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I. SUMMARY

In this paper an analytic and experimental static stress analysis
of a standard class Libelle sailplane wing is outlined. The analytic
static stress analysis is compiled into a computer program which ideals
izes the wing as a tapered, multicelled, thin-walled, nonsymmeiric,
eylinder. Of particular interest was the comparison of analytic and
experimental shear stress distributions under a static load. Unfort-
unately only the experimental shear stress distribution was obtained,
The comparison of analytic and experimental shear distribution is
pending the debugging of the computer programe A favorable comparison

would indicate a representative shear center location for a real wing..



II. INTRODUCTION

High performance sailplanes are constructed almost entirely of
composite materials. The wings of an open class Libelle sailplane are
constructed of balsa wood, epoxy resins, and glass fibers as shown in
Figure 1. Amazingly no metal is used to resist bending or torsion
loads in the wing. The entire wing span has no ribs but only a spar
cap to resist bending and a thick laminate skin to resist some bending
but mostly torsion and shear leoads. The thick laminate fiberglass
wing gives an aerodynamic advantage over other types of construction.

Sailplanes are out of neceséity designed aerodynamically clean.
During construction the desired wing geometry can be closely controle
led by accurately shaped molds. This is a necessary condition for
laminar airfoils, The smooth surface finish (no rivets) alsoc helps
contibute to laminar flow and decreases drage The thick laminate
skins do not buckle (o0il e¢an) under larce bending loads and can
therefore maintain the critical laminar airfoil crossectional geometry
under loade Unfortunately the structual evaluation of composite mat-
erials is not an easy task and has been the topic of much research
works. The author believes that it is for this reason the trend in
american sailplane design is today still all metal,

The objective of this project was to develope analytic methods
representative of a real sailplane wing constructed of composite mate
erials.

- The author was fortunate to obtain a twelve foot section of an
open class Libelle sailplane wing. With this wing analytic and exper-

imental methods were developed for a static stress analysis.



III. PROCEDURE

The Libelle wingwas mounted as a cantilever beam as shown in
Figure 2. The wing was loaded by applying a uniform distributed load
along the trailing edge of the wing. This sumulated a 1ift distri-
bution of 1.027432 1b/in and a torque distribution of 1.027432(14.25
0.0639 x span) in=lb/in. Strains were recorded from rosettes located
around the wing at a section 18 inches from the root, Table I.

Sections of the wing were removed and tensile tested for matere
ials propertiesy, as shown in appendix B, so that stressestrain relz-
tionships could be used to experimentaily determine the shezr stress
distribution at a particular airfoil crossectiion.

An analytic static stress analysis was programmed in fortran IV.
An example problem was used in debugging and checking-accuracy of
caleculations in the computer program, appendix A, Once the program
is debugged the geometry and material properties for the Libelle wing
will be inputted and the computer program will output the shear stress
distribution among other results. The objective is to then compare

the experimental with the analytic shear stress distribution.



Tv, LHE STRESS ANALYSIS OF A TAPERELD, MULTICELLED,
THIN-WALLED, NONSYMMETHIC CYLINDER

The computer program idealizes the wing as a tapered, multicelled,
thin-walled, nonsymmetric cylinder. The wing geometry is defined at

the root and tip airfoil crossections as shown in Figure 6.

CouP BE
The use of the balsa core sandwich is to resist wrinkling of the ACCOUNTED Fog
thin skin under compressive loads and was assumed ineffective in WY xahobe
Mg —
resisting torsion or bending loads. This restriction was necessary WelkHTeDs
THICLNESS .

since a relatively simple mathematiczl model was desired for programing. (j&uﬁo&b
The following is a simplified step by step procedure used by the

computer program to statically stress analysis the idealized wing.

I) Assume a 1lift, drag, and torque distribution as a function of span
position,

A) Assume a 1lift distribution I=f(y)
B} Assume a drag distribution I=f(y)
C)} Assume a torgue distribution T=f(y)

Comments The 1ift, drag, and torque distributions represent the
loads acting on the wing at the aerocdynamic center.

II) Caleulste direction cosines for azerodynamic center line,

III) Establish a set of reference axis for defining an airfoil shape
at any span position.

A) Define the location and shape of the root and tip airfoils
using the refersnce axise

B) Calculate any other airfoil shape by using analytical geometry.

Comments The airfoils shape was approximeted by drawing line ﬂe('
segments between N points defining the loecation of the thin uﬂ
skine The wing shape is defined by drawing straight lines h" X e
between corresponding points defining the root and tip airfoil ’&;ﬁ¢gﬁ “’g
shapes.; Nﬁ@" @1 ‘.
&
IV} At any spanwise airfoil section J g}”ﬁ

A) Determine the location of the aerodynamic center
1) Define the location of the root and tip aerodynamic center.
2) Calculate any other aerodynamic center by using analytie
geometiry.



Comments Any other serodynamic center location was defined aleng a
ine drawn between the roct and tip aerodynamic center.

B) Determine the centroid location and moments éé}inertia about
a set of centroidal axis referenced parallel with the reference

axise

Comments The accuracy of the centroid locztion and moments of inertia
depend on the skin thickness. The thinner the skin the more accur-
ate the results,

C) Determine the location of the principal centroidal axis and the
moments of inertia.

calculated by using the moments of inertis caiculatea from the
previous centroidal axis. This assumec principal axis is then
used in calculating the product of inertia. If this product of
inertia is not with im 2 set minimum value then the axis is
rotated again until this minimum value is ob%}éhed.

D) Determine the bending moment, shear force, and torgue.

1) Assume the 1ift, drag, and torque act at the aerodynamic
center,

2) Use the trapezoidal numerical method for calculating the
torque and shear forces,

3) Use a numerical method analogous to the trapezoidal for
calculating the bending moments,

4} Using the direction cosines previously calculated transfer
the 1nads from the aerodynamic center line to a set of axis
parallel to the free stream velocity.

5) Using the angle of attack and chord angle the loads along
the X,2,Y axis and the XP,ZP,Y axis are calculated.,

Corments The program was generalizéd tec handle any shaped load dist-
ribution. But interval spacing for elliptic shapes gives the most

accurate resulis. 2

-

Comments The angle of rotation needed to locate the principal axis is |
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E) Determinethe shear center location and the shear flow due to the
shear forces acting 2long the principal centroidal axis and at the
shear center.

Comments The method of closed thin walled sections was used.g The
accuracy depends on how many points are used to define the shape
of the thinwalled crossection and the skin thickness, An error
in shear flow values exists because the the formulas assumed
nontapered beams and the shear flows were averaged and nol curve
fitted between points,

F) Determine the constant shear flow due to the torque acting at
the shear center,

Comments Again the accuracy depends on a thin wall approximation.
G) Determine the normal skin stresses.

Comments Because the principal centroidal axis and the neutral axis
are coincident the normal stress maybe simply calculated from

the flexural formula. il BECISE “OFDS ME RELEWED NTD
' = e PENAPAA
H) Determine the twist and deflection CAMPORENT IN T &

idEc s,
a° Displacement _ M o = 1 s a8
d Span? - EI ~ glarea)'G T t

Comments The differenti.l equation could be solved by using the

fourth order runge-kutta numerical method. The flexural rigity (EI)

for the skin is equal to the flexural rigidity of the composite.

Shear deformations are shown to be small with respect to deformations

due to bending, Appendix C. oo g

Unfortunately the runge-kutta and adams-multon methods of solving ¥77 .

the differential equations were time consuming. Instead the scolutions }31§tk;
for deflections for point and distributed loads where used. Starting |
at the wing root the wing is divided into as many sections as desired
for accuracy. Each section is treated as a freebody of constant
crossection., The deflections for each section due to moment and
shear loads where accumulated using superposition as the program
progressed from the root to the tip. Twisting deflections were
calculated for each section as a function of the shear flow distri-
bution in the skin due to the torgue load.
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AIRFOIL SHAPE DETERMINED AT ANY SPAN LOCATION
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DETERMINE THE LOCATION OF THE PRINCIPAL CENTROIDAL AXIS

and

MCMENTS OF INERTIA
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NUMERICAL DETERMINATION OF THE BENDING MOMENT, SHEAR FORCE, AND TORQUE
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SHEAR FLOW IN MULTI~CELLED THIN-WALLED SECTTONS

It is assumed that all material in the wing is effective in resiste
ing shear loads. Because of nonsymmetric geometry the esasiest method
used (from the stand point of programing } to calculate shear flow distri-
bution is the method of successive appreximations, as: outlined in Bruhn.1
This method is used for caleulating shear flow distributions due to tor-

sion loads and shear loads. Representative caleulations are shown in the

example problem.

11



V. EXAMPLE PROBLEM

To check for zccuracy and to facilitate debugging an example probe
lem was prograﬁgiefore inputting the wing geometry. The example prob-
lem was constructed symmetric seo that analytic hand calculations were
gimple. These analytical calculations would then be compared with
computer caleulations. Unfortunately the computer program has not
been debugged and the comparison is pending. The detailed calcula=
tions and results are shown in Appendix A, The computer program list-

ing is in Appendix Ce

12



VI. STATIC STRESS ANALYSIS OF THE LIBELLE WING

Once the computer program is debugged then the wing geometry,
Figure 6, and material properties, Appendix B, can be inputted inte

the computer program.

13



- STRESS=STRAIN RELATIONSHIPS FOR
®  THIN ORTHOTROPIC LAMINATED PLATES

The skin on the Libelle wing is 2 #4#5° symmetric fiber/resin
laminate 0,030 inches thick. Such a thin skin can be idealized as
having three planes of symmetry (orthotropic). If the fiber/resin
geometry is ignored then the skin can be considered gquasi-homogenecus,
If it is assumed that 2 state of plane stress exists then the anisotropic
stress-strains relations are reduced to a simplified form. Where [Q]

is called the stiffness matrix and [S] is called the compliznece matrix.z

= Qu @y © € €1 Su Sey © G
G, = Qg @y O € €. = Sk S © G2
T © O Q¢ [e| , |9 o o 9%k Tie

where Lshere
Q“'-'Eii/(l"v:z -u;|) 5“ = “' /EII
b/ s sean /6
- = -Vr =Y
QQ = VI-'Z.E;; /(}_-LE’VE‘) Sl% z'/Eu_ 2} /EZZ

Q“__Gz 2 565=1j6|2

i

If one is interested in stress-strazin relationships along an axis
X,y rotated © from the laminate axis 1,2, then the transformed stiffness
end compliance matrix, labelled[@]and [,E,] respectively, are shown below as

functions of © and the original [@] and Is] matrix.

i



Nn= Sind m= Cos &

= miQ, +2wn? Qp + Hmin Qg + n*Q,, +4mndQ, + 4 m2n Qec

o]

1

— . 2
Q,* 2@, +(mtent) @ + @rar 2°n) Q) + mind @y * (20 2mr’) @y ~ 4w Qe

3 3
=m0 @, +(win-2mr®) @y + (-3 )@, + M0 @, +(Bwint) @, + (2min-2mmt) @y

Ol

e
@a-’- n*Q“ r2mint@, - Aeped Q@ + m+@u ~ 4 win Qq +4mn? e

e 3
Qu, = -vore @, +(mn- rr?n) Qpt Bwintn?) Qe \’ngﬂ Gy + (mf_.smznZ) Qze +(2ma= m3n) e

é“ = mznzﬁ?l. = am"’ann +(2m n3~2m3n) G?,‘ +m2nzt$u+ (2m3n-2 mn3) @y + (m"—ﬁ") Re¢

§ = m+5" + 2mint S + Emansag + “452:’. +2mn35u +mznzs“

S = vin’S, * (misnt) Sia T (me-wie) S i+ mhS,, + (mh-mn®) Sag ~m?p? S¢w
SN S, t (Zman-Zmna)5n+(mq:-3m2n")516 "'2“‘“3522 +@mn=n?)s + (min- mn3)5‘6
5 = Y\'-&S". + 2mniS, - Zmnss,‘ tTmi G = 2m3n S 2c t M0 56

= -2mn’ S, +(2mn-2mPn)5,, +(3mn nt) Si, +2m’n - (mt 3m?a?) Sec * (mrim)S,,

= 2
See = 4m0%5, ~8m%0%5, ¥ (4mn-4m’n)S, + 4m%2S,, + (4nin-dmn?) S, + (mEn2) G

One can plot the variation of E as a function of © simply by
taking the reciprocal of Sgs. 4 plott of Q and 1/844 for a boronwepoxy
laminate is shown in Figure 5. These results favorably compare with a
similiar example problem in the "Advanced Composite Design Guide®,>
This method was used to czlculate a modulus of elasticity and shear

modulus oriented 45° from the laminate fiber axis for the skin on the

Libelle wing.

E’xx;_i_so = 1,42 x 106P5£ ny@s@ = 6.18 x. ]OSPG;
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The material properties Eji, Eyp, Vi2s Gy which were used to
calculate Eyy at 45° from the laminate axis were obtianed by tensile
testing wing skin sections on the instron tensile testing machine and
recording longitudinal and transverse strains, Appendix B. Well defined
experimental testing techniques were used to determine these material
prqpertiesak

These material properties were also used to calculate stresses
along the laminate axis for the eight rossette strain gages located
around the wing as shown in, Fiéure 344¢ The stresses located at the
X,y axis rotated @ from the 1,2 axis were calculated using the 2nd

order stress transformation relations, Table III,

. -

Gy [ Cos%O Smie 25wnBCoss G, ]
Gy = Sn’o Cos’® =2 6B (os& G2
rT‘zY ~SnS8Cos B Swn@ CosO (COSQB -sin%e) 12

A1l of the zbove was programmed to reduce data from the 24
strain geges, shown in figures 3,4, and to determine a modulus of
elasticity and shear modulus along the wing Y axis as shown in

Figure 6. The computer program listing is in Appendix De

16



VIII, SHEAR STRESS DISTRIBUTION

Because of limited time only shear flow distribution was exper-
mentally verified. Deflections could have been verified but the author
felt this would have been easily demonstrated. More guestiocnable var=
iables due to computer program idealization were choosen to be invest=
igated. The questionable computer program idealization was the elimi=
nation of the balsa core. This idealization, although reasonable for
bending and torsional resistance, is questionable with respect to shear
flow distribution. ©The shear center location is calculated from the
shear fleow distribution. The shear center is a very important variable
with respect to a static and dynamic structual analysis. To statically
analyze the wing due to bending and torsion the shear center must be
located so that bending and torsion could be decoupled and the effects
of each considered seperately. Sailplane wings, because of their long

sulject
slender geometry, areCSuspect to flutter. In a flutter analysis if
the equations of motion for bending and twisting are to be decoupled
then the shear center location must be determined,

The shear stress distribution around a particular airfoil crose-
section was experimentally determined by locating straingages at a
section 18 inches from the root airfoil as shown in Figures 3,4,

Since the largest strains occur at the root the strain gages were
placed as clese to the root airfoil as possible for best reading
accuracy range but sufficiently removed from root end effects.

The stress-strain relationships for orthotropic laminate thin

were used to 7
skins in plane siress ,obtain normal and shear stresses at the plane
18 inches from the root. The strain gages were oriented along the
fibor axs # T Lomponte,
composite®s, fiber axis. The material properties along the laminate

axis could be determined. <he stresses at the rotated plane of inter=

17



est is caleulated by using the 214 order tensor transformation
matrix (Hohr's circle}.

Also of interest was the wvariation of?#oungs modulus and shear
modulus along an axis rotated © degrees from the laminate axis,
Figure 5. Normal and shear modului for the x,y wing axis at the
section 18 inches from the root are needed for caleculations in the

computer program. All of the a2bove was programmed. The results

are shown in Table III. The material properties are listed in Table II.

i8



IX. RESULTS AND DISCUSION

Upon completion of the computer program the calculated shear stress
distribution can be compared with the experimental shear stress distrie-

bution, Table IIT.

Experimental youngs modulus 45° from the laminate axis, Appendix By

does not favorably compare with the analytic calculated youngs modulus,

1;,0
i

the amount that it should have decreased at 459 rotation from the lame

= 1,41 x 105, Figure 5. Unfortunately the modulus increased by

inated axis 1,2. To check for this discrepency an example problem with
known results were compared with those results calculated by the come
puter program. There was no notable difference.

It should be noted that the computer static stress analysis asse
umes that the wing skin is thin and isotropic while the libelle wing
is orthotropic and definitely not thin at the spar cap, see Figure 1.
These approximations are expected to cause no large differences between
analytic and experimental results but until the computer program is

debugged little discussion on this can be made,

19



X« CONCLUSICNS

A method for experimentzlly measuring normal and shear stress
distributions for an orthotropic thin skin was formulated and pro-
grammed.

A computer program was written to statically stress analyze
sailplane wings whose construction is similiar to the open class
Libelle wing  Unfortunately this program has not been debugged.
Until this progrem is working no meaningful conclusions can be made

on the st:ztic stress z2nalysis.
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Figure 1. Open Class Libelle Sailplane Wing Construction
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Appendix 4
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Appendix B

Experimental Determinstion of
The Material Properties For The
Libelle Wing
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Appendix C

COMPUTER PROGRAM LISTING OF THE STATIC STRESS
ANALYSIS OF A TAPEREL, MUUTICELLED, THIN-WALLED,
NONSYMMETRIC CYLINDER
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Appendix D

COMPUTER PROGRAM LISTING OF THE STRESS=STRAIN
RELATIONSHIPS OF THIN ORTHOTROPIC LAMINATED PIATES
IN PLANE STRESS



ORTRAN IV G LEVEL 19 MAIN DATE = 73344 01/723/1y

0001 DIMENSION Q{é, 6},08(6,6).Ttﬁ.61q5{3e3!9§IG“A{6!;SIGM&T{éY.STRN{&)

0002 NDEG=19

0003 READ{5,10)NUMBER

00"~ READ(5,20)E11,E22,V12,6

0 V21=V12%E22/E11

0006 WRITE(6,40INUMBER ,E11,E22,V12,V21,6

0007 DO 2 1=1,6

0008 PO 2 J=1,6

0009 Q{1+3)1=0.0

0010 NR{1+J1=0.0

0011 TtI,J)=0.0

0012 STRN{1)=0.0

0013 SIGMA{ 1)=0.0

0014 SIGMAT{I)=0.0

0015 2 CONTINUE

0016 Q{1,1)=El1/{1.-V12%V21)

0017 0{2,2)=E22/11.=-V12%V21)

0018 Q{6,6)=6

0019 D{1,2)=V21%E11/(1.-V12%V21)

0020 012+11=001,2)

0021 S{1s1)=1./E11

0022 S(1,2)=-V12/E11

0023 St143)=0.0

0024 S{2,1)==V21/E22 ‘

0025 S{2,2)=1./E22 |

0026 S{2¢3)=0.0

0027 S{2,11=0.0

0028 S{2,2)=0.0

0029 ${3,2)=1. /G

00~ UI={3.%0(141)+3.%0{2,2)42,%Q{1,2)4+4.%0Q(6,6)) /8.

00>x u2=(0{1,11-0(2,2))/2. —

0032 U3={0(1,1)1+0(2,2)=2.%Q(1,2)-4.%Q(64+6)1/8., =

0033 H4={Q11,1)+01(2,2) +6.*¥01{1,2) 4, %Q{646)) /8.

0034 US=(QU1,1)+0{2,2)1=2.%Q(1,2)44.%0(€,6))/8,

0035 WRITE(6,54)U1,U2,U3,U4,U5

0036 THETAD=0,0 i

0037 D0 4 1=1,NDEG

0038 THETA=THE TAD%2 ,%3,1416/360,

0039 THETA2=2,*THETA

0040 THETA4=4,*THE TA

0041 RN=SIN{THETA)

nNo&2 RM=COS{THETA)

0043 QB(1,1)=U1+U2*COS{THETA2) +U3*COS{THETA%)

0044 DR(2,2)=J1-U2%COSITHETA2) +U3%COS{THET A4)

0045 QB(1,2)=U4-U3%COS{THETA4)

0046 QB( 646 )=U5=U3%CNS( THETAS)

0047 OR(1,6)=—0,5%U2*SIN{THETA2) -U3%SIN{THETA%)

0048 QB(2+6)=-0.5%U2%SINITHETA2) +U3*SIN(THETA4)

0049 QB(2,11=QR(1,2)

0050 OR(64+1)1=QR{1,5)

0051 QB(6+2)=0B(2,6)

0052 EXX=1le Z{RMAKLES(]1,1) 42, XRMEKDEQNKKDES (1 2) +2 , ¥RMEX IR RNKRS (1, 3) +RN%X
HAES(2532) 42 , “PMERNXRIRG (2 33 ) $RMEHX2HRNEx2XS ({3, 3) )

0053 EYY=14 /(RN R4%S{1, 1) 42 , SRM*H2RRN¥42%S (L 2) =2 ¢ HRMERN®%3%S (1,3 ) #RMkx
R4%KS( 292)= 20 XRMEKIERN*,S (2,2 ) +RMEX2 XRN*%2%S {3, 3) )

o GXY= 10 /{4 ¥RMEEDKRNUK2XS(1 1) 8o XRMEEDKRNEED XS {192) 4 (4 R RMERNEK 34

%, RRNXRMEKD )RS {193 ) 44, XRMREDXRNKX2KS {2, 2) +{ 4o XRNERM¥K 34 , R RMERN*% 3 )
¥ES(293)+(RMEEZ-RN®¥2 ) %%2%S5(3,3])



ORTRAM IV G LEVEL 19 MATN DATE = 73344 017237110

0055 WRITE(6+55) THETAD,QB{1,1) ,0B(2,2),0B(6,5),08(1,2),0B(1,6),0B{2,6)

0055 WRITE(64,50)1EXX,EYY,GXY

0057 THETAD=THE TAD+5.

00~ 4 CONTINUE

00 WRITE(6,490)

0060 D0 500 ICOUNT=1,NUMBER

0061 READ(5,30)STRN1, STRN2, STRN12, THETAD . -

0062 STRN{1)=STRN1*1,0E-5

0063 STRM{2)=STRN2*1,0E-6

0064 STRN{6)={ 42, %STRN12-STRN1-STRN2 } ¥1,06-6

0065 THETA=THE TAD*2.%3, 1416/360,

0066 RN=SIN{THETA)

0067 RM=COS{THETA)

0068 EXX=1o JIRMERARS{] 1142, ¥RMIEDZKRNK*2KS {142} +2 o ¥RMEXIXRNRS (1,3 ) +RN**®
R4RS{ 24 2142, XRMKRNAKIRS (2,3 ) +RM*K2 KRN, *¥2%5 (3,2} )

0069 SYY=1, F(RNEXGRS{] 41 ) #2 4 FRMER2KRNERD%S (15 2) ~2 4 K RMERNK*3%S {1, 3 ) +#R Mk
%6%S(292)= 2o ¥RMEXIHRNRS (2 93 ) +RMERQARNEX2%S (3,3) )

0070 GXY= 1o /(4o KRMEEDKRNHERI RS (] 1) =8 L ¥R MEKDKRN%%2%S (14 2) + (42 XRMH¥RN* %34

%, KRN ¥R Mick3)%S{ 1,3 ) 44, ¥RMER2ARN*22KST2 92) +( 4o *RNERMIK 34 , kRMERN¥¥3 )
%%S{243)+ URMEFI=RN®R2 ) k%2%S5(3,3) )

0071 T{1,1)=(COS{THETA) ) **2

0072 T(1s2)=(SINITHETA) ) %%2

0073 T{1y6)=2.%SIN{ THE TA} *COS{ THETA)

0074 {241 3=T1152)

0075 T2, 2 =TL1.1)

0076 T(2,6)==T1{1,6)

0077 T{651)==SIN(THETA)*COS{THETA)

0078 T(64,2)==T(6,1)

0079 TU6,6)=T(1,1)-T{1,2)

00¢ DO 200 I=1,6

DORT SIGM=0.,

0082 DO 100 J=1,6

0083 SIGM=0D{1,J)%STRN{J)+SIGM

0084 100 CONTINUE

0085 STGMA{ [)=SIGM

D086 200 CONTINUE

00R7 D0 400 I=1,6

0083 SIGMT=0,

0089 DO 300 J=1,6

0090 SIGMT=T(I,J)%SIGMA(J}+SIGMT

0091 300 CONTINUE

0092 SIGMAT(I)=SIGMT

0093 400 CONTINUE '

0094 WRITE{4,80) ICOUNT .
0095 WRITE(6+60) STRN1, STRN2,STRN12,THETAD
0096 WRITE{6,70)SIGMAT{2) 4 SIGMAT{6)

0097 WRITE(6450)EXXsEYYSGXY

0098 500 CONTINUE

0099 10 FORMAT(29X,12)

0100 20 FORMAT(48XeE10.3¢7953X+E106397/954X2E104357 445X ,E104.3)
0101 30 FORMAT(41X,sE10.34/+44XsE10035/ 944XsE104397+71XsF743)
0102 40 FORMAT(1X,'TOTAL NUMBER OF STRAIN GAGES=',12,/,' MODULUS OF ELASTI

«CITY PARALLEL TO LAMINATE AXIS=',E10.3,/,' MODULUS OF ELASTICITY P
*ERPENDICULAR TO LAMINATE AXIS=',E10.3,/,' POISSONS RATIO WITH THE
XL OAD ALONG THE LAMINATE AXIS=',E10e3+7+' PCISSONS RATIO WITH THE L
*NAD PERPENDICULAR TO LAMINATE AXIS=',E10.3,' SHEAR MODULUS=',F10.3
* ) o

50 FORMAT{1X,'EXX='9FE15.8,7,' EYY=',E15.84/ ' GXY=',E15,8)

[
.—- ")
@)
)



DRTRAN

0104

0105

0106

0107

g1ce8
0109
0110
0111

IV L LEVEL - 1% MAIN DATE = 73344 01/22710

54 FORMAT(IH] ,'UL=",E15.8+/s" U2=1,E15.84/5" U3=!,E15.8,/,' U4=1,E15,
%8,/40 US=1,615.8)

55 FORMAT{1Xs'THETA="4F743s/+' OBL1,1)=",E15.857" QB(2,2)=1,E15.8,/,
%0 QBUH,6)="9F15.8,/y" OR{1,2)=7,F15.8,/," GB{1+6)=",F15,8,/+' OR{2
*,6)=1,E15,8) :

60 FORMAT(1X,'STRAIN MICRO-IN./IN. ALONG LAMINATE AXIS=',E10.3,/,' ST
*PAIN MICRO-IN./IN., 90DEG TO LAMINATE AXIS=',E10.3,/,' STRAIN IN MI
*CRO~-INs /IN. 45DEG TO LAMINATE AXIS=',E10.3,/,' ANGLE OF ROTATION F
*ROM LAMINATE AXIS TO PLANE OF INTEREST IN DEGRESS=',F7,3)

70 EORMAT{1X, 'NORMAL STRESS LB/IN%%2 AT PLANE OF INTEREST=',E10.3,/,"
%* SHEAR STRESS AT SAME PLANE=',E10,3)

80 FORMAT(///,18X,'PROPERTIES AT GAGE NO.',12)

90 FORMAT(1H1)

CALL EXIT
END



Ul= 0.13660080E 07
U2= 0.0
U2==-0.51541625E 05
U4= 0,25091625E 05
Us5= 0.,67045838E 06
THETA= 0.0

QBi{l,1)= 0.13144660F
081({2,2)= 0.,13144660E
QB(by6)= 0,72200000E
QB(1s2)= 0.76633250E
OB{l.6)= 0.0
QB{2,6)= 0.0

EXX= 0.13100000E 07
EYY= 0.13100000E 07
GXY= 0.72200013F 06
THETA= 5.000
RB{1l,1)= 0,13175740E
QB12,2)= 0.,13175740E
QB{6,6)= 0.T71889163F
OR{1,2)= 0.73524875E
OB{(1,6)= 0.17628B301E

0B12,6)=-0,17628301F

EXX= 0.13129914GE OF
EYY= 0,13129910E O7
GXY= 0,7183927THE 06
THETA= 10,000
QRi{l,1)= 0.13265240F
QR{2,2)= 0.13265240F
QBR(6586)= (0.70994150F
QB{1l,2)= 0,64574758E
OB{1l.6)= 0.33130363E
QR{2,6)=-0433130363E
EXX= 0.13216800E G7
EYY= 0.,13216800E 07
GXY= 0.70820269E 06
THETA= 15.000
OBlly1)= 0.132402370FE
QB{2523= 0,13402370F
QB16,6)= 0.69622206E
OR{1,2)= 0.,50862359F
QB{l.6)= N.44H36398F

OBi2,8)=—0.,446363G8F
EXX= 0,12352180E Q07
EYY= 0,13252180E 07
GX¥Y= 0.69313925E 06
THETA= 20.000
0B{l,1)= 0.13570580F
QB{2,2)= 0.,13570580E
QR{6.,6)= 0.67540831E
QR{1,2)= 0.34041602E
QB{1l,6)= D0.50758617E
QBR(2,6)1=—0.50758617E
EXX= 0.13522090& 07
EYY= 0,135220090& 07
GXY= 0.67551425E 06
THETA= 25.000
NB{l,1)= 0,13749580F
OB1{242)= D.13749580F
QBR{6.H0)= 0.661508B06F
QB{1l,2)= 0.16141344F
0B{l,6)= 0.50758563E
QR (2., 6)=—0,50758563E
EXX= 0Ga.12707720E O7
EYY= 0.,13707720E 07
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Q7
o7
06
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a7
07
06
05
05
05

o7
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06
05
05
95

o7
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06
05
05
05
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07
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05
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06
05
05
05

THETA= 30.000
QB{l,1)= 0,13917790E
QB(2,2)= 0.13917790E

OB{6+6)= 0.64468B738F
QB{1,2)=-0.67937500E
QB{ls6)= D.44636238E
QB{2,61==0.44636238F

EXX= 0.12886860F 07
EYY= 0,1328B6860F 07
GXY= 0.64182681E 06
THETA= 325,000

QB{l,1)= 0.14054910F
QB12+2)= 0.14054910E
QB{646)= 0.63097500E

OB{1,2)=-0,14391722E
DBi{l,63= 0,32130109E

QBR12,6)=-0.33130109E
EXX= 0.14036390F 07
EYY= 0,14036390E 07
GXY= 0,62943000F 06

THETA= 40.000
NDB{ls13= 0.141444]10F
DR{2,23= 0.14144410E
QOBlb6+6)= 0,52202494E
0B{1,21=-0.23341770F
OB{ly6)= 0,17627973E
OB{2.631=—0,17627973EF
EXX= 0.14135740F 07
EYY= 0,141325740E 07
GXY= D.62159369E 06
THETA= 45,000
DB{1,1)= 0,14175490F
OB{2+2)= 0.14175490F
QB{6,61= D,61891675E
QB{1+2)=-0,264500C0E
OB(1,6)=-0.31171787E
QB{2+6)= 0.,31171787E

EXX= 0.,14170570E CO7
EYY= 0.,14170570E 07
GXY= 0,618081769E 06

THETA= 50,000

QBll,13= 0.14144410F
QR{2:2)= 0.14144410F
QRi{6+6)= 0,62202519F
QB{1,2)=-0.22341539F
QB{1:6)=-0,17628605E
QB{2,6)= 0.17628605E
EXX= 0.,14135740E 07
EY¥YY¥= 0.14135740E 07
GX¥Y= 0.62159400E 056
THETA= 55,000

QB{l,1)= 0.14054900E
OB{2,2)= 0.14C54900E
DRI{6,6 )= 0.63097544E
0B{1,2)=-0.14391293E
QB{1,6)=—0.33120621E

QR(2+6)= 0.33130621E
EXX= 0.,14036380&£ 07
EYY= 0,14036380E 07
GX¥= 0.62943031E 06

THETA= 60.000

08{1,1)= 0.13917780F
OR{2,2)= 0.,13917780E
NBi{6, 6= [.564468781F

QB{1l,2}=-0,678B7891FE
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RB{2,81= D 44636852 7F

EXX= 0,12886850E 07
EYY= 0,13886850E 07
GXY= 04.64182719E 06
THET A= 65,000
QB{l,1)= 0.,12749570F
0B{2+s2)= 0.13749570F
QB{6,61)= 0.,66150850E
QBI{1,23)= 0.16141762F
0B{1,6)=-0.50758637F
0B{2+:6)= D.50758637¢
EXX= 0.137C7720E 07
EYY= 0.13707720E 07
GXY= 0.65771706E 06
THETA= 70,000
OBtll,1)= 0.,13570570E
QB(2,2)= 0.,13570570CF
QOB{6,6)= 0.67940881F
QB{1,2)= 0.340420658E
QB{1,63}=-04.50758535F
QR{2,6)= 0,50758535E
EXX= 0.,13522090F 07
E¥YY= 0.13522090F 07
GXY= 0.67551469E 06
THETA= 75,000
QB{l,1)= 0,13402360F
0B{2,2)= 0.13402360F
OB{646)= 0,69622956E
QB11+.2)= 0,50862813E
QB{1,6)=-0.445636133¢
QR{246)= 0.,44636133E
EXX= 0.13352180F (7
EYY= 0,13352180E O7
GXY= 0.,69313969E 06
THETA= R0,.000
QB{l,1)= 0,13265240F
QB{2,2)= 0,13265240F

OB 6+6)= 0,70994188F
QB{1:2)= 0.64575141F
OB{1,6)=-0,33129906F
0B12,61= 0.,33129906F
EXX= 0.,13216800E 07
EYY= 0,13216800E 07
GXY= 0.70820313E 06
THETA= 85.000
QB{l,1)= 0.,12175740E
QB{2+2)= 0,12175740E
QB{6,6)= 0.71889175F
QB{l.,23)= 0.73525000E
QB{1,6)=—0.,17627867TE
OB{2,6)= 0,17627867E
EXX= 0,132129910E 07
EYY= 0,13129910E 07
GX¥Y= 0.,T1839319E 06
THETA= 90,000
OB{ls1)= 0.12144660F
QB{2,2)= 0.13144660F
QBl6s+6)= 0,72200000E
QB1{1,2)= 0.76633250CE
QB{ls6)= 0.52512199E

QR{246)=-0,52512199F
EXX= 0.13100000F 07
EYY= 0.1310000CE 07
GX¥Y= 0.72200013E 06
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05
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PROPERTIES AT GAGE NO. 1
STRAIN MICRO-INL/IN, ALONG LAMIMATE AXIS= 0.200E 03
STRAIN MICRO-IN./IN. 90DEG TO LAMINATE AXIS=-0,170E 02
STRAIN IN MICRO-IN./INs. 45DEG TCO LAMINATE AXIS=-0.263F 03
ANGLE OF ROTATIDN FROM LAMINATE AXIS TN PLANE OF INTEREST IN DEGRESS= 41,000
NORMAL STRESS LB7IN*%2 AT PLANE OF INTEREST= 0.618E 03
SHEAR STRESS AT SAME PLANE=-0.,204F 03
EXX= 0.14148180E 07
EYY= 0.14148180E 07
GX¥Y= 0.62063406E 06

PROPERTIES AT GAGE NO, 2
STRAIN MICRO-IN./IN. ALONG LAMINATE AXIS= 0.217E 03
STRAIN MICRO-IN./IN. Q0DEG TO LAMINATE AXIS= 0.520F 02
STRAIN IN MICRO~IN./IN. 45DEG TO LAMINATE AXIS=-0,220FE 03
ANGLE OF ROTATION FROM LAMINATE AXIS TO PLANE OF INTEREST IN DEGRESS= 40,000
NORMAL STRESS LB/IN®%k2 AT PLANE OF INTEREST= Q.673E 03

- SHEAR STRESS AT SAME PLANE=-0,189F 03

EXX= 0.14135740FE 07
EYY= 0.14135740F 07
GX¥Y= 0.62159369F 06

PROPERTIES AT GAGE NG. 3
STRAIN MICRO-IN./IN. ALONG LAMINATE AXIS= 0.165E 03
STRAIN MICRO-IN./IN. 90DEG TO LAMINATE AXIS= 0.160E 03
STRAIN IN MICRD-IN./IN, 45DEG 70O LAMINATE AXIS=-0.194E 03
ANGLE OF ROTATION FROM {AMINATE AXIS TO PLANE OF INTEREST IN DEGRESS= 40,000
NORMAL STRESS LB/IN%*%2 AT PLANE OF INTEREST= 0.732E 03
SHEAR STRESS AT SAME PLANE=-0.924E 02
EXX= 0.14135740F 07
EYY= 0.,14135740E 07
GXY= 0.62159369E 06

PROPERTIES AT GAGE NO. 4
STRAIN MICRO-IN./IN. ALONG LAMINATE AXIS= 0.390F 02
STRAIN MICRO-IN./INe SODEG TO LAMINATE AXIS= 0.232E 03
STRAIN IN MICRO-IN./IN, 45DEG TO LAMINATE AXIS=-0.222E 03 L
ANGLE OF ROTATION FROM LAMINATE AXIS TO PLANE OF INTERESY IN DEGRESS= 31, 000
NORMAL STRESS LB/IN#%*%x2 AT PLANE OF INTEREST= 0.700E 03
SHEAR STRESS AT SAME PLANE=-0, 137E 03
EXX= 0.13919850EF Q07
EYY= 0,13919850FE Q7
GXY= D.63902650E 06

PROPERTIES AT GAGE NO. 5
STRAIN MICRO-IN,.,/IN. ALONG LAMINATE AXIS= 0.680F 02
STRAIN MICRO-TIN./IN, Q0DEG TO LAMINATE AXIS= 0.131E 03
STRAIN IN MICRO-IN./IN, 45DEG TO LAMINATE AXIS=-0.281lE 03
ANGLE OF ROTATION FROM LAMINATE AXIS TO PLANE OF INTEREST IN DECGRESS= 37.00(
NORMAL STRESS LB/IN*%2 AT PLANE OF INTEREST= 0.677E 03
SHEAR STRESS AT SAME PLANE=-C.114E 03
EXX= 0.,14083130E 07
EYY= 0.14083130F 07



GXY= 0,62570475E 06

PROPERTIES AT GAGE NOa. 6
STRAIN MICRO-IN./IN. ALONG LAMINATE AXIS=-0,148E 03 :
STRAIN MICRD-IN./IN., S0DEG TO LAMINATE AXIS=-0.158E 03
STRAIN IN MICRO-IN,/IN, 45DEG TO LAMINATE AXIS= 0.357E 03
ANGLE DOF ROTATION FROM LAMINATE AXIS 1o PLANE OF INTEREST IN DEGRESS= 48.000
NORMAL STRESS LB/IN¥*%2 AT PLANE OF INTEREST=-0.945E 03
SHEAR STRESS AT SAME PLAMNE=-0.831E 02
EXX= 0.14157920E 07
EYY= 0.14157920E 07
GXY= 0.,619884546E 06

PROPERTIES AT GAGE NO. 7
STRAIN MICRO~INL./IN. ALONG LAMINATE AXIS= 0.520E 02
STRAIN MICRO-IN./INs 90DEG TO LAMINATE AXIS=-0,209E 03
STRAIN IN MICRO-IN./INe. 45DEG TO LAMINATE AXIS= 0,249E 03
ANGLE OF ROTATION FROM LAMINATE AXIS TO PLANE OF INTEREST IN DEGRESS= 45, 000
NORMAL STRFESS L 8/7IN%%2 AT PLANE 0OF INTEREST=-0.582E 03
SHEAR STRESS AT SAME PLANE=-0,162E 03
EXX= 0.14170570F 07
EYY= 0.14170570F O7
GXY= 0.61891769% 06

PROPERTIES AT GAGE ND. 8
STRAIN MICRD-IN./IN, ALONG LAMINATE AXIS=-0.550F 02
STRAIN MICRO-IN./IN. 9O0DEG TO LAMINATE AXIS=-0.139E 03
STRAIN IN MICRO-IN./IN, 45DEG TO LAMINATE AXIS= 0.236F 03
ANGLE OF ROTATION FROM LAMINATE AXIS TO PLANE OF INTEREST IN DEGRESS= 49,000
NORMAL STRESS LB/IN¥*%2 AT PLANE OF INTEREST=-0.604F 03
SHEAR STRESS AT SAME PLANE=-0,118E 03
EXX= 0.14148170F 07
CEYY= 0.,1414R8170F 07
GXY= D.,62063406E 06



