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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 Air Force
Base, Ohio. The work was performed under the support of Project Number
2419, "Nonmetallic Structural Materials", Task Number 241903, "Composite

Materials and Mechanics Technology".

The programs are written for Texas Instruments calculators (TI-59's)
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 supersedes AFWAL-TR-81-4116, coauthored by Stella Gates
and Stephen Tsai. Many of the programming flow charts and example
problems in this report are taken from that original publication.

The equations and table numbers which appear in the flow charts and
program descriptions are the same as in Introduction to Composite
Materials, by Tsai and Hahn, published by Technomic Publishing Company,

Westport, Connecticut, July 1980.

Many thanks to Lisa Wilson for skillifully typing the entire
report, and to Stephen Tsai for his wiilingness to help my understanding
and presentation of the material.
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NOMENCLATURE

laminate in-plane modulus; i,j = 1,2,6
unit ply in-plane compliance; i,j = X,y,s

laminate in-plane modulus; i,j = 1,2,6
unit p’y in-plane compliance; i,j = x,y,S

nc.malized laminate in-plane modulus; i,j = 1,2,6

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

half thickaess of core in equivalent number of plies
(fractional ¢ is allowable)

laminate flexural modulus; i,j = 1,2,6

laminate flexural compliance; i,j = 1,2,6

normalized laminate flexural modulus; i,j = 1,2,6

normalized laminate flexural compliance; i,j = 1,2,6

unit ply enginzering constants, i = x,y,s

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

strength parameters in stress space; i,j = x,y,S

normalized failure interaction term

strength parameters in strain space; i,j = X,y,S

total laminate thickness

unit ply thickness

vi
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X, X'

Y,Y'

NOMENCLATURE
strain invariants
moments; i = 1,2,6
stress resultants; i = 1,2,6
total number of plies
on-axis unit ply modulus; i,j = X,y,S
strength ratio roots of quadratic failure criteria 4
)

unit ply shear strength o

on-axis unit ply compliance; i,j = X,y,S

distance of outer surface of ply from laminate mid-plane
in equivalent number of plies

invariant linear combinations of unit ply moduli; i =1 to 5
unit ply longitudinal tensile and compressive strengths
unit ply transverse tensile and compressive strengths

on-axis strain for a unit ply; i

= X,
laminate strain; i = 1,2,6 (si ei(z

in-plane and flexural surface strain; i = 1,2,6

flexural curvature; i = 1,2,6

unit ply longitudinal Poisson's ratio

major in~plane and flexural Poisson's ratios
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NOMENCLATURE
g. = on-axis stress for a unit ply; i = x,y,s
1 laminate stress; i = 1,2,6 (7, = =;(2))

5i = average in-plane stress; i = 1,2,6
E
ot,UZ' = allowable stresses, in-plane loading
1
ag = surface stress, flexural loading; i = 1,2,6
f f .
Uty T allowable surface stresses, flexural loading
8 = ply orientation w.r.t. the l-axis




SECTION |

INTRODUCTION

With the use of the Materials Laboraters conpusites
moduie and Combo cards, tre fast -7 codleu? oty & ol THEa G,
strength and stiffness properties carn be done on & pocket calculator,
namely the TI-59. This is not intended to replace the larger programs
for more complex hygroscopic, theriwai, and other types of analysis.
However, the structural designer now has an abtility to guickly evaluate
the effects of ma.erials selection, lawminate stacking, and hybridization
on a composite laminate's properties. That is., he can rapidly calculate
the in-plane and flexural stiffness matrices, plat Tuilure envelopes,
and calculate strength ratios to show a Janirate's lonad <arrying abilities.
The laminate properties calculated cur then be conra ad te other laminate
properties or even isotropic material properiies {such as aluminum) to
assist the designer in selecting the nmaterial and stacking sequence for
the desired overall properties. The turn-sround time, cost, and access
to large computers are hence avoided. The desigiier can rapidly evaluate
many laminates at his desk or drafting tabie.

The use of a printing cradle /i.e., the PC-100C' 15 highly recommended,
but not necessary, for using the composites wmodule and Combo cards. The
printer quickly writes out input and calculated values for permanent
storage. If the printer is not used, numbers must be displayed individual-
ly and recorded by hand. A1l Combos designated with a "P" are compatible

with the printer. Users without a printer should find the non-"P"

designated Combos are easiest to use.

St et Mt s
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A1l input, calculations, and output are done by the calculator
using a combination (hence "Combo") of two key elements--the Composite
Materials Module, which fits into the back of the TI-59, and a set of
magnetic Combo cards read by the calculator. The module consists
primarily of subroutines called by the programs stored on the cards.
The cards are responsible for data input, proper data storage, selective
calling of subroutines from the module, and data output. The module is
available from the Materials Laboratory (AFWAL/MLBM) for those
seriously interested in using it. The Combo cards can be keyed in,
recorded, and labeled by the user with little difficulty. Brief
instructions for users not familiar with TI-59 programming are given in
Appendix C. Coumplete listings of the programs for each Combo are given
in this report, Appendix D.

The TI-59 calculator has a large amount of memory divided into two
parts: program memory, up to 480 steps, and data memory, up to 60
registers. These are the initial values or the partitioning set when
the calculator is turned on. All Combo cards use this partitioning.
These memory locations are also divided into "banks" as follows:

Bank 1: Program memory, steps 000-239

2: Program memory, steps 240-479

3: Data registers, 30-59

4: Data registers, 00-29
Each magnetic card can record one "bank" per side, or two banks per card.
A11 Combo cards are program steps recorded in banks 1 and 2. When the
side of a card is read into the calculator, the bank that is stored on
that side of the card replaces the memory (and only that bank) that was
in the calculator. Note, then, that reading in a Combo card which is

program memory in banks 1 and 2, does not affect the values stored

2




previously in the data regiute ., banks 3 and 4.

Use of the Combo cards is divided into two main steps. first, the
user must record individual ply properties in their proer data registers.
This is done using Combo O, 1, or 1P. Next, a laminate program (Combo)
2, 2P, 3, 3P, 4, 4P) is read into the TI-59 and calculates laminate
properties using the play data already in the data registers. The only

ply properties in the data registers that are recalled by the lamination ;

“ programs are Uj (i = 1-5) stored in locations 30-34; Gij {i,j = x,y) stored
in locations 44-49, and h0 stored in location 59. These quantities are
defined in the section describing Combo 0. Note that once Combo 0, 1, or

1P are used to enter ply properties into their proper registers, these

registers (specifically, bank 3) can be recorded onto their own magnetic
card. If this is not done, a user would use Combo G, 1, or 1P to record
play properties, then read in one of the laminate Combos, hence writing
over the 0, 1, or 1P program in the program memory. This is satisfactory
if the user only wishes to work with one material. If the user is working
with a lamination program and wants to change materials, he would have to
re-read Combo 0, 1, or 1P (and hence wipe-out the Tamination program),

key in the new material {which then replaces the old material properties
in the data registers), and re-read the lamination Combo card. This is
not always convenient and, in the case of the hybrid Combos 4 and 4P,

not workable. Instead, one can use Combo O, 1, or 1P to store material
properties in their proper data registers. Next, these material proper-
ties can be recorded onto a separate card by pressing(zl. *

The display will go blank. A blank card should be inserted into the right
side of the calculator. This records data registers 30-59 (bank 3) onto
the card. Note that two materials can be stored per card, one per side.

Now, to run one of the lamination Combos with that material, one needs

* see note, page 4.




only to read in that material card, which stores the properties in bank 3

of the calculator. Note Combos 0, 1, and 1P were not necessary, and the
program memory was not distrubed.

The functions of each Combo are listed in tre Table of Contents.

This report differs from its predecessor, AFWAL-TR-81-4116, in
several respects. The most obvious difference is the addition of detailed
explanations describing the use of eact of the Combo cards. Sample
problems for the non-printing cards have also been added. The old
Combo 1 (Selected Ply Data) has been re-named Combo 0, and a new Combo 1
(User input Ply Data) has been added. Combo 1 now serves the same
purpose as Combo 1P, except Combo 1 lacks the printing capability.
Inconsistencies in the data input method (whether to initialize before or
after the first entry) have been removed. Several program flow charts
have also been added.

Combos 4 and 4P, hybrid laminates analysis, have a Materials Laboratory
Technical Report especially for their use (AFWAL-TR-81-4183). Users of
the hybrid technical report should be aware that the old version of Combo 1
and 1P are given at the beginning of the Combo 4 and 4P report. The new
Combos 0, 1, and 1P, as listed in this report, are easier to use and

will work with Combo 4 and 4P.

Note from page 3: The calculator will not write onto magnetic cards if
the calculator is in a "fixed" format display mode (i.e., the number of

digits displayed has been previously set). If the display flashes after

attempting to record a card, the card did not record. Press (INV] .
gh}s removes the fixed format. Repeat the card recording procedure as
efore.

PO




SECTION [

COMBO 0: SELECTED PLY DAY UITHOUT PRINTER

AFWAL/MLBM CARD MODULE FOR TI-59

COMBO 0: SELECTED PLY DATA CARD

Aluminum
T300/5208| B/5505 AS/3501 | Scotchply | Kev 49/Ep

Combo 0 is one of the cards available for storing material ply
properties in their correct memory locations so that the laminate in-plane,
flexural, or hybrid properties can be calculated using further appropriate
Combo cards. Combo O is used when the operator is satisfied with the
material properties given on pages 24-26. Its primary advantage over
Combo 1 and 1P is that a composite material's stifrness and strength
properties are recorded in their proper memory locations (bank 3 and 4)
by simply pressing one button corresponding to that material (see Figure 1).
With the Combo O program stored in bank 1 and 2, pressing A, B, C, D, E,
or A' calculates and stores the necessary ply values. Therefore, if a
new set of material properties is desired, simply press the corresponding
button and the old values will be replaced with the new ones. If one of
the laminate cards is stored in banks 1 and 2, and new material properties
are desired, it would be cumbersome to restore Combo and press A,....,
or A' to restore the material properties. It is, therefore, recommended
that, especially when using the hybrid laminate cards (Combos 4 and 4P),
each material be given its own separate card side as described in the

Introduction.




When one of the materials is selected, the Combo O program will store
its SI properties in the proper locations. I[f English properties are
desired, press and the material's corresponding English properties
will replace the metric ones. This step actually converts and restores

Uiand hy only. The failure parameters Gij’ are dimensionless and hence

do not change. Recall that Us, Gij’ and h, are the only properties that
are recalled by the lamination Combos.
Graphically, the program works as shown in Figure 3. The engineering
elastic constants are converted to Ui and the failure properties are
converted to the Gij' The program 1isting for Combo 0 is given in
Appendix D. A short description of how to key-in and record a program ;
onto a card is given in Appendix C.
The following steps should be followed to use Combo 0:
1. Press , read side 1, press , read side 27X
2. Press A, B, C, D, E, or A' depending on which set of material
properties are desired (see Figure 1).
E

The machine then takes the values of EX, E X, X', ¥, ', S,

y’ \)X’ S’

and ny*, calculates, and stores (in the locations given in Figure 2) the

following properties:

Qux on-axis modulus (Equation 1.12):

Qy Ox U Quy 0 £x
Oy Y %y Yy O Fy
Qs s 0 0 Qs €s

*To read a card side, slide the card into the right side of the .
calculator in the direction of the arrow corresponding to the side !
of the card to be read. Retrieve the card from the left side of the
calculator. Handle cards only the the edges.

6




Y
U, 1inear combinations of modulus (Equation 3.15):
Uy Uy = Uy (Qyes Qyys Qyyr Q) ete.
used 1n lamination calculations
Uy
Ug
Gyx
G
vy dimensionless strength parameters (Equation 7.11 and
ny 7.28). Failure occurs when:
Gss G‘.jeiek + G'e1 =
G'x
G
Y

Note that ply thickness, h_, is also stored. The calculator is now ready

o’
to accept any of the lamination Combos.
3. Convert ply data to English units if desired (see Figure 1).

4. Store results from bank 3 onto a separate card (if desired).

Step Procedure Press Display

3 Select Material
7300/5208 a] 216.59641
Boron/5505 ) 214.39805
AS/3501 ] 130.57541
Scotchply 1002 ®] 198.05771
Kevlar 49/Epoxy (E] 350.87335
Aluminum [2+d] B 0

: Convert from SI to ~

2 English . 39.4

Figure 1. Combo O Instruction Chart
7




00 15 0, 45 .
) yy* 2yy

01 16 i, 6 . e,
02 T 2 a7 ¢
03 18 ny 3 Ull 48 Fx’ Gy
m 19 Ggg M US 49 Fy’ Gy
05 20 35 50
06 2, 36 51
o7 22 37 52
08 N 38 53
09 24 . 39 54
10 | 25 40 55
T 26 £, v a1 56
12 2T ¢, s 42 57

’ny s
13 28 . 43 58

Qs Sy ny
14 29 Mo 9

Figure 2. Combo 0 Storage Memories
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SECTION III

COMBO 1: USER INPUT PLY DATA WITHOUT PRINTER

AFWAL/MLBM CARD MODULE FOR TI-59

COMBO 1: USER INPUT PLY DATA w/o PRINTER

Qij, Sij Ui Aij Fij Gij

Ex,...,ho Xs-",Fx§ SI"E“Q' Engl-*Sl

Combo 1 is another one of the cards available for use in storing
material ply properties in their correct memory locations {see Figure 6).
Once these properties are in the data registers, one of the lamination
programs car be read and used. Combo 1 is used when the user wishes to i
input his own ply data, and no printer is available. The user may input

values with SI or English units. Once this is done, all subsequent

calculations, including Tamination calculations, will be done in the system
entered. The systems can be changed as long as the Combo 1 program is
still stored by pressing C or D (see Figure 4). As with Combo 0, this
changes and restores the Ui and hO values only. The Combo 1 program
listing is given in Appendix D.

This program can be used by following these steps:

1. Press [CLR], read side 1, press [CR], read side 2.

2. Enter Ex, Ey, Vs ES, ho as shewn in Figure 4.

The machine calculates:




P ————

yy

Xy

o0 9O O O

SS

XX

Yy

Xy

SS

on-axis modulus (Equation 1.12):

Tx Qx Uy 0 £x

Oy = Qxy ny 0 Ey

s 0 0 Qs s

on-axis compliance (Equation 1.9):

€x Tx Sxx Sxy 0 %%
vt Tyt T Sy Sw ° %y
s s 0 0 ss s

linear combinations of modulus (Equation 3.15):
U, = 4 (Qy ny, Qxy’ st) etc.
used in Tamination calculations

]
0
=

On-axis A matrix for one ply

] [
oo
o0 o

F

inversion of on-axis A matrix for one ply (inversion
of previous matrix)




e R TR AR AT T T S e e

o TR T BT T R g e e TR

3.
4,

The machine calculates:

FXX

F
Yy

ny

FSS

Fx

The calculator is now ready to accept any of the lamination programs.

5. Display Fij and/or Gij as desired (see Figure 5).

6. Make SI + English or English > SI changes if desired (see
Figure 4).

7. Transfer results from storage registers (bank 3) onto one

side of a card if desired.

Display Qij’ Sij’ Uys Aij’ and/or a;; as desired (see Figure 5).

J
Enter X, X', Y, Y', S, Fxy* as shown in Figure 4.

Strength parameters in stress space (Equations 7.11,
7.12, 7.13, 7.15)

Strength parameters in strain space (Equation 7.28)

12




Step Procedure Press Display
la Enter EX A 4
E 3

b y R/S

c Vy R/S 2

d ES R/S 1

e h0 R/S 1.1

*
2a Enter X B 5

b X' R/S 4

c Y R/S 3

d Y! R/S 2

e S R/S 1

f ny* R/S 1.5
* %k

Convert from SI .

3a to English C ho (English Units)
b Convert from D ho (SI Units)

English to SI

Figure 4,

Combo 1 Instruction Chart




Step Procedure Press Display
* gisplay Qij and A' QXX
1 R/S,R/S, ... Oyr Qe G
R/S,R/S, ... Sex? Syy’ Sxy, Seg0 1-2
Display U; B' U,
R/S,R/S, ... U2, U3, U4, US’ 1.3
Display Aij and c' Axx
RE R/S,R/S, ... syt Ay Ass
R/S,R/S,.. LI ayy’ LI agq» 1.4
ok Display Fij D' Fex
R/S,R/S,... Fyy’ ny, Fss’ Fx, Fy s 1.6
Display Gij E! Gxx
R/S,R/S, .. ny, ny, Gogs Gys Gy, 1.7
Figure 5. Combo 1 Options




00 15 0, 5 e,
0l 6, . |31 % v, o,
XX X 2 X
0 T2 T o
@ B P, B
04 19 . |3, 9
05 20 3 50
06 A 36 51 ¢
o7 2 37 2 ¢
08 B 38 B3
09 2% 39 .
0 5 ., |& N
T % ¢ |4 5,
2, 7 s |® 57
13 B, . |8 58
14 29 TR E

Figure 6. Combo ]

Storage Memories
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COMBO 1 SAMPLE PROBLEM:

USER INPUT PLY DATA

PROCEDURE KEY DISPLAY PROCEDURE KEY
Enter E, A a4 Enter X B
(181 £09) (1.5 €09)
3 X' R/S
Eg R/S (1.5 £09)
(10.3 ED9)
Y R/S
vy R/S 2 (40 E0S6)
280 E-3
Es R/S ] (246 E06)
(7.17 E09) S R/S
" R/S 11 (68 E06)
(125 £-8) Fay " R/S
Display Qyj A’ (-.5)
R/S : X
'\ Display Fij D
1] R/S
Display Sij R/S !
- - E'
Display U; B
R/S R{S
Display Aij ¢’ Convert SI -~ C
R/S English
" Display Uy B! H T
Display 3, R/S 1 e
J " R/S 0

S
D

[N N W

1T




SECTION IV

COMBO 1P: USER INPUT PLY DATA WITH PRINTER

AFWAL/MLBM CARD MODULE FOR TI-59
COMBO 1P: USER INPUT PLY DATA w/PRINTER

Ex,...,ho X,...,F,& S'_'Engl Engl"’S|

Combo 1P is the final program card used to input, calculate, and
store ply properties in their correct memory registers. It should be
the Combo selected when the user wishes to input his own ply stiffness
and failure data, and has a printing cradle available. Combo 1P is
identical to Combo 1 except the results of the calculations made by 1P
are automatically printed. The SI to English or English to SI conversions
are made exactly as described in the Combo 1 instructions. The Combo 1P
program is listed in Appendix D.

Combo 1P can be used by following these steps:

1. Press [CIR], read side 1, press [CR], read side 2.

2. Enter E,, Ey, Vys ES, and ho as described in Figure 8. These
will be labeled "E" and "H" on the printer. The machine calculates and

prints automatically:

Quys ny. Qxy. Q- Labeled "Q" by printer.

S Labeled "S" by printer.

Xx® Syy, Sxy’ S¢s-
U]. Uy, U3. Ugs US' Labeled "U" by printer.

Axx’ Ayy. Axy’ Ass’ Labeled "A" by printer.

Qs Byys By A - Labeled "AI" by printer.

XX-oyy y s

18
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The definitions of the above quantities are given in the section describing
Combo 1.
3. Enter X, X', Y, Y', S, and ny* as described in Figure 8. These

will be labeled "X" and "FXY".

The machine calculates and displays automatically:
F F.» Fy. Labeled "F" by printer.

G G,, G

xx’ “yy’® “xy?
The calculator is now ready to accept any lamination Combo.

Gy. Labeled "G" by printer.

4. Make SI - English or English - SI changes if desired. The
machine will calculate, store, and print a new set of U; (labeled "u'")
and a new h, (labeled "H'").

5. Transfer results from storage registers (bank 3) onto one side

of a card if desired.
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Step Procedure Press Display P[;gz$r Printout
la Enter Ex A 4 £ E,
b Ey R/S 3 Ey
| c v, R/S 2 v,
d ES R/S 1 E
e h0 R/S H ho
Q Qxx’ ny’ Qxy’ st
S Sxx’ Syy’ Sxy’ Sss
U U], U2, U3, U4, U5
A Axx’ Ayy’ Axy’ Ass
Al I dyys Ays Agg
1.1
2a Enter X B 5 X X
b X R/S 4 X'
c Y R/S 3 Y
d Y R/S 2 Y'
e ) R/S 1 S
f Fxy* R/S FXY Fry®
F Frx® Fyys Fays Fsse Fyo Fy
G Gxx’ ny, ny, GSS, GX, G
1.2
3 g:g¥$:; ST » c u' U], U2, U3, U4, US (Engl)
H! h0 (Engl)
ho(Eng1)
4 Eog¥ert English D u ys Ups Uss Uyy Ug (SI)
h (s1) hy (SI)
Figure 8. Combo 1P Instruction Chart

.
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00 b 0y, B ory s,
01 16 Syxs G 31 0, 46 ays Gxy
02 LA 2 T .
03 18 Suys Gxy B, 48 Fys G
04 19 5.6, |34 o ¥
% I - 50

06 T 36 5]

o7 22 37 52

08 R 3 5

i) R Ex) 53
0, |5 .., |® 5

T o, % ¢ v |4 56

7 o 7 . s |® 57

B o, B ... |® 58

T 29 RN E

Figure 9. Combo 1P Storage Memories
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L COMBO 1P SAMPLE PROBLEM: USER INPUT PLY DATA
PROCEDURE KEY PRINT PROCEDURE KEY PRINT
Enter E A Enter X B
X! R/S
Ey R/S i
Y R/S ;
vx R/S i
Y' R/S
Es R/S
S R/S !
Enter h R/S
nter Ny / Enter ny* R/S
Print Qij
Print Fij F
.;E 1
éﬁ ,
Print Sij _ﬁr '
Print Gij .
Print Ui -3
i
Z2ig
Convert SI » C
English
Print A, .
" Print U, y
(English) ;‘
Print aij a1 =
4, 193-03 Print hy e
E3%-0% 1 (English) 4, 925-03
-l
i.1ie-08
23




T300/5208 B(4)/5505
Sl ENGLISH SI ENGLISH
E E E E
181. 000 09 26.251 06 204, 000 09 29. 587 06
10. 300 09 1.494 06 18.500 09 2. 683 06
280. 000-03 280. 000-03 230. 000-03 230. 000-03
7.1?70 09 1. 040 06 %. 590 09 810,732 03
H H H H
12%. 000-06 4.92%-03 12%. 000-06 4.925-03
] Q 9 Q
181.811 09 26. 369 06 204, 983 09 29.729 06
10. 346 09 1. 501 06 18. %89 09 2.696 06
2.897 09 420. 149 03 4.276 09 620. 089 03
Y. 170 09 1.040 06 s, %90 09 810,732 03
3 S s S
g wam.yz 38.094-09 4.202-12 33.799-09
9", N8T-12 569, 417-09 54, 0%4-12 372.703-09
-1.%47-12 ~10. 666 -09 ~1.127-12 -7.774-09
139.470-12 961. 5456 -09 178, 8%1-12 1.233-06
[l U U U
T6.368 09 11,376 06 37, TN4 09 12,720 06
38,732 09 12.434 06 93, 197 09 13.517 06
13,710 09 2.2%9 06 24.083 09 3.493 06
22.607 09 3,279 06 28. 258 09 4.113 06
26,580 09 3,899 06 2a.672 09 4,304 06
A A ) A
22.726 06 129, 369 03 2. 62 08 146. 417 03
1233 ge 7,390 02 2. 324 06 13.278 03
362. 116 03 2,069 03 534, 429 02 3, 0%4 03
896, 2%0 03 5.121 22 598, TS0 03 3,392 03
Rl Al A1
44, 129-D4a T.T3%5-06 6. 863-08
776, 533-0% 13%. 322-08 TS, 57606
-12.376-09 -2, 16608 -1, 578-08
i 116-06 195, 2%8-06 250, 447 -06
1.%00 09 217.%49 23 1. 260 09 S.Te1 03
1. %00 N2 217,949 02 2,500 09 2 n2
30, 200 0 S.01 o2 51,000 0F 2 03
246,000 06 2%, 8T8 02 202,200 06 2,137 03
£3, 000 06 3, 262 03 &£7.000 06 2,717 03
Fur Fuy Fix'y £
-%00. 000 -03 -$00. 000-03 -S00. 200-03 -%00. 300-02
F £ F £
444, 444-21 21.129-12 317, 4560-21 15.092-12
101.626-18 4,2331-09 31.1%6-13 3. £%8-09
-3, 360-18 -1%9, T%3-12 -2.%38-18 -120. 6%94-12
216, 263-18 10, 281-09 222.767-18 10, 591-09
0. 000 00 0.000 00 393, 6%1-12 2.714-06
20. 93%-09 144, 347-06 11. 443-99 T8, 899-06
G G G [
12. 004 03 12,004 03 10. 274 03 10. 374 03
10. 681 03 10,681 03 27.646 03 27.646 03
-3.069 03 -3, 069 03 -2.989 03 -2.989 03
11.118 03 11.118 03 6.361 03 6.961 03
60. 647 00 60. 647 00 129.616 00 129.616 00
216.%96 00 216,%96 00 214,398 00 214.398 00
u* u* v U’
11.076 06 76. 368 09 12.720 06 87. 704 09
12. 434 06 8%. 732 09 13.517 06 93,197 09
2.8%9 06 19.710 09 3.493 06 24,083 09
3.279 06 22.607 09 4,113 06 28, 358 09
3.899 24 26,880 09 4. 304 06 29.673 09
b . ’ "l Hl
4.92%-03 12%. 000-06 4, 925-03 12%.000-06
24
.




S

€
138. 000 09
8. 960 09
300. 000-03
7.100 09

H
125. 000-06

Q
138.911 09
9.013 09
2.704 09
7.100 09

S

7.246-12
111.607-12
-2.174-12
140. 845-12

U
$9.660 09
64, 899 09
14,252 09
16, 956 09
21.3%2 09

A
17.331 06
1,127 06
337.937%5 03
887. 500 03

Rl
$7.971-09
592.837-09
-17.394-09
1.127-06

1. 447 09
1. 447 Q9
%1.700 06
206. 000 06
93,000 06

FAY
-%00. 000-03

F

477, 998-21
33.395-18
-3.348-18

115.520-18
0. 000 00
14,488-09

7.376 03
T.467 03
-1.746 03
S. 328 03
39.173 00
130, 575 00

8,633 06
9.413 06
2. 067 06
2. 439 06
3.097 06

4, 325-03

AS/3501

ENGLISH

E
20.01% 06

1.299 06
300. 000-03

1.030 06

M
4,.925-03

392,139 03
1.030 06

S
49. 964-09
769.531-09
-14.989-09
971.127~09

U

8. 633 06
9.413 06
2.067 06
2. 439 06
3.097 06

A
29.151 03
6.438 03
1.931 03
s, 071 03

R
10. 145-06
156. 250-06
-3.043-06
197. 183-06

X
209. 5862 03
209. 262 03
7.498 03
29,877 03
132,488 03

FXY
-500. 200-03

£
22.706-12
4, 464-09
-1%59. 181-12
s, 497 -09
0. 000 00
99, 89%-06

G

7,376 03

7.467 03
-1, 748 03

s.828 03
39.173 00
130. 573 00

e
39, 660 09
64,899 09
14,252 09
16, 256 09
21, 2%2 09

H
128, 000-06

SCOTCHPLY 1072
sl ENGLTSH
£ 55590 v

38. €00 09 .

8.220 09 1,199 06

260. 000-03 260, 000-03

4,140 09 600, 433 03
] H

12%. 000-06 4.925-03
Q ]

39, 167 09 s. 681 06
8.392 09 1.217 06
2.182 09 316. 432 03
4,140 09 600. 435 03

S 3

2%.907-12 178, €27-09

120.919-12 §33. 736-09

-6.736-12 -46, 443-09

241, 546-12 1.665-06
U] U

20,450 02 2.966 06

15. 388 09 2,232 06
3. 329 09 482.872 03
5. 511 09 799. 304 03
7. 469 09 1.083 06
4asos 06 27,977 03
1.049 06 5.394 03

272.72% 03 1. 558 03
$17.500 0O 2.2%7 03
Rl Al
207. 254-09 36, 269-06
967, 352-09 169.287-06
-53. 386-09 -9, 430-06
1.932-06 338, 164-06
W K
1. 062 09 154,025 03
610. 000 06 $€. 470 03
31,000 06 4,496 03
118,200 06 17,114 03
72.G00 06 10. 442 03

Fi
-500, 000-03

F
1.%544-18
273,373~18
-10,271-18
192, 301-~18
-A97. 72312
23.783-09

G

1.914 03
18,882 03

1. 712 03

3,306 03
24. %63 00
198. 258 00

ue
2.%66 06
2.232 0Ne
482,872 03
799, 204 03
1.083 06

4,325-03

Fu
-%00, C(00-03

F
T3, 386-12
12, 296-09
-488, 203-12
9,171-09
-4, §11-06
163, 387 -06

G

1.214 03
18, 382 03

1.712 03

3.306 03
24, %€3 00
198, 058 00

e
20, 450 Q¢
15, 388 09
3. 329 09
5. €11 09
T. 469 09

2%, 008-06




KEVLAR 49/EPOXY

SI

E
76. 000 09
s. 500 09
340, 000-03
2.300 09

H
129%. 000-06

q
76,641 09
5, 546 09
1.886 09
2. 300 09

A
2. 780 Né
533, 200 03

1,400 Q9
27%, 000 D&
12,000 06
S, 000 Qe
34,000 26

[
13.454 22
47,657 03
2,059 03
4,576 03
-149.822 00
350.373 00

e
4,.70% D
5. 196 06

. 255 06
1.528 04
1.588 08

He
4,32%5-03

ENGLISH

€
t1.022 06
797.€79 03
340, 200~03
333.%73 03

H
. 929-03

r]

11. 113 6§
804,409 03
273,499 03
333.573 03

-

90.724-09
1.294-06
-30, 346-09
2.998-06

i

4,703 06
5. 156 06
1. 255 06
1.528 0%
1. 588 08

[}

S4. 744 02
3. 962 03
1. 247 03
1,543 03

444, 489-06

N
13,454 03
47. %57 03
2. 069 23
4, %76 02
-149, 222 00
3%0. 273 00

ye
32. 442 09

H

125, 000-06

26

SI

E
69.000 09
69. 000 09

300. 000-03

26. 338
H
1. 000

"]
75. 824
7S. 824
22. 747
26.538

S

14, 493-
14. 493-
-4, 348~

09

00

09
09
09
13

12
12
12

?.681-12

1]
T3. 324
0. 000

40, 000-03 0

22,747
26. 538

A
73.324
5. 824
22.747

26. 538

AL

09
00

09
9

Qe
09
o9
09

14, 493-12
14, 493-12
-4, 248-12
V. 631-12

400, 000
400, 000
400, 000
400, 000
230,000

e
08
Q6
s
i1y

5. 250-18

6. 250~
-3.125-
18, 904 -

2. 000
J. 000

N
28. 387
28. 387

1. 976
12. 314
0. 000
0. 000

ue
10, 997
0. 300

. 201-06 =@

3. 299
2. 2349

Hl
39, 400

13
18
13
ln)
00

a3
92
3
03
no
Q0

Qe
DAl

0é
06

a0

ENGLISH

E
10. 007 06
10. 007 06
300. 000-03
3.849 06

H
1. 000 00

Q
10. 997 06
10. 397 06
3.299 06
3. 2849 06

9%. $28-09
99. ?28-09
~29.578-09
259.812-09

U
10. 297 06
0.C00 00
88, 435-03
3.299 06
3. €49 06

A
10, %97 06
10. 997 06
3.299 06
3. 249 06

Al

99, £28-09
24, 928 -09
26, 2T8-09
254, f12-09

=

58 )
58 3 03
S8, 013 02
3%, 258 02

SO T v
=
(=

28, 787 03
28, 187 03
1. 576 03
1%, 214 03
0. 00 00
0. c0ae g0

.
T8.£24 N9
1, 00 00
&Q9. 827 00
22.747 Q9

26,738 09

*0




SECTION V
COMBO 2: IN-PLANE PROPERTIES WITHOUT PRINTER

AFWAL/MLBM CARD MODULE FOR TI-59

COMBO 2: IN-PLANE PROPERTIES w/o PRINTER

Core Aijj aij HEY Unit Ply le Re
n,Gt»Ef Ni —E€j Qt”Rt ,R't 0:30':/ e?,et"Rt

The Combo 2 program will recall the unit ply data stored in bank 3,
then drive the composite materials module to calculate the laminate
stiffness matrix, compliance matrix, and the apparent elastic constants.
For a given loading condition, *he program caiculates strain components,
strain invariants, and strength ratios (allowable stress to applied
stress). Failure envelopes in stress and strain space can be plotted
using Combo 2. It is to be used when no printer is available. Essentially,
Combo 2 accepts the ply stacking sequence and laminate loading as its
input. Note that sandwich laminates which contain a core are acceptable.
The Combo 2 program is listed in Appendix D.

To use Combo 2:

1. Have Ui' G;s, and hO for the desired material and in the desired

1]
units stored in bank 3.

2. Press [CR), read side 1, press [CLR], read side 2.
3. No core: Enter n, the total number of plies, then press [::],

Enter 61, R/S, 92, R/Ss.. .., en/2’ R/S. The et are entered
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The machi

&
£
v21
6

with the orientation of the outside ply (top or bottom ply) of

the stack first.

a sequence working progressively towards the laminate mid-plane.

See Figure 11.

Core:

of ply thicknesses that make up core; press[A] Enter 81, RIS, &y,

R/S,...
(note less than n entries), press A'.
for details.

ne calculates:

1

a]1h

o _ , etc.
e

in-plane stiffness matrix (Table
N, 3,h Ay AL, A
Npb=d o= | Pz P Ay
Ne o4h Me P26 Pes
inversion of [A]:

o
€ Ay A2 A |1 M

° =
£2 N2 3y A 1Y

eO

6

Further ply orientations are then entered in

Enter n, the total number of plies plus the total number

After entering one angle for each ply orientation

See Figures 11 and 12

effective in-plane laminate moduli (Equation 4.18)

4.3, Equation 4.31)

o NoO —o




Aij/h:
G,h Ny €] 5] €]
Gzh = N2 = A e% 3 82 = Ax s;
66h N6 eg 56 eg
p——
51-3- h:
e; 5]h e; 5]
eé = a 52h ; 6; =l a* 52
e‘é 56h e;- 56
The display will show E;. The user has the option of displaying

*

the rest of the engineering constants, A, aij’ Aij’ and/or

ij?
a¥.. See Figure 12 for instructions.

ij
At this point, the user must input the load. There are two
options:
a. Input selective unit loads to determine failure envelopes
and maximum loading allowable.
b. Input an actual loading case to determine strain invariants
and strength ratios.
Case a deals with the locus of the failure envelope for a
selected ply orientation as shown in Figure 14, For a given

loading path (N]:NZ:N3 ratio remains fixed), it calculates where

the path pierces the envelope, i.e., the maximu: allowable

29
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; stress values along that proportional loading line. By

selecting various proportional loading lines, the envelope

: can be plotted. The data for a sample case is shown in
Figure 13 and is plotted in Figure 14. Case b, being an
actual loading case, is a point which lies, for allowable {
loading, somewhere within the envelope.

Case a)

Enter N], NZ’ N6 as instructed in Figure 11. To find the values

of c; at the piercing point for a given proportional loading
(Toading line) enter Ni = 1, and the cther two N's to set the i
N] : N2 : N6 ratio as desired. O

6. Enter at, the orientation of the ply to be examined (See Figure 11).
The machine calculates:
Rt
Not used for Case a.

Rt

7. Press D. The machine calculates:

= Rt/h Gi values that pierce failure envelope:

o
oy'= Rt/h Ni was set = 1 = Oih; g; = 1/h

it

! R = Gi allowable _ 51 allowable
i t 5. applied 1/h

(o]

Oi allowable = R¢/h = O

Recall 0;, sz' as desired. The two values of R (and hence two values of

3 o3) arise because the failure criteria is quadratic in R (Equation 7.64),

hence R has two roots. Each of these roots corresponds to a point

where the loading 1ine intersects the elliptic failure envelope.

Note that the entire envelope for a laminate is a superposition of all

30




envelopes for every value of et in the laminate. The first ply failure
envelope is then the innermost trace of the sSuperpositioned curves.
The outer boundary is the ultimate failure envelope.

The failure envelope can also be plotted in strain space. This
technique is best illustrated by Figures 12 and 15. For a given ply
orientation, the failure envelope is independent of the laminate stacking
(independent of Aij)' The total laminate failure envelope is again a
superposition of individual envelopes.

Case b)

Enter actual N], N2, N6 as instructed in Figure 11.

The machine calculates:

I = 1/2 (5? + s;) Strain invariants (Equation 2.50)
> 2.1/2 used to calculate on-axis ply
R, = [1/4 (s? . 55) + 1/4 56] strains

Note e;, s%, sg are stored in locations 23, 24, and 25 and can be recalled

if desired.
6. Display IE and RE if desired (See Figure 12).

7. Enter et, the orientation of the ply to be examined (See Figure 11).

The machine calculates:

R
' strength ratios (Equation 7.48)
Rl
t -
R = Ui allowable _ €i allowable
6i applied e? induced
c; ]
not used for case b.
%
8. Recall Rt and R£ as desired by following the instructions in
Figure 11.

N




The material engineering properties for a single ply can be
calculated and displayed by pressing ). The A1.J. (1,3 = x,¥,8)
and a;; can then be recovered by pressing . Finally, the Q;4 and

S;; can be displayed by pressing . The user should exercise

ij
caution here, because whenJJlis pressed, the original material data
in bank 3 is destroyed. Further lamination calculations cannot be

completed until the storage registers are returned to their original

condition.

32
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' STEP PROCEDURE PRESS DISPLAY
1 Enter ply data
2a Enter n A n/2
b O] R/S n/2 -1
C @2 R/S n2 - =¢
. . . .
%n2 -1 1
0 ° o o o
n/2 R/S,R/S, ... E]’ E2, Y915 E6’ 6.1
* %
3a Enter N] B 6.2
b N2 R/S 6.6
N R
c 6 /S 60
Yok Kk
En 0
4 ter ¢ C Rt
R/S R!
/ t
R/S 60
5 Display ct 10 0 0%
R/S ot
R/S 60
dhkkk
6 |unit ply data D' E,
R/S,R/S,... Wos
/S,.R/ Ey vy Es
Figure 11. Combo 2 Instruction Chart
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STEP PROCEDURE PRESS DISPLAY
* |For sandwich when display = ¢
construction
Al £°
1
R/S,R/S, ... E2, v21’ E6, 6.1
*>  IDisplay Aij' aij B' A]]
R/S,R/S,.. . A22, A12’ A66’ A]6' A26
A1 320 212> g0 3960 A6
3 * * ] *
Display Aij’ aij C An
R 5o A*’*,*’*’*
R/S,R/S 32 A]2 A66 A16 A26
* %* * * * *
N1 %20 N2 %60 260 6
*** ICalculate strain E' I
invariants €
R/S R
€
R/S 60
**** [Calculate fail-
ure envelopes
(strain-space)
Enter e; E 8.1
e® R/S 8.2
2
€° R/S 60
6
Enter © R/S R
R/S R
R/S 60
Figure 12. Combo 2 Options
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~

N-I, N2, N3 et O; O';'
(N/m) (deg) (GPa) (GPa)
1,0, 0 0 .682 1.11
90 .373 2.27

0, 1,0 0 .373 2.27
90 .682 1.1

1, 1,0 0 .302 1.96
90 .302 1.96

-1, 1,0 0 .351 .856

90 .856 .351 ;

.35, 1, 0 0 .356 2.66
90 .512 1.65

1, .35, 0 0 .512 1.65
90 .356 2.66

Figure 13. Failure Envelope Data in Stress Space
for T300/5208 [0/90]5; N6 = 0.
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Note:

° = c
e7,fail = "S5, input

= 1
Rt’ Rt
PROCEDURE KEY DISPLAY
Enter e = 1 (3] 8.1
5= 0 RS 8.2
g2 0 RA) 60
3,20 RS Ry * 6.94x1073
L73) R, = 11.97x1073
RA 60
4 = 4.74x10°3
’Jt 5 R7S) Rt 4x10
®RAl R, = 13.83x10°3
RA) 60
5, = 90 7 R, = 3.88x10-3
L7 Ry = 24.16x10"3
Rl 60
PROCEDURE KEY DISPLAY
Enter e‘; 0 e 8.1
ey = 8.2
gg = 0 RA 60
3,20 R, = 3,88x10"3
") R, = 24.16x10"3
60
3, = 95 R, = 4.74x10-3
R Ry = 13.83x1073
60
g, = 90 Rt + 6.94x10-3
R - 11.97x1073
60
Figure 15
37

The actual strains at failure for an input unit strain (e?
two values of Rt: !

= 1) are the
PRGCEDURE KEY DISPLAY
Enter ¢ = 1 €] 8.1
gy == 8.2
eg= 0 7S] 60
3,0 R R, = 9.19x10-3
RA) Ry = 3.78x1073
60
5, <45 R, = 4.78x10-3
7R Ry = 4.74x1073
60
3, =90 R, = 3.78¢10°°
Ry = 9.19x1073
RA) 60

strain space

Fadure enveiopes 2t T300.3 208 il-3us pues in the normal




00 o 15 g 30 U, 45 vy
0 e 16 317> Byy Al Uy 46 Cxy
02 17 222+ Gyy 32 U, a7 6y
B e 18 a12s Gy 33 U, 48 6,
04 yseo 19 . o, 34 Ug 49 %y
B ., 20 SRS 35 . 50

06 R, 21 ayes Gy 36 v, 51

a7 3 2 3, 52

08 ., 3 e 38 V) 53
09 h 24 s 39 Vo /T 54 q
0, 5 “ »
11 4y 26 o0 a4 % .
12 Ay 21 n,, 0 2 o 5T b2
13 28 N0 S BT 58
14 a 2% o a4 6, 59 n,

Figure 16.

Combo 2 Storage Memories
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COMBO CARD #2
IN-PLANE STIFFNESS & STRENGTH
(OFF PRINTER)

PLY DATA
(BANK 3)

A ;
n, 91 —ﬂ——]Eq. 4.3\ Eq 4.8 T :‘
. i ]

v
r i

lmu J

B Ajj » 9
N; , | TABLE 4.2
. L
C € Eq2.50 le» Pe

Y4
- l"/z —
=l
x
Yotcs ¢
forr-axis) o

2 -
wE o ” L PLANE
/

Figure 17. Combo 2 Flow Chart
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Combo 2 Sample Problems

The sample problems listed in this section are to aid the user in
getting started with the Combo cards/Composite Materials Module. As one
works through the sample problems, the user should follow along with the
instruction charts, Figures 11 and 12. The sample problems should be
followed vertically down the left half of the page, then vertically down
the right.

The sample problems with a core denote the core as, say, C4, meaning

the half-core is four times the unit ply thickness, or the total core
thickness is eight times the unit ply thickness. A typical reai-world
core would undoubtediy be much thicker. The user can have a laminate
with a core thickness that is not an integer multiple of the unit ply
thickness. This would require that n is also not an integer.

A1l units in the sample problems are as follows:

et degrees

ES Pa
1

v;] dimensionless
i N/m

aij m/N :
*

Aij Pa (N/m%)

a* 1/Pa (mz/N)
1)

Ie’Re’Rt’R£ dimensionless
c;,c;' Pa
English unit calculations can be completed just as easily. When the
material properties in Bank 3 are stored in English units, loads can
be entered in 1bs/in, etc., provided their dimensions are consistent

with the units used to enter the unit ply data.




The six sample problems are discussed below:

#1 and #2

#3

44

As one would expect, the engineering properties for

the [0,]1 laminate are those of a unit ply. The stiff-
ness and compliance matrices can be retrieved. The
order of the engineering properties, stiffness, and
compliance components are shown in Figure 18. Next,

a unit load in the one direction is applied. The 0°
ply is then examined (it is the only orientation
available), and the failure stresses are found.
Although Rt’ the strength ratio, has no meaning for an

input unit load, recall o% = Rt/h, or R, = c%h for the

t
unit load case. But Ni = o;h, so the failure N; = Ry.
This failure Ni is applied to the laminate and, since
we are at the failure condition, Rt =1, a; and o:'
have no meaning when a non-unit ioad is applied. The
strain invariants can be displayed if desired. For a
unit load input, they are meaningless. A unit load

is then applied in the 2-direction. Strength in this
direction, as one would expect, is much lower.

This example demonstrates that after a given loading
has been applied, each et must be examined (0° and 90°,
in this case) for its own failure load. The Towest of
the failure loads is the first ply failure for the
laminate. In this example, the 90° ply fails first for
uniaxial loading in the 0° direction.

The (45/—45]s laminate example shows how much weaker

this stacking is than the [0/90]s laminate, under

LY




#5

#6

uniaxial Toading in the 1-direction. If one examined

shear carrying abilities, however, the [45/-45]S would
be superior.

Example #5 is a more realistic type of laminate that
one would encounter. Because the failure criteria is
applied to each ply individually, the failure loads for

all plies must be examined,

The laminate in this example is similar to the sample
#5 laminate, except that a core has been added to
separate the symmetric laminate into halves. The
Young's moduli a. 4 shear modulus are halved due simply
to a doubling of the total laminate thickness. Looking
at uniaxial tension effects in the 0° ply, one can see
that the load carrying ability, in N/m, is the same

as the laminate without the core. The failure stresses
are halved due only to the non-load carrying thickness
addition of the core. The core for the in-plane loading
case shows no advantage over the laminate without the
core. The features of a core will be shown later in

the flexural loading case.




COMBO 2 SAMPLE PROBLEM #1:

LAMINATE; (021,

IN-PLANE STIFFNESS AND STRENGTH

MATERIAL : T1300/5208

PROCEDURE

O, 000 o0

KEY DISPLAY PROCEDURE KEY DISPLAY
ENTER H] =] B 6.2
N2 =0 R/S 5.6
F H =
46 0 R/S 60
ENTER Bt =0 C Rt = 375.000 EO3
DISPLAY R£ R/S 375.000 €03
a® D 1.509 EO9
ot R/S 1.500 EO9
ENTER n = 2 A 1
6] =0 R/S E? = 181.000 EO09 ENTER N] = B 6.2
375. EO3
DISPLAY E¢ R/S 10.300 EOQ9
L Ny = 0 R/S 6.6
(optional) R/S 280.000 E-3
Ng = 0 R/S 60
R/S 7.170 EO09
DISPLAY A, B' 45, :
2 DISPLAY T [ 2.983 E-3
(optional) R/S o b
" (optional) R. R/S 5.304 E-3
x . 000 G0
DISPLAY aij R/S ENTER et = 0 C Rt = 1.000 E0O
(optional) ; DISPLAY R! R/S 1.000 E0O
" 0. 000 oo
DISPLAY A, ;™ c' 151, 02
{optional) R/S ia e
n = (=)
" 7 03
" 0. o0 oo
" o, 0 Do
DISPLAY a,.* R/S 5.525-12
(optional]’ 1- 37, 087-12
P " -1.547-12 I
" 123, 470-12
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COMBO 2 SAMPLE PROBLEM #2: IN-PLANE STIFFNESS AND STRENGTH

LAMINATE; [0, MATERJAL ; T300/5208
PROCEDURE KEY DISPLAY 41[; PROCEDURE KEY DISPLAY
ENTER N] =0 B 6.2
N2 =1 R/S 6.6
N6 =0 R/S 60
*'ENTER 9, = 0 c = 10.000 EO3 ‘
DISPLAY Ré R/S 61.500 EO3
o° R/S 40.000 EO6
a! R/S 246.000 E06 k
ENTER n = 2 A 1 1
6y = 0 R/S E? = 181.000 EO9 ENTER N] =0 B 6.2
PRINT ES R/S 10.300 EOS N. =
! 2
R/S 7.170 EGS N6 =0 R/S 60
DISPLAY A; ; B'
J
optional R
(op ) /3 ENTER 6, = 0 ¢ = 1.000 EQO w
" DISPLAY R% R/S 6.150 EOQO
DISPLAY ay; RIS
(optional) : g
" l.IJLHJ an
" 0. 000 oo
DISPLAY Aij* c'
(optional) R/S a.
" ‘,:'. i : o oOH
" O, 000 oo
" |1 OO0 o0
DISPLAY a..* R/S 5. 525-12
( tinal;J " A7 0Er-1s
optio " -1, 547-12
" 129, 470-12
" 0. 000 0o
" 0. 000 00
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COMBO 2 SAMPLE PROBLEM #3: IN-PLANE STIFFNESS AND STRENGTH

LAMINATE; [0/90]s MATERJAL; 7300/5208
PROCEDURE KEY DISPLAY AJ[, PROCEDURE KEY DISPLAY
ENTER N] =1 B 6.2
N2 =0 R/S 6.6
N6 =0 R/S 60
ENTER et =0 C Rt = 340.941 EO3
DISPLAY R£ R/S 553.853 E03
c® D 681.882 EQ6
!
ENTER n = 4 A 2 o°’ R/S 1.108 €09
a] =0 R/S 1
92 = 90 R/S E? = 95.99] EQ9 ENTER et = 90 C Rt = 186.698 E03
PRINT E? R/S 95.991 E09 DISPLAY Ré R/S 1.134 E06
(optionai) R/S 30.152 -3 o® D 373.396 EO06 '
R/S g®' R/S 2.269 EO9 :
DISPLAY Aij B!
(optional) R/S {
DISPLAY aij R/S
(optional) :: %
! d.DDD GD
DISPLAY A,* c' 3K
(optional) R/S B ;
» : 1%0 !Ei:-
n O, 000 DD
" OLoooo oo L
DISPLAY aij* R/S 10, 412~-12
. n 1o, 412-12
(optional) " ~314, 105-15
" 129, 470-12
" o, oD oo
" o0 000 00




COMBO 2 SAMPLE PROBLEM #4:

IN-PLAN: STIFFNESS AND STRENGTH

LAMINATE ; [45, -45] MATERJAL . T300/5208
PROCEDURE KEY DISPLAY PROCEDURE KEY DISPLAY
ENTER Ny = 1.~ | B 6.2
N, = 0 R/S 6.6
Ng = 0 R/S 60
i ENTER 6, = 45 c R, = 61.614 E03
DISPLAY Ry R/S 74.466 E03
o° D 123.228 E06
ENTER n = 4 A 2 a°' R/S 148.932 E06
9 = 45 R/S 1 l
¢, = -85 | R/S ES = 25.051 E09 ENTER et = -45 C R, = 61.614 E03
DISPLAY E2 R/S 25.051 E09 “ DISPLAY R{ R/S 74.466 EQ3
(optional) R/S 746.902 E-3 c® 0 123.228 E06
R/S 46.591 E09 o°! R/S 148.932 E06
DISPLAY Aj; B' IELBET ODE
(optional) R/S :
(optional) .
) 0. ono an
O, o000 oo
DISPLAY A, .* c' =,
{optional) R/S b s,
" 4z,
" GF, B¢
" oo oo
" O, 000 00
DISPLAY ag* R/S

{optional)

DG T

al‘L""
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COMBO 2 SAMPLE PROBLEM #5: IN-PLANE STIFFNESS AND STRENGTH

LAMINATE ; [0/90/45/-45] MATERJAL : 7300/5208
PROCEDURE KEY DISPLAY PROCEDURE KEY DISPLAY
ENTER Ny = 1 B 6.2
“ N2 =0 R/S 6.6
N6 = 0 R/S 60
ENTER et =0 C Rt = 581.811 EO3
ENTER n = 8 A 4 DISPLAY RY R/S 565.417 £03

61 =0 R/S 3 c® D 581.811 EO06

8, = 90 " 2 c®! R/S 565.417 E06

8y = 45 " 1 {

By = 45 " E? = 69.676 E09 ENTER €4 = 90 C Ry = 276.119 EO03
DISPLAY E " 69.676 EQ9 DISPLAY Ry R/S 1.298 E06
(optional) " 296.031 E-3 o° D 276.119 E06

" 26.880 E09 o' R/S 1.298 E09
DISPLAY Aij 8!
(optional) R/S ENTER 6, = 45 o Rt = 346.996 EO3
" DISPLAY Ré R/S 675.075 EO3
" o° D 346.996 EO06
(optional) " o°! R/S 675.075 EO6
! o, oo 60 _ _
" Booon oo ENTER 8y = -45 C Rt = 346.996 EQ3
DISPLAY Ajj* c' S g o DISPLAY R{ R/S 675.075 EO3
(optional) R/S LD o o° D 346.996 E06
" Pt 3 (RS
u 6. 330 09 g°! R/S 675.075 EO06
" 0, D00 o0
" o, Qo0 a0
DISPLAY aij* R/S 14, 252-12
tional ! 14,3 2
(op ) " -4, 24%-12
" AV, 20z-12 i
" 0, a00 a0 i
" 0, 000 3
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COMBO 2 SAMPLE PROBLEM #6:
LAMINATE: [0/90/45/-45/Cq]¢

IN-PLANE STIFFNESS AND STRENGTH
MATERIAL : T300/5208

Sy o

PROCEDURE KEY DISPLAY PROCEDURE KEY DISPLAY
ENTER N, = 1 B 6.2
H N, = 0 R/S 6.6
” Ng = 0 R/S 60
ENTER n = 16 A 8 ENTER 6 = 0 C R, = 581.811 £03
8, =0 R/S 7 DISPLAY R} R/S 565.417 E03
8, = 90 " 6 ¢° D 290.906 E06
8, = 45 " 5 c°’ R/S 282.709 EO06
84 = =45 4
A ES = 34.833 E09 ENTER e, = 90 c R, = 276.119 E03
DISPLAY E? R/S 34,838 E09 DISPLAY R! R/S 1.298 E06
" 296.031 E£-3 a° D 138.060 E06
" 13.440 E09 o' R/S 648.792 E06
DISPLAY Ay B'
(optional) R/S ENTEK 6, = 45 | C R, = 346.996 EO3
. DISPLAY R} R/S 675.075 EO3
TSP =7, S o R/S 173.498 €06
(optional) . c®! R/S 337.538 E06
) 37, 202-09
" o, oo o0
O, aoo oo
*
DISPLAY A, 5 ¢ 33, 154 09
(optional) R/S 35, 184 09
" 11, 204 09
" 13,440 09
" O, g oo
" O, 200 ao
DISPLAY a_ .* R/S 28, 704-12
(optional;J ! 2. r04-12
" -2, 49712
" T4, 40412
" O, 000 o0
" 0, 000 0o
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SECTION VI

COMBO 2P: IN-PLANE STIFFNESS AND STRENGTH OF SYMMETRIC

LAMINATES WITH PRINTER

AFWAL/MLBM CARD MODULE FOR TI-59

COMBO 2P: IN-PLANE PROPERTIES w/PRINTER

Core

n,9t*E?,A's N i"'e,Re Bt"ntﬁf

1.

The Combo 2P program is similar to the Combc 2 program but it can
be used with a printer. Because of program memory 1imitations, Combo 2P
cannot be used to directly plot failure envelopes in strain space
(strain space plots can be made using E¢, ESs Vors Eg, and failure
stresses). In stress space, however, it works the same as Combo 2. It
also lacks the ability to recover unit ply data which Combo 2 can.
The program is listed in Appendix D. Sample problems follow this section.

To use Combo 2P:

Have U;, Gij’ and hy for the desired material and in the desired
units stored in bank 3.

Press [CWR], read side 1, press [CIR], read side 2.

No Core: Enter n, the total number of plies, then press[::].
Enter 81, R/S, 62, R/S,..., en/z, R/S. See Figure 18.

Core: Enter n, the total number of plies plus the total number

of ply thicknesses that make up the core; press[A]. Enter €y
R/S, €5, R/S,... After entering one angle for each ply orientation

(note less than n entries), press Bl see Figures 18 and 19.
49
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The machine calculates and prints automatically:

Eq, E;, v;], Eg Labeled “"E*" by printer
LIPS Ryos A]Z’ Ass* Agr Axg Labeled "A" by printer
311, 372> a]z, a66’ 316’ a26 Labeled "AI" by printer
A?], A;z. A;z, A;s. A;s. A;s Labeled "A*" by printer

a* , a* , a* , a* , Labeled "A*I" by printer
n’ %2 y P

12° %6" 26" 26
The definitions of the above quantities are given in the section
describing Combo 2.

4. Enter (as shown in Figure 18) N1, NZ’ N6 as selected unit
loads or an actual loading case. This selection is discussed
in detail in the Combo 2 section.

The machine calculates and prints:
I, Re Labeled "el" by printer.

€

5. Enter 6, according to Figure 18.

t
The machine calculates and prints:

Rt’ R% Labeled "R" by printer

c;, a;' Labeled "t" by printer
The definitions of the above quantities are given in the section

describing Combo 2.
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S
PRINTER
STEP PROCEDURE PRESS | |ABEL PRINTOUT DISPLAY
1 Enter ply data
2a Enter n A n n/2
b G] R/S @] n/2 -1
o B g v
0 R/S 1
n/2 -1 / n/2 ~ 1
*
en/Z R/S SYM
E* Eo’ 0, o s E°
1 B2 Vo B
A AM1s Rozs Apos Aggs Argo Rog
AL 1 apys agp, ayps 3ggs 260 326
* * * * * *
A AT A22s Ayps Aggs Args Agg
* * * * * * *
AL L 3115 3500 3120 660 2160 5 | 6]
3a Enter N] B N N] 6.2
b N2 R/S N2 6.6
c N6 R/S N6
el Ie’ R€ 60
4 Enter Ot C 4 Ot
R Ry, R
T 0%,0% 60
Figure 18. Combo 2P Instruction Chart
51
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e T T

PRINTER
STEP PROCEDURE PRESS LABEL PRINTOUT DISPLAY

* For sandwich when display = ¢
construction :
A CR c %

SYM

E* printout will continue as
previously described in Step §§ 6.1

Figure 19. Combo 2P Options
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0 5o I ay 0y, 45 Sy
0 e 16 ayqs Gy, 2 u, 4 Gy
2 e 17 3225 Gyy 32 Uy & Gsg
B e 18 aygs Gyy 33 Uy 4 Gy
M yoep 19 age Gss 34 U 49 6
0 . 20 ., 6, B, 50

06 & 2l 5,6, 6y 51

07 Ry 22 Al 3t ' %2

® 3 ] 38 V3 B 5
M9 24 . ¥ 54
10 At 3 6 40 s >
1, 26 N, 0 a %6
12, Ty, 0 2 e 5T b2
13 Ao 28 Ng. O 8B 58
14 A 29 useo “u . 59 n,

Figure 20. Combo 2P Storage Memories

53




COMBO CARD #2P
IN-PLANE STIFFNESS & STRENGTH
(ON PRINTER)

PLY DATA
(BANK 3)

A
n, 6, Ea- 431 £ 4.8
m - =
]
Via v
A..'
TABLE 4.3 i » i
]
* X
B Aij. 9ij Aij aij
s N; | TABLE 4.2
0
C €i Ean 25071 ¢’ Re
9, > Eq.7.64
Ry cgsﬂ'/hl
fr Svo[7]
- :n —
- n: |8 o° 9|2
ol 7( 907 1°
_ me—
> 5 Hmmu-é __MID
7 " PLANE

A MYy =
o
/ [ol90k2 /s

Figure 21. Combo 2P Flow Chart




Combo 2P Sample Problems

The sample problems listed in this section are to aid the user in
getting started with the Combo cards/Composite Materials Module. As one
works through the sample problems, the user should follow along with the
instruction charts, Figures 18 and 19. The sample problems should be
followed vertically down the left half of the page, then vertically
down the right. Note that the example problems’' printer tape extends
beyond the blocks describing the printer output. This corresponds to
re-entering a new loading condition or examining a different ply
orientation. The "looping" done here is best shown in the program
diagram, Figure 21.

The sample problems with a core denote the core as, say, C4, meaning
the half-core is four times the unit ply thickness, or the total core
thickness is eight times the unit ply thickness. A typical real-world
core would undoubtedly be much thicker. The user can have a laminate
with a core thickness that is not an integer multiple of the unit ply
thickness. This would require that u is also not an integer.

A1l units in the sample problems are as follows:

et degrees

E; Pa

v;] dimensionless
Aij N/m

a5 m/N

Ax 5 Pa (N/m2)

a 1/Pa (m/N)

Ie’Re’Rt’Ri dimensionless

03.0%" Pa
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English unit calculations can be compieted just as easily. When the

material properties in Bank 3 are stored in English units, Toads can

be entered in 1bs/in, etc., provided their dimensions are consistent

with the units used to enter the unit ply data.

The six sample problems are discussed below:

#1 and #2

#3

As one would expect, the engineering properties for

the [02]T laminate are those of a unit ply. The stiff-
ness and compliance matrices can be retrieved. The
order of the engineering properties, stiffness, and
compliance components are shown in Figure 18. Next,

a unit Joad in the one direction is applied. The 0°
ply is then examined (it is the only orientation
available), and the failure stresses are found.
Although Rt’ the strength ratio, has no meaning for an
input unit load, recall o% = Rt/h’ or Rt = o;h for the
unit load case. But Ni = o;h, so the failure Ni = Rt'
This failure N; is applied to the laminate and, since

o

we are at the failure condition, R, = 1. oy and c;‘
have no meaning when a non-unit load is applied. The
strain invariants can be displayed if desired. For a
unit load input, they are meaningless. A unit load

is then applied in the 2-direction. Strength in this
direction, as one would expect, is much lower.

This example demonstrates that after a given loading
has been applied, each 6, must be examined (0° and 90°,

in this case) for its own failure load. The lowest of

the failure loads is the first ply failure for the
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laminate. In this example, the 90° ply fails first for
uniaxial loading in the 0° direction.

#4  The [45/—45]S laminate example shows how much weaker this
stacking is than the [0/90]S Taminate, under uniaxial loading
in the 1-direction. If one examined shear carrying abilities,
however, the [45/-45]S would be superior,

#5 Example #5 is a more realistic type of laminate that one would |
encounter. Because the failure criteria is applied to each
ply individually, the failure loads for all plies must be
examined. The -45° ply should also have been examined, but
space did not allow t*is.

#6 The laminate in this example is similar to the sample #5
laminate, except that a core has been added to separate the
symmetric laminate into halves. The Young's moduli and shear
modulus are halved due simply to a doubling of the total
laminate thickness. Looking at uniaxial tension effects in

the 0° ply, one can see that the load carrying ability, in

N/m, is the same as the laminate without the core. The
failure stresses are halved due only to the non-load carrying
thickness addition of the core. The core for the in-plane
loading case shows no advantage over the laminate without the

core. The features of a core will be shown later in the

flexural loading case.




COMBO 2P SAMPLE PROBLEM #1: IN-PLANE STIFFNESS AND STRENGTH

LAMINATE: (02]y MATER|AL: T300/5208
SROCESURE | KEY PRINT PROCEDURE { KEY PRINT
ENTER N, B
N, | RsS
R/S
Ng /
PRINT I
ENTER n A ILand oo €
RE
ENTER = R/S ST
i D ENTER @, | C
PRINT E:
PRINT R,
Rt
PRINT o°
PRINT A, ; N
g
PRINT aij "
* F
PRINT Al {1
1.
*
PRINT aij
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COMBO 2P SAMPLE PROBLEM #2:

LAMINATE: (0217

IN-PLANE STIFFNESS AND STRENGTH
MATERIAL; T300/5208

30CEDURE | KEY PRINT PROCEDURE | KEY PRINT
ENTER N, 8
N, | Rss :
N s T
. ¥
ENTER n A PRINT 1_ i -
R AT RE-
ENTER =, [ R/S i .
ENTER © c

PRINT




COMBO 2P SAMPLE PROBLEM #3:

LAMINATE: (0/90]s

IN-PLANE STIFFNESS AND STRENGTH

MATERIAL: T300/5208
PROCEDURE KEY PRINT PROCEDURE KEY PRINT
ENTER N] B
N2 R/S
N R/S
6 /
ENTER n A 4. 08 PRINT 1
€
ENTER 0, [R/S R
82 R/S
ENTER O, C T
PRINT E‘; .
R
PINTRt
Rt
PRINT o°
PRINT Aij o ..
(AN iz a
N i
L44E Oe
. T AT
L i
A i -
) [
PRINT aj; Y

*
PRINT Aij

*

U I S W x 2

OO0 o0
D00 0o

-

A1

10, 413-12

10.415-12
-214, 108-15
129.470-12

o, 000 GO

0, a0 0o
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COMBO 2P SAMPLE PROBLEM #4:

IN-PLANE STIFFNESS AND STRENGTH

LAMINATE: [45/-45],S MATER]A[_: T300/5208
PROCEDURE KEY PRINT PROCEDURE KEY PRINT
ENTER N1 B
N2 R/S
N R
6 /S
ENTER n A 4,000 o0 PRINT I
€
ENTER 6, | R/S R
82 R/S
ENTER Ot C T
o _}r:-“ I_H_!l_l sm
PRINT Ei
PRINT Rt E, -
R% 0
PRINT o° -
PRINT A. .
1J o1
a
~4 5, 000 o0
F:
PRINT ajj ] Sl.614 0F
= a4 dE8 O
=4 5
-5, 3 =
4z, 32 ik
O, oon oo
. oo 20
*
PRINT Aij -
S,
42
4¢, 531 119
O, oo0 00
o, oo oo
* o
. * [
PRINT aiJ Caya-qz
L1312
LEle-12
LdeI-12
O g oo
O, 000 oo
b1
____ aianiiithe




COMBO 2P SAMPLE PROBLEM #5: IN-PLANE STIFFNESS AND STRENGTH
LAMINATE: ([0/90/45/-45]¢ MATERIAL: T300/5208

PROCEDURE KEY PRINT PROCEDURE KEY PRINT
ENTER N] B
N2 R/S
ENTER n A 5 Ne | R/S
ENTER 6,  {R/S PRINT I_
3, |R/S .
84 R/S
ENTER Ot C
PRINT E: t i
PRINT Rt .
Ry 5
PRINT o° -
PRINT A'ij N
o
PRINT a4
PRINT A’itj R 45, 000 00
. f.SEE OE
PRINT a}; el S, 075 06
14,
:4.
N j!: [RERTNA
o, 000
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COMBO 2P SAMPLE PROBLEM #6:

IN-PLANE STIFFNESS AND STRENGTH

LAMINATE: [0/90/45/-45/C,] MATERIAL. T300/5208
PROCEDURE KEY PRINT PROCEDURE KEY
ENTER N] B
ENTER n A 16, OO0 00 N, R/S
N R/S
ENTER €4 R/S O, 000 oo 6
7] R/S an, OO0 00
e3 | rys 1S, 000 00 PRINT I_
84 |R/S 45, OO0 00
A' R Rs
4,000 o0
SHH ENTER © ¢ C
PRINT E:
PRINT Rt
Rt
PRINT o°
PRINT Aij
e g°!
2
OE
e

PRINT ajj

*
PRINT Aij

*
PRINT 3

o, oo

RHI
14, 352-09
14, 35:
-4,
3V 20 03
O, 0oo 0o
0, D00 af

(e}
W

1
[N ¥ k]

o0

L

Tod4-12
L 4IT-12
L0412
D00 Qo
OO0 OO

1

-
I N
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SECTION VII
COMBO 3: FLEXURAL PROPERTIES WITHOUT PRINTER

AFWAL/MLBM CARD MODULE FOR Ti-59

COMBO 3: FLEXURAL PROPERTIES w/o PRINTER

Core Dij djj Djj.dij

nGt~Eif | Mj=k; |[6pt—RpRi| otf of

Combo 3 is a program which takes the ply properties from the ‘
storage memories and calculates laminate flexural properties. These
include apparent elastic constants, flexural stiffness and compliance
matrices, strength ratios, and allowable bending moments. It can be
used to quickly plot failure envelopes in moment-space. This combo should
be used when no printer is available. Appendix D contains a listing of
the entire program.
To use Combo 3:
1. Have Ui’ Gij’ and h0 for the desired material and in the desired
units stored in bank 3.

2. Press [CIR], read side 1, press [CLR], read side 2.

3. No core: Enter n, the total number of plies, then press [::].
Enter e], R/S,..., en/z’ R/S. The et are entered with the
orientation of the outermost ply of the stack first. Further

et are entered in order as t approaches the laminate mid-plane. 3
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Core: Enter n, the total number of plies plus the total

number of ply thicknesses that make up the cores press[A],Enter e,
R/S, 92, R/S,... After entering one angle for each ply
orientation (note less than n entries), press [JiJ. See Figures

22 and 23 for details.

The machine calculates:

f
g

f
E

f
Vo
£f

effegtive flexural laminate moduli (Equations 5.21, 5.22,
5.23
f_ 12
E.I F3d— N etc.
11
F
flexural stiffness matrix (Table 5.3, Equation 5.40)
f
M] D11 Dy, Dyg ky where a](z) = zk|
- f -
Mat T | Pz P22 Do |1k e2(2) = 2k
f _
inversion of [D]:
ky dyy dyz2 dyg | [ M
kot = | d12 dpp dyg [ {Mp
Ks. de 926 de6 | |Ms
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e
D]]

22

12
*
066
*
016

Dy /h*sh* = (1 - 20)°h°/12 (Equations 5.30, 5.49):

of 2] f

fl . o* f note: cg and €, are

°$ €2 defined in Appendix A.
f

06 €6

dij h .

K of

eg = d* o';

f f

66, 06

The display will show Ef. The user has the option of displaying

d.., D¥., and/or

the rest of the engineering constants, D ij» 03y

0
dij'

At this point, the user must input the load. There are two

ij®
See Figures 22 and 23 for instructions.

options:

a) Input selective unit loads to determine failure envelopes

and maximum loading allowable.

b) Input an actual loading case to determine strength ratios.

Case a deals with the locus of the failure envelope for a

selected ply in the laminate. For a given loading path

(constant M.| =M, = MG)Z it calculates where the path pierces
f

the envelope, i.e., the maximum allowable oy values along that

proportional loading line. Using a technique similar to the
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Y

one detailed in the Combo 2 explanation, failure envelopes can
be plotted. Case b, an actual input loading case, is a point

which lies, for an allowable loading, somewhere within the

envelope.

Case a)
Enter M], M2’ M6 as instructed in Figure 22. To find the values
of cf which pierce the failure envelope (for a given proportional

i
loading), enter M; = 1, and the other two M's to set the

M, : M2 : M. ratio as desired.

6
t and t, the orientation and the ply number of the ply

1
6. Enter d

to be examined (see Figure 22).
The machine calculates:
R

not used for case a.
Ry

7. Press D. The machine calculates:

f
o f

}. Values of o, (of js defined in Appendix A), when N; = 1, which
o pierce the failure envelope:

2
My=1= f 0,24z = %— cg s of =6

f f 6_p

% j,allow ~ Rtgi,app] B} W2

t

If the applied moment at failure is desired:

h 0f

Miallow = & i,allow

To find failure envelopes or simply check failure points for the
entire laminate, it is not necessary to make one run for each of

the plies. Instead, make one run for each ply angle (64) and
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choose t to be the outermost ply with that orientation, since it
experiences the highest stress.
Case b)

Enter actual M], MZ’ M_ as instructed in Figure 22.

6
The machine calculates:
k], k2, and k6’ which are then stored in locations 23, 24, and 25.

They can be recalled if desired.

6. Enter et and t, the orientation and the number of the ply to
be examined (see Figure 22).
The machine calculates:
Rt
R

strength ratios:

]
t M

i,allowable _ Re Mi,applied

f f
= R, o,
t o1,apph’ed

% ,allowable -
7. Recall Rt and R% as desired by following the instructions in
Figure 22.
Again, as in case a, it is not necessary to examine the failure moments
for every ply in the laminate. Simply calculate Strength ratios for one
ply per orientation angle. The ply selected for a given orientation

should be the outermost ply with that orientation, since it receives

greater bending stress than the more interior plies.

68




| STEP PROCEDURE PRESS DISPLAY
‘ 1 Enter ply data
2a Enter n A n/2
b G] R/S n/2 -1
C 62 R/S n/2 - 2
*
/2 - £ f f]
en/Z R/S, R/S,... 1° EZ’ v2]

3a

Enter M.I

M

R/S

6.2

6.6

1
Display of, cf

Figure 22.

Combo 3 Instruction Chart




STEP PROCEDURE PRESS DISPLAY
when display = ¢
* For sandwich £
construction A’ E]
fof o f
R/S, R/S,... Ez, Vops Egs 6.1
** Display Dij’ dij B' Dyy
R/S, R/S,... 022, DlZ’ D66’ DTG’ DZ6
11> dpp» 9155 dggs digs dpgs 61
i * | * | ' *
Display DjJ, d13 C D?]
* * * * *
D222 P12> Dggr Dyg» Do
* * * * * * N
F/S, R/S,.. d]], d22, d]2, d66’ d]6‘ d26’ 6.°
Figure 23, Combo 3 Options
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USED 15 D26 U, Sy
T o B e on | o, %
72— T |2 o T
B e 18 dyz, Gyy 3 Uy 48 Gy
TR TP I
e [Da o |® 50
%, TR E R 51
TR 27 o T 52
® o B |® |, R
(R S R I
0 o, |B... |0 . |® .
11 Dpy 26 My, o a 5%
12, 21 My, 0 42 s M b2
B o (B, [B wo |® o
T T D

Figure 24. Combo 3 Storage Memories

n




COMBO CARD #3
FLEXURAL STIFFNESS & STRENGTH
(OFF PRINTER)

IPLY DATA
(BANK 3)
A

n, 8y bF—————*{Eq.5.43

Vip
» EJ
imauz 5.3|Eq 5.21 !
B Dij » dij 12 - dii
|
— M »! TABLE 5.2
i i A
C ki > Djj’ djj
6, t »{ Eq.7.64
t{ 1 E9 D
f. SRt
Rt —1%t7 T2
[ ¥4 Sub[7
4 l‘”/z_
— n=18 0°
x > 90.~3
n —2 c
Zotc=|6
| AT
./

: + 5 B
5 %& % )71 PLane
/ [or900c; [s

Figure 25. Combo 3 Flow Chart
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Comho 3 Sample Problems

As in the Combo 2 section, one should follow the instruction charts,
Figures 22 and 23, when working through the sample problems. The sample
problems should be followed vertically down the left half of the page,
then the right.

The entry of sample problems with a core is exactly the same as
that described in Combo 2 and 2P. Again, a core that is a non-integer
muitiple of unit ply thickness is permissable. Problem #3 demonstrates
this.

Additional units for this Combo are, in the case of the sample

problems listed:

Dij N-m
dij 1/N-m
2
o$j N/m© (Pa)

dt . mEN (1/Pa)
English unit calculations can be completed just as easily. When the
material properties in Bank 3 are stored in English units, loads can
be entered in in-lbs/in, etc., proveded their dimensions are consistent
with the units used to enter the unit ply data.
The six sample problems are discussed below:
#1  The failure d{ is calculated, then the failure moment
= h2/6 d{ is applied to show Rt = 1 can be recovered.
#2 This laminate is tne same as the one in example #1, except
the plies have been separated by a core. Note that for
the same ply weight, the maximum moment allowable increases

250% from the original laminate.

#3  Increasing the core thickness further increases the
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#4, #5, #6

maximum allowable bending moment. This example also
demonstrates how to enter a core thickness that is not
an integer multiple of unit ply thickness.

This example shows that for the quasi-isotropic lay-up
under bending w.r.t. the 1-axis only, the 90° ply fails
first. By halving the ply weight and adding a core,
57.8% of the strength is recovered. Or, by taking

the original #4 laminate and doubling its thickness

with a core, its bending strength is 235% of what it was
originally. The bending strength increase due to a

lightweight core is obvious.
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COMBO 3 SAMPLE PROBLEM #1:

LAMINATE: [0p]

FLEXURAL STIFFNESS AND STRENGTH
MATERIAL: T300/5208

PROCEDURE KEY DISPLAY PROCE DURE KEY DISPLAY
ENTER M, = ] B 6.2
M, = 0 R/S 6.6
Mg = 0 R/S 60
ENTER ¢, = 0 C 37
t =1 R/S R, = 15.625 E00
DISPLAY Ry R/S 15.625 EQO
f D 1.500 EC9
ENTER n = 2 A 1 Sf R/S 1.500 E09
By = 0 R/S ET = 181.000 E09
f
DISPLAY E; R/S 10.300 E09 ENTER M, -
R/S 280.000 E-3 15.625 E00 | B 6.2
R/S 7.170 €09 )
— M, =0 R/S 6.6
DISPLAY D B "
(optional) R/S 6= 0 R/S 60
" ENTER 8, = 0 C 37
OTSPLAY a0 RS t = R/S k, = 1.000 E0O
(optional) " DISPLAY R R/S 1.000 EOO
DISPLAY Dfd c'
(optiona]} R/S
" EY 1 i
n O, Ons A
" o, oo oo
DISPLAY d¥. R/S

(optional)

E EmE 4T
S.925-12
-

0. 000 0o

oL OoD oo

o e a4




COMBO 3 SAMPLE PROBLEM #2: FLEXURAL STIFFNESS AND STRENGTH

LAMINATE; Lo/C)s MATERIAL: _T300/5208
PROCEDURE KEY DISPLAY PROCE DURE KEY DISPLAY
My =0 R/S 6.6
Mg = 0 R/S 60
P!ENTER 8, = 0 C 37
t=2 R/S R, = 54.688 E0Q
DISPLAY R! R/S 54.688 EQ0
ENTER n =4 A 2 ;
o D 1.313 EO9
8, =0 R/S 1 \
1 of R/S 1.313 E09
Al E§ = 158.375 EO9
f
DISPLAY E! R/S 9.012 E09
i / ENTER M, =
optional R/S 280.000 E-3
(optional) / 54.688 EOD | B 6.2
R/S 6.274 E09
) =0 R/S 6.6
DISPLAY D, B!
(optional) R/S Mg = 0 R/S 60
. ENTER 6, = 0 c 37
DISPLAY d, R/S t=2 R/S R, = 999.991 E-3
{optional) . DISPLAY R; R/S 999.997 E-3
DISPLAY D% c' 3 na
{optional 3 R/S o
. o
" 3 oa
" O, aon 0o
" 0, o0 00
DISPLAY d*. R/S . 12
(optional) " 1 1_'1'- %_
) 153, 394-12
" D0 00
" [T R TR ]
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COMBO 3 SAMPLE PROBLEM #3: FLEXURAL STIFFNESS AND STRENGTH

M.,

LAMINATE: [0/Cy als MATERIAL: T300/5208
PROCEDURE KEY DISPLAY PROCEDURE KEY DISPLAY
ENTER M] =] B 6.2
M2 =0 R/S 6.6
M6 =0 R/S 60
ENTER et =0 C 37
t=2.3 R/S Rt = 67.731 E0O
DISPLAY R% R/S 67.731 EOO
ENTER n=14.6 A 2.3 Of D 1.229 E09
8 =0 R/S 1.3 of R/S 1.229 EO09 .
{
A E = 148.317 £09 ‘
f
DISPLAY Ei R/S 8.440 E09 ENTER My =
R/S 5.875 E09 M. =0 R/S 6.6
DISPLAY Dij B' 2
(optional) R/S Mg = O R/S 60
. ENTER 6, = 0 C 37
DISPLAT d; "7 PR — t=23 |R/S R, = 1.000 E0O
(optional) . 7. dTE 00 DISPLAY Ry R/S 1.000 EOO
=119, 184-03
" 10, 744 o
" 0. 000 oo
" O, 000 oo
DISPLAY Dj; c' 145, 981 09
(optiona1; R/S 2,472 09
" 2,274 0%
" 5,875 09
" 0. 000 00
" 0. 0Ooo 0o
DISPLAY d;. R/S
(optional) "
: o, 000 DE
" 0, 000 00
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COMBO 3 SAMPLE PROBLEM #4:

FLEXURAL STIFFNESS AND STRENGTH

LAMINATE: [0/90/45/-45/C4]¢ MATERIAL: T300/5208
PROCEDURE KEY DISPLAY PROCE DURE KEY DISPLAY
ENTER M, = 1 B 6.2
M, = 0 R/S 6.6
Mg = 0 R/S 60
ENTER n = 16 A 8 h ENTER 68, = 0 c 37
g, =0 R/S 7 q t=8 R/S R, = 404.279 E00
6, = 90 R/S 6 DISPLAY R! R/S 456.532 EQO
8y = 45 R/S 5 of D 606.419 £06
6, = -85 | R/S 4 N o R/S 684.799 E06
A’ E§ = 76.080 EQ9
DISPLAY E: R/S 62.542 E09 ENTER 0, = 90 C 37
(optional) R/S 213.704 E-3 =7 R/S Ry = 228.559 E00
R/S 17.830 E09 DISPLAY R} R/S 1.160 EO3
DISPLAY D, 4 B! SE.F32 00 of D 342.839 E06
(optional) R/S £
" o R/S 1.740 E09
£ - 7
TSR 0 — NTER €, = 45 C 3
(optional) " t=6 R/S Rt = 324.324 EOD
" DISPLAY R! R/S 743.545 E00
z of D 436.486 E06
(optional) R/S £5.
: i7
DISPLAY d*i*. R/S 13,
(optional) " Ef‘
) 56
" -1
1 "-1
78
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COMBO 3 SAMPLE PROBLEM #5:

FLEXURAL STIFFNESS AND STRENGTH

LAMINATE : [0p/905/45,/-45,] MATERIAL: T300/5208
PROCEDURE KEY DISPLAY PROCE DURE KEY DISPLAY
ENTER M, = 1 B 6.2
M, = 0 R/S 6.6
Mg = 0 R/S 60
ENTER 8, = 0 c 37
t=-8 R R, = 545,875 E£00
ENTER n = 16 A 8 /3 £ =5 0
DISPLAY R! R/S 762.093 EQO
8y =0 R/S 7 t /
. . . of D 818.812 E06
of' R/S 1.143 E09
6g = -45 " [ R/S Ef - 113.287 E09
f
DISPLAY E‘. R/S 65.334 E09 ENTER et = 90 c 37
(optional) R/S 98.770 E-3 =6 R/S Ry = 389.456 EQO
R/S 11.747 E09 DISPLAY R! R/S 2.100 E03
DISPLAY Dy B! of D 584.185 E06
(optional) R/S ,
o of R/S 3.150 E09
STSPLAY 4y e ENTER 6, = 45 C 37
(optional) : t=14 R/S Rt = 671.467 EQ0
" DISPLAY R! R/S 1.970 EO03
" of D 1.007 E09
DISPLAY D c Ga of’ R/S 2.955 E09
(optiona]’ R/S s
o |:l9
" [
" o
" 03
DISPLAY d*_
(optional)

A




COMBO 3 SAMPLE PROBLEM #6: FLEXURAL STIFFNESS AND STRENGTH
LAMINATE: [02/90,/45,/-45,/Cglg MATERIAL: T300/5208
PROCEDURE KEY DISPLAY PROCEDURE KEY DISPLAY
ENTER My = 1 B 5.2 J
M, = 0 R/S 6.6
ENTER 6, = 0 C 37
ENTER n = 32 A 16 t :
t=16 R/S Ry = 1.617 EO3 {
6] =0 R/S 15 3
. DISPLAY Ry R/S 1.826 EO03 :
of D 606.419 E06 f
8g = =45 R/S 8 of! R/S 684.799 E06 .
Al Ef - 76.080 E09 A
DISPLAY E‘{ R/S 62.542 E09 ENTER 6, = 90 c 37
(optional) R/S 213.704 E-3 t=14 R, = 914.237 E00
R/S 17.830 EO09 DISPLAY Ry R/S 4.639 EO03
DISPLAY D, B! of D 342.839 E06
(optional) R/S £
" o R/S 1.740 E09
ENTER €, = 45 C 37
DISPLAY dy; R/S
(optional) " t =12 R/S Ry = 1.297 EO3
" DISPLAY R/ R/S 2.974 EO03
" of D 486.486 E06
fl
DISPLAY D7 o s, e o R/S 1.115 E09
(optionaﬂ R/S £5. 03 1
" 14, 238 0%
" 1?- '::-‘l I ’:’9
n 2,512 09
" 2.512 09
DISPLAY d¥. R/S 13, 14
(optional) " A
" "1
" '1




SECTION VIII

COMBO 3P: FLEXURAL STIFFNESS AND STRENGTH OF SYMMETRIC
LAMINATES WITH PRINTER

i i A MAR, bk —

AFWAL/MLBM CARD MODULE FOR Ti-59
COMBO 3P: FLEXURAL PROPERTIES w/PRINTER
Core
ln_,ﬁt—'EitD’s M; —k; 9t,t—'Rt,0‘tf

Combo 3P is essentially the same program as Combo 3 with the addition
of printing commands in the program. A series of sample problems are given
at the end of this section. The entire program is listed in Appendix D,

To use Combo 3P:

1. Have Ui’ G and ho for the desired material and in the desired

ijs
units stored in bank 3.

2. Press @, read side 1, press , read side 2.

3. No core: Enter n, the total number of plies, then press [Al,

Enter e], R/S, ez, R/S,..., en/Z’ R/S. See Figure 26.

Core: Enter n, the total number of plies plus the total number
of ply thicknesses that make up the core, press (Al enter 8y, R/S,

8a, R/S,... After entering one angle for each ply orientation

(note less than n entries), press n See Figures 26 and 27 for

details. 1




The machine calculates and prints:

f _f f f Vel
E], EZ’ Vors E6 Labeled "E*" by printer

diqs dps dips digs dyg

£ * * J * kN :
D]], 022, D]2, 016’ D26 Labeled "D*" by printer

* *

*
12 Y16 926

The definitions of the above gquantities are given in the section

* *

describing Combo 3.
4. Enter Mys M2, M6 (as shown in Figure 26) as selected unit
Toads or an actual loading case. This selection is discussed
in detail in the Combo 3 section.

5. Enter 8, and t, the orientation and the ply number of the ply

t
to be examined.

The machine calculates and prints:

Rt’ Ré Labeled "R" by printer
of, of' Labeled "&" by print
t* ¢ y printer

The definitions of the above quantities are also given in the section

describing Combo 3.
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STEP PROCEDURE PRESS PE;gEER PRINTOUT DISPLAY
1 Enter ply data
2a | Entern A n n/2
b ”] R/S 61 n/2 -1
C @2 R{S ?2 n/2 j 2
* R 0 1
®n/2 - 1 /3 02 - 1
On/Z R/S ) ) SYr
f
*
E E1s Eps vops Eg
D D115 Daps Dyps Dggs Dyge Dy
diys dyps dyys dges
o* Dl1s D550 DYy Dgg» Dies D3g
* * * *
di;, d3,, dYp, d¥e, 6.1
3a | Enter M] B M M] 6.2
b M2 R/S M2 6.6
c M6 R/S M6 60
4a | Enter @t C 4, T et 37
b t R/S t
R Rt’ Ré
£ _f
pX ot, ct 60
Figure 26. Combo 3P Instruction Chart




PRINTER
STEP PROCEDURE PRESS LABEL PRINTOUT DISPLAY
* For sandwich when display = ¢
construction
A' CR c
SYM
E* printout will continue as 6.1
previously described in Step 1 '
b
Figure 27. Combo 3P Options :
84




00

30

45

USED D26 g by
T T T %
7w | Vee |2 o TR
B ysep 13 4,5 Gyy By, B
M ysep 19 deg> Gs 34 U 49 6,
B e Do P s 50
% <, TR %\, 51
- Z T 52
® .. [® . 5.
. RN E P I
. 5. % 5.
0 o, % . o |4 5% .
12 o, 21w, o 2 e 5T _b/2a
B o, 28y, 0 43 yseo 58 c/a
1, 2 o |8 o TN

Figure 28. Combo 3P Storage Memories




COMBO CARD #3P
FLEXURAL STIFFNESS & STRENGTH
(ON PRINTER)
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Figure 29. Combo 3P Flow Chart

TEANK 3)
A
ﬂ.e' >
> ef
“ Eq-5.43 [gq.5.21 i
Vi ‘
Djj . dij
TABLE 5.3
y
¥
B Dij. dij Dijh dij
> M |———>{TABLES.2
C ki
6y, 24 >~ Eq. 7.64
) f _6Ry
. SR
Rt at * h2
f)' Suvbdi/t
Jaley—
n=s 8|} O° ;'/2
" 7l[ 07 1,
Yovc=|6 0 , ¢
B — - i o - 20
AP Yo «|4)[syamd | | PLANE
4 - . I11T]
/ [0/90kc2 /s
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Combo 3P Sample Problems

As in the Combo 2 section, one should follow the instruction charts,
Figures 26 and 27, when working through the sample problems. The sample
problems should be followed vertically down the left half of the page,
then the right. Note that the example problems' printer tape extends
beyond the blocks describing the printer output. This corresponds to
re-entering a new loading condition or examining a different ply
orientation. The “looping” done here is best shown in the program
diagram, Figure 29.

The entry of sample problems with a core is exactly the same as
that described in Combo 2 and 2P. Again, a core that is a non-integer
multiple of unit ply thickness is permissible. Problem #3 demonstrates
this.

Additional units for this Combo are, in the case of the sample
problems listed:

D N-m

1j

d 1/N-m

iJ
D% N/ml (Pa)
d m2/N (1/Pa)
English unit calculations can be completed just as easily. When the
material properties in Bank 3 are stored in English units, loads can
be entered in in-1bs/in, etc., provided their dimensions are consistent
with the units used to enter the unit ply data.
The six sample problems are discussed below:
#1 The failure o: is calculated, then the failure moment i
= h2/6 o: is applied to show Rt = 1 can be recovered. .
#2 This laminate is the same as the one in example #1, except

the inner plies have beenseparated by a core. Note
87 )
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#3

#4, #5, #6

that for the same ply weight, the maximum moment allowable

increases 250% from the original laminate.

Increasing the core thickness further increases the
maximum allowable bending moment. This example also
demonstrates how to enter a core thickness that is not
an integer multiple of unit ply thickness.

This example shows that for the quasi-isotropic lay-up
under bending w.r.t. the 1-axis only, the 90° ply fails
first. By halving the ply weight and adding a core,
57.8% of the strength is recovered. Or, by taking

the original #4 laminate and doubling its thickness
with a core, its bending strength is 235% of what it
was originally. The bending strength increase due to

a lightweight core is obvious.




COMBO 3P SAMPLE PROBLEM #1: FLEXURAL STIFFNESS AND STRENGTH
LAMINATE: [0,)r MATER!AL: T300/5208

PROCEDURE { KEY

PRINT

PROCEDURE

KEY

PRINT €f

PRINT Dij

PRINT dij

*
PRINT Dij

|PRINT

-
[
o

ul

ENTER M,
Mo

B
R/S

PRINT of
f ]

VT

i
i, LHLHE i Y
M |R/s ,
ENTER © C T T !

t O, 0 i

t JR/S Lot :

ENTER n A >, on 1
PRINT R, 1

ENTER 6, |R/S 5. 00 R; :

Lo LU LS o
10,300 09
2E0, ooo-03 ;
S = e 4 i
S R "

Do R Y ¥ WA
. .

REETETN R

3,
T4,
-1, 18
107,113 04
oo oo

= 1 B )

(RR=]

. o=
2,897 09
TOlV0 09

O, o 0o

i, |EI IEI IEI 0 lfl
5. 525-12
37, 087 -1
-1, 547-1
139, 470-12

R KN

S, OO0 Oe
QE, Q00 08

G, 000 oo

O, Oo0 oo

B T
HER
0, Onn

1.000 o0

F
1,000 oo

1, Qo0 oo

-




‘ COMBO 3P SAMPLE PROBLEM #2: FLEXURAL STIFFNESS AND STRENGTH
; LAMINATE: [o/c1 MATERIAL. T300/5208
PROCEDURE ] KEY PRINT PROCEDURE KEY PRINT
ENTER M; | B
i1
M2 R/S 1. 000 o0
. oo -
M6 R/S
ENTER @t C
ENTER n A EU Y
T t R/S
ENTER 8, RS PRINT R,
Rt !
!
v f f L
PRINT E]. PRINT of i
o i
.
PRINT Dij :
E
PRINT d; 333, 99103
N Y53, 99103
24?0&& 0&
24, 000 0s
R
; PRINT D
1
* ;.
IPRINT d; ; J
it
90 !

g o j

AR VYL s L s




A

COMBO 3P SAMPLE PROBLEM #3: FLEXURAL STIFFNESS AND STRENGTH

LAMINATE: [o/c; ;) MATER I AL: T300/5208
PROCEDURE § KEY PRINT PROCEDURE } KEY PRINT
ENTER M1 B
M2 R/S
M6 R/S
ENTER @t C
ENTER n A 4, & 00 ¢ R/S
ENTER 6] RAS' O, 000 oo PRINT Rt
Rt
PRINT E] PRINT 0:| i
o
PRINT Dij
T
.
F
PRINT d; 1,000 00
1,000 o0
18, 147 €
128, 147 0OF

*
[PRINT 0}

*
PRINT df;




COMBO 3P SAMPLE PROBLEM #4: FLEXURAL STIFFNESS AND STRENGTH

LAMINATE: [05/90,/45,/-45,1 MATER|AL: T300/5208
PROCEDURE | KEY PRINT PROCEDURE | KEY PRINT
ENTER M, B

M
L 000 G0 2

o M 6 R/S
000 00 |
L0 G0 ENTER o, C 0 ;

R/S
ENTER n A /

[y
(52}

D I

ENTER 87 | R/S

S0, 000 00 ﬂ
0. 000 0 X t R/S -
45, 000 20 =
45, 000 00

-45, 000 00 PRINT Rt

9 8 R} S -45, 000 O E‘
T LE R !
e t

PRINT €]

oo oo

{ giDDj oo
PRINT Dij J i

TE. B
; 44,6
= o
e i
a. 0
SEd. 185 06 ;
PRINT le S0 150 049

o T
45, 000 00

4,000 00

F

PRINT D; ; s ET1. 467 00
(:3 ':‘_; 1 . "._‘-' FG I:l Ei
a3
09 T
0 1. 007 09
s 2,985 09

- .
[PRINT dj 5 _ai .

Fau [0 L0 s 000

bk ik Bk et ek ek
O U N £ I A
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COMBO 3P SAMPLE PROBLEM #5:

FLEXURAL STIFFNESS AiD STRENGTH

LAMINATE: [0/90/45/-45/C4]¢ MATERIAL: T300/5208
PROCEDURE { KEY PRINT PROCEDURE | KEY PRINT
ENTER M; | B
M
M2 R/S 1, 000 oo
O, ooo oo
M R/S O, Oo0 oo
ENTER n A 16, OO0 00 6 / S UL L
.TA! -
ENTER 94 R/S O, 000 o0 ENTER O ¢ o) ll”_m o
] R/S v 0 P
e% R/S 5, OO0 oo t R/S = LU
6 4 R/S . 000 an
A CR PRINT Rt
4, 000 0o ERREIE
S R 1': RN
f % PRINT of z
PRINT E; ?‘RF e E0E, 415 06
r_ ° FEd. T33 05
:*i:j-:,
17, Te T
a0, 000 oo
PRINT D. . T.000 0o
ij -
-:1-131. I
S 2ze. 559
11.° 1. 10
i.
1. 674 00 -
342, B39 L4
PRINT dij Lo 7dd 03
T T
45, G0 GO0
R IO 00
PRINT 0} -
5,
14.
17, =
2. JEE, 4238 06
2 1. 115 0%
PRINT d;j
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COMBO 3P SAMPLE PROBLEM #6:

FLEXURAL STIFFNESS AND STRENGTH

LAMINATE: [0,/90,/45,/-45,/Cg]g MATERIAL: T300/5208
PROCEDURE § KEY PRINT PROCEDURE | KEY PRINT
ENTER n A 32,000 Qo ENTER M, 8 M
M2 R/S 1. 000 oo
ENTER 8, | R/S o.00n 0o 0. 006G oo
. . O 000 00 M R/S O, OO0 G
S0, D00 00 6
S0, OO0 oo
= men m ENTER © c T T
b oy t oL noo oo
t R/S ie, 000 oo
Og R/S
A’ PRINT R,
¢ 0
Rt i
PRINT EF PRINT of
i f! e
o OE
t, T
S0, 000 oo
14, 000 o0
PRINT Dij

PRINT d; ;

*
PRINT Dij

*
PRINT dij

[

—
"t [

I

Ta T
45, 000 g
12,000 a0
=
1. 2597 0F
2974 0z
4 E!' . !Ex G
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APPENDIX A

Description of Applied and Resultant Stress and Strain

Any combination of six different loads can be applied to the desired
laminate (see Figure A-8). Three in-plane loads can be applied using
Combo 2 or 2P, and three flexural loads can be applied using Combo 3 or
3P. Combined loading (simultaneous in-plane and flexural loading) can
be done with the existing Combo cards, using the explanation given in
Appendix B. The following sections describe the stresses and strains for
in-plane, flexural, and combined loading cases. ATl drawings are for a
sample [0/90/45/-45]s laminate, loaded uniaxially in the 1-direction.

A11 figures are drawn with respect to the l-direction (o], €15 etc).
One could also load the laminate with respect to the 1, 2 (normal), and
6 (shear) references and examine the results in any of the 1, 2 and 6
references.

In-Plane:

A1l Combos are based on the plate under plane stress assumptions.

The applied stresses are:

h/2
o 1/h I g,dz

k]

1 1
~h/2 ! ‘ e
h/2 AN NN .
52 = 1/h l crzdz ! ,
-h/2 i N
h/2 Fi A-1
66 = .l/h ( Usdz igure A-
J-h/2

These average stresses are often multiplied by laminate thickness.
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N.l = 0]h
N2 = g,h
N6 = Esh

These average applied stresses are actually re-distributed in the laminate, |
ply-by-ply. This is because the resultant strain is constant across the

laminate (see Figure A-3), but the stiffness matrices, [Q] (in the 1-2

system) vary according to ply orientation angle. The resultant stress

distribution may look 1like:

}

- .
-48°

| | MID

—ase 2 05 o (GPa) 1.0 PLANE

f Figure A-2

Because of the thin plate assumption, the resulting strain is constant

through the laminate thickness:




Figure A-3

The laminate stretches but does not curve or warp.

Flexural:

Bending moments applied to a laminate are similarly only average

moments: : h/2
Ml = o _zdz
J-h/2
f h/2
M = 0,2dz
2 J -h/2 2
[ h/2
M = o,_zdz
® Joz 6

The applied moments distribute themselves as stresses that vary

ply~to-ply and linearly through each ply thickness:




L 1 | [ _l!lo__ . _
Toa -0z y T 04 T PLANE Figure A-4
/ &, (GPa)

/ 45°

/ 90°

The M;, actually a combination of weighted stresses that vary through

the thickness can be thought of as an averaged moment that varies linearly

through the thickness. This gives rise to an averaged surface stress, of:
i

M.
i

2 (area)(moment arm)
2 [1/2(h/2) cj h/3]
h?/6 of

1}

These produce a linearly varying strain:

L L L Ly M0 _ Figur‘e A-5

-43° € (107"

a3°

Q°




The laminate curyes but does not stretch along its centerline.

Combined In-Plane and Flexural:
Strain across the laminate thickness is simply a sum of the in-plane
and flexural strain:

2

¢ T

90°

a5

T
!
|
i
{
l
|
- |
e / MID
— L — Figure A-6

a5 2 4 6 PLANE

45

The stress across the laminate can be related to this strain via

the off-axis stiffness matrix for each ply:

o f
[Q]t{ei + Ei}t

o f
[Q]t{ei]t + [Q]t{ei}t
= [Qdylegdy + 2[Q) (kydy

Stress, therefore, is also a simple addition of the in-plane and flexural

stress. This would appear as:
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Figure A-7
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/ Ne

12 TZ

—‘—’NZ

/ézxﬁé

= \ M, s /14:
(Or (O PR

-~
o O

(a) (b) (c)

The positive directions of components
Bending moments are shown in (a) and (b). In (¢)

—e 2

of moment.
, positive

twisting moment appears as clockwise torjue on the positive

1-axis face; counterclockwise on the positive 2-ax

is face, The

effect of the positive twisting moment can be duplicated by

four self-equilibrating forces acting at the corners

Figure A-8: Positive In-Plane and Flexural Loading Directions.
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APPENDIX B

Instructions for Combined In-Plane and Flexural Loadings

The Combo cards discussed in the preceding sections, together with
the Composite Materials Module, can also calculate strength ratios for
laminated plates under combined in-plane and flexural loading conditions.
The procedure used to do this.is best illustrated with an example:

It is desired that a [0/90/45/-45]5, T300/5208 laminate carry the
following loads:

Ny = 200 x 103 N/m
N2=0

Ng = 0

My = 30 N-m/m

My =0

Is this an allowable loading? What are the safety factors?

These questions are answered by calculating strength ratios for each
ply. This is done with the following steps:
1. Use Combo 2 or 2P to enter the laminate stacking and in-plane
Toading, N;. Recall the e? from registers 23, 24 and 25 by
pressing [2][3] , etc (see Figure 16). This gives:

€3 = 2.870 x 1073
€5 = -849.7 x 10-6
e% =0

These strains are constant for all plies in the laminate

(see Figure A-3).
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2. Use Combo 3 or 3P to enter the laminate stacking and flexural
loading, Mi‘ Recall the ki from registers 23, 24 and 25:

ky =3.128 1/m
k, = -313.9 x 1073
ke = -951.4 x 1073
Using:
€y = e; + zk, (see Figure A-6).
z = th,

Calculate for each ply (hy = 125 x 1076 m):

8, =0°, t=4 ey = 4.459 x 1073 ;
e, = -1.006 x 1073
e, = -475.7 x 1078

6
6,=90° t=3 ¢ =4.062 %107
€, = -967.4 x 10-6
€, = -356.8 x 1078
6
0, = 453 t = 2 €y = 3.665 x 107
€, = -928.2 x 1076
€ = ~237.9 1076
6, = 455 t = 1 e, = 3.267 x 1073
c, = -888.9 x 1076

= -6
€ = -118.9 x 10

These are the strains in the outermost surface of each ply due to
the combined loading. Recall that Combo 2 has the ability to input b
strains directly to calculate strength ratios (Combo 2P cannot do
this). Therefore:
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3. Read in Comho 2, then enter the laminate stacking. Enter the

€4 for each of the plies using the [E ] button as shown in

Figure 12. Record the Rt values. For this example, they are:

R, = 1.800
Rgg = -972
Rys = 1.33
R_gg = 1.54

If one were to examine the strength ratios for the given in-plane
loading only or flexural loading only, none of the plies would
fail. However, the combination of loads will cause the 90° ply
to fail (R < 1). To avoid failure, the loads would have to

be reduced, or, to carry the original loads, the laminate stacking

should be modified.




APPENDIX C

Instructions for Keying in a Program

1. Turn on calculator.
2. Press [(RN], display shows 000 00.

3. Begin key punching. Press the key label that corresponds to
the program step desired. The calculator will automatically
advance to the next line number.

4. Continue with entire program.

5. Press [lIRN). The display should return to normal.

6. Press [ 1] * The disp]ay will go blank. Insert
card, right-side-up, into the slot on the right side of the
calculator. Retrieve card on the left side.

7. Press [2] BB . Insert the card upside-down into the
slot. Retrieve card.

8. Label card accordingly.

If you make any errors, you can easily "edit" the program without
having to re-key the entire program. Consult TI-59 owner's manual for

information.

’j The cajculator will not write onto magnetic cards if the calculator is
in a "fixed" format display mode (i.e., the number of digits displayed
has been previously set). If the display flashes after attempting to
record a card, the card did not record. Press [CLR][INV] [2nd] . This
removes the fixed format. Repeat the card recording procedure as before.
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APPENDIX D

Program Listings
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