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FOREWORD 

that occurred under a series It *IIJI 2! P I of integnl  stiffened panels 
conducted from 1974 through1983  jir^SJli?.*^",1267?- The w°rk was 

► D* »T"'V,>9fna'       ™ **"*•' 2»Ö Ä 
progLM^nag^s!nandfr;eLlcaTa?^HrI;^?,U9T*a! ?1rcraf* romP™y «ere the 
the direction of *Mr. R. j. Palmer   Eat^Su^*^1^ was a«omplished under 
contributors to the Douglas actTvit?« ^M? P™c*s%5"9^Hng.   Principal 
Mr. R. M. Hoore of Materials I Proces        £f j J* STaven and 
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SUMMARY 

^t^hfnMlÄf ftf P»rte] *s*9n technology program was initiated In 1974 
mass   des?™ dill h»LPr°cldin9 8 te^-verif1ed, stiffened-panel, mlnlmum- 
Ttm ?S 95   ?ta 5a!f*Ä„

Stress ^sultant levels In the program varied between 
iXVS' i     *?S 25*000 lbs-/*"ch-   Panel sizes varied from 6 by 18 iSeT 
with a single stlffener to 30 by 60 Inches and six stiffened     All IIu 
ODrt1mi2

aeSfafSrtU,;«^ith %tiffmV 1nte9ra]1y "»ldeXd1nPlSce ' ol   gj TllU optimized for load versus mass by variations 1n fiber pattern and «hat " -J » 
-I.- sine wave «I,- solid bade and honeycomb blade stlffener shapes and sizes. 

2?ef ?5? eLhtHtvnrS?rcM«t0 J?*86"?'She™nufact"^3 development experi- 
S!HI?«   «1KHP   °fT

st1ffened Panel design.   Details of tooling, bag 
naterlaTs. methods of layup and problems associated with fabrication are 
225E?1, oBOth su<c??sfu1 and unsuccessful manufacturing techn Sues Ire 
described.   Reconinendatlons for the best state-of-the-art manufacturing 
techniques are detailed for each general configuration.     manuTactur1n9 

1v 

r -    ^      /. 
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INTRODUCTION 

Analytical studies of structural efficiency have Indicated large weight 
savings are available using graphlte-epoxy materials Instead of metals 1n 
structural design. To evaluate the merit of various conf1gurat1onal concepts, 
* variety of minimum weight composite compression panels were designed by 
NASA, constructed under contract by the Douglas Aircraft Company and subse- 
quently tested by NASA. Stiffened panels of the following configurations were 
fabricated: hat-st1ffened, J-st1ffened, I-stiffened, blade-stiffened, and 
honeycomb-blade-stiffened. In addition, processes were developed to manu- 
facture s1ne-wave-web I-stiffened panels and orthotroplc isogrld panels. Most 
of the panels were designed to meet typical commercial aircraft wing or 
fuselage compression panel structural requirements including strength and 
axial and shear stiffness, and to not buckle at loads less than the design 
ultimate. Panels are categorized according to ultimate design lead require- 
ments as lightly-, medium-, and heavily-loaded. TJiese categories correspond 
to axial compression stress resultant loads of up to 3,000 !b./1n., 
15,000 lb./in., and 25,000 lb./1n,, respectively. The most successful manu- 
facturing process 1s presented for each type of construction. Sufficient 
detail 1s presented so that the use of unsuccessful manufacturing approaches 
might be avoided. p 

Identification of commercial products in this report is used to adequately 
describe the test materials. Neither the identification of these commercial 
products nor the results of the investigation published therein constitute 
official endorsement, expressed or Implied, of any such product by either the 
Douglas Aircraft Company or NASA. 
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Materials and Curing Cycles 

-' t ■ 

lrlpTei°rtZ foof InS/ofT'5 Were fabH2ated w1th R1S™te 5203/T-300 
EST   M^prepreg iSSftlfi ^JE*Ea5Mtt "»W»* b* N*™°. Costa 

were all coated with FreKotS Si »Si S2I5 ♦! SA« Th? a]ura1nuin "»Id surfaces 

1. Apply full vacuum pressure. 

2. Heat to 250°F with full vacuum. 

3. Dwell at 250°F with full vacuum. 

h    SfS UP 5a!e " ^^^/mlnute  No Dwell. 
S# K£ ffi Ke " iS"Jnute   30-M1nute Dwell. c Heat Up Rate - 7°F/m1nute    1-Hour Dwell. 

4. Apply loo ps1 at completion of dwell and vent vacuum to atmosphere. 

|i        5« Raise temperature to 350°F. 

6. Hold at 350T for two hours. 

7. Cool under pressure to below 200°F. 

mandrels, alwayresSlted In Lnl Z*nJ J^VS toAtal pane]s w1th Inflatable content.    y resulted 1n poor panel quality, with higher than usual void 

dSurfng^^et^^ru^^1ee0
^fr?hSenp^rtae:S TthJf f0P 3 Sr?" nUmber of paneTs 

tlme/temperature/Vessure IS thos?rJJ2L2SIS£ *S process1"9 cycles of Instructions.  /pres5ure were those recommended by the manufacturer's 

2 



TECHNICAL APPROACH 

Task 1. Hat Stlffeners 

Task 2, "J" Stlffeners 

Task 3. «I» Stlffeners 

Task 4, Solid Blade Stlffeners 

Task 5. Honeycomb Blade Stlffeners 

Task 6 Isogrld Blade Stlffeners 
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CRfGI'^L PAGE 19 
Or POOR QUALITY 

TASK 1. HAT STIFFENERS 

The hat stiffew-d panels were designed for a wide variety of load carrying 
conditions. The constructions started with light fairing type structure and 
advanced to heavy wing-like structure. This section is presented as a series 
of experiments to fabricate the different types of integral molded hat 
stiffened panels. The report gives the details of manufacture, identifies and 
discusses the problems of poor quality panels, and suggests the most success- 
ful methods of fabrication. 

1.1 Lightly Loaded Hat Stiffened Structure 

A series of different concepts were created for lightly-loaded hat stiffened 
panels and that were later fabricated into test panels. The tooling for all 
of these panels consisted of a flat surface tool plöte, solid male mandrels 
for the hats, and a suitable vacuum bag. (See Figure 1.) Several materials 
were used to make the solid mandrels. 

\J£UÜM BA^- 

(s/lANC*El_S 

Solid Mandrels 

Cast Si1icone 
Aluminum 
Teflon 
Wash Out Plaster 
Foam 

• • 

P 

FIGURE 1.    TOOLING CONCEPT FOR LIGHTLY LOADED HAT STIFFENED PANELS 

1.1.1   Solid Mandrel Materials 

Aluminum Aluminum mandrels required a very high 
polish surface, along with a fluorocarbon 
mold release to allow the mandrels to be 
removed from the part. Aluminum mandrels 
could not be used with contoured parts or 
parts that had edge panel skin doubl er build 
up where the hat lapped over the doubler. 
Any bump or dent in an aluminum tool caused 
the part to adhere to the tool and made part 
removal difficult. 



%? 

1»M (Cont'd) 

Teflon* 

Mash Out Piaster 

Foam 

Silicone Rubber 

«I2di.TSfIon '?andreTs ***th a good surface 

except that mold release was not required 
Teflon mandrels had the same joggle restric- 
tion and damaged problem as aluminum 
Sw* Sef,l°? mandreTs. *>r thin walled 
sections, could be removed from panels with 
mild, constant contour. 

SSfhUt plalter nandrels did not require as 
lKl5«ahSrfaCe af dld aTuminum «ndrelS; 
•LJ ! Ja? ?° restnct1°n on contour or 
joggle of hats over doubler details on the 
skin. However, plaster mandrels were 
SI l-hS*'? consun"n9 to make and seal, 
3ed  CUU t0 W3Sh 0Ut after a Part w« 

Several types of foam materials (polyure- 
thane, epoxy, ana edified vinyl) were 
considered for mandrel materials but never 
TtLlZ t5 -Prog™- If foam were used, 
»JHS  • LVe r!mained with the panel and 
added weight and material costs to each 
rZh   The toao,mandrel would not limit the 
contour or joggle design of a panel. 

Solid silicone rubber mandrels were made by 
?hth an/X?rusion and a cast1ng technique 

surface. Silicone W3s more forqivino in 
that it would not adhere to the tool9as 
Viu/rs  " f^r a]um1nu,n °>* Teflon. When the 
V«1A T? ru^ber was re™ved from a panel, it 
tended to stretch and reduce in cross 
section  This reaction made mandrel removal 
comparatively easy. Although silicone 
rubber acted naturally as a mold release, 
some of the epoxy resins, after several 

SrLCyCThS' ?°uld bond t0 the rubber surface. Therefore, a fluorocarbon mold 
release was used on the silicone rubber. 
coulfhiV 'TJ nandrels were soft and 
could be formed to contour or joggled over 
doub ers in the center or edge of a skin 
panel. The flexibility of the silicone 
rubber presented a problem oAow to retain 
proper location and alignment of mandrels 
during a curing cycle. 

*E. I. duPont de Nemours & Co. 

4 



1.1.2   Design Concepts for Lightly-Loaded Panels 0F' ''"'* ^^ 

Inhede1atndfnUtS
h

e?s
ts0ect^onP Vffit'K'?^'»-* rt^ Panels are presented 

defined as structure w?S'a iaÄiS"lRded 8JTiure* for tMs ~Port.T 0.T2 incn.   This 2« th« »! maximum skin or hat doubler cap thickness of 
flexible vacuum barandautocSltMckneSf that cou]d be cured   u^g f 
typical cap dSÄt'S shoJn   n pCri1"9^;6* Wfthout ca"s*"9 ?h« 
early part of the curing SealWrfthl «"'«ft" res1n v^osity during the 
sides of the cap reinforcement 3,!,Äfd*i!he fTexJb]e vacuum bag to distort the 
resin could reach rSKf^ASf0

e
n
presSure cu^ '*** before°Jhe   ' 

yV**CUUfv1 

TOOL 

FIGURE 2.    CAP DEFORMATION FROM FLEXIBLE VACUUM BAG 
1.1.3   Pressure Bag Material 

rn"uto%:e0cu?"UUm b'fl maten'a7s were ««- for processing these panels in 

^Tt'cl?lTs Sten^ ^^IhaTtt"? P^5ed ^ "«'«on over the part. 
corners between the hat wänanS   „   ! 5f? dld "ot brfd9e *n the concaEe 
sealed to the tooling pla     JiSV   Z s^" surface.    The nylon bag was 
Figure 3A.)   This syftem   of   owest All 2JtSeaT1ng PUtty-    (See 

thin panel fabrication. material cost, was used for most of the 

the sHicone rubber strftchi.3 ..w *       5 "'"" wa! W»«! u"der the bao 
part.   (See Figure 3B )   This £L,°m"'>t"rJ":tl* int° «h* hat shape of the 
syst™ eapaMe^Xg ™ $ ^   ?   •"•"*«» effective ouw'ba' 

into the corners he,pod IlSSS'thlJ £2 r"»! %ThlZl T) ^ 'W 
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ORIGINAL PACE E3 
OF POOR QUALITY 

sJHcone Ät^/V^jj^^ «» -* *» uncured calendered 
VJ inch in thickness, w« for mid over a JckJ^T* ru?berJ »PP^imateTy 
nylon vacuum bag and cured in an\Zt   a_m°ckuP hat pane?, placed under a 
bagging method attempted for maTln^„I*™5 met.hod was the ■»« expensive 
quality parts, particular)* J Kl9!.0?7? one Part« but it did give good 
bag waf qu1ckS,toPains\CaU   rl'dni5hhee T^toT^fc^JV??"*/'*8-   ^formed location.    The formed cinl V,     p no id the hat details In the desired 
the deformation ortte iS inaL;°!par*d to a ^lon ba9. *« not Wove 
was greater ^^^„"^^^z^ the thickness of Z^p 

BAG MATERIAL 

A.  Nylon 

VACUUM 

CHBOMATE   PUTTY 

Hioh Elonaation 
Si Ikone Rubber 

mat 
Ju«<TeSTEC> 

VACUUM 

C Thick Formed 
Silicone Rubber 

VA^UUjvf 

FIGURE 3. VACUUM BAG MATERIAL FOR LIGHTLY LOADED PANELS 
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OF POOR QUALITY 

1.1-4   Fabrication of Lightly-Loaded Hat Stiffened Panel A 

Figure 4 shows the design concept for a simple hat stiffened panel.   It con- 
sisted of an outer contour skin and a continuous hat shaped inner skin with no 
extra doublers. 

The lower, or outer skin, was laid up, ply-by-ply, on a flat tool plate.   The 
mandrels, coated with fluorocarbon mold release, were located on the surface 
of the skin.   The inner skin was layed up ply-by-ply from one edge of the 
panel to the opposite edge.   The panel was sealed under a nylon vacuum bag and 
cured in the autoclave. 

Results 

It was possible, but difficult, to make high quality parts by this process. 
It was difficult to form the inner skin ply-by-ply layup Into the concave 
junctions between the hat web and skin without bridging.   This bridging 
problem was multiplied, ply-by-ply, during layup and was magnified during the 
curing cycle.   Material forced Into concavejolnt as shown in Figure 5 (A) 
tends to pull away from the opposite side (§).   Ply-on-ply layup is difficult 
without bridging of layers as shown In Figure 5 at (§).   Metal tools expand 
more than the graphite panel during the curing cycle and the tool expansion 
tends to cause a tight layup to 11ft at concave corners as shown 1n 
Figure 5 

caus 
Co- 

in addition, it was difficult to keep the hat location aligned within the 
desired tolerances. 

n      n 
FIGURE 4.   TWO SKIN HAT STIFFENED PANEL - PANEL A 

'////////.W///////77 

FIGURE 5.    PANEL "A" BRIDGING PROBLEM 
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1.1.5   Fabrication of Lightly-Loaded Hat Stiffened Panel B 

ÄnVkÄhrt*fSi M^\Sr-a "j;»«".^«- separate overlapped 
bridging proV em at"2 hat?tS-sk      o?nt     Z*? t0War? reduc1n9 the 

as in Section 1.1.4.   ThJ'nnw hat fill ™«^lJ?"r J^ Skfn was la*ed UP 
center of one skin area, ove? the hJ InSLV^ "P '? secUons fr™ the 
the adjacent skin area wi?h thJe5t C2lki„adJt!Br]fl'ed at *he center <* 
under a nylon vacuum bag and cured fn the autoclave "* Panel "" SeaTed 

Results 

InifoVTfhan Äl'pffi^sÄtnTM: ^ ^ qU'"*y °f the panel was ■« 

1.1.6   Fabrication of Lightly-Loaded Hat Stiffened Panel C 

AuL;^^'«^Sg ^nrs
rarv.Ü

atS C0"^red and bonded to a 
hat stiffeners were layed upäLoaratell/Ht "P It ™- ÜeCtl'on LM-   The 
Figure 7 shows one of the hJts with S™ Wouh Lon *hf lndfvi'd«al mandrels, 
cap area.   The hat details and nllLlu1     bJer r,einf<»*cement in the upper 
panel was sealed under a Lion ™ sflICMLÜI

0
"

1
 °n th? 0uter skfn*   Tfe autoclave. w   n or s1]1C0"e rubber vacuum bag and cured in the 

Results 

lilt Ä"Ä*£ llVriZTX™ *•'*••<*..   The individual 

1.1.7   Wrapped Hat Stiffened Panel D 

K;er8loSahr Th?r;9nncep0Äu^aahaT..Stl'ffrKed.pane1 Capable « carrying 
outer skin.   Most pane s Ldew   Slhe «{   K 5i^n?h5 ?,ffener web and 

in the upper cap section as shown in LJ^tu   Jlso   ncluded extra build up 
The outer^skin Sas layed up Is°?n K1 1 4 "'L5*™^5 fn Fl*gure 8' 
with the fiber orientation anH IL Z,  J      i ,       The Andreis were wrapped 
the Engineering0^'^There IsXi^EÄf ?f naten'aT Specifl"ed °" 
mandrel that contacted the outer Sil     ™I        °Tlap acro" the base of the 
the outer skin.   Additional maUr a   i«^LXapped mandure]s werP located on 
surface of the outer skin to form the JtJS f7?P °V6r S hat a'~ ~nto the 
sealed under a nylon nu&R*^^ lllZlocll^. PMel WaS the" 
Results 

™W^ a* Tong as the cap 
a two hat stiffened speciK that has PJ« nntfJ"-thlckness- n9ure 9 show 
Hysol TE4351. The ends hi!! been nachinprf ??,, H" 

Gp°^ ?ast1n9 Serial, 
for a compression test. nachined flat and parallel in preparation 
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FIGURE 6. OVERLAP TWO SKIN HAT STIFFENED PANEL - PANEL B 

EXTRA REINaFOBCeMENT 

FIGURE 7. INDIVIDUAL HAT STIFFENED PANEL - PANEL C 

a 
EXTEA B£INFORCeM£NT 

FIGURE 8. WRAPPED MANDREL HAT STIFFENED PANEL - PANEL D 
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FIGURE 9.    LIGHTLY LOADED HAT STIFFENED COMPRESSION SPECIMEN 
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1.2 HEAVILY LOADED HAT STIFFENERS 

Ratable removable mandrels were used for the Internal surface of the ha? 

1.2.1 Toolfng and Tool Fabrication 

1.2.I.I External Tools 

were as follow!:        9 matenaTs considered, or tried and rejected 

rAminm Solid aluminum- blocks with machined hat 
i: recesses shapes made the most satisfactory 
Fi B,ld matar-ial. Good dimensional tolerance -  -Muv.idiviivi      LUICIfl 

and surface finish were obtained using 
routine metal machining practice. 

Steel Steel as compared to aluminum, was very 
; heavy, was more difficult to machine, and 
<r slower to heat up to curing temperature 1n 
f the autoclave. 

; Graphfte Solid graphite was used for several parts In 
an effort to obtain exact dimensional 
stability during the curing cycle. The 
graphite blocks were limited in size, and 
the surface proved soft and was easy to 
damage. In addition, the mold release 
problem of part removal, without taking some 
graphite tooling surface with the part, was 
never completely solved. 

G^nhltr^hl. i Solid Laminate female hat recessed shaped, 
Graphite or Fiberglass graphite/epoxy or fiberglass/epoxy 

i materials, were considered. All panels 
required for this program were flat, and it 

; was estimated that the solid aluminum 
>< machined tool would be lower in cost. 
j 
> 

II 

i 
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Wood 

fraphlte Skln/Koneycomb 

ORIGINAL PAGE IS 
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Wood was considered for potential ease of 
moid fabrication. However, wood was never 
used because of the danger of fire 1n an 
autoclave and minimum predicted life at a 
350°F autoclave environment. The time 
required to seal the wood and obtain a good 
surface finish made the estimated cost 
higher than straight line machined aluminum. 

A graphite Iam1nated-sk1n thin-honeycomb 
female tool for the hat side was 
considered. It offered dimensional 
stability and a fast cure heat-up ratio. 
Such a tool was never built, as the cost was 
estimated to be far higher than the direct 
machined aluminum tools. 

A solid slllcone rubber female hat recessed 
shaped tool was cast from Sllastlc "J" as 
supplied by the Dow Corning Corp. Two wood 
mandrels, to the exterior dimension of the 
hat stlffener, were located on a plate with 
a surrounding frame and used as the mold for 
casting the tool. This type of tool made 
satisfactory panels when the cap thickness 
was below 0.12 Inch. However, the tool was 
expensive, subject to damage, had a slow 
heat-up rate, and produced distorted cap 
reinforcements (similar to a simple vacuum 
bag, see Figure 2) when the cap thickness 

U.U Internat **,),    «« »™r 0.12 f„ch. 

Silicon« Rubber 

Solid Slllcone Solid slllcone mandrels were cast 1n the 
female hat tools. A dummy part was placed 
on the walls and cap of the female hat tool 
between .010 and .020 Inch thicker than the 
wall thickness of the final cured part. The 
dummy parts were made from tooling wax, 
aluminum sheet and/or pressure sensitive 
Mylar tape. The extra thickness was to make 
the rubber mandrel underslze so that 1t 
would fit to the bottom of the hat when the 
uncured and undenslfled layup was 1n place 
on the tool. The slllcone rubber would 

14 
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Solid Sllicone 
(Cont'd) 

i 

s 

V 

Hollow SlUcone 

Round Extruded Sllicone 
Tube Mandrel 

Bonded From Flat 
Sheet Sllicone 
Inflatable Mandrel 

expand with heat to create the desired 
curing pressure» S1last1c "J" from Dow 
Corning and Dapco Cast #1 yellow from 
"D" Aircraft Products are examples of 
acceptable sllicone tooling materials. The 
steps of sllicone tool and part fabrication 
are shown in Figure 11. 

Hollow sllicone mandrels were cast in the 
aluminum female hat tools in much the same 
manner as the solid sllicone. The only 
difference was that an aluminum tube was 
located 1n the cavity prior to pouring the 
sllicone rubber mandrel. The metal tube was 
removed after the mandrel was cured and 
before it was used to make the composite 
panels. See Figure 12 for detail of the 
fabrication steps of making this type of 
inflatable mandrel. Figure 13 shows the 
aluminum tubes and wood end blocks in place 
and ready to pour and cast the hollow 
sllicone rubber mandrel. 

A round extruded sllicone rubber tube was ! 

used as an inflatable mandrel. It was not 
successful for two reasons. First, the wall 
thickness and strength of the silicone 
rubber did not allow it to expand completely 
Into the corners of the hat. Second, this 
mandrel did not offer any support to allow 
the "wrap around" mandrel lay up specified 
for several of the thicker paneir>. 

This inflatable mandrel concept was attempted 
In an effort to minimize the expansion 
required to obtain pressure in the internal 
corners of the hat. A wooden internal 
support mandrel was made, and the silicone 
rubber sheet was wrapped around the mandrel 
with 100% overlap and bonded on the outer 
skin side. The wooden block was removed 
after the graphite part layup was assembled 
on the panel tool and just prior to starting 
the cure cycle. The wooden blocks were 
easily removed when vacuum pressure was 
applied to the part. The vacuum caused the 
tubes to expand away from the blocks and to 
inflate against the walls of the panel in 
the female curing tool. The problems with 
this concept were the rough joint at the 
edge of the overlap bond, and the difficulty 
to bond uniform size mandrels and to make a 
tight wrap around layup. 

15 
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g      ^ t0 ShaPe Standard rubber extrusion dies were made 
iincone to extrude siTicone rubber shaped tubes to 

the desired dimension and .060-inch-waT7 
thickness.    Dapco #250 yellow siTicone 
rubber was used to manufacture the tubes. 
This mandrel was the most successful 
inflatable mandrel developed to date.   There 
were no rough surfaces and no bonds to 
fail.   The tubes were of uniform size and 
wall thickness.   The extrusion die costs to 
extrude these mandrels were moderate, and 
the tooling fabrication time was short.   The 
silicone extrusions were supported on wooden 
mandrels during the lay-up procedure, and 
all other fabrication steps were similar to 
the bonded mandrel process. 

1.2.2 Thick Hat Stiffened Design Concepts 

^configurations of thick hat stiffened panels were designed and fabri- 
S«nhL Ihe va>:1atI°ns deluded extra materials.in the upper and/or lower 
Sen^oToVn^0" °f ?Ver7a5Vf ^viduaT Piles, nun*? of plies? and 
sectioJ riP?a?( Ö   Sl S?8C "9 a"? depth 0f hats'   Fi9ure 14 shows the cross- section detail of a typical panel fabricated for this program. 

1.2.3 Typical Hat Lay-Up Patterns - Medium-Loaded 

MnIrCl0f f hat.!t1f
u
fened Panel dimensions, number of plies and ply orienta- 

thonf„iaH-d 9rea^1y' but mst of the hat stiffeners were layed up by one of 
Irl ^llTiS^0/5 Sh0Wn *n Fl>re 15'   ™e deferences in lay-upVoceSure 
S^mrJf^^'pJ^lsTrn^ted".^6 d1f"«"»" •««''*«* a"dV KSÄS 
1.2.3.1   Continuous Material Layup 

l+£ll CaS6S a,!umi!num t°°ls were machined with female recess for the hat 
were'' an

y
eed' olvMTu P?£°? °f-^ Skl'n' }h<? webs« and capsV?he hats were  layed, ply-by-ply, left to right, on and into the aluminum tool as 

s?ft ja^fsjig;8"stage materiaT- so]i'd «"*»• ~ -e 

laJerh?orSthrhü5dihnel,d??f9nS ^ dl*d not re«u1re a mndr^ wrap around 
HAIYI     ♦     ha, web» stl11 «qu^ed a -T" joint between the web of the hat 
and the outer skin.   Typical of this design were Tower strength panels without 
£a C??e °F   "1 SI Vth* fW;«.fng'e reinforcemen^bltweeTweh a     ^ 

111*: Mil Fl9^e,]5A.)    A T/2 inch wide strip of T8T style "B- staoe fiber- 
glass cloth was foTded to an angle with T/4 inch Tegs and inserted at aT 
web-to-skin intersections.    The fibergTass strip angTes were ?n erted af er 
the hat Tayers were in the tooT and the tooling mandrels were in TrSt?«T 
It ofutb:r9lkins!nStal]ati0n W3S the l3St lay"UP opera"ioVpr?o;nto05ocI??on of 

If1th^°ScWhS
t
d1ffl"LUTt *l Uy Up w1th0ut brU^ in the con"ve corners 

SriS^0lnntthSe1S.st!,e *** "* ^ "P*    The brWfl1ns "USed V01'ds or 
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FIBCfLdtCASS   INSERT ANGLES 

EJCTRUOBO  SILICONS  «JB6ER. 

Difficult to Layup in Concave Corners 

. 3 PLV WEB 
AMD GAP 

100% Overlap at Splice in Each Cap 
FISE^LASS  AN<£LES 

■2. PLY WEB 
ANP «* Pt_\' 
CAP 

Better Layup in Concave Corners 
Layup of Sections from Left to Right 

50°; Overlap at Splice in Each Cap 
FIBERGLASS   ANGLES 

2 PLY WEB 
AND 3 PLY 
OAF» 

Best Layup in Concave Corners 
Layup of Sections from Left To Right 

FIGURE 15. TYPICAL LAYUP METHODS FOR MEDIUM LOAD 
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1.2.3.2 700% Material Overlap at Splice In Cap 

Figure 15B shews an example of a two-ply web and four-ply cap with 100% over- 
lap of material 1n the cap. The first layer of material on the tool was 
located from the edge of the panel down the web and across the hat cap. The 
second layer was located across the cap of the hat, over the first ply In this 
area, up the web, across the skin, down the adjacent hat and across the cap. 
This lay-up procedure was repeated until all webs and caps of the hat 
stlffeners had the required number of plies of material. Layup always 
proceeded from left to right. 

This splice overlap fabrication method was much easier to fabricate, without 
bridging in the concave corners of the web/cap joint. The splice acted as a 
slip plane to permit a tight nonbridged layup. 

1.2.3.3 50% Material Overlap at Splice in Cap 

Figure 15C shows an example of a lighter weight structure with a two-ply web 
and three-ply cap with 50% overlap of material in the cap. The lay-up 
procedure, from left to right, was identical to the 100% overlap 
(Section 1.2.3.2) splice in the cap, except that the first ply in each hat cap 
only covers 50% of the width of the cap. These panels also had one-ply fiber- 
glass reinforcement angles at each skin-to-web joint, as described in 
Section 1.2.3.2. 

The 50% splice overlap cap fabrication method was the easiest design to 
fabricate in this series of panels. The small overlap of material allowed easy 
slippage and minimized the bridging problem. 

1.2.4 Typical Hat Lay-Up Pattern - Heavy Load 

Heavily-loaded hat stiffened panels also varied in the details of dimensions, 
number and orientation of plies, spacing and depth of hats. Typical heavily- 
loaded hat stiffener type panel details are shown in Figure 16. Along with 
the use of an aluminum female tool, the same detail of panel layup was 
required for both a solid rubber mandrel and an extruded hollow inflatable 
silicone mandrel supported on a wooden tool as shown in Figi-e 17. The step 
by step layup procedure for the heavily-loaded panel shown in Figure 17 is as 
follows: 

(D The first ply was layed from the edge of the panel across the skin, 
down the web and, in this case, halfway across the first cap. 

(?)   The next part of the first layer was layed completely across the 
first cap, over the half coverage of the first (7) piece, up the 
web, across the inner skin surface, down the next web and halfway 
across the next cap. 

(3) A 0° fiber orientation reinforcement ply was laye>1 the width and 
length of the first cap over that portion of the (2) ply. 

22 
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(D   The secondjayer was started from the edge of the panel and layed 
over the (T) ply across the skin, down the web, and completely 
across the first cap. 

(D   The next part of the second layer was started halfway across the 
cap, up the web, across the Inner skin surface [over (f)3, down the 
next web, and completely across the next cap. 

©   A 0° fiber orientation reinforcement ply was layed thewidth and 
length of the first cap and over this portion of the ® and (t) 
details. ^        ^ 

(Z)   One layer of material was wrapped around the mandrel, starting 
across the cap, up the web, across the base of the hat mandrel, back 
down the web and over, in this case, a 0° fiber orientation rein- 
forcement ply (8) that had been placed on the first portion of the 
wrap around ply across the cap.   The wrapped mandrel was then placed 
into the female cavity ready for the next processing step. 

The general step-by-step assembly sequence used for this type of wrap-around 
hat stiffened panel is shown in Figure 18.   This entire lay-up assembly was 
then placed in a vacuum bag and processed through an autoclave heat and 
pressure curing cycle. 
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Aluminum Femde Tool. 

Silicone Mandrel.    Wrap Layers Around Mandrel 
With 100% Overlap In Cap And Extra 0° Reinforcement 
In Cap. 

Layup Two Plies Of Skin, Web And Cao With 
Two Extra Plies Of 0° Reinforcement In The 
Cap, on The Aluminum Tool.    50% overlap of 
skin in cap is shown in "C". 

W^TrfTT""/ Locate The Wrapped Silicone Mandrel Detail, 
P    /////)^z%2 V//// ^rom B'  *nt0 Tne fe^le Cavity In The 

W-%M///// Aluminum Tool. 

'Trf/////, 

'//TTT^^^^^^Tf // Layup The Skin Doubler To The Prescribed Fiber 
E /////,W^m //// Pattern Over The Inner Skin And Mandrel Details 

W&m////, Already On The Aluminum Tool. 

P i.    T-ggt- p-LATg ZZi layup Outer Skin On Flat Tool Plate 

"r°°.k;.,,f!,^l!i:, .^ Invert Outer Skin Layup And Tool Plate 
j^^ppppppSpT* Over Inner Skin, Doubler And Stiffener Tool 

'iff/////, 
The Panel Is Now Ready To Baq And Cure In The Autoclave 

FIGURE 18. WRAP AROUilD HAT LAYUP PROCEDURE 
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1.2.5 Typical Bagging Procedure for Solid Hat Mandrels 

The skins for the lightly-loaded solid hat mandrel panels were layed up on 
flat tool plates. The mandrels were placed over the skins, and the hat 
stiffened portion of the layups were completed. A layer of Armalon separator 
film was cut and placed over the layup with approximate 1/4 Inch overlaps at 
the concave Intersection between the panel skin and web of each hat. Fiber- 
glass Style 181 or Hochburg bleeder material was placed over the Armalon at a 
ratio of one ply per four plies of graphite tape or one ply per two plies of 
woven graphite cloth. The bleeder material was also cut and overlapped 
1/4 Inch at the concave hat web-to-sk1n Intersection. A standard nylon 
bagging film was then placed over the entire assembly and sealed around the 
periphery of the tool using Schnee Morehead #9241 bag sealant. "Ears" or 
loops were placed in the bag material at each concave hat web-to-skin Inter- 
section. See Figure 19. Great care was taken to always minimize or eliminate 
bridging in these concave areas during part layup, location of Armalon, 
bleede- material, and nylon bag. This assembly and procedure was mandatory to 
Insure a good quality panel. 

The heavily-loaded panels were also fabricated using the standard nylon film 
jj      as a bagging material. The heavily-loaded panels were made with the use of 

!      female hat molds, flat tool plates for the outer skin, and solid silicone 
rubber mandrels to support the hats. All details of layup were predensified 
as flat panels and later formed to shape. Therefore, no bleeder material was 
used during the final cure. The layup and mold sections were all assembled. 
Pressure sensitive tape was located around the edges to cover the gap between 
the aluminum hat tool and the skin tool plate to control resin flow. Breather 
fiberglass cloth was placed completely around the tool, and then the nylon bag 
was placed over the part. The bags were either placed over the outer skin 
tool plate and sealed to the female hat side tool or the complete set of tools 
and part were envelope wrapped as shown In Figure 20. 

1.2.6 Typical Bagging Procedure for Inflatable Hat Mandrels 

\ Panel layup and assembly for solid mandrel and for Inflatable mandrel tooling 
were similar. The hat/web details were layed into the female hat mold, the 
wrap around details of the hat were layed on the inflatable mandrel (with wood 
internal support) and then inserted into the female hat mold, and finally, the 
outer skin was layed in position and the outer skin tool plate located into 
position. Fiberglass breather cloth was laid over the upper tool plate and 
down to contact the inflatable mandrels. The upper and lower nylon vacuum bag 
components were then located on the part as shown in Figures 21 and 22. Note 
that the inflatable silicone rubber mandrels extended three to four inches 
past the end of the aluminum tooling and the wooden support tools extended 
another three to four inches past the silicone inflatable mandrels. This 
extension was to allow the wood to be pulled easily from the rubber mandrels 
after vacuum was applied, but before start of the curing cycle. The extra 
length also allowed the silicone rubber mandrels to be grasped and pulled from 
the panel after completion of the curing cycle. 

1 
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AJZMALON 
V+" Cfv'eifcLAP 
AT -JOINT 

BLEEDER CLOTH 
OVERLAP 
JOINT 

VACUUM BAö- 
EAR   LOOP 

/////V///77&777777777777 
FIGURE 19. NYLON FILM BAGGING PROCEDURE WITH SOLID MANDRELS 

One Side Bag Sealed 
To Female Hat Tool 
/rTOOL  PLATE 

 -i. t   t,, ♦  t 
VACUUM/- NYLON  BA<^ 

i 
TAPE TO SEAL ED<^€S 

0A<r «EALAMT FOSE BA<^ 
TO TOOL, ALL FOUR. SIDES 

SI LI COME   MANDF-EL 
■FEMALE   HAT  TOOL 

• COMPOSITE    PANEL 

Envelope Bag 

-TOOL. PLATE L VACUUM 

TAPE  TO SEAL EC^ES 

BA<r SEA'-ANT 

NYLON ENVELOPE  pAC^- 

BREATHER.  CLOTH 

FIGURE 20. ONE SIDE BAG AND ENVELOPE PAG 
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t, 

=i 

»VPOD 2000  SEAU^TT 
AROONP -rue -SURFACE 
OF THE  OIL. I COME. 
•NPI-ATABL.E.   OULY 

5CHNEE  MOZEHEAD 9241   BA^- 
^cALANT    OVER   DAPVCO    2.COO 
/AMD   CVEB.   A.L.U  BA<T   TO TOOL 
AND    BAGf   Tb    BAGr   SEAL 

MCTTE Tf4AT THE OEK^IMAL 
WOOD SOPPOKT MANDÄEUS 
HAVE    &EE.NJ   EEMOVQ3 

FinURE 22.    VIEW OF INFLATABLE MANDREL BAR SEAL METHOD 
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n 

2f«!PffT«   ?et40f nyTon bag ff]m was Tayed over tns leather cloth on the 
Inflatao I lISÜE PT*SUre ?Tate aund was sealed t0 the silicone rubber 
«JHi     t m™*r*]s and t0 a ,ower sheet of Wlon ba9 fHm.   The lower sheet 
ÄÄi«?Kf1 «i" SÄd t0 the Tower a]uminum female hat too   to the 
S?S«S]!rfJ:? I!1" and the ™Min,n9 s<des of the inflatable mandrels.   The 
tlon o? . hll^tL^? scuff sanded and cleaned with tEK prior to applica- 
Hl\i        ead ?f   D   A1rcraft Company's Dapco seal #2000 In the contact area 
the" D P

ecoaseUa7 fe^hetn ^"^ §}ZV bag sea" was theVÄ™ lul cV ?     ?   #2000 on tne <nflatable mandrels and on the mating surfaces of 

ASA as JSJ rÄhsr^5 ™ ™ 
S^J^SrJSeT00658 uaf 5edfous» costly> and Pr°ne to developing bag leaks as the matenals became hot during the curing cycles.   The nylon baa  .ateriai 
Excess   WonrhLk 3nd PU,T; aüd *h2 bag sealarts did not Kvl^di SrSjth ' 
:S     * u       ^g was ret«^red with frequent ears to allow for this shrnkaae 
?£ C2      K 

the bag/u1] fro,n the sea1-   The most critical time far To!« of 
the vacuum bag was after the 250°F temperature dwell and when 100 psi auto- 
clave pressure was applied.   The joint would tend to stretch and bfeak the 

Although the process worked, 1t did present potential baq loss oroblems   and 

1.2.7   Fabrication of Hat Panel With Formed Silicone Bag, Panel A 

8 FiW°^ ha
TV

a"e7-d!Sign/or me6im 1oad carrying ability is shown in 
VlZt   h   ll cons]*ted of ™ outer skin, a continuous contour inner skin hat 

1 ,ll K,
P
 

Staped detaiT' and adJed "PPer and lower hat cap reinforcement     The 
step-by-step layup procedure for this panel, (see Figur! 23], is aTfoilows- 

il)   The lower or outer portion of the skin was layed up, ply-by-ply   on a f at 
sk°n P (I)' T^C ?! T-fr Cap bui'Td',JP ^ublers Wiajed up n the low- 
III ; ^ Th! S0

L
]7d sl^cone rubber mandrels were coated with mold release 

and   ocated onto the doubler reinforcements.    ©   The first half of the w 

2l d°rub erhhatkman^I^^1^^ °T th* '™ «"" a"d^e       e iona ruDDer nat mandrels.    (5)    The upper caD build-UD doublers werp lavod i.n 

IkÄr!'5pdb,ed 0rienJatl'r and locat?oA   fe    The sÄ ha f of t ey nnef 
couple?! l^L^l^^ 0Ver the ® Skl'" a"d   © Upper CaP to 

Bagging Procedure 

IitVtGV4^ a conventl'onal ^ — ^ 
The second panel of this type was placed under a 7/4-inch thick formed to 
duIficllVrTt fUbber rr b,lanket'    The banket was m de on a w Sen duplicate part from calendered silicone rubber stock DAPCO #250   and cured 
wa

nd,ew^°HVenti°rual nyl0n vacuun ba9 *" a" oven.    Thformed si Ikone blanket 
tool SJtf   Tl th,e Pai- and WaS sealed around the edge oTthe b anket to the 
unS rP   e riaid l'ctlll)T* rub5er Cl°Sed Cel1 foaR1 extrusion was *>Jc2 
tool"     See F gure 24 ) '^       ' ^^     Qht $Gal °f the bag t0 the 
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rNP^/V*«AA*JT 

[±4s/+4*/±4s/z4s] 

l±^/^/o3/±4s/ö3/+4s/o3/±4s/++s] 

FIGURE 23.    TYPICAL MEDIUM LCADEO HAT STIFFENED PANEL "A" 

22 

/       .     t i.-f 



?< 

*. 

o 
Cd 

o 

Q 
LU 

a: o 

ORIGINAL PAGE 13 
OF POOR QUALITY 

«t 
cc 

Ul 
cc ^% 
o 
to 
UJ 
cc 
a. 
LU 
Z 
C 
CJ 
1—4 

—1 •-* 
t/1 

a» 
i. 
=> 
V) 
in 
(D 
S- 

C 

cc 
c 
u. 

o. 
CC 
Ul 
Ö 
z 

\       c —* 
J     =J o 

'        ai 
E 

LU 
CC 
=3 
c_> 

o _l 

ai 
a 

LU 
z 

Q. a. 
3 

•r- -a 
3 a> 

o 
UJ 
z 
LU 

CO   4- u. 

TO 1— 

-^   in 
O  <U 

•>- cc a: 
-c: 
1- a; «* 
+J   o 
»4- <4- 
o a> 

1/1 CO 

_i 
LU 
Z 

*J- 
CM 

UJ 
CC 
=D 
O 

L 33 



Results 

The first stiffened panel of this type made with the nylon bag demonstrated 
the severe distortion of the thick upper cap area.    (See Figure 24.)   It was 
planned that the   /4-inch thick formed silicone rubber bag wouldhave enoJgh 
!»ce!r-tt t0 e im™ate thl"s distortion.   Although the distortion was less, it 
cfJ*.   i iuCOm?]e^e]^ ""satisfactory.   The laminated skins and cap became very 
SLl f   th5 fuarL°r the curing cycle» and the autoclave pressure on the soft 
bags forced the distorted shape.   The silicone-formed bag did aid in holding 
good   ocation of the hat stiffeners.   The formed bag also minimized, but did 
2°L?]iT!te\Yo1d defects in the hat web-to-skin joint.   It would be very 
difficult to eliminate all signs of bridging in this concave area for this 
type of continuous inner skin. 

1.2.8   Fabrication of Hat Panel With Formed Silicone Bag and Metal Tool Cap 

The construction and fabrication of this panel was identical to that described 
HK! ]-2-7

u
exccPt !or the addition of a metal channel in the silicone 

ifnZ l?Wu ba?.m the area of the cap of each hat stiffener.    (See 
2$Sn kl J   *0bj-ct of the metal channel caps in the rubber bag was to 
stiffen the bag to give and hold proper shape to this area of the hat. 

Results 

Ht Si^0f t5e caps.wa5 9reat]y improved, but still not always perfect. 
thfekS» 3J2!1KC?,S heH thVr shape' but thl*s Save a etched mold area and 
.InSii     f[feCt bf we!".the channel cap tool and the interior solid silicone 
Zttili  •It^-S alTOS! inP°«ibTe to trim the exact amount of prepreg 
tit ri?1 ,n thlS -rfa t0 just fni» and not over fl']1 the area,    in addition, 
^?,^1eran-e var?able of thickness/ply of prepreg material makes the exact 
volume requirement even more difficult to achieve. 

5?cne
n™-thV^equ^nt j0"les of the unfilled.area of the cap, there were 

ll thl tn!!!' J°",,les °r wri'?k,es in the area of the web at the lower edge of the tooling cap channels.    (See Figure 25.) 

1,2,9   SSIfaJi2nc?I Hat ?aneT U1th SoIl'd Silicone Rubber Hat Mandrels and Female Hat Side Toni Panel C 

iS'sS^ST?0; alH"'/iCitll" of,^is pane' "as «"'««' to that described 
tool     riFi « ?   r°J ^ S? id c?!t silicone rubber female hat side 

Results 

2L?cal1^ °f -he.parel S^'ns and nat caPs were of ab0"t the same quality as e ^ade as ln action 1.2.7.   The same distortion occurred in the thick 
cap sections   above 0.12 inch).   The trapped Silastic -j- silicone rubber from 
the female mold expanded and distorted the soft cap areas at the early part Sf 
the cunng^cycle before the resin could gel and produce a rigid surface     The 
?2nM!Ii0f the meta- CEann^] aS a t00l1"9 aid in the cap area behaved in In identical manner as m Section 1.2.8 (improved but not high panel quality)! 
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Or-.:...-.:.' - > ■ •■ •• • 

OF POO.'! C'-ÄLf.V 
VACUUM 

lOO RSI 
AUTOCLAVE 

RESULTS (1) Soft Thick Cap BuilduD Deformed Epfore 
Resin Cured 

(2) Metal Cap in Tool Reduced Put Not Eliminated 
Cap Deformation 

FIGURE 26. PANEL C HAT STIFFENED PANEL CURED UNDER A SOLID 
SILICONE MOLD 
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"'" »SS!,"!."'""'""'"->- '-<• »i..« »,» „„„ 

;ne.nat mandrels. See Section T? i 2 »T Vn ^e resuTtant cavitv to nwir« 
cast underslze to flr^t- aiiÜÜ h2*'"-*    InternaT Mandrels " Thl LIL     e 

Inserted into th  umnuma«ll^T"^ Uyup °»th* ™«™  SV" 
when heated m the auToSve f0?ni?

nd; Sefond« to a"°w rubber exnanslon 
compaction for high quafJtTwe^ Z™.  t0 CrWte the ""«SrJW0" 
Results 

The quality of the panel web walle a A 
void free condition. The qua??^ J dh"PPT Cap re1n^cement were In oood 

except for the waves.   9"re 28J The skln *** of Tow void and hlgh'qJaTlty 

It Is technically oossibTp fn». , 

layers of material are in the ca"       pt 1n,Practl'cal where multiple9 
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^i-Li 
f%r PRBSsuRsr 

PLATE 

* /-rPEssuRe loo 

TTT7 

IOO PS| 

Poaoos 
POOK QUALITY 

20Q0 PSI 

• B&&T TMICK:   CAP QUALITY 

P?atbeerBeES:enSHa?se ^ *™  and LiftS ««*' >*«ure 

FIGURE 27. PANEL D HAT STIFFENED PANEL CURED IN AN ALUMINUM 
FEMALE TOOL WITH SOLID SILICONE MANDRELS 

■NVl-OM   VACUUM   BAq- 

lBEe<S<-AöS   BREATHee.  CLOTH 

;o2o ALOMINUM  peae&suee   PLATE 

rdARBOj/ePQXY 
XPANJEL/ VACUUM 

FIGURE 28. WAVES IN SKIM ABOVE THE SILICONF MANDRELS FROM 
EXCESS SILICONE RUBBER EXPANSION 
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f \    1.2.11 Fabrication of Hat Pansl With Aluminum Female Hold and Hollow Cast 
[•; Rubber Mandrels, Panel E 

The construction and fabrication methods used for this panel were identical to 
that described in Section 1.2.10, except for the silicone mandrels with a 
i^aL.y core* (S€® Ff9ure ^^ The objective of the hollow mandrels was 
ALZSIFA V* ex£?ss ^nrd Pressure 1n the s(<in area of the solid mandrels 
described in Section 1.2.10, and to obtain a flat uniform overall quality 
skin. The hollow mandrels were cast in a similar manner to the solid mandrels 
0T section l.z.10, except that an aluminum tube was supported In each hat 
cavity, and then the RTV silicone was poured to cast the mandrel. (See 
Figure 12.) The target was to have a 1/16 Inch minimum cast wall thickness. 
55K4 t?*tl!e center round cav1tV» in the web area of the mandrel. It was wry 
difficult to secure these tuba tooling aids accurately and retain this 
position during the rubber pouring step. In general, the minimum wall 
thickness varied from 1/32 to 3/32 inch. These hollow mandrels were rigid 
enough that the aluminum tubes could be removed from the mandrels and still 
allow the composite to be layed up without distortion (same as solid 
mandrels). The final bagging procedure for this type of panel used a nylon 
bag film sealed to the metal tool and hollow silicone rubber mandrels 
identical to the procedure shown in Figures 21 and 22. The application of 
autoclave pressure during the curing process caused the mandrels to expand and 
produce the desired molding pressure. (See Figure 29.) 

Results 

The quality of panels made by this process were variable from near perfect 
(free of voids and defects) to unacceptable for test.   See Figures 30 and 31. 
The quality of the outer skin was always good but the hat cap area suffered. 
There were frequent voids and excess resin, 1n particular in the outer edges 

4.        I \ The cause of th*s Problem was credited to the somewhat soft 
ÄIfi0r *£! *VlZone r"b^er «andrels.   It was often difficult to force the 
mandrel to the bottom of the hat cavity.   Then, when pressure of the autoclave 
tlLZll     'A, 2andrej would lock in the wrong position and friction would 
keep the mandrel from moving to the bottom correct location.   The nonunlform 
111 „üf?Si5    ! TU5ber ÜooHng wal1s also nust have 31ven ""even pressure to the part being fabricated.   The hollow silicone rubber mandrels were difficult 
and expensive to fabricate, and a contoured mandrel could not have been made. 
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if 

M 

RESULTS 

■PRe&SOK&   PLATS 

■fa» ■■■*I»«I.II»..I/I. * in * | ■■I,>VACUUM 
vminniimiHttintimrrmr&p 

• CAST HOLE IN RUBBER REDUCES EXCESS UPWARD PRESSURE 
• THIN SIDE WALL DOES NOT ALLOW RUBBER TO BOTTOM 
ft RUBBER LOCKS IN POSITION 
%  REDUCED PRESSURE IN CAP CORNERS 
• RUBBER CASTING TIME CONSUMING AND DIFFICULT FOR CONTOUR SKINS 

FIGURE 29. PANEL E HAT STIFFENED PANEL CURED IN AN ALUMINUM FEMALE 
MOLD AND HOLLOW RUBBER MANDRELS 
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lÄSffiTÄtÄ Itlr^ ^re;?<were ident^ to that 
with unlfoÄ wal   thlckn« * tS tße Xilr2%h "JM™ ■»"**»» were extruded, 
by the -D- Aircraft Products Co   S.nS SO* fe*cM^extrus1ons were »<«• 
(See Figure 3?.)   The external *£! «f ?f     Cast SMC25° s"1cone rubber, 
of the finished ha?" The ta*get «„die 1 wifSlIZt^ t5e„Jntern»' ^ 
Internal tooling aids were required tJ LnnnJf Kf     ?S üa! °*08 1nch«   Wooden 

the wrap around lay up !roced!re *sare ?C«   V^ mandre1s dur1n9 
procedure for this type of oanel ullTiL^K™ J:?'6K    Ths f1na1 ba99lng 
tool and hollow slllcSne rubber nandt?, « CH^9 J*'» sealed to the metal 9 

application of au oclal* SesIurTdJi™ tl^l 1" F1gUres 21 and 22'   The 

mandrels to expand, unIfo?mlv   to SÄ ,t T1?9 5rocess caused the Figure 32). »""orraiy, to produce the desired molding pressure.    (See 

Results 

stiffened pane?"   TK, concSn »15 S/k? hMVyJ°ad carrJ""9 hat 

1.2.13 

» ÄS Äc^TS ™ -? 'S"1 condit,°"hat •»"•«■ ■»»•' location of each la«r J Ljii?   fiber stacking and the direction and 
typical exanp es If'ZniZ of rte^Tr™ '   "T" 33' 34 a"d 35 ■" 
the mst satlsfKtor» ranSfactJrlm tirJ?   3S<   * "«P-bystep description of 

follows for the ^a^lyfS^n^'s^n^r^n^i'Sen^^n^S^S^S 
?«• «'tJS^'S^^Ä'r.K'»^1« of two p,y 
prescribed patterns     ThS*.* 3I„ J*"P7 !   f e?t rnatenal to make the 
vacuum bag pressure anjfhfnrl^^ ^heetS (200°F for ]0 mi""tes under 
5208/T-300 t?J) w4 triÄSd ?J Jh«UJ?der T*35"**6 When us1n9 Narmc° 
tool,    see Fiji I^rrfo^^^r^t^s1 5W^Jr°B °" "» 

0   dS^jrflJSrhat^b^wrSs^he^1 «7?e ed*e 0f the ^> 
opposite web     (lie Hour38 fo«St'!!? ?b0Ut T/4-1nch "? the 

sheet to size.)    Note TP of *™i,- start°f laVuP. prior to trim of 
concave area of tool hng aid to force p,ateri*al tight In 

©   A 13-ply o° section was laid in cap area. 
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P*£.8SUR& PLATE 

* 

U4MTENJ 
WSI^HT   IP 

VACUUM 

BEST SYSTEM TO DATE 
• !lo Limit On Rubber Length 
t !!o Problem With Mild Contour 
• Does Require Machined Female Aluminum Tool 

FIGURE 32. 

MATERIAL: 

PAÜEL F HAT STIFFEÜEO PAflEL CURED If! AN ALUMINUM FEMALE 
TOOL AND EXTRUDED HOLLOI' RUBBER MANDRELS  

HjJ  = 14,800 LB/I'!. <fY = 0.004 LB/IN* 

THORNEL 300/5208 
tpLY = 0.0052 (TAPE) 

fÜL = 493 LB/IN2        if - 3.Tx ID6 LB/IN 
W/AL = 0.000689LB/IN3GT = 0.87 x  10*» LS/IN 

[±4S/b£/M6/Os/t4S/o6/ 

[iT45/i-4y'±46/±46/i45/ 

«Ky±45/bs/q9/±4s/co/fc>s/ 

*4y+4-5]T 

3 
2.S 'N, 

FIGURE 33. TYPICAL MEDIUM LOADED HAT STIFFENED DRAWING DETAR 
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FIGURE 34. TYPICAL HEAVILY LOADED HAT STIFFENED DRAWING DETAIL 
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<fc  BETWEEN STIFFENERi 

/- ['t4S/p4.s/t4^44s] 

_secT)QM   A (r^O 

r£»e<sTtON   fe> (VT*} 

FIGURE 35.    ALTERNATE HEAVILY LOADED HAT STIFFENED DRAWING DETAIL 
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(D  One ± 45° section was laid across the full cap width over the 
2 layer, up the opposite hat web side from T , across the skin 
area, down the next hat web, across the cap and 1/4 Inch up the 
opposite web. 
A 12-ply 0° section was laid 1n the cap area. 
One 1 45° section was wrapped around the constant thickness 
extruded mandrel, mounted on a wooden mandrel for support. A 
12-ply 0° reinforcement section was placed across the hat cap and 
the remainder of the © ply wrapped over the (6) reinforcement. 
This detalLwas then placed in the cavity of the tool over the CD, 
(3), and 0 plies. 

This procedure was completed from left to right across the tool for each 
hat stiffener. 

(7) One layer of - 45° tape was placed across the total skin. 
(D Three-ply 0° sections were layed in each hat base. 
(§) One layer of -45° tape was placed across the total skin. 
® Three-ply 0° sections were layed in each hat base. 
(Q) One layer of +45° tape was placed across the total skin. 
@ Three-ply 0° sections were laid in each hat base. 
(ß) One layer of -45° tape was placed across the total skin. 
@ Three-ply 0° sections were laid in each hat base. 
d]}) One layer of +45° tape was placed across the total skin. 
(J|> Three-ply 0° sections were laid in each hat base. 
@ One layer of -45° tape was placed across the total skin. 

One layer of Armalon parting material was placed over the entire skin area. 
The upper 1/4 inch thick aluminum skin tool plate was placed over the 
Armalon. The edges of the upper tool plate were sealed with masking tape on 
all four sides to the lower tool to trap resin in the panel and minimize resin 
bleed during the pressure curing cycle. A layer of fiberglass breather cloth 
was placed over the upper tool plate and down over the upper part of the lower 
tool. This was to protect the vacuum bag from any sharp edges. Figure 39 
shows a typical part made with the hollow cast silicone mandrels ready for the 
vacuum bag. Note the breather cloth over the mold surface and the cast hollow 
inflatable mandrels. A layer of Dapco seal #2000 and a layer of Schnee 
Morehead #9241 bag sealant are visible at the end of each mandrel. The wooden 
mandrels were removed from inside the silicone inflatable mandrels. Short 
lengths of rigid tubing were inserted in each end of the silicone inflatable 
to support the inflatables during the bagging operation. These ends remained 
open to the autoclave to obtain the desired mandrel expansion when the auto- 
clave was under pressure. The tubes extending from the ends of the inflatable 
mandrels to support the inflatables during the bagging operation are clearly 
visible in Figure 39. 
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A nylon vacuum bag was placed over the tool as shown in F fgures 21 and 22. A 
figure of the vacuum bag, sealed fn place with the vacuum outlet in place, Is 
shown In Figure 40. The panel was cured by the standard autoclave 100 DS1 
350*F pressure and temperature curing cycle. 

Most of the panels were cut to a specified size and potted to a one-inch depth 
on each end with a room-temperature curing epoxy casting material. The ends 
were then machined flat and parallel. Figures 41 and 42 show the end views of 
the panel described in this section. 

Figure 43 shows the detail of the potted ends of a different two hat stiffened 
panel ready for a compression test. 
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TASK 2 J STIFFEKERS 

"J" stiffened panels were designed for low and medium load carrying condi- 
tions. This section presents the methods of tooling and methods of layup and 
assembly for integral molded "J" stiffened panels. The section also Identi- 
fies the problems of manufacture, Including panels of poor quality, and 
suggests the most successful method of fabrication. 

2.1 "J" Stiffened Design Concepts 

Three basic configurations of "J" stiffened panels were fabricated during the 
course of this program. Variations of these concepts included number of 
plies, orientation of plies, location of overlaps of Individual-'plies, and 
spacing and depth of the "Jn web and caps. Figure 44 shows the typical detail 
of the three design concepts. 

2.1.1 Lightly-Loaded Panel With Inner PHes Continuous From Cap to Cap 

The lightly-loaded "J" stiffened panels featured a design with a continuous 
ply of 145° fiber orientation material from cap to cap. (See Figure 44A.} 
The outer skin © was continuous the width of the panel and was a mtgture of 
0°, ±45°, 90° fiber pattern. The Inner skin and web sections 0 and (2) 
were mainly ±45° fiber pattern and were continuous from the top side of one 
"J" cap, down the web, across the inner skin, up the adjacent web and across 
the under side of the second "J" cap. 0° reinforcement (§) was applied for 
each "J" cap. Additional 0° reinforcement was added at the radius to fill the 
potential gap at the intersection of the web to the outer skin (6). 

2.1.2 Medium-Loaded Panel - Continuous Inner Material for "J" Stiffener 

The medium-loaded "J" stiffened panels featured a design with the same 
continuous ply of ±45° fiber orientation as that described in Section 2.1.1 
and asshown in Figure 44B. However, in tins case, the upper cap reinforce- 
ment (3) was thicker, and a heavy flange 0 was designed into the skin at the 
base of each hat web. 
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B. Medium Loaded "J" 
Reinforced Cap and Base 

©■ 
=£ 

C.    Separate "J" 

©-4 

0MAJIsiLY ±46»      (J)    Al_L O" 

(5) MA/NLY t46*       (c)   OUTER 6t4U   O* ±45* 90* 

0ALU O* 0  ALU  O*   ROI_!- 

FIGIJRE 44. "J" STIFFENED PANEL DESIGN CONCEPTS 
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2.T.3   Medium-Loaded   - Individual -J- Stlffener 

?^*Äfffffl^ ««*» ft» the other „. 
rtjffenart ethe? than the outer skfn 5 ^T?«1*"!*1 b€tween "J" 
reinforcement was added to thfcap fäf ÄS ST! ^   Add*t1ona? 
necessary for the prescribed Toad? ^' M ® of each st^fener as 

2.2   Tooling and Tool Fabrication 

of a. t,o.s .„d the zA^rzi .7Ä?sM.Äir"' 

2.2.T  All-Rubber Mandrels 

thÄT and tooling Sax that waVlÄn Vo iJS ffie S,%C0?,1natfOB 

than the desired final composite panel     Th! «A,        and 'm 1nch th*cker 
make the rubber mandrels uhdersfzefn order tSJT?«?Äkf,ess was rec?u1red t0 

in place In the tool.   The duZv Lit !,   L?],ow the uncurec! Tayup to fit 
(I), and an aluminum frame (|TStE iJldld JESS °n a? •,UBrfnu" tool plate 
P ate.   Location and supporfpln(S 11 ,7 Located on the tool 
first part to hold the frame ?n thecoSSt 55SI!ed aft!r fa1Ture <* the 
processing cycle,   steel suooort a?n<   vl V VV,on on the tool during the 

ci^ÄVoVv°ou;i?the '«™a-as- ifordi?et0
d8oisiinn< 

Results of Pert Fabrfcetfon 

JSHS! ^V^^A W,2ÄU "bMc"e< «« " uneccepteb,. 
'""«■■! ?J« «««<( the.Sgle SU? ,     n

Jn?t f-JC"s 5?frery h<* "ie 
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/kKJD FtKW^EO TO 
THe   B»**S*  TOOL. 
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FIGURE 45.    BASIC "J" STIFFENED TOOL CONCEPT 

FIGURE 46.    ALL SILICONE RUBBER MANDRELS 

t j  v. 

=? 
FIGURE 47.    NON-UNIFORM THICKNESS CAP 
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2.2.2   Rubber Handreis With MetaT Inserts 

F1gS?48 J TSJ ^-]e U?1f°r? preSSure over the cottPIete Pa"*™   (See 

Results of Panel Fabrication 

The problem of high side pressure and bowing of the "J- stiffeners was *niv*A 
SbrfSJpTM** "fl«*^loaded design with th1nIc!p4hl2wS^!eS wer"e 

2.2.3   Aluminum Mandrels With Rubber Pressure Mandrels 

fTY    Th» L        •       i"e
L
wlath of the aluminum mandrels to enclose the ran 

proved, and the dimensional critical areas were controlled bHol" metal. 

Results of Part Fabrication 

The panels made by this tooling concept were of variable quality     The 

existed   "ntT, "" the uppfr ">• vhere * "a"*«' ™>'f tö   top   condition 
Sels ££JZg\?$?™? ""*" "^ •""" * a'™'"™ 
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FIGURE 48. METAL INSERTS IN RUBBER MANDRELS 

V»fÜUM 

FIGURE 49. ALUMINUM AND RUBBER MANDRELS 
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2.2.4   „u»,m„ M,„dreIs, PPessure Cap> ,„„ Subber pressure Hsndreis 

made to fft beLeen the £/>?![?      '   5 sna"er C,P Pr«sure olMe & ™. 

Results of Pane] Fabrication 

nad separate "J" stiffenprc     ,/     "eavier Toad carrying oanel desian<: that 

2.3   Typical -j" stiffened Panel Assembly Methods 

Sr*Äss ä --j- a-yy- Äes, 
2.3.1   lightly-loaded -J" Assenbly 

Placed on the too, and arl^thö ^Vtl^C^^™ « t= 

Ilu^u9St^1andrefa^ad^o^fatÄ^/h:ne^ Skl\WaS fonned °" the silicone/ 
second -j- web and the Saht ??Ä\n!.er Skln to fl'1] ^e space be?ween th* 
panel was placed 1n a cSveJtlinJl «viS S"PP°rtJrme-    <s<* "gure 5ID ) The clave.    (See Figure 5£7ent,ona- Wlon vacuum bag and cured in the auto- 

Results of Panel Fabrication 

Tne pa„e,s „it„ ,ignt ioad and thin -d- caps „ere of g„od „.,«,. 
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FIGURE 50. ALUMINUM MANDREL AND CAP WITH RUBBER 
PRESSURE MANDRELS 

A.   LArtJF»   SkCIN 

cE ^ 
SKLIlsl 

TOOL    PLATE 

- SIUICONE 

J=± 

fe= 

Tool.   PLATE ±1_ 

I ... 

C 

P. 

z SILIOONIE 

7^» METAL' 
7//////////////1 

-SILICOWE 

METAL' 

E.      BA.<%   4  CURE 

PT 
TOOL.    PLATE. 

I 
Itftl W////////MM g j| WMmM/i 

TOOL     PLATE 

I 
VACUUM 

FIGURE 51. LIGHT "J" PANEL ASSEMBLY 
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2.3.2 Best Method for Fabrication of Medium-Loaded Separate "J" Panel Assembly 

The outer skin was layed up on the tool plate, and the restraining frame was 
placed on the tool plate (Figure 52A). The first side pressure mandrel was 
located on the skin and against the restraining frame (Figure 52B). The °J" 
team details were layed up, ply-by-ply, on the aluminum mandrels and placed 
together (Figure 52C). The first -J» detail and tool was located on the skin 
and next to the side pressure mandrel (Figure 52D). The center pressure 
mandrel, the second "J" beam assembly, and the closing side pressure mandrel 
were located on the skin and inside the restraining frame (Figure 52E). 
Finally, the pressure cap plates were located over the "J" cap details, and 
the panel was placed in a nylon vacuum bag and cured in the autoclave by 
standard procedure. (See Figure 52F.) 

Figure 53 shows the detail of the tool plate and support frame and the 
s*'ic°ne™bber and alu'rtnu'ii internal mandrels. Figure 54 shows the mandrels 
assembled, without the graphite layup, as 1f it were ready to insert in the 
support frame on the skin tool. 

Results of Panel Fabrication 

This method was the best method for fabrication of KJ" stiffened panels with 
thick caps. All such panels were of good uniform dimensional tolerances and 
2t«V0J.*Ipee laminate quality. Figure 55 shows a two stiffener medium load 
J I  er panel w1th each end P°tted in eP°xy resin. The ends were 

machined flat and parallel in preparation for a compression test. Figure 56 
shows an end view of the same panel. 
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J=L .hi 

2>.   Locate Side 
Pressure Mandrel 

C. 

y 

J2 Locate 1st "J" Detail 

Layup "J" Sections 
And Assemble On 
Mandrels 

E. Locate Center Rubber 
Pressure Mandrel, 2nd 
"J" Detail And Side 
Pressure Mandrel 

F.  Locate Cap Pressure 
Plates, Bag And Cure 
In Autoclave 

FIGURE 52. MEDIUM LOAD - SEPARATE "J" PANEL ASSEMBLY 
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?. TASK 3    SINE WAVE "I" STIFFENERS 

t5onsfneTh?r^f"^t1ffened pan?] was desi9"ed for medium load carrying condi- 
thisSpanll.        tl0n PreSentS the method of t00l1n9» *■**. *"< assembly for 

3.1   Sine Wave "I" Stiffened Design Concept 

5!f?KIc!? obtajn!d
u
f!™ Prior experience with "J" stiffened panels was used 

In the design and fabrication considerations for this panel     The desian 
thf E 3n cuter *ki" © and »I« beam stiffeners with the web ft) and (2) of 
the bear, as a vertical sine wave running the length of the stlfWr     fsH 

3.2   Sine Wave "I" Tooling and Tool Fabrication 

®   A flat outer skin tool plate. 

®   Jhf ct!,vf ai'ner frame around the P^iphery of the panel to contain 
the silicone pressure mandrels (identical to the «J» beam tooling)" 

©    Matched left and right side metal mandrels for the sine wave web* 
with recess for the upper and lower flangest the »I« stiffeners. 

(jj)    Metal pressure plates (floating) to apply pressure on Parh 
individual upper "I" stiffener cap.     P     P eaCh 

(D   Cast silicone rubber between the retainer frame and the first metal 

etnweenVtehr0
n oe0Ii^

et^en the ™?r»°™ sine wave «nd«Ä " Jhe. °PPos1te fine wave mandrel and the retainer frame, 
o ate   ttrTtla Photograph of the tooling details of the flat tool 

Y. anfthe S11^nInrKKran,e* the nach1ned alumi'nutn S1'ne waye mandrels' ( anci tne silicone rubber pressure castings. 

f 3«3   Sine Wave Panel Fabrication 

ISmiÄn^t fabn*catjon of the sine wave »I« stiffened panel was very 
sSon 2 3!2 

Pr0CedUre f0r 3 "J" $tl'ffened Panel as described uy 

See Figure 59 for the location of the details and assembly method used for thP 

located in position on the left side lower flange doubler.    (See Figure 59C.) 

i 
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A. Layup Skin 

5. Locate Lower 
Flange Doublers 

tf. 

P. 

Locate Edqe Rubber Plus 2nd 
Part Of First Web And 1st 
Part Of Second Web On Tool 

Locate 1st Web Section 
Of Second I Beam 

Locate Final Section Of 
2nd I Beam 

4"- Locate Upper Cap Douolers, Cap 
Tool Pressure Plates, Place In 
Vacuum Bag and Cure In Autoclave 

FIGURE 59. SINE WAVE "I" STIFFENED PANEL ASSEMBLY 
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5wf!      *J e Keb* Upper flan9e and Tower flaf)ge of the first -I- wa 
slie iSp St S6TKnd V Sect1on and ,ocatcd 1n P>a<* gainst the left side 
frIL 12 S ' i   * rubber pressur* Andrei was located between the retained 
SelnSe? Sin'™ S S^it A^1^"' thtS p1eCe 0f SeJErSSS n*« «* *i.f      f ■?» ? the next «to"0^ and was of size for first half thick- 
23r!l £ Ew V*" ?♦•*    (See Fi9ure 59D-}   The center rubbe?pressSr; mandrel was located m position, and the first tool section of the second -I- 
mndreT PTh??nS-t,,e layu"P a2d Pos^1oned against the rubber pressure 
*??2L^T*1™U

A ? !" from the «rst "I- bean, was then f^deJTaqainst thl c!;; ,.?B
C?nt1nu0uf sk1n from the first SI" bean, was then folded aqainst 

Maurf 59d I1 T£
a?-t0!]..SSt1on and 0Ver the Wer cap area' (See        9     ** 

Prpni^5ber.pr?S?ure pad was then 1o«ted at the right edge of tre ianel 
In? lit natenal ™? CUt and ,ocated 1n p05ltl'°" for thTup?er caVdoubiers 
Hgure 59GUP)erThfn?Io'?1nUm pr"Sure pads were located ™ P&tlSJ   (See 
aSclave? P nel W3S encIosed 1n a nylon pressijre ba9 and cured in the 

Results of Panel Fabrication 

TASK 4.    SOLID BLADE STIFFENER 

The solid blade stiffened panels were all designed to meet tyoical heavilv- 

tt^sfiTS'IttSSS1 wirnH9 ^u-rts- Thus>the- 2SS h3   vy ItiffJll ? st7ff?ners-    The general construction of two types of blade 
1 esTgf ph tSe «iSfli1^?^8,60 and

h
6K    The ™*™*?% ^"ir 

design requi'reLnts! """"^ f°r e3Ch Segnent* Varied depend1n9 on the 

4.1   Flat Aluminum Plate and Aluminum Angle Tooling ' 

F^rT^cSstld o?: fabMcat1on of the »»t blade stiffened panel (see 

(a) 3/4 inch aluminum tool plate for outer skin surface. 
(b) Wooden mandrels for layup and densification of blades. 
(c) Aluminum angles as tools for support of the blade walls during cure. 
(d) Aluminum caps for a bridge between the aluminum angles. 

Ia?tPrner SktH  <P  (See Fl'9Ure 63) was  ]Wd UP as a 32-ply 0 ♦ 45°    90° 
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FIGURE 62. ALUMINUM ANGLE TOOLING 
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The outer plies of the blade 0 (see Figure 63A) were layed up as four-ply 
i 45° skins on the three wooden mandrels. The two 24-ply 0° blade inserts 
2 for each blade were layed up as flat panels, densified under vacuum 
pressure and 250°F for 10 minutes and then, upon cooling, cut to size for 
length and width. The four blade inserts (f) were located on the wooden 

ridrel details. The inner plies of the blade (3) (see Figure 63B) were 
as four-ply ±45° skins on the wooded tools over the outer blade skins fas Tour-piy -^o   stems on tne wooded tools over the outer blade skins 
and doublers (2). The first wpod tool block and skins and doublers (7), 

, and (3) were placed on the (5) outer skin. (See Figure 63C.) Two 
1/2 inch wide strips of unidirectional graphite tape were rolled into rods, 

approximately 3/16-inch diameter and the first rod was inserted at the radius 
intersection between the blade base and outer skins (4). (See Figure 63C.) 
The second tool block with skins and doubler layup were located on the (5) 
skin and next to the first tool block. (See Figure 63D.) The second rolled 
rod was located on the skin at the base of the blade. The third tool block 
and skin layup was then located on the (§) skin. 

The wooden blocks were removed. Aluminum angles were placed on each side of 
each blade, and a separate pressure cap was placed over the exposed upper edge 
of each blade. (See Figure 63E.) This entire assembly was covered with a 
layer of Armalon separator cloth, eight layers of Mochburg bleeder cloth, and 
placed under a vacuum bag. (See Figure 64.) 

The panel was cured in an autoclave using a standard cure cycle for the Nannco 
5208/T-300 material. 

• Heat from room temperature to 250°F under vacuum pressure. 

• Heat up at rate of 2°F/minute. 

• Dwell at 250°F for 60 minutes under vacuum pressure. , 

• Apply 100 psi autoclave pressure. •> 

• Vent vacuum at approximately 25 psi. 

• Heat to 350°F and 100 psi. 

o Cure two hours at 350°F and 100 psi. 

• Cool below 200°F and remove pressure. 

Results of Panel Fabrication 

This fabrication process produced a poor quality panel. The thickness of the 
blades was not constant. The angle tool sections tipped during the curing 
cycle to make the upper edge of blades thin. The angle tooling did not slide 
together during the compaction and curing cycle and the lower portion of the 
blades had high void content. The location of the blades on the main skin was 
not held with precision. The quality of the main skin was good. This 
indicated that the cure processing cycle was proper. 
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4.2 Flat Aluminum Plate With Channel and Angle Tooling 

The tooling supplied for the second fabrication concept for the blade 
stiffened panel consisted of (see Figure 65): 

(A) 3/4 inch aluminum plate for outer skin. 

(§) Aluminum angles as tools for support of the outer edges of the blade 
walls during cure. 

© Aluminum channel as tool for support of inner edges of the blade 
walls during cure. 

(5) Aluminum caps for a bridge between the angles and channel. 

T     r 
AUTOCLAVE     PfVE.£&U{ZE 

PROBLEMS 

1. Poor Thickness - Angles Tip 

2. Poor Blade Quality - Anqles Do Not Slide - Voids 

'ACUUM 

FIGURE 65. SOLID BLADE STIFFENED PANEL MADE WITH ANGLES AND CHANNEL TOOLING 
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The same genera] fabrication procedure was used as that described 1n 
Section 4.1. The tooling change was the use of solid slUcone rubber mandrels 
in place of the aluminum angles. (See Figure 66.) The sllicone rubber, when 
heated 1n the autoclave to obtain cure of the resin 1n the laminated panel, 
expanded faster than the surrounding metal frame. This expansion caused side 
pressure to develop against the walls of the blade and accomplished the 
necessary compaction pressure. (See Figure 66.) A wooden "dummy" part was 
fabricated and used as a mold to cast the solid sllicone mandrels. 
Dapcc #38-3 silicone rubber, supplied by "D" Aircraft Company, Placentia, 
California, was used as the casting mold material. The Dapco #38-3, parts A 
and B, were mixed, degassed under vacuum, and poured Into the mold. The 
molding was allowed to cure overnight at room temperature and then heated to 
120°F for four hours in an oven. The rubber sections were then removed from 
the mold and post-cured to 350°F for eight hours. Mold release was applied to 
the silicone mandrels and baked in place for one hour at 350°F. 

The blade layup and densifIcation cycles were accomplished directly on the 
silicone rubber sections. The layup of the outer skin (5) (see Figure 63), 
the blade "skins" and reinforcement (T), @ and (f), and the filler 0 were 
all accomplished as described in Section 4.1. 

A metal retainer frame was placed around the assembly against the outer walls 
of the silicone rubber mandrels. The entire assembly was placed in a vacuum 
bag and located in an autoclave for cure. The curing cycle was similar to the 
standard cycle described in Section 4.1. However, the mass of the silicone 
rubber caused a slow heat rise. The time/temperature/pressure curing cycle 
was modified as follows: 

• Heat from room temperature to 235°F under vacuum pressure, 

t Heat up at rate of 0.5°F/ninute. 

• Apply 100 psi at 235°F. 

• Vent vacuum at approximately 25 psi. 

• Heat to 350°F and 100 psi. 

t Hold 350°F and 100 psi for two hours. 

• Cool below 200°F under pressure. 
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Results of Panel Fabrication 

This fabrication process produced a panel free of voids but of unacceptable 
thickness and dimensional quality. The thickness of the blades became thinner 
from base to outer edge as shown In Figure 66. 

The skin and blade all had low void content. This Indicated the curing 
process was proper. 

The resin became very thin and easy to flow during the early part of the 
curing cycle. The rubber mandrels expanded, and the pressure on the soft 
upper edges of the blades allowed the resin to be squeezed out, and the net 
result was the low resin content thin edge blade. The thermal expansion of 
the silicone rubber caused 1t to expand in thickness (height) where it was 
restrained only by the 100 psi pressure of the autoclave bag. This resulted 
1n an Increase in the blade height. Finally, the rubber mandrels, being of 
unequal volume, caused unequal pressure that resulted in out-of-tolerance 
blade spacing dimensions. 

4.4 Flat Aluminum Plate and Solid Aluminum Blocks with Cast Constant Thickness 
Silicone Rubber Mandrels and a Support Frame 

The tooling supplied for the fourth fabrication concept for the blade 
stiffened panel consists of (see Figure 67): 

(A) 3/4 inch aluminum plate for outer skin (same as Section 4.1). 

(§) Solid aluminum blocks with cast uniform thickness (1/2 Inch) 
silicone rubber facings for the blade walls. 

(C) A metal outer retainer frame to locate and support the mandrels. 

(D) Aluminum caps for a bridge over the edge of the blade sections and 
between the mandrels. 

The same general fabrication process was used as in Section 4.1. The tooling 
change was the use of solid aluminum blocks with cast 1/2 inch thickness 
si 11 .. .e rubber facings in place of the cast solid silicone rubber. (See 
Figure 67.) Note that the equal thickness silicone rubber expanded in a more 
uniform manner than the unequal size 100% solid silicone mandrels to form the 
side pressure and compact the blade walls during cure. A wooden mock-up part 
was fabricated for use in making the silicone rubber-covered aluminum 
mandrels. The aluminum blocks were cut to rough size about 1/2 inch smaller 
than the required size of the molded sections. The wood mock-up and the 
aluminum blocks were supported on the metal plate tool and inside the 
surrounding holding frame. Dapco #38-3 A/B silicone rubber from "DM Aircraft 
Company was mixed, degassed under vacuum, and poured to fill the gap between 
the mock-up part and the aluminum blocks. (See Figure 67.) The casting was 
allowed to cure at room temperature overnight and then heated to 120T for 
four hours. The castings and aluminum blocks were then removed from the mold 
and post cured to 350°F for eight hours. Hold release was applied to the 
silicone mandrels and baked in place for one hour at 350°F. 
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A separate filler tool was made to form the filler Inserts that were at the 
base of the stiffener blades. (See Figure 68.) Al 1/2 Inch wide band of 
unidirectional graphite tape was rolled Into a rod, located 1n the tool and 
pressed to the desired shape at room temperature. All thick blade panels 
fabricated prior to this date had considerable distortion 1n the joint area of 
the skin and blade. The filler material was an estimated amount, was hand 
rolled Into a round rod shape and was formed to the near triangle shape during 
the processing cycle. Figure 69 shows the typical cured panel condition of 
the material at the skin to blade joint. 

The blade layup and dens1f1cat1on cycles were accomplished directly on the 
slllcone rubber surface. The Jay up of the miter skin (5) Figure 63, the 
blade skin and reinforcement (j), (2), and (3) were all accomplished as 
described 1n Section 4.1. The filler © was described above, 

A metal retainer frame was placed around the assembly and against the outer 
walls of the slllcone rubber-covered metal mandrels. The entire assembly was 
placed 1n a vacuum bag and located 1n an autoclave for cure. The curing cycle 
was the same as Section 4.3, except that the heat-up rate was 0.6°F/minute and 
100 ps1 pressure was applied when the temperature reached 245°F. 

Results of Panel Fabrication 

This fabrication process produced several panels free of voids and of accept- 
able dimensional quality. The thickness of the blades varied less than 
.020 Inch from top to bottom and one end to the other. The blades had a total 
of 64 plies of material which means a tolerance of .020 divided by 64 equals 
to .0003 Inch per ply. This thickness 1s the approximate thickness tolerance 
that the prepreg material supplier can be expected to hold for material cured 
1n Ideal autoclave curing cycle conditions. 

The thermal expansion of the rubber cover caused the height of the blades to 
be slightly higher than the surrounding aluminum blocks. 

This fabrication concept offered some advantages for blade stlffener panel 
fabrication over all other methods evaluated. 

a. The parts produced were of good quality. 

b. Matched mold quality parts were made on tools made by an economical 
casting process. Even though a mock-up part was required, the costs 
of close tolerance machining of matched metal dies vas eliminated. 

c. Parts with some contour and parts with internal st •;• build-ups could 
be fabricated without excessive matched mold tooling costs. 

d. The softness of the silicone rubber allowed overlaps in the lay up to 
occur 1n random locations and still obtain matched mold quality 
parts. Overlaps in a matched metal mold would either cause low resin 
content 1n the overlap area or would cause the mold to not close and 
thinner areas would have either excess resin or voids 1n the cured 
panel. 
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® 3/4-Inch aluminum plate for outer skin (same as Section 4.1). 
(D Solid aluminum blocks for the blade walls. 
© Cast silicons rubber side pressure bars. 
® A metal outer retainer frame to locate and support the mandrels. 

;      ®   Krth?maSrrels'n'd9e "" ^ --», °f the blade sections 

Aluminum filler tool (Figure 68). 

The same general fabrication process was used as in Section a a     •*,«*-!• 

Ji7iJlS,IlTi.inand^]s were macf"'ned fron solid thick aluminum stock     The 
Ä'lÄTS.'ÄSSrSÄIJS SS,S |!|? *" »^ ™ -eHa, 
2?*!|]!??Jayup am! dfnsifl'"tion cycles were accomplished directly on the 

«,hs!fn]Lr!tai'n!r frame was placed around the assembly, and the silicone 
St   nerPr?raT "SJ entlre^f Sf"*6" '?' «F alum*"um «SJe s .nTJhe 
an autoclave^or cure     Sf «sembly was placed in a vacuum bag and located in 
SectioS 4.4* SeSrSat^h. !I!fW]e Fs the^m as that ascribed in 
pressure was InluL   tUSi* !   ^P ra.te Was °-7°F/minuteand the 100 psi pressure was applied, without dwell, when the temperature reached 250°F. 

91 



£1 

I 

ORIGINAL PAGE IS 
OF POOR QUALITY 

rrr-r~T 

0» 
c 

x: 

a: 

to  o 
+J   •!- 
i.   4-> 
(O   (O 

Q-   (J CO 
o c 

SS-I o 
+J •r- 
•r-   <u •(-> 
■—o m 
<ö  IÖ L. 
3 r— 0) 
Crco ■o 

■r— 

T3 "O to 
O   O c 
O   O o 

CD CD o 

to 
c s. 
O OJ 
T-X> 
to x> 
C   3 
ein: C 
e     o 
f-   +->  •!- 
O </> +-> 

«J «Or— 
-—O O <U 
O T- c 
O O «*- «o 

I— h- T- D. 
to 

OJ 4->   C   0J 
■■-» S-  <u-o 
ro ro O fO 
I. O. r- 
3        i—CO 
O   >>T- 
U   P   (OU) 
<§■!-> 

3 at o 
cno Q h- 

'<- 0) e a. 
E   fc-   3 3 

•»-•r-   f= 
x: 3 «r-  to 
o o- x JX: 
«O <U   (O  s- SaE o 

3: 
to +J to 
<D  O   <U to 
J-Z   i. tO 

•r- *r- Q) 
3   tO   3 U era) ao 
a> o a> s. 
aaaa 

•— cvj ro «*■ 

DC s 

CO 

oc a. 

o 
I—I 
to 
OS 
UJ 
0Q 
CO 
=> 
Of 

o 
z 
<: 
_J 
lxl 
cc o 
sc 

s 

o 
CO 

to 

ttl 

a. 

i- 
o 

•— li- 
re 

•r- ■*-» 
••-> to 

a> co 
o 
o. 

o 
LU 
z 

CO 

LU 
a < 
CO 

o 

o 
to 

o 

LU 
DC 
=3 
CD 

92 

2f~ •''// 



ii*fc»i fciiiT^nwag 

ORIGINAL PAGE If 
OF POOR QUALITY 

^^'^'^»ö*^^ 

93 



ORIGINAL PAGE 19 
OF POOR QUALITY 

S»i: 

■ää^i^äii^l^k^iiii-^iili^Al!^^^^ ^wFi»*M 

94 

J 



ORIGINAL PAGE t3 
DJB POOR QUALITY 

tg*!: 

">' r.' —%- •<**< 

> 

. 

tofe* 

•^ •'•:,< ,?;,+*-;y*i 
^^.*- :- ;   :^\'^j- ■ -;. v'.;-;-v -' 

Vvt^'*'si ;v^ •?/?''-'.'-"A '4 

95 

.f' ^ v* 



(ft 

I 
Results of Panel Fabrication 

This fabrication process produced several panels that all had the best combina- 
tions of quality, free of voids, uniform blade height, thickness and 
location. The process worked equally well from a narrow panel with a single 
blade stlffener to a 30-1nch wide, 60-inch long panel with six blade 
stiffeners. This suggests that additional width and number of blades could be 
produced 1n such a panel design and fabrication method. 

This process seemed to be the optimum fabrication process developed to date 
for flat blade stiffened panels. It does have the requirement that edges of 
all lay-up plies must be butt jointed. The tool would not function properly 
if nonunlform thickness skins were made by random overlap of skin layers. 

Contoured panels, or panels with variations 1n skin thickness would suggest a 
tooling cost analysis between Section 4.4 and 4.5 procedures to determine the 
better process for a particular panel or panel size. 

4.6 Flat Blade Stiffened Panel With Molded-1n-Place Ribs 

One Unique six blade stiffened panel was fabricated with two rows of cross 
direction ribs Integrally molded in place. The tooling was similar, to that 
described in Section 4.4 in that individual aluminum blocks were machined and 
1/2-inch slUcone rubber was cast on the inner skin, side blade, and end cross 
rib surfaces. A dummy part was made of wood, the aluminum blocks were placed 
in position, and all of the Dapco #38-3 sllicone rubber was poured at once. 

Figure 74 shows the tool with the retaining pressure frame and several of the 
individual pressure mandrels that fit between adjacent blades and ribs. Note 
the sllicone rubber cast around the aluminum bars. The first two rows of 
blades and the first row of cross ribs are in position. The pressure mandrels 
were removed to take the photograph. A densified cross rib, with flanges that 
bond to the lower skin and both blades, 1s shown in the upper corner. 

Figure 75 shows the long continuous blade section being hand formed to the 
tool. Note the use of a heat gun to soften the densified material and assist 
1n the forming operation. 

Figure 76 shows several mandrels in position. The panel skin, first blade, 
and a half section of a rib are clearly visible. The first half of the second 
blade will be folded against the exposed side of the second row of mandrels 
after the next mandrel section is placed in position in the foreground. 

Figure 77 shows the two flanges of the cross rib folded against the two 
pressure mandrels. 

Figure 78 shows all blades and ribs in place, and all mandrels are in place 
except the last full-length side pressure blade mandrel. 

After this operation, an overall metal pressure plate was located in position, 
a vacuum bag was sealed over the assembly and the panel was cured in the auto- 
clave. 

Results of Panel Fabrication 

Figure 79 shows the completed panel. It was of overall acceptable quality and 
demonstrated the feasibility of this concept of wing skin design and manufact- 
uring. 
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TASK 5.   HONEYCOffi BLADE STIFFENER 

5.1   AImainum Block Tooling 

^rÄtTo'^v^^ii?"of the f frst honeycMi> M
* •""** 

® 3/4-inch aluminum plate for outer skin surface 

® MÄ'airjKj'äT*tapered outer surfäM fw «*** <*«•' 
© Aluulnun. caps for a bridge between the altoln» blocks. 

II     sysrs contaÄÄoT ^&mr ?e ♦* surfa« 

^„??orÄ7eVl£S &^rP^«s^^t^«ÄT.«ijjssj ass ss xr«s- 
- ( IStteSnenPr

kth09 '•" F19ure 80' was lay«! "P as a 32-ply 0° + 45»   90° 

and lower eTges stälfted* tthJOS^^TE* 
CUt t0 s1zfc?1th the W 

up as 80-pTy 0- pane s and densif^d X ?&&? .,2£.UppeP "P* ® were Ta*ed 

S'fSS ZeTtir -"-S^dtX^S6?^-?^, 'curdle ft6 

capYw   e 
P dee7by Ä'tlE sTnY™^ °H 

P°°r qua]?ty«   All'reSning 
the cap reinforcement S) to Itl* fL"*] ?n.the^"toclave and then triming 
to the edge of thfsynticti? lofmVJn?*6ZTed Cap^ Were seco"dari ly bonded 

<Z> were layed uas J?f o* fibe? oatJern n£ JST°-5*   The Tower doubTers 

tapered edges and denif ied at U$l L ?«r the. Engmeenng drawing with 
The lower oensined at 250 F for 10 minutes under vacuum pressure. 
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?™eru4®*wer?uIo!:ated lnt0 Position on the densiffed outer skin 6)    The 
-. to   Tioer pattern fiat skins and denslf fed.   The (5)inne*« «Hn w»c *.,,+ 
s 52 Mi tnt ?a T an9ie °n a f°™ b^k. ^©TKNkiriJlrt to size and bent to a channel wfth 90° flanges on another fora block    The 
iTlV*i condjt1on <* the material allowed the detafIs to ?£afn fhefr nlw 
Ä sk Span's ^(SVTXr-y The <P f0med fnnerJfr™ Pt"2 Sn the cS-IL   lu' and £5? ® t00] b]ock was P^c«1 over the © skfn.   A laver of 
22ViB1cwfffi d1tSa?TTredTh°?,eKaCh b0niin9 KSlde of Vherefn>o?cXrn?y- thelowerSIML.% 

deta1Ts-, This honeycomb subasserably was then placed over xne lower doubter Ul and agafnst the outer skfn (§) of the blad*    TH« fZm*A 

Jn^hf SfVK",® Lnd $ß?ttnued t0 *>™ the fnner ® sideBneycomb skin 
skin Snd^^ncS1^6*. The ®u *?oTir}9 b]ock was locatedMn place oSeftte © 
a«LS?M ?J ^*Jhe^°nfycorab bTade-   The s*00"* honeycomb blade was ^ 
?^rJed 1n !? Mentfcal manner.   Aluminum upper pressure plates  06) were 
located over the edges of the ® and (9) toolfng blocks.   Thfs Intffe 
tSSEZ lil J°Vered Wfth a Tay*r of A^a1on separatorcot™ eight layers of 2£S^9 feeder paper, and placed under a vacuum bag.    (See Figure 81 )   The 
B^Sw^SterJll!" aUt0CUVe US1R9 * St3ndard CUre ^'efK ^rLThe 

Results of Panel Fabrfcatfon 

bläsarelaafve^E^^^hProdUCed a p00r quaIity Pane7'   Th* location of the oiaaes relative to each other was not accurate.   The oualftv «f fh«. «Hn „„Z 
25nü?le$ wf "nsati?^tory.   The tapered b?ade tools d^nol s ?de        "^ 
RtJC J^Iüti"! q"a11ty 0f tht skin over the honeycomb showed areas that had 
nnS l?^eSSTu dunng cure*   The <J"«»ty of the blade upper double? caS was 
good^nly on the caps that had been precured and were secondarfly bonded fn 

5.2   Alumfnum wfth Cast Sflfcone Rubber Surface Tooling 

I?iffeS"p9aS^sis?edfac^Cat10n °f the ""* "rUs 0f *-**+ »«* 

(A)    3/4-fnch alumfnum plate for outer skfn surface. 

®     lÄ™ 5J°Ck? with an aPProx^ate 1/2-fnch coverfng of sflfcone 
rubber on tooling surfaces (similar to Section 4.4). 

©     Aluminum caps for a bridge between the aluminum blocks. 

I5!*bIa^ sWe of *he too"ng was fabricated from aluminum blocks (l) with a 

JSno   J     bl?fu ??d bTade skin sur^ces.   These blocks were supported In a 

mcklp. C°ne t0 the aTun,1num bTocks and t0 relea:* from the wooden 
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tauf» ... «jAStatiAX^^^jryfirtx1' 
Results of Pane? Fabrication 

S*ftKÄSi'Sa(G*3'1tgr1jKj<g[fist "»•—"■ w 
necessary comactlon.   Jn oS *nJ ?L*&„!S06!^? R™««»^ to obtain the 
tooling did Sldt t! obtalScoraactJon   S C5iJlIa? s"ffener$ «*•»* the 
distorted the thick rubber cJoTSfST'thS ™ TST rubber exPand«* and 
skin between blades w« of gill ^Imy^ ' Pr°perTy'   The outer 

5.3   Solid Aluminum With Trapped Rubber and Retainer Frame 

&ö W£^^ «*» of honeyed blade 

® 3/4-Inch aluminum plate for outer skin surface. 
(D Solid aluminum blocks. 
© Slllcone rubber side pressure mandrels. 
(jj) Metal retainer frame. 

eachVide of ihe assS Ss £3 SSt"^ t0T
a   °" tM ina>" <* *P<>" on 

precored an« bondÄhetneyS' effi|,T Ä ?KiJofÄff »™ 

edge of the precured UDM? Snt     fw JI       o? .1eta) s> f0'de(< °ver the *>P 
was achieved" was to Stain a'bettir hJÄ",!3 N°teJ   The °bJ«t've. whfcfi 
slltcone rubber blocks betwM„tb»L^U° "e Wer "P-   Finally, the 
to obtain the side compact"™ oressS"    ThV"!'?" reta ner fraM *™ "»d 
na» bag and cured oy? rtaXd'autocl™ SS!'^     " "** ' "*""' 
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Results of Panal Fabrication 

ply thickness pertinent to th?s section^"" 0" "*"" contour "* """-"I 

F^rt 85 sho«s en end »,ew of the det.il of the honey«* Mod. sti,„ned 
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TASK 6 - ORTHOTROPIC ISÖGRID STIFFENED PANEL 

ÜOiuÜffi** stiffened PaneT was designed as a failsafe concent for a fusela«* 

Wüü unidirectional tape, and an 87-ply isogrld stiffened confiouratlon    Th» 
stiffens were made from both unidirectional and b woven 5208/S    The 
general construction is shown 1n Figures 86 and 87. 

Jr!Sffnn du^*f°9Hd panel was made to the dimensions on the Englneerlna 
£S^«a(J t13F? " t5e W00df? dunBI,y Part H shown «" Figure 88J9 
JE*^"3 h*9h tf^ature slUcone rubber casting compound was mixed 
toll with calt^Ll? JJ?!h

M0?den i"^ part*   Th1s9was ?o Ske the rubber ™ ♦ f      Ce?s for the 1s°9r1d structures.   After a cure of 24 hours at 
2£l«TJratur\and

J
two hours at M0°F« t"e casting was removed from the wooden dummy part and post-cured for two hours at 250»F andfour h™s at 

SK't^B.?400 Ä Was then spfayed onto the rubber casing and cl?ed at 350°F to obtain a permanent release surface on the tool. 

hSn21fIiH?ril,*t2rfal was PreP"ed *»> three layers (0° tape, 0» tape, 0/90«» 
* stMnf    £h   aüd E6™? C«"P«*«I«   The preplled material was cut Into 
\ £ipS,ThS! inf5 ?idel t0 be ]aid 1nt0 th* stiffener slots of the rubber 

Jroper 2IT üttJtÄiH**}? ^e strips were tried to obtain sir ijs of the I proper size, with parallel sides and 1n a reasonable amount of time: 

h   tr?utbtSf„2^n2/Ka3ned/eri sood quality, but the time needed to cut the number of strips In the part made this method Impractical. 

2. Water jet cutting would not give the quality that was necessary    The 
£&!FS S9 narrow,to b?cut *"» wy. The jet ItSS JITfeThe 
portions of the strip down into the table. ^ 

3. A band saw with a fine toothed rigid blade was the best method to cut 
the isognd structural plies of densif led carbon laminate    A stack 
by I shlnftK nälV? Cut*\<>™*™'   The wSdKs^Vcottnt oy pushing the material against a fence.   The quality was conaarable 
to a razor cut, and the efficiency in cutting 2as far better? 

i5?HSIr*fpS Were ihfn Iaid int0 the s7ots of the rubber tool.   One strlo was aid into each slot running across the width of the tool.   Then onfstr^was 
22Ä ea.°-T°I ,the an?Ted s]ots* one «section at at me.   "his procedure 
^?AZ"^£V&nT? Ta1d inl°- eaC5 Slot'   The woodenSdESepart tSn Aant%-L     /     er tooT for compaction of the stiffeners.   The part was 
IrJlJie"s1fled under vacuum at 200°F for 10 minutes.   The preplied stacks were 
SS il *-e   ^deS"^here the stn'Ps were overlapped duriSgthe dSJlf 1- 

5taK s?ze.S0V*45',) SHn "" Uyed "P and C0"Pactetl «'«'"■ »cum and 
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O  UNlD((?ecrrOMAL TAPE  I 
O  UNIDIRECTTON^L TAPE  K0,,© 0/9aJ 

0/90  BIWOVEN   CLOTH    I a* 

- L i 

i 

0,9o,±4S UMn^j 
o,9q±45 
oy9q±45 
±4^90,0 
14-5,90,0 
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FIGURE 87. CROSS SECTION DETAIL OF ISOGRID RIB 
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Aluminum angles were welded into a fran* with «..M. .U 

.«rf.cs to be expo«, to'tS^VrM iK'SoS £!StT 

surface.   Figure 91 shows thl «r.m<«L .   t elwen the ^"P and the tool 
Plate with the graphite lam1na?i sk?il"9U fra» ««»«» on the skin tool 
Wup strips in place, w« Wtld !J ifil&   Th« "^ tool, with IsogVld 
framed tool.   This assembly III IUCTA ,,J    6d 0n the dens^ed skin In the 
autoclave by a «J^^tfffi,;^ SffiJ >%?,< the" c^d ^ an 

Results of Panel Fabrication 

POS 5Ä'ÄeSSS?JSRÄ p,£-„JsV
n<Vnd the sH« •»«• *- 

parallel for a conyresslon test Thl'„„I«? ends 5ave been «chined flat and -jy^ta- »„«ä »ä°.ä JK^MW 
Rework of Test Panel 

?h?unXgXoVft1ohn oTtte'oLtw^f '"It 5he Vrst concession test. 
and made rlädy for rLofk>ShJfWaS seParated (cut) from the brok 
«tin wf ve) a'ng^Ä 
Tayer of FM-300 adhesive film to «h*I<5 f !      -45° fiber pattern, with a 
and the skin.   (See Figure 93.) 1n * SUper1or bond between the isogrld 

seah!e93 S'SrSl^iSS "til ^ m StretChed ac™s *• Panel and 
free of wrinkles !*"£?■ J^^%?IS"« and the ba9 Wretched, 
clave under standard condition?    T!-?' I   

e an?Tes were cured In the auto- 
cutlng material"'* th^^ "1th epoxy 
compression test. nrachlned flat and parallel for a second 

Results of Rework 

of acceptable quality.   proPer]y and produced angles free of wrinkles and 

•1 
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FIGURE 93.    ANGLE REINFORCEMENT FOR ISOGRID ATTACHMENT TO SKIN 
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DISCUSSION OF RESULTS 

* I early stages of S oroarm    Th?lInJÄ*of«poor «I««"** particularly In the 
T| Jn-prSved w«h the* ftfflSt&„ 2iSLfStS^1^!S6!S, jj"<* tooling JoncepSs 

* j tasks, almost all of the pan-Is were*!!? good^lHy.     ' dUr1"9 the 1ater 

Hat Stfffeners 

of high ,ual,ty as ,on9 as «J wer«Mlt'Jh'ckn'e»««^™oTÜ'iSlh?15 

(regufred 5 »achlred f«,!e sSe'tooT.re the SihlfiS.* S^"" 
nargfnal.   it was difficult to Insure a SMI of Si »^.'"V the ^xess *»« 
extruded sn.core mndrels threuSKut\„eX,e£ X£ Slle?1""1 the 

development In this area. expected with further process/tooling 

"J" Stfffeners 

The process described In Sections 2 3 bud n ? *B„ n u 
carrying »J* stiffened DaneTs 25 *tli^S      '} for ll9ht and rnedtura Toad 
good quality parts?   fhefeils no dlffteSÄ 1«V^Pfatf57e Process for ■»"■* 
although care must be tafln ?o Schill 22 US Tabr caUon <* these parts     9 

the proper dimensions. and Cast the fnner Pressure tools to 

"I" Stiffeners 

The process described in Section 3.3 for a sine wave »r» «M^A 
reliable and repeatable process for mark.L hJl „*,A   st1Ifened Panel was a 
and processing Concept wks thf saSe S thJ'-i^BJ"*? partS'   The too]1n9 
no difficulties in fabrication   JS «L IL,     stiffe"ed Process-   There were 
cast the inner pressure too is Care mit be taken to mchi™ and 

Solid Blade Stiffeners 
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*     The process described In Section 4.6 for a blade and cross rib stiffened panel 
was only used once. There were no problems In the fabrication of a panel of 
n]9n quality. The soft slllcone rubber mandrels allowed overlaps In the layup 
of skin with no fabrication probleas. There were a large nusöer of Individual 
cast silicons mandrels, but there was no requirement for close tolerance 

^     expensive machining. The tooling costs were considered moderate. 

Honeycomb Blade Stfffeners 

The process described In Section 5.3 for a honeycomb blade stiffened panel was 
a reliable process that offered minimum fabrication difficulty and made panels 
with repeated high quality. Tooling concepts and cost and panel lay-up 
tolerances were the same as the solid blade stiffened panels. The steps of a 
precured cap, prebonded to the honeycomb, added cost to manufacturing but 
presented no fabrication problems. 

Isogrld Blade Stiffener 

The process described in Section 6. for an Isogrld blade stiffened panel 
produced a single panel of good quality. The tooling, although requiring a 
dummy part, was a simple large single slllcone rubber casting with rnatal 
holding frame. The hand lay-up process was very slow and thus expensive. The 
design concept does lend itself to automation, and the blade stiffeners could 
Krobably be, with development, filament wound on a reliable and economic 
asis. Additional attach angles, as applied as a secondary rework operation, 

seemed mandatory, to develop the desirable panel strength properties. 
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