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FOREWORD

This report was prepared in the Mechanics and Surface
Interactions Branch (AFWAL/MLBM), Nonmetallic Materials Division,
Materials Laboratory, Air Force Wright Aeronautical Laboratories,
Wright-Patterson AFB, Ohio. The work was performed under the
support Project No. 2419, "Nonmetallic Structural Materials",

Task No. 241903, "Composite Materials and Mechanics Technology".
The time period covered by this effort was from January to December

1980. Stephen W. Tsai (AFWAL/MLBM) was the laboratory project

engineer. Rodolfo Aokiwas a visiting scientist with MLBM from the

German Aerospace Research Establishment (DFVLR).

This is a revised edition of the technical report bearing
the same number published in April 1979. The asymmetric laminate
tapes are added in this revision. The equations and table numbers

which appear in the flow charts are the same as in Introduction

to Composite Materials, coauthored by S. W. Tsai and H. T. Hahn,

published by Technomic Publishing Company, Westport, CT, in July 1980.
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TAPE *|

PROPERTIES OF UNIDIRECTIONAL COMPOSITES

T300/5208

Eq. 1.12

SI—Eng

Engg Const.
Eq. 3.11
Invariants
Qjj
Eq. 7.1%
7.15
Fij
Eq. 7.28 L
G.

Eng — SI

SI — kqf

L@ 4O HOE

kgf — SI




USER INSTRUCTIONS
TAPE #1: PROPERTIES OF UNIDIRECTIONAL COMPOSITES

STEP PROCEDURE ENTER PRESS DISPLAY
1 For T300/5208 plies, initialize values
al . . ! ' * - -
of BB, o B XX Y, Y 'S/ Fy A 1.00
(= -1 <), l_v' l“"'.‘f"“‘l' and hO in SI.
Calculate le {nvariants %(Ul + U4) ’ US 1.00
U2 , and i'j . stress failure tensors

F. and }F ; stra.n failure tensors G,
i 1 i

and G, ..
i}
2 Convert from Si to English (lb, in,CF) -- B 1.00
units .
3 Convert from English to SI units, ~- C 1.00
4 Convert from SI to kgf (kgf, mm,°C) units, -- D 1.00
5 Convert from kgf to SI units -- E 1.00
Alternatives
0A Clear memory CMs
1A To initialize other values of Ex, Ex STO 18 Ex
e ho, the values may be stored . . .
manually in the data reagisters. . . .
etc. -- A 1.00

2A Calculate Qij’ U's,Fi,Fij,
Then Steps 2-5 can be performed as appropriate.

For example, one can initialize in Eng. units and
convert to SI by using Step 3.

Computed ply data should be recorded in blocks 3 and 4 for
future use, Tape #1 need not be run, unless a change in unit
(e.g. from SI to Eng) or change in properties is desired.




Tape #1

Title PROPERTIES OF UNIDIRECTIONAL COMPOSITES

A |8 c' D' E'
Initialize
T300/5208
A . B s1 to CEnglish |D SI to E kgf/mm2
In;tlaézi? English to SI kgf/mm2 to SI
00 15 v 30 Qg 45 Usy
oI o 16 vy 31 46 Fox
02 17
03 |
Oy 8 & 33 8 r
04 19 E 34 49 F
Y Y
05 20 v 35 50 g
X Xy
06 21 E 36 51
s Xy
07 22 oy 37 52
08 23 o, 38 53
09 24 B8, 39 m 54 G
XX
10 25 BY 40 55 G
YY
1 26 41 h 56 ¢
Xy
l 2 27 QXX 42 %(U1+U4) 57 GSS
13 x 28 o, |43Vs=3(97Up[58 o
14 x 29 o, a4y, 59 G,
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Tape #1  Properties of Unidirectional




3 TaPe #1  PROPERTIES OF UNIDIRECTIONAL/SAMPLE PROBLEMS
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TAPE #2
OFF -AXIS PROPERTIES OF UNIDIRECTIONAL COMPOSITES

®

C8 D 96

3.3

Bq. 3.644
3.65

S

;(6)

@Table 3.7

©

i (0)

Table 2.5

€j

(8)

Eq. 7.64

QXX
y aA=%

O’i(a‘)'_' RO}




USER INSTRUCTIONS

TAPE #2: OFF-AXIS PROPERTIES OF UNIDIRECTIONAL COMPOSITES

STEP
0

PROCEDURE ENTER

Ply data must be in storage

Calculate modulus Qij and compli- 8
ance S.!j in rotated coordinate sys-

tem at angle 8 (positive counter-
clockwise) to reference coordinates

Input applied stresses in reference

coord. system, If unit stresses, such
as [1,0,0], are entered, the resulting 2
B values are the allowable strengths, g

Calculate corresponding strains in --
reference and material coord, sys- ' --
terms and calculate strength ratios R &R .,
(defined as the ratios by which the

applied loading must be multiplied

to reach the failure surface),

Alternative A

2A

3A

Alternative B

2B

3B

If only the angle in Step 1 is changed while the stress remains the same

Step 2 can be skipped, If the stress is changed while the angle remains

Input applied strains in reference €
coord, system
€
2
6
Calculate strains in material coord. --
system, and calculate strength-strain --
'
ratios Rand R.
Input strains in material coords. €y
(Step 0 needed, but Step 1 not needed) €y
€s

Calculate strength ratios R & R'. --

constant, Step 1 can be omitted.

PRESS

R/S
R/S

R/S

STO 10
STO 11
STO 12

R/S

STO 07
STO 08
STO 09

R/S

Steps 0, 1 and 2 must be executed at least once before Step 3,

DISPLAY

1.00




OFF~AXIS PROPERTIES OF

Tape# 2 Title UNIDIRECTIONAL COMPOSITES

A' 8' c' D' E'
A B C D R from E R:.from
0 (03 ,0,,0¢] R [e,,€5,€4] [ex.ey,es]
00 4 15 30 Qe 45 U,
4
ol 0, 16 31 Q6 6
02 T, 17 32 Q6 47
03 0 I8 33 11 48
04 I9 34 S5y 49
05 20 35 S15 50
0]} 21 36 Se6 51
o7 e, 22 37 S16 52 ...R ‘
1
08 ey 23 38 S,¢ 53 ...R |
09 €, 24 39 20 54 Gy }
10 e, 25 40 49 55 vy
P 26 |q| 4| hg 56 xy
12 € 27 Q)4 42 %(U1+U4) 57 G
1
13 28 Q,, 43U5=§(U1-—U4) 58 Gy
14 29 ;5 44 u, 59 Gy




Tape #2  Off-Axis Properties
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Tape #2  Off-Axis Properties
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Tape #2  Off-Axis Properties/Sample Problems

E Z il

' i - |I—\ 1t'
e (= -
P .

£ iz 14
. 5 =

- SR T LE

2 5
(] e ag :
Sadagdnil e i 3
0,00 Ca SF
NE e o

T e

=

=l
&

o]
=
=
c
e
53

5
3

ST Ly

DR ORI, VS RO IO TR IR IR Y SO R O ¢

12




TAPE *#3

IN-PLANE STIFFNESS

OF SYMMETRIC LAMINATES

PLY DATA K
l<i<4 0
Eq. 4.31 ///// Y I
nV . \ I'
i A nj
Eq. 4.34 “-ﬁ
]
@ \ ny+Nz
*
ViA ! n 9
62 9| e
Table 4.4
Ajj/h
Eq. 3.64
3. 54 @
a..h Eq. 4.1

i 4184 Fng'qg Const.

Y
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STEP

USER INSTRUCTIONS
TAPE #3: IN-PLANE STIFFNESS OF SYMMETRIC LAMINATES

Alternative A

1A

2A

3A

%k

PROCEDURE ENTER PRESS DISPLAY
Enter ply data. --
Enter ply angle 6., and number of 9 A %
plies at that angle, n. i=1, 4, and ny R/S 2n)
* * * *
calculate VIA'VZA’V3A and V4A 62 B 92
for each ply and sum them, and n, R/S 2(n) +ny)
calculate n ., Since 1<i<4, values 93 C 83
for nonexisting plies need not be n, R/S 2( nl+rx2 +n3)
entered, i.e, for a [0/90] laminate, 64 D 94
i=3 and 4 can be skipped. n, R/S n
h, and a_ h. -- .
Calculate V., , b, Aij/ » and a, E 1.00
Calculate engineering constants -- E! E(;
-- o
R/S EZ
-- o
R/S v,
-- R/S o
/ Eg
Rotate entire laminate by y; ** v Al 2n1
n, remain the same -- B! 2(n, + n,)
- 1
C 2(n1+n2+n3)
- D n
Calculate transformed AiJ/h and aijh. -- E 1.00
Calculate engineering constants -- Er E‘l)
-- etc.

The number of plies nj of each ply orientation are those in the upper
half of the laminate. The total number for each orientation is 2nj.

The thickness h in Register 26 is the total thickness of the laminate;
the number in Register 46 is one half of the total ply number. For
symmetric laminates, only the fraction of each orientation rather thaan
the absolute number of plies is important. If more than four ply
orientations are needed, additional 6 and n can be entered through Key B,
C or D; but not Key A which initializes the program.

This is equivalent to rotating the reference coordinates in the clockwise
or negative direction.
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IN-PLANE STIFFNESS OF
SYMMETRIC LAMINATES
Tape# 3 Title

A' B’ c' D' E'

61+Y, nl 62+YI n2 e3+YI n3 64+YI n4 gggsg
A B C D E +  «
61, ny 62, n, 63, n, 64, n, Aij’ aij
00 15 o, 30 a ./ |45 v,
ol 16 n, 31 A/ 46 n/2

9 *

02 |7 3 32 A26/h 47 VlA
03 I8 n, 33 ..n 48 v,
04 19 o, 34 a,,h 49 V;A
05 20 n, 35 a,h |50 v,
06 21 36 a .n 5]
07 22 37 a h 52
08 23 38 a,n 53
09 24 39 o, |a| |54

10 25 40 n, 55

Il 26 h 4] p 56

12 27 A /m 42 %<U1+U4) 57

13 5, 28 a,,/h 43u,=5(u; U,)| 58

14 n, 29 a,,/h 44 u, 59

15
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Tape #3 In-Plane Stiffness P
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Tape #3  In-Plane Stiffness/Sample Problems
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TAPE *4
: IN-PLANE NON MECHANICAL STRAINS

OF SYMMETRIC LAMINATES

®

AT, ¢

Baale: Tk O Mt sl

Eq. 8.79
PLY DATA

v

D
>
-
1)
~
PSR S i

»* Eq. 8.62

Vi*s V3

N/ h

Table 4.2

aih

@@ Table 2.6 :

m
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USER INSTRUCTIONS
TAPE ¥4: IN-PLANE NCNMECHANICAL STRAINS OF SYMMETRIC LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY
0 Data from Tape #3 must be in storage.* -- --
1 Enter AT, and c and calculate e;\I AT E AT
c R/S 1.00
*ok
2 Calculate nonmechanical strains and -- A Rl
the strength ratios Ri for each layer,
i=1-4,
The strengths are based on the combination -- B R,
of environmentally induced strains
from both temperature and moisture. -- C R3
-- D R,

* Data in Registers 47 and 49 are needed for this Tape.
** This step is not necessary for the strength calculations in subsequent tapes.
In fact, only side 1 of this tape (program steps 000 - 166) need to be entered.
The nonmechanical strength ratio indicates the temperature and/or moisture

level that would induce ply failures.

(a)
UNCURED
PLIES
09000
e— £ —>
X
(b)
FREE oy —
EXPANSION
00000026000
]
(c) N
LAMINATE - N,
AS A UNT |®© ©0 000000

20
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IN-PLANE NONMECHANICAL STRAINS
Tape# _4_. Title OF SYMMETRIC LAMINATES
A B' c' D' E'
A Rl B R2 c R3 D R4 E AT, c
P 00 15 o, 30 R, 45 u,
T 16 n, 31 g, 46 n
02 o |17 s, 32 =, a7 v,
03 o 18 n, 33 an 48 v, , At .
04 Wm (19 o, 34 a,m |49 v
05 /n |20 g, 35 a ,h 50 v,,, c ﬂ
06 wNg/m |21 26, 36 ag.h 51
07eN(s,)-e, {22 o 37 ah 52 e }
08eN(o)-e, |23 ° 38 a,n 53 o |
09 elg(ei) 24 B, 39 ,_,R'4 54 ¢,
10 €} 25 & 40 ...r, |55 o, *
e 26 h 41 56 ¢,
12 e 27 R, 42 Ly 4, |57 o
13 6 28 R'z 43US=%—(U1-U4) 58 G,
14 n 29 ', 44 v, 59 ¢,
21




Tape #4 In-Plane Nonmechanical
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Tape #4 1n-Plane Nonmechanical / sample problems
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TAPE #5
IN-PLANE STRENGTH OF SYMMETRIC LAMINATES

®

N/ h

Table 4.2

a-kh

M

@@ €

N
i 6i)-¢;

Table 2.6[

G'j“(ei)

Eq. 8.102 1

|<i<4 R
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USER INSTRUCTIO:IS
TAPE #5: IN-PLANE STRENGTH OF SYMMETRIC LLAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tape #3, or 43 and -- -
#4 must be in storage

1 Enter N, components and calculate N, /h E Nl /h
€. . Unit stresses such as [1,0,0] NZ/h R/S Nz/h
chr. be entered here. The resulting N /h R/S 1.00
S values are the allowables., 6 )
2 Calculate strength ratios R & Ri' for -- A Rl
each layer, i=1-4. These strengths -- B R,
are based on the ratios of mechanical _ c R
strains; not the total strains. 3
- D R4

*Tape 45 can be used following Tape #3 if nonmechanical strains are neglected,
Ply data tape used in Step 0 of Tape #3 automatically make e,"e,=0. Tape #4
need not be run for making AT=c=0. Y

r— ex—o<—-—— e‘x-————

T ——

0606006066006 0 © 0
l—-sj”——o<—€,"—-——

26




IN-PLANE STRENGTH OF

SYMMETRIC LAMINATES

Tape# 5 Title
A B' c' D’ E'
A ° R ¢ R3 ° &, ENk/h,
00 15 o, 30 eV(o,)-e (45 E,
ol N/ |16 31 (o, -c, |46
02  N,/h 17 e, 32 ef(e,) 47 »'
03 nyh |18 33 a0 48 ',
04 19 s, 34 an 49 ',
05 20 35 a,n 50 &',
06 21 20, [36 agh 51
07 ¢ 22 37 ajh 52 o
08 & 23 38 a,n 53 .,
09 ¢ 24 39 54
10 €] 25 40 55

YY
1 e 26 4 56 G,
12 e 27 el(e,) |42 R, 57 o,
13 e 28 e(o,) |43 =R, 58 q,
| 4 29 eg(o;) |44 g, 59,
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Tape #5
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Tape #5

In-Plane Strength/Sample Problems
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TAPE #6
FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH PLATES

Zc
@9_® 1<i<4 sa \!
@Eq. 5.40 V‘ 2 ‘
%*
Vid
Eg. 5.46
® —
‘ ﬂi Z_IFACING
Vip ¢ 2 CORE
!
Table 5.3
|20ij/h3
B 3ies
|
d|j Eq.5.21 Elf
Eq. 5.22 Ezf
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USER INSTRUCTIONS
TAPE #6: FLEXURAL RIGIDITY OF SYMMETRIC SANDWICH PLATES

STEP PROCEDURE ENTER PRESS DISPLAY

0 Results from Tapes #4 for in-plane non-  -- -- --
mechanical strains e’ shall be in place,

)
' Tape #6 can be used by manually in-
putting (9'1' n’.p, instead of Tape #3.

1 Enter core half thickness z, and z, A 0.00
initialize z;
2 Ply angle G’E*and position z, -- A 2 z)
: * * *
for computation of V D’ VZD' V3D’ - B 2 z2
. and V4T3 are initialized. The thickness -- C 223
of the laminate up to that point is displayed:- D 2 24
3 Calculate V., 12D_./h> and d_. .- E 1.00
iD’ ij ij .
4 Calculate engineering constants B! Ei
f
1
C EZ

* Consistent with Tape #3, n_refers to the plies of ei in the upper half of the laminate,
1

*% Ply orientations are starting from the mid plane, z=0, or the upper surface of
the sandwich core, z=z_; this is the opposite of the usual ply orientation code
which uses an ascending order from the bottom ply, z= -h/2.




FLEXURAL RIGIDITY OF SYMMETRIC

SANDWICH PLATES

Tape# 6 Title
Al Bl Cl Dl El
zc, Z. Ef Eg
A B C D E _*
8, 0, 84 0, Dyyr 5
3
00 I5 5, 30 12p,./h 45  u,
of| 16 n,, z, 31 12D16/h3 461—(22c/h)3
02 17, 32 120,/ |47
03 18 ny, z, 33 dqg 48
04 19 8 34 dy, 49 20,
3__3
05 20, 2,8 (35 a, 50z3-23_,
06 21 . 36 a 5ih/2,h3/12
o7 22 vy, 37 a, 52 e
0 2
8 3 Von 38 dye 53 e,
09 24 Vap 39 |p| 54 ¢,
N
10 € 25 Vap 40 55 ny
N
1 ey 26 41 n_ 56 ¢,
N 3
12 € 2712D11/h 42%(U1+U‘Q 57 Ggg
3 1
13 o, 28120,,/h |43U;=3(v;-U,) 58 G
14 n,, z; |29120,/m% [44 v, 59 g,

i ol
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Tape #6  Flexural Rigidity
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Tape #6  Flexural Rigidity
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Tape #6  Flexural Rigidity / Sample Problems
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TAPE *7
FLEXURAL STRENGTH OF SYMMETRIC SANDWICH PLATES

®

My 3

Table 5.2

Eq. 5.10
AN 2
v 7
Gj(Z)
Table 2.6 GN(O),exe
N
€ (8i)-¢
Table 2.6
(8
Ea. 8.107
[£i<4




USER INSTRUCTION

TAPE #7: FLEXURAL STRENGTH OF SYMMETRIC SANDWICH PLATES

STEP
0

PROCEDURE ENTER PRESS DISPLAY
Results from Tape#6 must be in -- .- --
storage
Enter Moments Mkand calculate Ml E Ml
curvature kj. M R/S M
2 2
M6 R/S 1.00
Calculate ply strains and the strength -- A RI
ratios at the outer face of each ply.
These strength-strain ratios are based -- B R,
onmechanical strains, not the total
strains. -- C R3
-- D R4

38
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FLEXURAL STRENGTH OF SYMMETRIC
SANDWICH PLATES

Tape# 7 _ Title
) A B c D' E’

A & B ", C R, D R, E "
00 15 o, 30 ef(8,)-e |45 R,

of m 16 4, 31 eg‘(ei)-ey 461-(2z_sn)°
02 M, |7 0y 32 e‘g(ei) 47 R'l

03 M 18 2, 3 a), 48 R'z
04 i, 19 o, 34 g, 49 g,
05 i, 20 o, 35 a, 50 6., R,
06 21 6 4, 5In/2,n3/12
07 &Mz |22 37 a 52 o

08 &Yz (23 38 q,, 53 e,

09  efl(n) |24 39 ...r, |54 ¢

10 &Y 25 40 ...r, |55 ¢,

1 e 26 M, 41 n_ 56 ¢,

12 e} 27 ey(o,) |42 Ry 57 o,

13 o, 28 ej(s;) |43 R, 58 ¢

14 2 29 efs"(ei) 44 g, 59 G,




Flexural Strength
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Tape #1  Flexural Strength
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Tape #7 Flexural Strength / Sample Problems
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TAPE # 8 - 12

GENERAL LAMINATES
PLY DATA Tare # 1 OR
PLy Data TapPe
Eq. 6.79 et al.
Vi A,8,0
Tare # 8
» Eq. 8.57
N* N*
Ni M
y
Aij sBij .Dij
1 Eq. 6.166 1APE# 9
Alj 1BIJ |Dl]
_’ —————
ofiy , Bij Oy
Tape # 10 & 10A
\
N N
N i ’ Mi
;J Eq 8.56@
e:’ ' k| Tare # 11
— Eq. 6.27 __ _
4 —_—
€i
—» Eq.a.m@TAPE #12
L
R




USER INSTRUCTION

TAPE #8: THE V'S AND NONMECHANICAL FORCES OF GEUERAIL LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY
: 0] Ply data must be in storage.
I
: 1 Enter total number plies. n A 0
: 2 Enter ply angle 6., and
number of plies at that 8y R/S 8,
angle n, .
. ny R/S Vap
1
' n
6, B (-z+n,)
n, R/S V4D2
n
o5 ¢ (=z+ny+ny)
n3 R/S V4D3
n
94 D (-?+nl+n2+n3)
n, R/S V4D4
* % n
65 ) B (—-2—+nl+...)
* 3
3 Calculate Vij E 4/n
* * 1
4 Calculate N? ‘ M? AT E AT j
* _ﬂ
c R/S My
6
**Additional plies can be entered through B, C, or D key,
Key A cannot be used for this purpose because it initializes

the summation process.




THE V'S AND NONMECHANICAL FORCES
OF GENERAL LAMINATES

Tape# _8 _ Title

& A B c’ o E’ AT, ¢
%,el, n, B 6,5, 1, c 85, Ny 84/ ny E v;
00 o, 15 1/n° 30 o 45

. Ol n, 16 4/n3 31 VIA 46  _,
02 o, 17 4 32 v, 47 V;,n
03 o, 18 g 33 vy, 48 vy
04 o, 19 & 34 v, 49 20,
05 n, 20 35 VIB 50 40,
06 6, 21 Eg 36 V;B 51 NIN*
07 o, ot |22 o 37 vl 52 y,W
08 . 23 0y 38 v 53  y M
09 1i/n 24 5 39 vl 54 M
100, ., & |25 & 40 v, 55y,
Il n, &' |26 n 4l n 56 u M
t2ni,; -0y (27 0y 42 %(U1+U4) ST ey
1322, - n2 |28 o 43U.=%(u,-U,) 58 e,
14nd,) - nj |29 o 44 u, 59 G,
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Tape #8 V's AND NONMECHANICAL/SAMPLE PROBLEMS
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USER INSTRUCTIONS

TAPE #9: MODULUS OF GENERAL LAMINATES

STEP PROCEDURE ENTER PRESS DISPLAY
0 Results of Tape #8 are in storage.
* * * *
1 Calculate Aij’ Bij' Dij A D26
*
2 Calculate Aij' Bij' Dij B Dye

* This is a necessary step before the matrix inversion in Tape #10.

Inversion of the normalized modulus in Step 1 is not meaningful.
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Tape# 9 Title MODULUS OF GENERAL LAMINATES

A B' c' D' E'
AQ..,B’.‘.,D'.‘.AB..,B..,D..C O E

i3 ij i3y i3 13 S—
00 o, 15 a, 30 o 45 U,
Ol n 16 A, 31 v, 46 -n/2
02 o, 17 By, 32 v, 47 vy
03 n, '8 5, 33 v}, 48 v,
04 o, 19 5, 34 V:A 49 20
05 n, 20 B, 35 v, 50 40,
06 o, 21 B, 36 v 51 N
07 ar 22 37 i 52\
08 ¢ 23 p, 38 v 53 N
09y, 24 p,, 39 54 N
10 U, 25 o, 40 vy, 55
Hoag, 26 . 41 h 56 My
12 a,, 27 421y, |57 e
13 A, 28 o, 43U,=3(U,-U,)| 58 ey
14 A 29 o, 44 v, 59 n
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Tape #9 MopuLus/SAMPLE PROBLEMS
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USER INSTRUCTIONS

TAPE #10: COMPLIANCE OF GENERAL LAMINATES
(Use Side #1 only)

o ij ij’ "ij

2 Calculate N?, M? B

: * Time required for calculation is 230" or 3'50".

TAPE #10A: INVERSION CHECK

STEP PROCEDURE ENTER PRESS
1 Check Inversion*?* A
2 Data Rearrangement D

** Time required is 110" or 1'50",

| STEP PROCEDURE ENTER PRESS
|
| 0 Results from Tape #9 (Step 2) must be in storage.
|
1 Calculate a,., B. §..*% A

DISPLAY

51
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Tape# 10 Title COMPLIANCE OF GENERAL LAMINATES
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Tare # 10 CoMPLIANCE GENERAL LAMINATES

g g v

Faen Bt £

[
[}

J

R R s

Sl NI A
1

O A
=

) i)

A

P

DT D

i
0

a5
ho
=S

4z ]
PO i

45 2 a

H JE ?, ? Q
Inversion: . 35 FoH .
Ve s ':l

1A o

o1 0

: ”n 0

- 0

|

D

]
i
0
- B bl EPE PUT S L R - -

- Y Frewaair &)
g g




Tape # 10 A COMPLIANCE GENERAL LAMINATES
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Tape #10 CompLIANCE/SAMPLE PROBLEMS
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USER INSTRUCTIONS

TAPE #11: IN~-PLANE STRAINS AND CURVATURE OF GENERAL LAMINATES

' STEP PROCEDURE ENTER PRESS DISPLAY
’ 0 Results of Tape #10A are in storage.
1 Calculate G?_N, k? A kIg
2 Calculate el;l Z D eg
| ) 3 Calculate e‘j:_’(N+M) . ktj\f‘m NT B Nl{I
; Ng R/S Ng
Ng R/S Np
My R/S My
My R/S My
@ W R
4 Calculate GI; Z D Gtg
|
59
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IN-PLANE STRAIN AND CURVATURE

OF GENERAL LAMINATES

Tape# 11 Title
A' B’ c’ D' E'
Ae‘i’N, x} Be‘i’M k(;MC De‘;’ , €} .
== e
00 15 o, 30 5, 45 e,
ol e<l)N 16 o, 31 s, 46 e,
02 &N 17 84, 32 47 e,
03 oV 18 8,, 33 48 1k,
04 I 19 8y, 34 49 5k,
05 kI; 20 )1 35 50 kg
o e, |22 s, [T &' [2w
08 ¢, 23 B, 38 oM 53 ny, Ny
09 24 By S 54 M), M}
10 25 B, 40 k’;‘ 55 Mlg' sza
boag, 26 5, 41 il 56 My, My
12, 27 s, 42 57 o
13 a, 28 5, 43 58 e,
14 o 29 o, a4 59 n, z
60




Tare # 11 In-pPLANE STRAINS AND CURVATURE GENERAL LAMINATES
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Tape #11 IN-PLANE STRAINS AND CURVATURE/ SAMPLE PROBLEMS
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STEP

USER INSTRUCTIONS

TAPE #12: STRENGTH RATIOS OF GENERAL LAMINATES

PROCEDURE ENTER PRESS DISPLAY

Results of Tape #l1ll must be in storage

Data rearrangement A ey
M
Calculate strains e? ,e? z B 66

enter distance from middle plane

Enter strength parameter in strain 3 3
space. Use enly Side #3 of ply data card;

Side #4 must not be entered.

Calculate strength ratio 6;(2) E R

64



Tape# 12 Title STRENGTH RATIOS OF GENERAL LAMINATES
A B’ c’ D' E'
k A ee? e c D 3
2 00 15 e T30 45
| or  gon 16 M 3! 46
| 02 oM 17 M 32 e, |47
03 goN 18 i 3 oM o) |48
04 ¥ 19 o 34 oMo, |49
05 ¥ 20 35 50
06 21, 36 51
07 & 22 R 37 52
08 ¢ 23 =r 38 53
09 M 24 20, |39 54 G
10 & 25 €)Y (5,)-e, |40 55 G,
el 26 €, (0,)-e, |41 56 G,
| 12 ¢l 27 (o) |42 57 G,
13 &M |28 43 58 G,
I 14 M 29 44 59,

65




id

Tape # 12 STRENGTH RATIOS GENERAL LAMINATES
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