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SUMMARY 

The primary purpose of this program was  to demonstrate the feasibility of 
fabricating an irregular contoured box beam wing structural model from 
glass reinforced plastic  (GRP), 

This report covers the design, fabrication, and testing of GRP 1/2 scale 
models of a main torsion box assembly incorporating an NACA 6A2~215 air- 
foil. The structure was designed as a sandwich wall box beam, with non- 
woven oriented  (NWO) GRP faces and a GRP honeycomb core. 

Fabrication techniques for filament winding a double tapered box beam wore 
investigated,  and a technique was developed which made it possible to fila- 
ment wind the  45-degree fibers as well as  the hoop and axial oriented 
fibers.    Six box beams were fabricated using both the hand lay-up process 
as a control and the developed filament winding process  for fabricating 
the facings. 

Unidirectional  tape,  12 inches wide,  made from E-HTS  glass  filaments and 
20 end roving with both E-HTS and S-HTS glass filaments,  preimpregnated 
with an epoxy  resin system, were utilized in the fabrication of the fac- 
ings . 

Both primary  (the resin system in the preimpregnated facing material)  and 
secondary adhesive systems  for bonding the honeycomb  core  to  the faces 
were investigated on small flat panels   to determine the best method to use 
in the  fabrication of the box beams.     The results of  this study are shown 
in Tables II and IV. 

Four of  the models  fabricated were cut into specimens  and tested in flat- 
wise  tension,  edgewise compression,  and laminate tension.     The results of 
these  tests showed the beam with  the filament wound faces  to be 30 percent 
stronger in tension than the beam with  the hand lay-up faces.     The filament 
wound beam with  the S-HTS glass  filaments was  18 percent stronger than the 
filament wound beam with  the E-HTS  glass  filaments. 

The models  fabricated using the  filament winding process cost approximately 
65 percent more than those fabricated using the hand lay-up  technique. 
This  is primarily due to  the additional cure cycles  required using the 
filament winding process   (see Table  III), 

Both  the hand  lay-up and filament winding techniques of fabricating primary 
aircraft structures were  found to be  practical and within  the current 
state of the  art. 
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FOREWORD 

This is  the final report on HITCO S/O 121807 for the period 3 June 1965 to 
5 July 1966 on U.  S. Army Aviation Materiel Laboratories   (USAAVLABS)  Con- 
tract No.   DA 44-177-AMC-326(T),  Task  1P121401AU176.    This  report contains 
the design,  fabrication procedures,  test results, conclusions,  and recom- 
mendations  on the research conducted on  fabrication techniques   for fiber 
glass reinforced primary aircraft structures.    Dr.  Robert Echols, Chief, 
Physical Sciences Laboratory Division, and Mr.  James P. Waller, Project 
Engineer,  of USAAVLABS acted as  technical monitors. 

The program was  conducted by  the Advanced Design Engineering Group at HITCO, 
Gardena,  California,    The program was supervised by Mr.  N.  Myers and major 
responsibility for the program resided with Mr.  J.  Daines.    Other signifi- 
cant contributors  to the program Include Messrs. D.  Abildskov, G.  Lee, 
R.  Jackson,  and S.  Lee. 
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SYMBOLS 

2 
A area (Inches ) 

a panel length (Inches) 

b panel width (inches) 

C fiber spacing constant 

c distance from C.G. (inches) 

E modulus of elasticity (psi) 

F allowable strength (psi) 

G shear rigidity (psi) 

I moment of inertia (inches ) 

K fiber straightness constant 

L length (inches) 

M moment  (inch-pounds/inch) 

m unit moment or load 

N load  (pounds/inch),  number  of layers 

P reaction load (pounds/inch) 

p pressure (psi) 

3 
Q moment area (inches /inch) 

q shear load (pounds/inch) 

R radius (inches) 

T torsion (inch-pounds/inch) 

t thickness  (inches) 

V shear force (pounds/inch) 

W load  (pounds/inch) 

w load  (pounds/inch) 

X distance from C.G.   to  front  spar (inches) 
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x distance in the x direction (inches) 

y distance in the y direction (inches) 

z distance in the z direction (inches) 

a angle (degrees  from y axis) 

6 vertical deflection (inches) 

6 rotation (radians) 

a stress  (psi) 

41 rotation  (radians) 

y Poisson's  ratio example ]i      - relating strain in the x direction to 
strain in  the y direction owing to stress  in the y direction 

SUBSCRIPTS 

a at point a,  air 

b at point b, bending 

c compression, core, at point c, chordwise 

d at point d 

e at point e 

f facings 

g fiber glass 

L longitudinal direction 

m due to moment 

p due to reaction L! 

r resin 

s shear 

t tension 

T transverse  direction 

v vertical direction 

x x direction 
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y y direction 

z 2, direction 

all allowable 

cr critical 

xx around the xx axis 

zz around the zz axis 

a at angle a 

9 due to rotation 
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INTRODUCTION 

The demand for higher strength,  lower cost, and lighter weight structural 
materials  for primary aircraft structures has motivated this investigation 
of the main load-carrying structure of a light aircraft wing,  using non- 
woven oriented  (NWO)  fiber glass reinforced plastic. 

The use of glass reinforced plastic  (GRP)  is not new in aircraft structures, 
with its  usage dating back more than 10 years.    However,  the previous and 
current usage has been mainly limited to secondary load-carrying structural 
components and to glass cloth laminates.    Although these  laminates have 
performed very satisfactorily and are now extensively used throughout the 
aircraft,   they do not represent the state of the art in current GRP tech- 
nology.    This  technology has been recently developed (during the  last 5 
years)  mainly under missile rocket motor cases and deep-diving submersible 
(hydrospace)   research contracts.    These programs have led to widespread 
acceptance of  filament wound GRP as  the primary load-carrying material. 

These advancements in fabrication technology indicate that aircraft primary 
structural components can be fabricated from nonwoven oriented GRP at a 
savings of weight and possibly at reduced cost. 

The purpose of this program was  to dc ign and fabricate six subscale light 
aircraft sections   (sandwich wall box beams)   using nonwoven oriented glass 
fiber faces and GRP honeycomb core.    The airfoil configuration selected was 
an NACA 642-215 with the spars at 35 percent and 75 percent chord.    The 
design loading conditions are shown in Appendix I.    Four of  the beams were 
cut into test specimens to evaluate the mechanical properties  of the facing 
material and bond strength  to the core.     The remaining two beams  are re- 
tained for future testing as a complete beam. 

The main body of this report is primarily concerned with reporting design, 
fabrication techniques, and test results.    Drawings,  fabrication procedures, 
and structural analysis are presented in Appendices I through IV. 

,.^ 



DISCUSSION OF  RESULTS 

DESIGN OF BOX BEAM 

The primary  load-carrying structure of a light pleasure aircraft wing with 
an NACA 642-215 airfoil configuration was  analyzed and designed.     The wing 
was  180 inches  long  from root chord to  tip chord.    The chord length  at 
station 0  (root  chord)  was  72,00 inches  and at station 180  (tip  chord)  was 
48.00 inches   (see  Figure 2A).    The CAR-3  airload criterion was  applied to 
determine  the critical flight structural  loading as shown in Appendix I. 
The wing was designed  for the structural  load  to be carried between  35 per- 
cent and 75  percent of  the chord.    This  results  in a chord length between 
front and rear spars  of 28.00 inches  at  root  chord and 19.20 inches  at  tip 
chord.    The  cross  section of an NACA 642-215 airfoil is slightly  unsymmet- 
rical; however,   it was  assumed to be symmetrical in the  calculations  of  the 
section properties,   since the error was very slight  (approximately  1  per- 
cent) , 

The fiber orientations  considered in the  design optimization are shown be- 
low. 

Config.  1 Config.   2 Config.   3 Config.  4 

Chord 
Direction 

E-HTS and S-HTS  20  end glass  rovings were preimpregnated with  an E787 resin 
system for the  filament wound beams.     This material has a standard  thick- 
ness of 0.010  to 0.013. inch.    The  unidirectional  tape was  preimpregnated 
with an XP-251  resin system.    The  thickness  of  this material can be varied 
depending on the  resin content and  the end count.    The standard  end count 
was 200 ends  per  inch, which  resulted in a slightly thinner ply  thickness 
than the  20 end  rovings. 

A facing thickness  of 0.030  to 0.040  inch was  required for stress  consider- 
ation,  depending on  the fiber orientation;   therefore,  a three- or  four-ply 
facing is  required. 

Configuration 1 with  0 equal  to 45 degrees was  chosen for the  following 
reasons:   (1)   the  45-degree fibers  supply  shear strength and rigidity  to the 
structure,   (2)   the  chordwise  fiber gives   the necessary bending stiffness  to 
control the chordwise  deflection,  and  (3)   the spanwise  fiber is  required 
for axial stress  and buckling considerations.     The mechanical properties 
for this  configuration were theoretically  determined as shown in Appendix I. 

HRP  3/16-GF  11-4.0  honeycomb   (GRP)  was  used as   the core material.     The core 



thickness  required  to stabilize  the faces against buckling was  calculated 
with the  above facing thickness and fiber orientations.    Complete analyses 
of buckling,  stress, and deflection are shown in Appendices  I and II, and 
a stress  and deflection analysis  summary  is shown in Table XVIII. 

DESIGN OF SCALE MODEL 

The primary  load-carrying structure of a wing section  ll     inches  long with 
a root chord of  28.80 inches between spars  and a tip chord of 19.20 inches 
between spars was scaled down for a subscale fabrication model.     The exter- 
nal dimensions  (NACA 642-215 airfoil configuration) were scaled down to 1/2 
scale of  the  inboard 1/2 section of  the wing.    The facing  thickness was not 
scaled,  since  the ply  thickness  is standard  (as explained  above)  and to 
special order a custom-made roving was  beyond the scope of  this program. 
The core  thickness was scaled such  that  the model would buckle at the same 
axial  load,   in pounds per inch,  as   the  full-scale wing section.     This gives 
a core scale   factor of approximately  1/2.     The dimensions  of  the scale 
model after  trim are as shown below and on drawing SKRD 0607,  Appendix IV: 

Spanwise  length ■ 45.0 inches 
Chordwise width at station 0 ■  14.4 inches 
Chordwise width at station 90  (tip  of model)   - 12.0  inches 
Core  thickness  - 0.460 inch 
Facing  thickness ■ 0,040 inch 
Front spar height at root ■  5.399  inches 
Front spar height at  tip ■ 4.401  inches 
Rear spar height at  root = 2,374  inches 
Rear spar height at tip =  1.976  inches 

FILAMENT WINPTNG  TECHNIQUES 

Filament winding techniques were developed for winding the hoops,  45-degree 
fibers,  and  longitudinals.    A temporary wood mandrel was   fabricated to in- 
vestigate methods  that could be used in filament winding a double tapered 
box beam section.     There was no problem in winding the hoops   (chordwise 
filaments)   the same as hoop winding a cylinder.    The  longitudinal (spanwise) 
fibers were hoop wound by  rotating  the  mandrel end over end.     Side plates 
were required on the mandrel  to  give  a constant width  for winding the 
longitudinal  fibers.    Figure 2 shows   the side plates and mandrel for wind- 
ing the longitudinal fibers.    Winding the 45-degree fibers posed a greater 
problem because of the taper in both  directions along  the  length of the 
mandrel.     TVo general methods were investigated for filament winding the 
45-degree fibers;  the helical winding approach and the hoop winding approach. 
These methods,  with  the problems  and  advantages of each,   are outlined below. 

Helical Winding 

The  initial attempt  to filament wind the box beam was  to use  the heli- 
cal winding method which ha'j been used for years primarily on cylinders 
and end domes.    Limited helical winding has been accomplished for cone 
shaped pressure vessels.     The winding angle varies  along  the cone sec- 
tion because of circumferential change.    The tapered box beam is some- 



what similar to a cone;  therefore, side plates were placed on the wood 
mandrel to give a constant circumference. 

The first problems encountered in attempting  to wind  the beam helical- 
ly were the change of winding angle along each surface and fiber slip- 
page around the comers.    The distance  the let-off carriage travels 
from the time the fiber  comes  in contact with  one corner until it 
comes  in contact with  the next  corner divided by  the width of  the  face 
between these two corners must always be a constant  for all surfaces 
for the winding angle  to be constant.    This can be accomplished if  the 
let-off eye is  the same  distance from all corners  as   the mandrel 
rotates.    Since the mandrel is  tapered in both directions,  the  let-off 
eye distance will vary  from one end to the other end of the mandrel. 
By holding the let-off  eye as  close to the corner  as  possible,  the 
angle variation was  not  too excessive,  approximately  4  degrees. 
Another solution would be   to have an in-and-out  control on the   let-off 
eye  to hold it in the same relative position to  the mandrel.    The slip- 
page along the edge  could be controlled with  double-back  tape or a 
system of extruded pins  or nails  to catch  the  fibers  on the comers. 

The major problem in attempting to wind the box beam helically was 
experienced in windin? over the trapezoidal ends.     The dwell time of 
the let-off eye past  the end of a cylinder is  constant  for every  cir- 
cuit;  however, on the box beam the effective  (+ ell  time varies   for 
each circuit.    The effective dwell time is an inverse  function of the 
distance between  the  let-off eye and the mandrel  end  at the point of 
fiber contact.     This  distance varies by approximately  one-half  the 
mandrel width (chord dimension)   for one complete  layer, which causes 
considerable fiber gapping on one edge of  the mandrel and fiber over- 
lapping on the other edge.     The only way  to control  this effect com- 
pletely  is to have  the  let-off eye back-and-forth motion completely 
separate from the mandrel rotation control.     One of  the controls would 
then need to be hand operated,  since  the stall   time would be different 
for every circuit.    A method of stabilizing the  fiber on the ends is 
also required. 

This approach  to  filament winding a box beam did not appear practical, 
if  at all possible, because  of  the problems  stated above;  therefore, 
an alternate approach  of  hoop winding the A5-degree  fibers was  inves- 
tigated. 

Hoop Winding 

The alternate method of  filament winding  the  45-degree fibers was  to 
hoop wind them.     This was  accomplished by making extension arms  to the 
mandrel so as  to place it in the winding machine with  the axis oriented 
at  45 degrees  to  the winding machine axis.    The mandrel is  then 
rotated,  and the  fibers  are hoop wound on the mandrel as shown in 
Figure  1,    The arms  are  reversed  for the second  layer of 45-degree 
fibers.     The fibers were held from sliding along the  edges with  thread- 
ed  rods which were  tied  into  the mandrel.     Other methods may be used 
such as  nails or a grooved plate; however,  the  threaded rods worked 



very well and were Inexpensive.    The following fabrication modifi- 
cations and mandrel design changes were required for hoop winding the 
45-degree fibers. 

1. Threaded rods were designed with the  thread dimension equal to 
the roving width so  that each roving would fit into a separate 
groove.    This kept  the rovlngs  from gapping and overlapping and 
provided an even ply  thickness. 

2. Filament winding the  faces required three more cure cycles  than 
the hand  lay-up process.    The inside spar faces must be precured, 
since no pressure can be applied to them with the attachments  for 
winding the inside face.    The inside face must be cured and 
trimmed before  the honeycomb core and outside spar faces  can be 
laid up.     The honeycomb must be cured to  the inside flange face 
and to the inside and outside spar faces   (see Figure 8), since 
pressure cannot be applied to the spar area with the attachments 
for winding the outside flange face. 

3. The mandrel length had to be increased considerably because of  the 
trim length required by winding the 45-degree fiber by this method. 
This trim length  is equal to the part width at each end; however, 
the threaded rods were run around the ends, which shortened the 
trim length to 10 inches on each end. 

4. End fixtures  for rotating the mandrel at 45 degrees, side plates, 
and end attachments  for the threaded rods were required in the 
mandrel design. 

Figures 3,  4,  5,  and 6 show the attachments  and the winding technique 
for winding the longitudinals,  45-degree fibers,  and hoops,  respec- 
tively.    The sequential order of winding the  four layers must be  the 
same for the inside and outside faces,  longitudinals, 45-degree lay- 
ers,  and then hoops.     The longitudinals cannot be wound over the 
attachments  for the 45-degree fibers and,  therefore, must be wound 
first. 

MANDREL DESIGN 

The  loads applied to the box beam mandrel during the winding of the faces 
are  generally insignificant.    Winding loads caused by  the hoops and longi- 
tudinals with only one layer of 20 end roving can be neglected.    The 45- 
degree fibers, however,  cause shear stresses in the mandrel which must be 
carried with very  little mandrel shear deflection,  since a slight amount of 
deflection will cause the 45-degree fibers  to lose  tension.    The primary 
loads on the mandrel are from autoclave pressure while curing the box beams. 

The mandrel was designed with  longitudinal plates  at  the front and rear 
spar  locations.    These  longitudinal plates were riveted to end plates and 
intermediate ribs which were precontoured to the NACA 642-215 airfoil con- 
figuration.    Thin aluminum sheets were then formed over the ribs and welded 
to the longitudinal plates.     This method of mandrel  fabrication was  consider- 



ably less expensive than machining thick aluminum skins  to the desired con- 
tour.     The mandrel was designed for both internal and external pressure, 
since the thin skin would not carry the autoclave pressure during cure of 
the parts.    The mandrel also had to be leakproof with  this design; other- 
wise,  pressure would leak between the mandrel and bag and no effective pres- 
sure would be applied against  the part being cured. 

The mandrel was also designed with the capability of attaching the side 
plates  for winding the longitudinals  (see Figure 2)   and attaching the 
threaded rods, rod ties,  and rotating arms  for winding the A5-degree fibers 
(see Figures 4 and 5). 

The  threaded rods were designed such  that each  thread held one 20 end  rov- 
ing which prevented gapping and overlapping of  the   fibers.    A separate set 
of rods was  required for each  layer of A5-degree  fibers.     Figures  3 through 
6 show  the winding attachments  during winding  the  longitudinals,  45-degree 
fibers,  and hoops,  respectively. 

The mandrel began to leak as   the inside face of box beam No.  2 was placed 
in  the autoclave to cure.     Several attempts were made  to seal the mandrel: 

1. The inside of  the mandrel was coated with   resin which  temporarily 
sealed the corners.     As  another face was wound and cured,   the  res- 
in cracked from  the  shear loads in the mandrel during winding and 
the differences  in  the coefficients  of  thermal expansion between 
the resin and the aluminum during cure.     This caused the mandrel 
to begin leaking again. 

2. Sealing of  the mandrel was  again attempted by externally  rewelding 
all the seams.     The surface of the mandrel was hard anodized and, 
therefore, had  to be sanded along  the seams  before welding.     In 
attempting to weld  the seams,  the thin skins began to warp and 
separate from the side plates.    The mandrel was  cleaned and re- 
paired in the warped areas, 

3. Teflon adhesive  tape was bonded along  the edges   (spar sections) 
and on the ends  of  the mandrel.    The  tape  on  the ends soon began 
to  leak because  the end  fixtures'   constantly being put on and 
taken off tore up  the Teflon, 

4. A flexible plastisol molding compound was  poured into the mandrel 
and sloshed around  to seal  the end sections;  however,  the plasti- 
sol apparently did not  fill all the cracks  in the  resin and the 
mandrel still leaked at  the ends. 

Further attempts  to seal  the  mandrel were considered unjustified,  and  the 
remainder of the beams were  cured under vacuum. 

FABRICATION 

A box beam fabrication summary  is  presented in Table I.     This table covers 
the method of fabrication,  materials used,   the method of cure for each box 



beam,  and box beam weight.    The step-by-step fabrication procedures are pro- 
vided in Appendix III,  and a photo representation of the fabrication proce- 
dures  for the filament wound beams is shown in Figures 3 through 10.     Figure 
3 shows the winding of  the longitudinal fibers by rotating the mandrel end 
over end.    Figures A and 5 illustrate the winding of the 45-degree fibers. 
The threaded rods along the edges prevent  the  fiber from sliding as  they are 
hoop wound on the mandrel, which is set in the machine at A5 degrees.    Fig- 
ure 6 shows the winding of the hoop fibers.    The inside face must be cured 
after the winding of the hoop fibers, since  the spar honeycomb and outside 
face cannot be assembled with the hoop and A5-degree windings restricting 
access to the edges.    After curing and trimming the inside face,  the honey- 
comb and syntactic foam corner sections are laid inside the outside spar 
face as shown in Figure 7.     These assembled spars are then placed over the 
inside face, and the honeycomb is placed over the flanges as shown in Fig- 
ure  8.    The beam is   then bagged and cured  to bond the honeycomb  to  the spar 
faces and the inside flange face.    The outside  flange facing is then wound 
the same as the inside facing shown in Figures  3 through 6. 

The procedures  for fabricating the hand lay-up beam are basically  the same 
as  those for the filament wound beams described above, except that the beam 
was laid up in one stage by eliminating the three cure cycles required on 
the filament wound beam. 

Figures 9 and 10 show a completed beam after it has been removed from the 
mandrel and trimmed. 

Two methods were investigated for bonding the honeycomb core to the faces. 
These were the use of a secondary adhesive film and the use of resin from 
the prelmpregnated facing material.    Box beam No.  1 was hand laid up by 
using Metlbond 500 adhesive film as a secondary adhesive.    The flatwise 
tensile strength of  this beam was very low  (only AA8 psi average);  there- 
fore, panels 8 inches square were fabricated and tested using various  sec- 
ondary adhesive systems and also some primary resin systems for bonding the 
honeycomb core to the  faces.    The results of this study are shown in Table 
II.     The resin system used on the 20 end roving  (E787)  only gave  3AA psi in 
tensile strength or 35 percent to A0 percent as high as the panels with the 
secondary adhesive bonds.    The Metlbond 500,  which is a resin adhesive sys- 
tem,  gave the highest  result of 963 psi.    The Metlbond 329 and the AF-110A 
adhesive systems gave strength values of 899 psi and 808 psi,  respectively; 
these values were 8 percent and 19 percent  lower than the Metlbond 500 res- 
in system values. 

Metlbond 329 adhesive was  used on box beams  No.    2 through 6 because  of its 
high strength characteristics and ready availability.    Thin aluminum caul 
sheets,  0.016 inch  thick, were placed over  the beams.     These caul sheets 
were designed thin enough  to conform to  the contour of  the mandrel and stiff 
enough to avoid local wrinkling.    The purpose of the caul sheets was   to pro- 
vide a smooth exterior surface on the box beams.    The results of  the  first 
beams were so good,  a finish of 20 to A5 on beam No.  1 and approximately 150 
on beam No.  2,  that no other method was  Investigated.     Resin was  added on 
beams  No.  5 and 6 between the A5-degree fibers  and the hoop fibers  to  give 
more resin flow and,  therefore,  to help fill the voids next to the surface 



and to give a smoother finish. 

A tear ply was placed on the outside of the Inside face prior to bagging 
and curing. This ply Is torn off after cure and leaves a rough surface for 
bonding the honeycomb core to the Inside skin. The tear ply consists of 
one ply of 120 cloth prelmpregnated with E787 resin. This ply forms a 
relatively low bond strength to the NWO filers and, therefore, can be easily 
ripped off after cure. The tear ply eliminates sanding the faces, which 
could cut some of the fibers. 

The design of the spar to flange joint is shown on drawing SKRD 0607, Appen- 
dix IV. The syntactic foam (42 pounds per cubic foot density) was cast in 
a flat mold and machined to the required dimensions. The foam was then 
bonded together with Eastman's 910 adhesive prior to being placed in the 
outside spar face as shown in Figure 7. 

EVALUATION OF TEST RESULTS 

Preproduction Fabrication and Setup Time 

The setup and fabrication time is shown in Table III. 

The total time required for a filament wound beam is 165 hours, com- 
pared to 102 hours for a hand lay-up beam. The fabrication time for a 
filament wound beam is 110 hours (excluding items 2 and 3 in Table 
III) , compared to 94 hours for the hand lay-up beam. The increased 
time for the filament wound beam is caused by the three extra cure 
cycles which add 26 hours. Five hours are saved for each face in fila- 
ment winding versus the hand lay-up process; however, this is a small 
portion of the total hours required. The labor cost is 62 percent 
higher on the filament wound preproduction model. 

Surface Smoothness 

The surface smoothness of the completed beam was mainly a function of 
the caul sheet, fiber evenness, resin content of the surface layer, 
and cure pressure. The caul sheet bridges along the peaks caused bv 
fiber unevenness and forces these high points down es  the resin begins 
to flow. Enough resin is required in the surface layer to fill all the 
voids between the glass and the caul sheet.  A high cure pressure helps 
to force the resin into the voids and gaps and, therefore, gives a 
smoother finish. 

Box beam No. 1 had a finish of 20 to 45 per MIL-STD-10, and beams No. 
2 through 6 had a finish of approximately 150.  The fibers were much 
more consistent in the unidirection tape, and box beam No. 1 was cured 
at a much higher pressure (see Table I) than the remainder of the 
beams; these facts account for the much smoother surface. Resin was 
added between the last two layers on box beams No. 5 and 6 to help fill 
the voids and give better flow, since the material was becoming slight- 
ly dry on these beams. 



Test Results 

Box beams No.   1 through A were cut Into test specimens for flatwise 
tensile,  edgewise compression,  and laminate tensile tests.     The flat- 
wise tensile and edgewise compression specimens were tested per MIL- 
STD-401A, and the laminate tensile specimens were tested per FTIffi 406, 
Method 1011,  Type I.    Tables IV through XV show the test resi Its of 
box beams No.   1 through 4, and a summary of the test results  Is shown 
in Table XVI. 

Box beam No.   1 was hand laid up with E-HTS/XP251 facing material and 
Metlbond 400 adhesive film for bonding the honeycomb core  to  the faces. 
The adhesive film was dry and did not appear to flow when heated, which 
could account  for the very low flatwise tensile strength of 448 psl 
shown in Table  IV.    Because of the low results on the first beam,  8- 
inch-square flat panels were fabricated with different adhesive sys- 
tems  to determine a suitable system for the remainder of the box beams. 
These panels were cut and tested in flatwise tension.    The results are 
shown in Table II and explained on page 7 under fabrication.     The edge- 
wise compression test results on box beam No.  1 were lower than expect- 
ed;  35,680 psl compared to a theoretical strength of 49,000 psl, or 37 
percent lower then the theoretical strength.    The laminate tensile test 
results were slightly higher than those predicted;  46,232  psl compared 
to a theoretical strength of 45,000 psl, or 3 percent higher than the 
theoretical.     The Impregnated material used on this beam had been re- 
frigerated for several months due to  the delay in receiving the mandrel 
and,  therefore, had lost Its  tackiness  and become quite dry before box 
beam No.   1 was  fabricated.    The beam had visible dry streaks  after 
cure.    This  could partially account for the low strength in the edge- 
wise compression and laminate tensile  tests. 

Box beams No.  2 and 3 were filament wound with E-HTS/E787 20 end rov- 
ing.    These beams were fabricated in the same manner as beam No.   1 
except that a tear ply of 120 cloth prelmpregnated with E787 was placed 
next to the hoop layer on the inside skin prior to bagging and cure and 
the hoops were discontinued on beam No.  3 at the midspan to give a tail- 
oring effect.     The flatwise tensile strength of box beam No.   3 was 26 
percent lower than on box beam No.  2.    Box beam No.  3 appeared to lose 
vacuum pressure during cure, which would account for the lower values. 
Box beam No.   3 also had streaks in  the faces which could have been 
caused by  the  loss of vacuum and,  consequently,  the lack of proper flow 
during cure.     The edgewise compression and laminate tensile  test re- 
sults were in good agreement between the two beams, with  the edgewise 
compression strength being approximately 4 percent below  the  theoreti- 
cal values  and the laminate tensile strength being 34 percent above the 
theoretical values. 

Box beam No,  3 was  filament wound with  the hoop  Layer (chordwise layer) 
teminatlng at midspan to give a tailoring effect.    Specimens  from both 
the three-ply area with no hoops and the four-ply area with hoops were 
cut and tested.    The average failure load in the three-ply area was 16 
percent lower  than in the  four-ply area on the edgewise compression 



tests; however,  this gives a stress of 11 percent higher for the three- 
ply area because of the thickness difference of 25 percent.    The lami- 
nate tensile tests were 25 percent lower in the four-ply area in 
strength,  and the tensile failure load averaged 7 percent higher in the 
four-ply area. 

Box beam No.  A was  filament wound identically  to box beam No.  3 except 
that S-HTS/E787 material was used in the faces.    The flatwise tensile 
strength was 932 psi,   compared to 971 psi on box beam Mo.   2.    The  lami- 
nate  tensile strength increased 18 percent and 30 percent,  respectively, 
in the four-ply and three-ply areas by using the S-I1TS glass faces in- 
stead of the b-HTS glass  faces. 

The compressive strengths on box beam No.  4 were very close to those on 
beams  No.  2  and 3  (see  Table XVI). 

The edgewise compression specimens were strain gaged with a longitudi- 
nal  gage on each side and a hoop gage on one side.     The ends of  the 
specimens were potted with Epon 934 adhesive  to prevent premature edge 
failures.    Figures 11 through 14 show typical failure modes.    These 
specimens were sized and  tested per MIL-STD-401A;  however,  somewhat 
higher results should be obtainable from other specimen configurations 
where the 45-degree fibers are not cut. 

The minimum recommended cure pressure for  the Metlbond 329 adhesive 
film is 15 psi.    Box beams No,  2 through 6 were cured at a pressure of 
5 to 10 psi; therefore,  the flatwise tensile strength may be increased 
above the values shown in Table XVI by curing in an autoclave at 15 to 
50 psi, as was originally anticipated. 

The laminate tensile test results obtained from box beams No, 1 through 
4 showed an increase of 30 percent in the strength of a filament wound 
beam over a hand laid up beam.     The use of S-HTS  glass  increased  the 
tensile strength 18 percent over the beams with E-HTS  glass  fibers. 
Figures  15 and 16 show  typical failure modes. 

The  compressive moduli  of elasticity on beams  No.   1,  2,  and 3 were 
3.88,   3.42,  and 3.36 million psi,  compared  to a theoretical modulus  of 
elasticity  of 3.375 x  10^  psi.     This is  an increase  from 0.5 percent 
to  15 percent in measured values  over the  theoretical value.    The pri- 
mary moduli of elasticity   (see Figure 18)   obtained  from the tensile 
specimens were 2.91,  3.08,  and 3.12 x 10^ psi,  or  from 8 percent  to 16 
percent below the theoretical values.    The secondary  tensile moduli of 
elasticity were 1,65,   1,79,  and 1,78 x 10^ psi on beams No,  1,  2,  and 
3, respectively, which is approximately 58 percent of the primary mod- 
ulus  of elasticity.    The modulus of elasticity of  the S-HTS glass beam 
increased approximately 5 percent and 9 percent in compression and ten- 
sion,   respectively,  over  the E-HTS  glass beams.     The compressive modu- 
lus of elasticity increased from 3 percent  to 6 percent in the three- 
ply area over the four-ply area of beams No,  3 and 4, and the primary 
tensile modulus of elasticity increased from 16 percent to 22 percent. 
The   tensile  load-strain curves  are approximately parallel in the  three- 
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ply and four-ply areas;  this Indicates  that the modulus and strength 
of the hoop fibers is very low in the transverse direction.     The modu- 
lus and strength is,  therefore, mainly a function of total facing 
thickness which gives  the 25 percent difference in tensile strength 
and  tensile primary modulus in the three- and four-ply areas.    Typical 
stress-strain curves are shown in Figures 17 and 18, 

The  theoretical Poisson's  ratios were much  lower, being about  37 per- 
cent of the values obtained from the  test results.    This is mainly due 
to fiber reorientation.    In compression,  the 45-degree fibers  tend to 
rotate perpendicular to the direction of the load; however,  they are 
partially restrained by the resin binder,  friction between  the fila- 
ments, and  the restraint of the hoop and axial fibers.    The Poisson's 
ratios in the three-ply area were 41 percent and 45 percent higher  than 
those in the four-ply area of beams  No.   3 and 4,  respectively.    This 
increase  is  mainly due  to  the elimination of  the hoop fibers which 
helped stabilize  the 45-degree  fibers  and kept them from rotating as 
much and the relationship of  the stiffness  ratio in the  longitudinal 
and hoop direction with and without  the hoop fibers. 
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Figure 2. Mandrel Before and After Side Fixture Assembly. 
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Figure 3. Winding Longitudinal Fibers. 
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Figure 15. Laminate Tensile Specimens After Test, 
Box Beam No. 3 . 
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Figure 16, Laminate Tensile Specimens After Test, 
Box Beam No# 4 . 
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TABLE II 
SANDWICH PANEL EVALUATION - FLATWISE TENSILE TESTS 

Specimen Stress Typ« 3 

Adhesive System No. (psi) Failure 

1 873 Adhesive to Core 
Metlbond 329 

2 91A Adhesive to Core 

Adhesive 3 909 Adhesive to Core 

4 88A Adhesive to Core 

5 853 Adhesive to Core 

6 959 Adhesive to Core 

Ave 899 

1 795 Adhesive to Core 
AF-110-A Adhesive 

2 863 Adhesive to Core 

3 768 Adhesive to Core 

4 805 Adhesive to Core 

Ave 808 

1 800 Adhesive to Core 
Metlbond 500 

2 945 Adhesive to Core 

Prepreg 181 Cloth 3 1108 Adhesive to Core 

(4 plies) 4 1000 Adhesive to Core 

(No    XP-251 Faces) Ave 963 

1 314 Adhesive to Core 
E-787 Resin 2 367 Adhesive to Core 
2 Plies  Impregnated 

3 375 Adhesive to Core 
120 Cloth 4 325 Adhesive to fore 

5 338 Adhesive to Core 

Ave 344 

Faces - XP-251-E unidirectional tape, 4 plies oriented at 0* '.  AS'. 
90°,  and  135°. 

Core    - HRP 3/16-GF  11-A. ,0, 0.46  inch thick. 
Test Specification - MIL- ■STD-401A,  2.0-X-2.0-: inch specimens, 
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TABLE III 
PREPRODUCTION FABRICATION AND SETUP TIME 

Filament Wound Beam 

Item 
Men 
Reqd 

Man- 
hrs. 

1 

2 

12 

40 

Hand Lay-Up Beam 
Men Man- 
Reqd hrs. 

1. Fabricate Spar Faces 

2. Prepare Mandrel 
(Includes hardware 
changes  for each ply 
on filament wound beam) 

12 

8 

3.  Set Up Winding Machine 2 15 - — 

4.  Fab Inside Face 2 15 1 20 

5.  Bag and Cure 1 3 - - 

6.  Trim 1 10 - - 

7.  Position Honeycomb and 2 24 2 24 
Foam Comers 

8.  Bag and Cure 1 3 - - 

9.  Trim 1 10 - - 

10.  Fab O-'slde Face 2 15 1 20 

11.  Bag and Cure 1 3 1 3 

12.  Final Trim 1 15 1 15 

Total Hours 165 102 
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TABLE  IV 
BOX BEAM NO.   1 -  FLATWISE  TENSILE  SPECIMENS 

Specimen 
No. 

Type 
Failure 

Failure 
(lbs) 

Load Stress 
(psi) 

T-1B* Adhesive 1675 419 

T-2B Adhesive 1410 353 

T-3B Adhesive 1910 478 

T-4B Adhesive 1945 486 

T-5B Adhesive 1870 468 

T-6B Adhesive 1945 486 

T-7B Adhesive 1765 441 

T-8B Adhesive 1890 473 

T-1T** Adhesive 1700 425 

T-2T Adhesive 1715 429 

T-3T Adhesive 1990 498 

T-AT Adhesive 1785 446 

T-5T Adhesive 1435 359 

T-6T Adhesive 1840 460 

T-7T Adhesive 1785 446 

T-8T Adhesive 1970 

Average 

Std Dev 

493 

-  448 

43.4 

*Bottom flange 
**Top flange 
Glass - E-HTS 
Resin - XP-251 
Core - HRP 3/16-GF 11-4.0, 0.46 inch thick 
Adhesive - Metlbond 400 
Specimen Size - 2.0 x 2.0 inches 
Test Specification - MIL-STD-401A 
Facing Orientation - 4 plies at .010 Inch/ply 

4 
3 
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TABLE V 
BOX BEAM NO.   1 - EDGEWISE COMPRESSION SPECIMENS 

Specimen 
No. 

Area 
(in.2) 

Failure 
Load 
Obs) 

Stress 
(psi) 

Modulus 
(106 psi) 

Polsson's 
Ratio 

C-1T* .16 6000 37,500 4.01 .370 

C-2T .16 5350 33,440 3.95 .356 

C-3T .16 5200 32,500 3.49 .368 

C-4T .16 5650 35,310 3.90 .392 

C-5T .16 5000 31,250 3.77 ,362 

C-1B** .16 5390 33,690 4.20 .329 

C-2B .16 6000 37,500 4.11 .403 

C-3B .16 6300 39,380 3.90 .364 

C-4B .16 6200 38,750 3.87 .359 

C-5B .16 6000 37,500 3.63 .310 

Average - 35,680 3.88 .361 

Std Dev - 2,827 .21 .027 

*Top flange 
**Bottoni flange 
Glass - E-HTS 
Resin - XP-251 
Core - HRP 3/16-GF 11-4.0, 0.46 inch thick 
Adhesive - Metlbond 400 
Specimen Size - 3.0 x 2.0 inches 
Test Specification - MIL-STD-401A 
Facing Orientation - 4 plies at  .010 inch/ply 

 ►- Direction of LoadlnR 
and Core Ribbon Direction 
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TABLE VI 
BOX BEAM NO.   1 - LAMINATE TENSILE SPECIMENS 

Specimen 
No. 

Specimen 
Width 
(in.) 

Specimen 
Thickness 

(in.) 

Failure 
Load 
(lbs) 

Stress 
(psi) 

Primary 
Modulus 

(106 psi) 

Secondary 
Modulus 

(106 psi) 

LT1-TM .502 .040 1075 53,536 3.25 1.72 

LT2-TM .504 .040 1080 53,571 3.01 1.65 

LT3-TM .510 .040 945 46,324 2.94 1.66 

LTA-TM .502 .040 990 49,303 3.09 1.53 

LT1-TB .507 .040 985 48,570 2.83 1,68 

LT2-TB .502 .040 840 41,833 2.50 1.31 

LT3-TB .501 .040 985 49,152 2.96 1.79 

LTA-TB .498 .040 960 48,193 3.08 1.79 

LT1-BM .498 .040 1030 51,707 3.08 1.70 

LT2-BM .V ', .040 995 49,850 2.89 1.70 

LT3-BM .040 840 41,833 3.09 1.88 

LT4-BM .311 .040 870 42,564 2.66 1.62 

LT1-BB .508 .040 825 40,600 2.66 1.18 

LT2-BB .503 .040 785 39,016 2.69 1.63 

LT3-BB .497 :040 820 41,247 2.98 1.80 

LT4-BB .502 .040 850 42,415 2.87 1.73 

Average    ■ 46,232 2.91 1.65 

Std Dev    - 4,850 .201 .180 

Specimen Identification: 
TM ■ Top flange,  mandrel side 
TB ■ Top flange,  bag side 
BM - Bottom flange, mandrel side 
BB ■ Bottom flange, bag side 

Glass - E-HTS 
Resin - XP-251 
Test Specification -  Type  I,  FTMB 406,  Method 1011 
Ply Orientation - 4 plies at  .010 inch/ply 

3 

•- 1 —*- Direction of Loading 
and Core Ribbon Direction 
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TABLE VII 
BOX BEAM NO,  2 - FLATWISE TENSILE SPECIMENS 

Specimen Type Failure Load Stress 
No. Failure (lbs) (psi) 

T-1B* Adhesive 42AÜ 1060 

T-2B Adhesive 4440 1110 

T-3B Adhesive 3720 930 

T-4B External Bond — — 

T-5B Adhesive 3425 856 

T-6B Adhesive 3635 909 

T-7B Adhesive and Core 3755 939 

T-8B Adhesive 3600 900 

T-1T** Adhesive 4470 1118 

T-2T Adhesive 3760 940 

T-3T Adhesive 3680 920 

T-4T Adhesive 3865 966 

T-5T Adhesive 4175 1044 

T-6T Adhesive 3505 876 

T-7T Adhesive 3800 950 

T-8T Adhesive 4215 1054 

Average -  971 

Std Dev 84 

*Bottom flange 
**Top flange 
Glass - E-HTS 
Resin - E-787 
Core - HRP 3/16-GF  11-4.0, 0.46 inch  thick 
Adhesive - Metlbond 329 
Specimen Size - 2.0 x 2.0 inches 
Test Specification - MIL-STD-401A 
Facing Orientation - 4 plies at approximately  .010 inch/ply 

36 



TABLE VIII 
BOX BEAM NO.   2 - EDGEWISE  COMPRESSION SPECIMENS 

Specimen 
No. 

Area 
(in.2) 

Failure 
Load 
(lbs) 

Stress 
(psi) 

Modulus 
(106 psi) 

Poisson's 
Ratio 

C-1T* .188 8850 47,100 3.44 .392 

C-2T .188 7750 41,200 3.40 .370 

C-3T .188 7800 41,500 3.61 „474 

C-4T .188 10,000 53,200 3.27 .345 

C-5T .188 8A50 44,900 3.56 .394 

C-1B** .188 8200 43,600 3.17 .370 

C-2B .188 8650 46,000 3.24 .344 

C-3B .188 9600 51,100 3.22 .372 

C-AB .188 9000 47,900 3.42 .388 

C-5B .188 9900 52,700 3.b4 .357 

Average - 46,920 3.42 .381 

Std Dev - 4338 .21 .037 

*Top  flange 
**Bottom flange 
Glass - E-HTS 
Resin - E-787 
Core - HRP 3/16-GF 11-4.0, 0.46 inch thick 
Adhesive - Metlbond 329 
Specimen Size - 3.0 x 2.0 
Test Specification - MIL-STD-401A 
Facing Orientation - 4 plies at approximately .010 inch/ply 

»_ 1 Direction of 
Loading and Core Ribbon 
Direction 
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TABLE  IX 
BOX BEAM NO.   2 -  LAMINATE TENSILE SPECIMENS 

Specimen 
No. 

Specimen 
Width 
(in.) 

Specimen 
Thickness 

(in.) 

Failure 
Load 
(lbs) 

Stress 
(psi) 

Primary 
Modulus 

(106 psi) 

Secondary 
Modulus 

(106 psi) 

LT1-TM .501 .046 1400 60,700 3.08 1.89 

LT2-TM .497 .047 1380 59,100 3.29 1.73 

LT3-TM .498 .048 1340 56.100 2.84 1.81 

LT4-TM .500 .048 1500 62,500 3.42 1.59 

LT1-TB .500 .046 1520 66,100 3.32 1.90 

LT2-TB .500 .046 1490 64,800 3.20 1.80 

LT3-TB .500 .046 1490 64,800 3.22 2.11 

LT4-TB .498 .046 1480 64,600 3.38 1.82 

LT1-BM .496 .046 1340 58,700 3.02 1.72 

LT2-BM .498 .047 1420 60,700 3.20 1.82 

LT3-BM .499 .048 1410 58,900 2.93 1.67 

LT4-BM .499 .048 1380 57,600 2.71 1.49 

LT1-BB .500 .047 1430 60,900 2.99 1.84 

LT2-BB .498 .047 1400 59,800 2.80 1.80 

LT3-BB .500 .046 1400 60,900 2.96 1.88 

LTA-BB .496 .047 1450 62,200 2.92 1.73 

Ave rage    - 61,150 3.08 1.79 

Std Dev    - 2,848 .22 .14 

Specimen Identification: 
TM - Top flange, mandrel side 
TB ■ Top  flange,  bag side 
BM ■ Bottom flange, mandrel side 
BB - Bottom flange, bag side 

Glass - E-HTS 
Resin - E-787 
Test Specification - Type I,  FTMB 406,  Method 1011 
Ply Orientation - 4 plies  at  .010 inch/ply 

3 

-^-Direction of Loading 
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TABLE X 
BOX BEAM NO.   3 -  FLATWISE  TENSILE SPECIMENS 

Specimen 
No. 

Type 
Failure 

Failure Load 
(lbs) 

Stress 
(psi) 

T-1T* Adhesive 3240 810 

T-2T External Bond 1725 431*** 

T-3T Adhesive 3505 876 

T-4T Adhesive 2805 701 

T-1B** Adhesive 2975 744 

T-2B External Bond 1645 411*** 

T-3B Adhesive 2940 735 

T-AB Adhesive 2760 690 

T-5T External Bond 2470 618*** 

T-6T Adhesive 3235 809 

T-7T Adhesive 3100 775 

T-8T Adhesive 3310 827 

T-5B Face Failure 3390 848 

T-6B Adhesive 2210 553 

T-7B Face Failure 3715 929 

T-8B Adhesive 2620 

Average 

Std Dev 

655 

- 766 

- 101 

*Top flange 
**Bottom flange 
***Not included in average 
Glass - E-HTS 
Resin - E-787 
Core - HRP 3/16-GF 11-4.0, 0.46 inch thick 
Adhesive - Metlbond 329 
Specimen Size - 2.0 x 2.0 inches 
Test Specification - MIL-STD-401A 

Facing Orientation 

4 plies 
Specimens 

1 thru 4 
3 plies 2 
Specimens  5  thru 8 
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Specimen 
No. 

TABLE XI 
BOX BEAM NO,   3 - EDGEWISE  COMPRESSION SPECIMENS 

Area 
(In.2) 

Failure 
Load 
(lbs) 

Stress 
(pel) 

Modulus 
(106 psl) 

Polsson's 
Ratio 

C-1T* .193 8300 43,000 3.37 .308 

C-2T .193 8740 45,290 3,29 .323 

C-3T .192 8400 43,750 3.39 .374 

C-1B** .192 9900 51,560 3.33 .317 

C-2B .193 9200 47,670 3.40 .310 

Average    ■ ■    46,254 3.36 .324 
Std Dev    • -      3.462 .046 .023 

C-/.T .144 8100 56,250 3.49 .427 

C-5T .145 7180 49,520 3.51 .477 

C-6T .145 6980 48,140 3,41 .492 

C-4B .145 7200 49,660 3,46 .438 

C-5B .144 7800 54,170 3,45 .446 

Average    • ■   51,548 3,46 .456 

Std Dev    • •      3,474 .038 .027 

*Top flange 
**Bottom flange 
Glass - E-HTS 
Resin - E-787 
Core - HRP 3/16-GF 11-4.0, 0.46 Inch thick 
Adhesive - Metlbond 329 
Specimen Size - 3.0 x 2.0 Inches 
Test Specification - MIL-STD-401A 

4 
3 

Facing Orientation 

—*- 
Test   Loading Direction 

and Core Ribbon Direction 

4 plies - 0.010 inch/ply 
Specimens  1 thru 3 

3 plies - 0.010 inch/ply 
Specimens 4 thru 6 
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TABLE XII 
BOX BEAM NO.   3 -  LAMINATE TENSILE SPECIMENS 

Specimen 
No. 

Specimen 
Width 
(in.) 

Specimen 
Thickness 

(in.) 

Failure 
Load 
(lbs) 

Stress 
(psi) 

Primary 
Modulus 

(106 psi) 

Secondary 
Modulus 

(106 psi) 

LT1-TM .501 .048 1350 56,130 3.08 1.80 

LT2-TM .502 .048 1340 55,600 3.02 1.53 

LT1-TB .503 .048 1520 62,970 3.26 1.96 

LT2-TB „502 .048 1500 62,240 3.11 1.70 

LT1-BM .502 .048 1360 56,430 3.22 1.88 

LT2-BM .500 .048 1390 57,920 3.11 1.72 

LT1-BB .502 .048 1525 63,280 3.02 1.83 

LT2-BB .501 .048 1410 58,630 3.15 1.80 

Average    ■ 59,150 3.12 1.78 

Std Dev    - 3,209 .09 .13 

LT3-TM .503 .036 1245 68,750 3.31 2.11 

LT4-TM .503 .036 1340 74,000 3.65 2.22 

LT3-TB .504 .036 1390 76,590 3.46 2.20 

LT4-TB .501 .036 1350 74,830 3.48 2.03 

LT3-BM .501 .036 1270 70,400 3.28 2.13 

LT4-BM .500 .036 1360 75,560 3.78 2.32 

LT3-BB .501 .036 1390 77,050 3.70 2.31 

LT4-BB .504 .036 1350 74,380 3.60 2.13 

Average   ■ 73,945 3.53 2.18 

Std Dev    - 2,924 .18 .10 

Specimen Identification: 
TM - Top flange, mandrel side 
TB - Top flange, bag side 
BM - Bottom flange, mandrel side 
BB ■ Bottom flange, bag side 

Glass -  E-HTS 
Resin - E-787 
Test Specification - Type I,  FTMB 406, Method 1011 

2 -< *- 
Loading Direction 

4 plies 
Specimens 1 & 2 45° 

3 plies 
Specimens  3 & 4 
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TABLE XIII 
BOX BEAM NO.   4 - FLATWISE TENSILE SPECIMENS 

Specimen Type Failure Load Stress 
No. Failure (lbs) (psi) 

T~1T* Adhesive 3790 948 

T-2T Adhesive 3555 889 

T-3T Adhesive 3935 934 

T-4T Adhesive 3940 935 

T-1B** Adhesive 4075 1019 

T-2B Adhesive 3710 923 

T-3B Adhesive 3860 965 

T-4B Adhesive 4150 1038 

T-5T Adhesive 3735 934 

T-6T Face 3570 893 

T-7T Face 2520 630 

T-8T Adhesive 4010 1003 

T-5B Adhesive 3950 988 

T-6B Core and Face 3850 963 

T-7B Face 3500 875 

T-8B Adhesive 3875 969 

Average ■ 932 

Std Dev -  93 

*Top flange 
**Bottom Flange 
Glass - S-HTS 
Resin - E-787 
Core - HRP 3/16-GF 11-4.0, 0.A6 inch  thick 
Adhesive - Metlbond 329 
Specimen Size - 2.0 x 2.0 Inches 
Test Specification - MIL-STD-401A 

4 Facing Orientation 
3 

4 plies 
Specimens 

1  thru 4 

#-1 

3 plies 
Specimens 5 thru 8 
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TABLE XIV 
BOX BEAM NO.   4 - EDGEWISE COMPRESSION SPECIMENS 

Specimen 
No. 

Area 
(in.2) 

Failure 
Load 
(lbs) 

Stress 
(psi) 

Modulus 
(106 psi) 

Poisson's 
Ratio 

C-1T* .192 8400 43,750 3.50 .260 

C-2T .192 7900 41,150 3.65 ,309 

C-3T .192 8400 43,750 3.65 .316 

C-1B** .192 9150 47,660 3.26 .273 

C-2B .192 8260 43,020 3.67 .301 

Average • • 43,870 3.55 .292 

Std Dev -  2,370 .17 .024 

C-4T .144 7200 50,000 3.78 .402 

C-5T .145 7000 48,280 3.88 .433 

C-6T .145 8200 56,550 3.52 .429 

C-4B .144 7580 52,640 3.95 .404 

C-5B .144 6930 48,130 3.63 .450 

Average - 51,130 3.75 .424 

Std Dev ■ ■  3,540 .18 .020 

*Top flange 
««Bottom flange 
Glass - S-HTS 
Resin - E787 
Core - HRP 3/16-GF 11-4,0, 0.46 inch thick 
Adhesive - Metlbond 329 
Specimen Size - 3.0 x 2,0 inches 
Test Specification - MIL-STD-401A 

Facing Orientation 

•-1 
Loading Direction 

4 plies 
Specimens   1,2,   & 3 

3 plies 
Specimens 4,5,  & 6 
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TABLE XV 
BOX BEAM NO.  4 - LAMINATE TENSILE SPECIMENS 

Specimen 
No. 

Specimen 
Width 
(In.) 

Specimen      Failure 
Thickness      Load 

(in.)           (lbs) 
Stress 
(psi) 

Primary 
Modulus 

(106 psl) 

Secondary 
Modulus 

(106 psi) 

LT1-TM .499 .048 1590 66,390 3.49 1.89 

LT2-TM .501 .048 1530 63,620 3.36 1.95 

LT1-TB .501 .048 1860 77,340 3.48 1.78 

LT2-TB .500 .048 1950 81,250 3.29 1.89 

LT1-BM .500 .048 1660 69,170 3.50 1.75 

LT2-BM .500 .048 1550 64,580 3.34 1.91 

LT1-BB .502 .048 1820 75,520 3.34 2.39 

LT2-BB .504 .048 1750 72,340 3.33 2.03 

Average    ■ 71,276 3.39 1.95 

Std Dev    - 6,405 .08 .20 

LT3-TM .502 .036 1580 87,440 4.03 2.30 

LTA-TM .500 .036 1570 87,220 4.06 2.37 

LT3-TB .501 .036 2000 110,860 4.20 2.50 

LT4-TB .502 .036 1910 105,700 4.12 2.40 

LT3-BM .500 .036 1510 83,890 4.11 2.50 

LTA-BM .502 .036 1430 79,140 4.04 2.30 

LT3-BB .503 .036 2000 110,440 4.45 2.80 

LT4-BB .503 .036 1850 102,150 4.04 2.50 

Average - 95,850 4.13 2.46 

Std ^ev - 12,770 .14 .16 

Specimen Identification: 
TM - Top flange, mandrel side 
TB - Top flange, bag side 
BM - Bottom flange, mandrel side 
BB - Bottom flange, bag side 

Glass - S-HTS 
Resin - E-787 
Test Specification - Type I,  FTMB 406, Method 1011 

3 -• — 
Loading Direction 

4 plies 
Specimens 1 & 2 3 plies 

Specimens 3 & 4 

44 



m 
c 
<ü 
H 

0) 
4J 
n 
c 

3 

p 
w 

H 

o 

w 

c o 
•H 
01 
CO 
0) 

| o 
u 
V 
m 

s 
00 

w 

c c   • 
•H    0)   4J 
m w S 
c^ o he 

u 

M CO "H 
«e a 05 
ta IH o. 

u o o 
tt) S iH 

u o o 
0t,   S fH 

60 ^s 
C -H 
01   (0 
M   & 

Ü3 

01 

"c o 
O -rl 
n u 

^5 5 o 

3 

o o 

60/-s 
C -H 
(Ü   0) 

w 

w 
(0 

§ • <e o 
4) Z 

PQ 

in 

<t m «* m -* • • • • • 
CO tH c i-t o 
<N CS «s «N eg 

ON 00 
Ov 

m 

CM 

CM 
* 

vO 

00 
o 

o 

00 

CM 

tn 

o 

CO 

<M 

CM 
CTN 
CM 

00 

• 
CM 

CO 
in 

co 

m 

CO 

m 
sr 

vO 
sr 
CM 

co 

«3- 

O 
m 
oo 
* 

m 
o-. 

CM 

00 
00 

m 
co 

CM 
-3- 

co 

vO 
co 

co 

o St 
CM m 
ON eg 

vO 
«a- 

v£) 

m 
co 

o 

oo 
* 

CO 

CO 

00 

m 

m 

m 

co 

s 
in 

0) u 
H 60/-N 

C -H 00 iH v£) CM SO CM 
0) 0) CO -* r» vO CO sO CO 
co M a -* ON r» ON r^ OS 

* * 
CM 

t * 
a. 

«   h 

a 
I 

•fl- 

ea 
0) 
M 

«   <d 
« 
CO   >, 

td 
4) 

«   cd 
« 

I 
CO 

r*. oo 
00 !>» 

iH P* W 
m w ^— 
CM "^ CO 

•OS 

•O .H  -H 

1^  « 
S *   « 

A5 



CONCLUSIONS 

The following conclusions can be drawn from the results obtained on this 
program: 

1. The feasibility of filament winding the main load-carrying skin 
panels of an irregular contoured box beam wing structure has been 
demonstrated.    Techniques have been developed to position and 
secure the fibers in the most optimum structural orientation even 
though these desired orientations are not ussually stable winding 
patterns. 

2. The filament wound sandwich panels developed higher tensile 
strength and moduli than were obtained for the same panels using 
the hand lay-up technique. 

3. The filament wound sandwich panel technique was more expensive In 
this program using developmental tooling than was the comparable 
hand lay-up technique.    This was primarily caused by the addition- 
al setup time and cure stages required. 

4. A good surface finish can be obtained using either the filament 
wound or hand lay-up techniques.    Caul sheets capable of conform- 
ing to the wing contour are required. 

5. An excellent core-to-face sandwich panel bond can be obtained by 
the utilization of a secondary adhesive system.    Attempts  to 
develop a primary bond using the preimpregnated nonwoven facing 
resin were unsuccessful because of insufficient flow.    The use of 
a secondary adhesive system also eliminated the problem of resin 
drainage into the honeycomb cells.    The adhesive selected formed 
excellent fillets and produced very good flatwise tensile 
strengths. 

6. The incorporation of S-HTS glass filaments instead of E-HTS glass 
filaments results in higher tensile strength and tensile and com- 
presslve moduli as anticipated.    The additional stiffness is help- 
ful in reducing both spanwise and chordwise bending deflections. 

7. All facing tensile and compresslve strength values are felt to be 
conservative because of the Inadequacy of the standard FTMS A06 
and MIlrSTD-401A test methods used.    When test coupons contain 45- 
degree oriented fibers which terminate at cut edges a true strength 
test Is difficult to obtain.    A limited effort to develop a more 
suitable specimen configuration was expended; however,  the addi- 
tional cost involved restricted its usare in this program. 

8. Face thickness tailoring can be accomplished to a limited degree. 
The amount of tailoring that can be accomplished will depend upon 
the Induced stress distribution and the number of face plies avail- 
able to tailor. 
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V 

RECOMMENDATIONS 

1. Evaluation of  the process  techniques  developed In  this program should 
be continued and extended to a full box beam structural test phase. 
Both scale and full-scale models should be structurally tested stati- 
cally and In fatigue to demonstrate the structural Integrity of the con- 
cepts  developed. 

2. Utilizing new tooling, a series of Identical models should be fabricat- 
ed and tested to evaluate further the consistency that can be obtained 
and expected from the materials and process techniques developed. 

3. Additional work should be expended to develop more suitable  coupon test 
methods  for evaluating composites  containing fibers  oriented at 45- 
degree and similar off-warp directions. 

4. Additional structural problems such as closing rib attachment, end fit- 
ting attachment,  leading and trailing edge attachment, local Inserts 
for span and skin panel attachments,  core joints, and skin splices 
should be Investigated In detail to develop structural concepts for In- 
corporation Into an actual reinforced plastic wing structure. 
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APPENDIX I 
STRESS AND DEFLECTION ANALYSIS 

The primary load-carrying structure of an NACA 642-215 airfoil,  light air- 
craft wing was designed as a sandwich-wall box beam having E-HTS  fiber glass 
reinforced plastic faces and a honeycomb  core.    Included In this appendix 
are the basic design loads, material properties, safety margins,  and a 
stress and deflection analysis of the structure.    The stress analysis In- 
cludes primary bending stresses, shear stresses, and bending stresses due to 
secondary loading. 

BASIC LOADS 

The design loads  on the NACA 642-215 airfoil are for maneuvering flight con- 
dition "A" as shown on Figure 19.    The load factors for this condition are: 

Design airspeed 
Aircraft load factor 
Wing load factor - vertical direction 
Wing  load factor - aft direction 

175 mph 
8.00 
7.69 
1.66 

A factor of safety of 1.5 is applied to  these loads  for design purposes. 
The flight envelope and sign convention for the moments and shears are 
shown in Figures  19 and 20.     The design moments, shears,  and torsion versus 
wing station are shown in Figures  21,  22,  and 23 for maneuvering flight con- 
dition "A".     From the wing configuration,  shown in Figure 24,  it is noted 
that the structural portion of the airfoil section is between 35 percent 
and 75 percent of chord.    All the analyses are based on this section of the 
wing. 

The section properties versus wing station for the structural portion of the 
wing are shown in Figures 25 and 26. 

MATERIAL DESIGN ALLOWABLES 

The material properties for "E" glass were theoretically determined using 
the equations shown in Reference  7.    Following is  the input data required; 

g 

K 

10.5 x 10" psi 

.6 x 106 psi 

.22 

.35 

.38 

.20 

1.0 
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Figure 19.    Aircraft Flight Envelope. 

280      320      360 

NOTE: M     II 

Inboard 

and    z   moments are 
positive when they produce 
compressive stresses in 
the wing where "x" and "z" 
are positive. 

"y" moment is positive for 
nose up rotation. 

Figure 20.    Wing Sign Convention. 
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Using the equations given In Reference 7,  the following properties were cal- 
culated: 

EL - 6.7A3 x 106 psl VLT - .263A 

ET - 2.152 x 106 psl y^ - .0841 

The average composite properties can now be calculated in any direction of 
a multilayer composite by using the following equations: 

"a      COS q      sin a  * 

h ET 

\\ + VT + \E
a 

(1) 

y NL + NT + Na         ' 

E    - 
X 

VL + NLET + NqE90-q 
NL + NT + Na 

V 
E 

q 
MLT E^  ' 

VLT + NT^TL + VqL 
V NL+NT+Na 

V 
E 

(2) 

(3) 

(4) 

(5) 

(6) 

The design of the wing section dictated a facing thickness of 0.040 inch or 
four layers at 0,010 inch per layer.    The layers are oriented at 0°, 45", 
and 90° to the y axis.    With this orientation,  the following properties are 
calculated from equations  (1)  through  (6): 

E    - E    - 3.375 x 106 psi, 
x       y 

y     - M      - 0.132, xy       yx 

The allowable strength values for the above orientation are taken from HITCO 
test results of nonwoven oriented laminates.    The average values of typical 
laminates are as  follows: 

F    - 49,000 psl, F   - 45,000 psl, 

F    - 32,000 psl. 
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MARGINS OF SAFETY 

A sunmary of the safety margins and allowables Is shown In Table XVII. The 
margin of safety Is calculated by using the following equations: 

For Stress Analysis 

F 
all 

M.S. --^i- 1. (7) 

For Buckling Analysis (see Reference 6, page 1.5.3.5) 

M.S.  2 1. (8) 
N //  N     \2 

ccr    V  \ ccr/ > F+(f f scr/        \ bcr/ 

STRESS ANALYSIS 

1. Primary Bending Stresses 

The spanwise bending stresses are calculated for M   and M    from 
equations  (9)  and (10): z x 

M c     M c 

Ny-il^iT5-» (9) 

XX zz 

°y-n-t- 
(10) 

Figure 27 shows the spanwise load (N ) in pounds per inch at 
station 18. y 

2. Shear Stresses 

The shear stresses are calculated for the torsion and shear loads 
(M , V , V ) by using equations (11) and (12): 
y  z  x 

T--J*.. (11) 

T   V Q   V Q 

q-l^ioPlof^ (12) 

where 

2A - 21  - 21 
XX     zz 

1  is the total torsional load with reference to 
the center of gravity. 
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Q    -   I   z dA 

Qx - | X dA 

Figure 28 shows the shear flow diagram for station 18. 

3.      Buckling Analysis 

The top flange Is In compression and must be analyzed for buck- 
ling.     The shears and compresslve loads causing Instability are 
shown In Figures 27 and 28.    The core thickness required to pre- 
vent buckling Is calculated by rewriting the panel buckling equa- 
tions shown In Reference 3.     Equation (13)  Is a summary of these 
equations: 

(13) 

where 

-B + /B2 - AC 
Lc 2 

B - 2tf(l -¥)- 
/"'       M 

3 

2F ycr c ■ R«     * 

F        --^- 
ycr     2tf * 

K*  - G      + G      •— . yz       xz .2 

2/2 u2 > 

2Xb    \ x b^        y a * 

A - E y      + 2XG     . 
x yx xy 

X - 1 - y    y       . xy yx 
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N   + N, 
N is the average compresslve load on the panel,     - 

a 
— ■  1 for all buckling analysis  gives the lowest critical load. 

This  analysis gives a core thickness  (tc)  of 0.90 inch.     The anal- 
ysis, however, does not include the shear loads on the panel nor 
the uneven compressive load which can be added as a bending load 
on  the panel.    To include  these effects,  the thickness of the core 
was  increased to 0.92 inch and the panel was checked using Refer- 
ences 1 and 2.    This analysis  gives the following critical loads: 

N        "5444 pounds/inch, 

N.       - 15,076 pounds/inch, bcr 

N        - 2781 pounds/inch. 

These critical loads are independent of each other and are added 
together by the interaction equation to determine if  the panel is 
critical in buckling.    This is done as shown in equation (8) where 
the calculated loads are as shown below: 

N    ■ 994 pounds/inch, 

N.   ■ 1271 pounds/inch, 

N    » 2452 pounds/inch. 

4.       Chordwise Bending Stresses 

The chordwise stresses are determined from a secondary load anal- 
ysis.    The tensile and compressive forces  (Ny)  in the beam flanges 
cause a beam curvature of  radius R as shown in Figure 29. 

The equilibrium forces are then normal to the flange surfaces as 
shown by ps in Figure 29*    These normal pressures are beamed 
across the flange to the spars which act as compression members. 
This normal pressure is then found from equation (14) : 

P. - f . (14) 

And from the moment-radius of curvature relationship, 

1 
EyI 

R " M   (1 - y    j]     f * x» yx xy/ 
(15) 
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The final equation for determining this normal pressure Is then 
found by substituting equation (15) Into equation (14): 

N M   (l - VJ    W     ) y xV xy yx/ 

$ 

y 

The total pressure (pt)  acting on the beam Is found by adding the 
secondary normal pressure to the air pressure: 

Pt - Ps + Pa  . (17) 

A pressure distribution curve at station 18 Is shown In Figure 30, 

The chordwlse stresses are found by substituting the moments and 
shears  (Appendix II)  Into the following equations; 

Mc o    ■ +   j   (maximum flange stress), (18) 

Mc        P o    ■ +*T" + TT" (maximum spar stress). (19) 

A summary of all the stresses Is shown In Table XVIII, page 65. 

DEFLECTION ANALYSIS 

1.      Spanwlse Deflection 

The spanwlse deflection Is  calculated by using the conjugate beam 
method of analysis.    The M/EI diagram for the airfoil Is shown In 
Figure 31 with the actual loading and the loading assumed for this 
analysis.    This loading Is then placed on the conjugate beam as 
shown In Figure 32, and M/EI becomes the loading for calculating 
the deflection.    The deflection at any point can be calculated by 
applying equations   (20)   and (21): 

(20) 

where 

<{>x..pb 

2 
wx 

"    2    " 

3 wx 

"ab" 

<ä>x.b.c 

wLab 
2 

f        L.bl 

M 
W " El   • 

(21) 
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2, Torslonal Rotation of Airfoil Section 

The rotation Is calculated by using equation (22): 

♦ -IS • "2> 
where 

T      AAV 

A ■ Area, 

G - Shear modulus of the faces. 

L » Incremental length. 

'f ■ Torslonal moment» 

S ■ Periphery length. 

3. Chordwlse Deflection 

The assumed loading condition shown In Figure 30 is used to cal- 
culate the chordwlse deflection.     The edge moments M and M*  are 
those calculated in Appendix II.     Equation (23)  gives  the midbay 
deflections at operating loads: 

5WHd*       (M + M')Sd2 W 
6c      384E I 16E I       + •00652 IT E I y y TJC y 

wi    fK 
-Ti^-1) [■oonl "-cd2 \i2 - •00416 '■cd' 

y 

where W and W^ are the loadings as shown in Figure 33» Appendix II, 

A summary of all deflections and rotations at limit load is shown 
in Table XVIII. 

«Reference 5, pages 486-488. 
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TABLE XVII 
SAFETY MARGIN SUMMARY 

Allowable Applied 
Safety 
Margin 

Spanvlse 
Conpreeaiv« 
Streee (pal) 
(Flange) 

Spanwlse 
Tenaile 
Strees (psi) 
(Flange) 

Chordwlse 
Tenaile 
Streaa (pal) 
(Flange) 

Chordwlae 
Compreaalve 
Streaa (pal) 
(Spar) 

Shear 
Streaa (psi) 
(Flange) 

Shear 
Streaa (pai) 
(Spar) 

Buckling 
Load 
(pounds/inch) 
(Flange) 

Face 
Wrinkling (psi) 

Buckling 
Load 
(pounds/inch) 
(Front Spar) 

49,000 

45,000 

45,000 

49,000 

32,000 

32,000 

N 
N 
N 

acr 
bcr 
ccr 

5444 
15,076 
2781 

64,000 

N 

N 

scr 
bcr 
ccr 

48,002 
128,377 
10,605 

46,550 

43,050 

11,700 

12,900 

12,650 

13,980 

N s N 

994 
1271 
2452 

46,550 

N    - 

h    ■ 

1118 
3584 
0 

+ .053 

+ .045 

+2.84 

+2.80 

+1.53 

+1.29 

+ .003 

+ .37 

■Hiigh 
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APPENDIX II 
DERIVATION OF SECONDARY BENDING EQUATIONS 

The chordwise bending stresses are caused by beaming the normal loads, due 
to air pressure (pa)  and pressures caused by secondary loading (p8) ( shown 
on page 60»  to the box beam spars.    In this analysis, lw Is assumed that the 
loading Is symmetrical, and a unit width of the box beam Is treated as a 
frame.    The method of  least work Is used to evaluate the bending moments. 

Figure 33 shows  the frame free body diagram. 

Front Spar —»■ = 

Flange 

_-*-Rear Spar 

Figure 33.    Free Body Diagram for Frame Analysis. 

The vertical deflection at  "a" due to the loading shown in Figure 33 Is 

/   mMdx 
v    J    E I    * 

\>       y 
(24) 

where 

M Wx 
WjX- 

2 + -^ (x o-^ (25) 

m ■ x. 
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Making the above substitutions and Integrating equation (2A)   results In the 
first equation; 

v      El 
y 

V '    8    + 2 / 1 \     120 +      12 

3 4 2 2 2 
n>c pd od      Hac od de DC pd de        cd pd de 

6 8 2     '     " 3 2 (26) 

The rotational deflection at "a" due to the loading shown In Figure 33 Is 

d 
mMdx 
E I  * 

(27) 

where M Is  the same as equation (25) : 

ra - 1.0. 

Substituting  these Into equation (27)  and Integrating results  In the second 
equation: 

1 w 
f ^d   .  \dLde /      L3         L? . „    m he . hd 

e    Eyi i   6     '         2     J 

TJdT)C      Scb 
4                6 

+ Wl [ " 24    +    6 

d        DcT)d de        DC de        cd de 
2                     3                2 

(28) 

The vertical deflection at "a" due to a shear load (P)  at "a" equal to unity 
Is 

vp 
1 

E I 
y   J 

f 
mMdx 

El    » (29) 

where 

M X +  I   Hd  ' 
b d 

d e 

m x + hi- 
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Substituting and Integrating equation (29)   gives  the third equation: 

vp      El 
y 

3    + Sd^e/ (30) 

The rotational deflection at "a" due to a shear load (P) at "a" equal to 
unity Is ^e 

ep      EX 
y 

mMdx 
EX     * (31) 

where 

M x + hx 

m - 1.0. 

Substituting and Integrating gives 

ep    EX 
y 

-f + vi 
d de (32) 

The vertical deflection at "a" due to a unit clockwise moment (M)   at "a" Is 

vm 
Mmdx 
E I     » (33) 

where 

M - 1.0 

m 0 + x + h< 
a b 

Substituting and Integrating gives 

IK 
vm      EX 

y 
2    + hdhe    ' (34) 
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The rotational deflection at a due to a unit clockwise moment (M) at a 
Is 

6m 
Mmdx 
E I  * 

(35) 

where 

M - 1.0, 

m - 1.0. 

Substituting and Integrating gives 

'em " E I    Sd 
y 

+ L.    + L . de        ab 
(36) 

To satisfy equilibrium of the free body shown In Figure 33, with no rotation 
nor deflection at "a", two equations can be written with the two unknowns M 
and P: 

6+P6       +M6      -0. 
v vp vm 

6e + p 66p + M 6em * 0- 

(37) 

(38) 

M and P can be  found by substituting equations  (26),   (28),   (30),   (32),   (3A), 
and (36)  Into equations  (37)  and (38)  and solving simultaneously. 

With M and P known,   the moment  (M')  and shear (P')   forces at "e"  can now be 
found from the following conditions: 

EF    - 0, v * 

IM    - 0. 
e 

(39) 

(A0) 

Solving equations   (39)  and (40)  gives 

^d   .  WlLcd   .  WlLb( M'-M+--+      2 cd        3 
+ P H,d' (Al) 

^ " WLbd + Vcd + 
"l\c + P. (A2) 
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The following values were found at station 18 using equations  (37),   (38), 
(41), and (A2): 

M ■ 487 inch-pounds/inch  (clockwise), 

M' ■ 382 inch-pounds/inch  (counterclockwise) , 

P ■ 101 pounds/inch  (upward), 

P' ■ 124 pounds/inch  (upward). 
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APPENDIX III 
FABRICATION PROCEDURES 

BOX BEAM NO.   1 

Step 1.  Mold release mandrel and caul sheets with RAM 225 mold release. 

Step 2.  Hand lay-up Inside spar faces on mandrel. (See spar fabrication 
procedure.) 

Step 3.  Hand lay-up Inside flange faces on mandrel with material 1 in the 
following sequence: 

Layer 1 - Longitudinals (spanwise layer) 
Layer 2 - 1st 45 degrees 
Layer 3 - 2nd 45 degrees (oriented 90 degrees from 1st A5-degree 

layer) 
Layer 4 - Hoops (chordwise layer) 

Step 4.  Place one layer of Metlbond 400 adhesive film over inside face and 
spars. 

Step 5.  Place prefabricated syntactic foam corners over adhesive film. 

Step 6.  Cut and place .460-inch thick HRP 3/16-GF 11-4.0 honeycomb core 
over the adhesive film between foam comers (ribbon direction te 
be spanwise direction). 

Step 7.  Place one layer of adhesive film over the honeycomb and syntactic 
foam corners. 

Step 8.  Place prefabricated outside spar face over the spar section. 

Step 9.  Hand lay-up outside flange faces with material 1 in the same 
sequence as Step 3. 

Step 10.  Place 0.016-inch-thick aluminum caul sheet over flanges and tape 
in position. 

Step 11. Hand wrap beam witn Tedlar tape and heavy cotton bleeder cloth. 

Step 12. Bag with a Tedlar bag. 

Step 13.  Cure at 50-psi autoclave pressure and cure cycle 2. Maintain 
vacuum on part throughout cure cycle. 

Step 14. Remove vacuum bag, overwrap and caul sheet from beam, take out 
mandrel, and trim the beam. 
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BOX BEAMS NO.   2 THROUGH 6 

Step 1.      Mold release mandrel,  caul sheets, and threaded rods with RAM 225 
mold release« 

Step 2.      Place prefabricated Inside spar faces on mandrel. 

Step 3.      Attach side plates  to mandrel and set up in winding machine to 
wind the longitudinal fibers. 

Step 4.      Wind longitudinal layer with material 2.    Set  lead at  .069 inch 
for an end count of 290 ends/inch. 

Step 5.      Install the first set of threaded rods and 45-degree end arms to 
the mandrel and wind the first  layer of 45-degree fibers with 
material 2 at the same lead and end count as in Step 4. 

Step 6.      Add the second set of threaded rods  to the mandrel and reverse 
the 45-degree end arms.    Wind the second layer of 45-degree fibers 
with material 2 at the same lead and end count as in Step 4. 

Step 7.      Apply extra resin to the 45-degree fibers as necessary. 

Step 8.      Remove the end arms and set the mandrel up in the winding machine 
for winding the hoop (chordwise)   fibers. 

Step 9.      Wind the hoop fibers with material 2 at the same  lead and end 
count as  in Step 4. 

Step 10,    Place 1 ply of preimpregnated 120  cloth/E787 over the hoop fibers 
for a tear ply. 

Step 11.    Place the caul sheets  (0.016-inch-thick aluminum)  over  the flange 
sections. 

Step 12.    Place a heavy cotton bleeder material over the part and bag with 
a Teflon bag. 

Step 13. Cure inside face per cure cycle 2. 

Step 14. Remove bag and caul sheets  and trim and clean inner face. 

Step 15. Remove tear ply. 

Step 16. Sand flanges lightly for a good bond to the honeycomb  core. 

Step 17.    Place 1 ply of Metlbond 329 adhesive film over the Inside face 
(spar and flange). 

Step 18.    Place 1 ply of adhesive on the inside surfaces of the prefabri- 
cated outer spar faces. 
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Step 19.    Place prefabricated syntactic foam corners Into the outer spar 
comers over the adhesive. 

Step 20.    Cut and place honeycomb core between the comer sections Inside 
the outer spar faces. 

Step 21«    Place outer spttr faces over the Inner spar faces which are covered 
with adhesive film. 

Step 22.    Cut and place honeycomb  core over the flange sections. 

Step 23. Place heavy cotton bleeder cloth over the part and bag with a 
Teflon bag and cure with 5-10-psl vacuum b&g pressure at cure 
cycle 1. 

Step 24. Remove bag. 

Step 25. Repeat Steps 3 through 9. 

Step 26. Repeat Steps 11 and 12. 

Step 27. Cure completed part per cure cycle 2. 

Step 28. Remove the bag, bleeder cloth, and caul sheets. 

Step 29. Remove the part from the mandrel. 

Step 30. Trim and clean the part. 

A. Box Beam No. 2 

Box beam No. 2 Is fabricated as shown above with the following 
changes: 

1. Eliminate Step 7. 
2. Eliminate Step 10. 
3. Eliminate Step 15. 

B. Box Beam No. 3 

Box beam No.  3 Is fabricated as shown above with the following 
changes: 

1. Eliminate Step 7. 
2. Step 9 was revised to include "begin hoop wrap at station 0 

(the large end) and stop at station 45 (mldspan of the man- 
drel)." 

3. Eliminate Step 10. 
4. Eliminate Step 15. 
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C, Box Beam No,  A 

Box beam No.  4 Is fabricated as shown above with  the following 
changes: 

1. Eliminate Step 7. 
2. Revise Step 9 to Include "begin hoop wrap at station 0 (the 

large end) and stop at station 45 (mldspan of the mandrel)." 
3. Eliminate Step 16. 
4. Steps 4, 5, 6» and 9 change from material 2 to material 3. 

D, Box Beams No« 5 and No. 6 

Box beams No.  5 and 6 are  fabricated as shown above with the 
following change: 

Eliminate Step 16. 

SPAR FABRICATION 

Step 1.      Mold release spar molds with RAM 225 mold release. 

Step 2.      Prepare material 1 for the spars. 

Step 3.      Hand lay-up 4 piles of  the prepared material on the spar molds In 
the following sequence: 

Layer 1 - Longitudinals  (spanwlse layer) 
Layer 2 - 1st 45-degree layer 
Layer 3 - 2nd 45-degree layer oriented 90 degrees  to the 1st 

45-degree layer 
Layer 4 - Hoops  (chordwlse layer) 

Step 4.      Place 1 ply of prelmpregnated 120 cloth/E787 over the Inside 
faces. 

Step 5.      Place caul sheets over the 120 cloth on the Inside faces and over 
the hoop layer of the outside faces. 

Step 6.      Bag with a Teflon bag. 

Step 7.      Cure at 50-psl autoclave pressure per cure cycle 1. 

Step 8.      Remove bag, caul sheets, and 120 cloth as required and trim spar 
faces. 

MATERIALS AND CURE CYCLES 

Material 1 - E-HTS/XP-251 12-lnch-wlde unidirectional tape with an end count 
of 200 ends/inch. 

Material 2 - E-HTS/E787 20 end roving. 
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Material 3 - S-994/E787 20 end roving. 

Cure Cycle 1 - Cure 325*¥/3 hours. 

Cure Cycle 2 - Cure 2750F/3 hours 
Poatcure 3250F/4 hours 

Metlbond 400 adhesive film 

Metlbond 329 adhesive film 

HRP 3/16-GF 11-4.0 reinforced plastic honeycomb. 

n 

nt 
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FLANGE SCHEDULE 

1 ASSY 
| NO. 

LAYER  1 LAYER 2 LAYER  3 LAYER 4 PART 1 
CURE a FAB MAIL a FAB MAIL a FAB MAIL a FAB MAIL 

-1 0° 0 S 45° 0 0 135° 0 0 90° 0 0 0 
-2 l 0° E3 ra 45° 0 0 135° 0 0 90° S 0 0 
-3 0° 0 0 45° 03 0 135° W 0 90° 0 0 y 

1   "4 0° G3 p 45° 0 H 135° 0 M 90° 0 n o 
-5 0° m E 45° 0 0 135° 0 0 90° E 0 N 

1   -6 0° 0 w 45° 0 0 135° 0 0 90° E 0 H 
FIGURE 34.  BOX BEAM 1/2 SCALE MODEL 
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APPENDIX IV 

DRAWING SKRD 060 7, BOX BEAM 1/2 SCALE MODEL 

65.00 
(LAYUP REF) 

FIBER DIRECTION 

45.00 

SCALE 1/6 
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HQII 

3. Oh 
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1 

SPAR SOIEDULE 

1 LAYER   1 LAYER  2 LAYER  3 LAYER 4 
a FAB MAIL a FAB NAIL at FAB MAT I. a FAß MAIL 

0° 0 B 45° 0 0 135° H 90' m m 
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5.399 

LAYER A 
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;     90' 
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.040 
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NOTES 

1.    LAYER NO. 1 IS ON THE IML OF BOTH INNER AND OUTER FACES AS FABRICATED. 

[Jl.    HAND LAYUP. 

0, MACHINE  FILAMENT WIND,TENS ION 3  LBS/20   END ROVING. 

g], MATL:  20  END "E'-HTS   ROVING PREIMPREGNATED WITH E/787  RESIN. 
23+3% RESIN CONTENT.     U.S.  POLYMERIC OR EQUIV. 

[5]. MATL:  UNIDIRECTIONAL "E" GLASS  FILAMENT TAPE,  PREIMPREGNATED WITH 
XP-251 RESIN,  23 + 3% RESIN CONTENT,   196 ENDS/INCH.     3M CO.  OR EQUIV. 

[5], MATL;  GLASS FABRIC  143 STYLE PREIMPREGNATED WITH E/787  RESIN, 
23 + 37. RESIN  CONTENT.     U.S.  POLYMERIC  OR EQUIV. 

Q. CORE: HP  3/16-4   LB/FT3 HONEYCOMB.    HEXCELL OR EQUIV. 

8j. AUTOCLAVE CURE AT 50  PSI,  2 HOURS  (? 225   F,   3 HOURS  (? 3250F. 
LEAVE UNDER PRESSURE UNTIL COOLED TO  IGO'F. 

^9]. AF UO-B ADHESIVE FILM.     3M CO.   OR EQUIV. 

0. MATL:  SYNTACTIC  FOAM,  44 LB/FT3.     3M CO.  OR EQUIV. 

MATL:  20  END S-994  ROVING PREIMPREGNATED WITH E/787 RESIN, 
23 + 3% RESIN CONTENT.    U.S.  POLYMERIC OR EQUIV. 

gj. MACHINE FILAMENT WIND,  TENSION 3  LBS/20  END ROVING.    WIND ONLY  TO 
X - 22.5. 

13. APPLY  1  PLY [9}   BETWEEN CORE AND SKIN,   Ti? INNER AND OUTER SKIN. 

VACUUM CURE AT 5  TO 10 LBS, 2 HOURS (? 2250F,   3 HOURS @ 3250F. 
LEAVE UNDER VACUUM UNTIL COOLED TO 1000F. 
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