate Aij B' A11 , A22 , A12, A66 , A16 , A26, 6.1

aij C' all, a22 , a12 , a6 6 , a16 , a26, 6.1

A.. D' A* A* A* A*6 A*26, 6.1

13 1' 22 12' VO6 16'

a* E' * * * * * *aE a1 , a22, a12 , a66 , a16 , a2 6, 6.1

Notes:

1. Only one set of material properties, for either material I 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
0 , it is necessary to insure that the material properties correspond to the
m~terial that ply 0 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.

32



AFWAL-TR-81-4183
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