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ADVANCED MANUFACTURING DEVELOPMENT OF A COMPOSITE 
EMPENNAGE COMPONENT FOR L-I0ll AIRCRAFT 

F. Alva 
G. Brozovic 
B. Carll 
R. Eudaily 
J. Henkel 

PHASE IV FINAL REPORT 

BY 

SUMMARY 

A. Jackson 
R. Johnston 
B. Mosesian 
R. O'Brien 

This is the final report on Manufacturing Development (Phase IV) conducted 
on the Advanced Composite Vertical Fin (ACVF) program. The significant elements 
of this program phase include the manufacturing and tool engineering plans, 
tool manufacturing, production tool proving, component manufacture, cost anal­
ysis, and quality control functions. 

The manufacturing and tool engineering concept concentrated on develop­
ing an economical plan to manufacture three shipsets of the ACVF. The tool 
manufacturing used the tool engineering and manufacturing plan to produce 
production quality tooling and to develop data necessary to produce tooling 
capable of manufacturing graphite composite primary aircraft structural 
parts. Production tool proving was used to refine the manufacturing process 
specifications, as well as the tooling components, to provide flight-quality 
hardware. 

Component manufacturing provided the necessary technical data to develop 
manufacturing cost analyses to update production cost projections. Enough 
components were produced to assemble two complete ACVF's. These components 
were manufactured in a production environment using production tooling in 
accordance with process bulletins and specifications. 

The recurring costs analyses were updated and evaluated during this 
program phase. The Quality Control organization maintained records demon­
strating traceability of materials and parts and provided ongoing manufac­
turing support by conducting and documenting nondestructive inspections and 
quality assurance and control tests. 

INTRODUCTION 

This ACVFprogram is part of the Aircraft Energy Efficiency (ACEE) 
Composite Structures Program. The broad objective of the ACEE program is 
to accelerate the use of composite structures in new aircraft by developing 
technologies and processes for early progressive introduction of composite 
structures into production commercial transport aircraft. This program, 
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• What is the range of production quantities that can be expected for 
components manufactured under conditions similar to those expected 
in production, and how realistic and effective are proposed quality 
levels and quality control procedures? 

• What variability in 
quality components? 
variability'? 

static strength can be expected for production 
Are the margins sufficient to account for this 

• Will production quality components survive extended-time laboratory 
fatigue tests involving both load and environmental simulation of 
sufficient duration and severity to provide in-service confidence? 

Ten static strength tests have been conducted and twelve durability 
tests are being conducted on each of two key structural elements ,on ,the 
ACVF. One element represents the front spar/fuselage attachment area, and 
the other element represents the cover/fuselage joint area. Two of the 
covers and two of the spars are being durability tested at strain levels 
1.5 times those in the basic program comparable to strains used in primary 
structures such as horizontal stabilizers and commercial airplane wings. The 
satisfactory completion of these tests would permit a production commitment 
to be made without performing long term flight service testing and evaluation. 

Ground tests will be conducted on one full-scale tin box beam structure 
mounted on simulated fuselage support structures during Phase V. The test 
plan will include static ultimate load, damage-growth test to one lifetime 
and fail-safe tests. Inspection and repair techniques for in-service main­
tenance will be employed throughout the tests. Test results will be used 
to verify the analytical, design, and fabrication procedures, and are 
essential imputs to the FAA for certification. Certification will be based 
on satisfying both static strength and damage tolerance requirements. 

Throughout this program, technical information gathered during perfor­
mance of the contract is being disseminated throughout the aircraft industry 
and to the government through quarterly reports that coincide with calendar 
quarters and final reports at the completion of each phase. All test and 
fabrication data are being recorded on Air Force Data Sheets for incorpora­
tion in the Air Force Design Guide and Fabrication Guide for Advanced Com­
posites. Oral reviews have been conducted to acquaint industry and government 
with progress of the program. 

Use of commercial products or names of manufacturers in this report does 
not constitute official endorsement of such products or manufacturers, either 
expressed or implied, by the National Aeronautics and Space Administration. 
Measurement values are stated in SI units followed by customary units in 
parenthesis. All work was performed using customary units. 
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The stiffener is built up of two 5-ply segments with a 10-ply segment 
sandwiched between them in the crown. A short segment of eight doubler plies 
is added only at the root end to stiffen the side walls for shearing out the 
crown loads. Internal clips consisting of two plies at ±45 degrees are added 
to prevent peel. 

1.2 Ribs 

The eleven ribs fall into three basic categories: The two lower ribs 
are actuator ribs, the next six are truss ribs, and the upper three are solid 
web ribs. 

The actuator ribs consist of a partial solid graphite web at VSS 90.19 
and a combination solid graphite web and graphite cap aluminum truss rib at 
VSS 97.19 shown in figure 7. The solid web is a l6-ply layup (+45iO/-45/902/ 
-45/0/+45)s. The sides adjacent to the covers are flanged to provide part of 
the skin attachment. Additional cap is provided by a C-section consisting of 

;a 19-ply layup (±45/90/ i 45/0/±45/03)s. This cap extends the full length on 
VSS 97.19. The forward portion of this rib consists of the graphite epoxy 

I C-section caps and aluminum cruciform extruded truss members. The truss rib 
caps are C-section caps consisting of 19 plies with the same layup as the 
VSS 97.19 cap. The truss members are again aluminum cruciform extrusions. 
A typical truss rib is shown in figure 8. 

The solid web ribs are a sandwich design. The fin box becomes too 
shallow near the tip to use the truss design efficiently. The most cost­
effective design is one without stiffeners. Because of the size of the rib 
web, an all graphite-epoxy shear buckling resistant design would be heavy. 
Thus, a syntactic epoxy core is used. Syntactic enoxy is an epoxy system 
filled with glass microballoons wnlcn has about half the density of graphite­
epoxy. The face sheets consist of seven plies laid up as ±45/0/90/0i*45. 
The edges around the core are graphite epoxy laid up as ±45/0 2/±45. The 
uncured syntactic core is 0.95 mm (0.0375 in.) thick and compresses down to 
about 0.76 mm (0.03 in.) during cure. The configuration of the solid web 
rib is shown in figure 9. 

1.3 Spars 

Front and rear spars have been designed to comply with overall program 
objectives of providing at least a 20-percent weight savings over the metallic 
design, while maintaining production costs and ensuring structural and func­
tional interchangeability with the baseline article. 

The design concepts selected are the graphite<-epoxy configurations 
shown in figures 10 and 11. The front and rear spars are similar in shape 
and size and are basically one-piece components with rib attach angles. 
stiffeners, caps, and webs integrally molded in a single co cured operation. 
The front spar cap forward flange. rear spar cap aft flange. and the fuselage 
joint areas have been configured to interface with the existing metallic 
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Only slight pressure at the tip end was necessary using shot bags to cause the 
faceplate to lay to contour. Portions of the tubular framework of the tool 
were used as vacuum manifolds. Vacuum outlets were installed in the faceplate 
around the periphery of the cover assembly. Permanent-type thermocouples were 
installed on the underside of the faceplate. 

Inflatable molded rubber mandrels (open to autoclave atmosphere) were 
developed and fabricated by }1anufacturing Research to provide internal 
support and pressure application for the cover assembly hat stiffeners 
against the tooling hat caul plates. Cover assembly hat stiffener caul 
plates were constructed by hydraulically formed sheet steel. These cauls 
were located on the bonding fixture in proper relationship using machined 
steel spacer bars between the cauls at every other rib station as shown in 
figures 14 and 15. 

2.1.3 Tool proving.- Some of the more significant problems encountered 
during the production of full-scale tooling for the cover assembly program 
are discussed below. 

2.1.3.1 Expansion and contraction differential: Examination of the 
bonding fixture during removal of the vacuum bag and bleeder system of a 
cured cover assembly indicated a differential of expansion and contraction 
existed between the composite part and the steel tool during the heat-up and 
cool-down of the autoclave cure cycle. It became evident the cover assembly 
and tool expanded approximately 9.65 rom (0.38 in.) at 4l2K (270°F). After 
cure, the tool contracted to its original length leaving the composite part 
9.65 mm (0.38 in.) longer than the tool peripheral cauls permitted. This 
made it necessary to design and construct tool details that could control the 
periphery of the part during the cool-down cycle and would permit movement 
under slight pressure preventing part damage. In the case of the cover assem­
bly, it was necessary to locate and fasten the bonding fixture root end caul 
plate with tubular rivets, which would shear during cool-down. When calcu­
lating expansion factors for graphite composite components this lack of con­
traction must be accounted for. The degree to which contraction occurs is 
directly affected by the graphite fiber orientation which varies from one 
part configuration to another. The effect of ply orientation on the thermal 
expansion is shown in figure 16. 

2.1.3.2 Bleed resin adherence: A condition which did not directly 
affect the cover ass.embly, but proved to be a driving factor in increasing 
tool turnaround time, was bleed resin adhering to the bond fixture details 
during the cure cycle. The hat caul locating spacer details were exception­
ally difficult to remove during the debagging process and, when removed, 
caused deformation and damage to the spacer locating pads on the hat caul 
plates. This made it necessary in some instances to set up all the master 
tooling templates on the bonding fixture and repair, relocate, or replace 
many of the spacer locating pads. 
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In addition to the standard application ot an aerosol air dry multicycle 
halogen release system, which was originally applied to the tool and tool 
details, a system was needed to reduce the adherence of bleed resin. After 
testing several systems it was found that applying a baked-on Teflon-like 
coating to the tool details with a final coat of the halogen release system 
significantly reduced man-hours and turnaround time necessary to prepare the 
bonding fixture for a subsequent layup. 

2.1.3.3 Graphite compaction: Dimensional inspection of the completed 
cover assemblies revealed the hat stiffeners had a tendency to drift out of 
proper location during the cure cycle. This was due to the cover assembly 
being laid up in a female tool with the hat cauls on top of the skin plies. 
As the skin plies were compacted during vacuum debulk and cure, the radius 
of the skin became larger. This caused the hat-locating details to have 
gaps between them allowing the hat cauls and hat stiffeners to shift during 
cure, figure 17. To reduce the effect of this condition, shims were placed 
between the spacer bars and the locating pads on the hat stiffener cauls 
subsequent to each vacuum debulk operation while the hat stiffeners were 
located on the skin layup, figure 18. 

Although the theory was never proven due to restrictive autoclave avail­
ability schedules and out-time of material, it was the opinion of Manufactur­
ing and Manufacturing Research that additional accuracy of hat locations after 
cure could be achieved if the layup was pressure debulked at ambient tempera­
ture in the autoclave and subsequently reshimmed. 

2.2 Manufacturing Process Description 

2.2.1 Covers.- The cover assemblies consist of the skin plies, 
doublers, fillers, and hat stiffeners that are laid up manually and cocured 
as follows: 

• Cover fillers: The cover fillers are laid up in sheet size and 
trimmed to net size per a layout template. Each filler shop order 
produces one cover assembly requirement of fillers, which are identi­
fied, packaged, and stored in the freezer. The fillers consist of 
10 and 18 plies, oriented at 45 and 135 degrees, alternately. The 
root end fillers are step tapered and contain eight additional plies. 

• Cover hat stiffeners and reinforcing straps: The cover hat stiff­
eners are laid up on layup blocks using four preplied groups, fig­
ure 19. The hat stiffeners are then trimmed to net width using trim 
templates (ATTs). They are then identified, packaged, and stored in 
the freezer. The reinforcing straps are also preplied, trimmed by 
hand, and B-staged (B-staging is defined in process improvements). 
The preformed straps are identified, packaged, and stored in the 
freezer. The straps consist of a 45-degree and a 135-degree ply 
and are shown in figure 20. 
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Ply no. 21 (45 deg) 
Ply no. 22 (135 deg) 

'---- Ply no. 23 (45 deg) 
1---- Ply no. 24 (135 deg) 

1---.,...-- Ply no. 25(135 deg) 

1------, Ply no. 26 (45 deg) 

'------- Ply no. 27 (135 deg) 

'--------' Ply no. 28 (45 deg) 

4th stack root end doubler 

135 deg 

I nstll II ed position 
ply orientation 
is normal 

3rd stack 
crown buildup 

, Plies no. 5 & 20 (45 deg) 
Plies no. 4 & 19 (135 deg) 

, Plies no. 3 & 18 (0 deg) 

Plies no. i & 17 (135 deg) 
'---- Plies no. 1-& 16 (45 degf 

1 st prep lied stack - plies 110.1 thru 5 } T 
2nd preplied stack - plies no. 16 thru 20 yp 

Figure 190 Hat stiffener prep lied stacks. 
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Figure 22. - Typical hat/skin assembly cure stacking arrangement. 

2.2.4 Process improvements 

2.2.4.1 Process procedure changes: Recurring problems with nylon 
vacuum bag pinholes and bag ruptures due to bridging prompted consideration 
of methods to safeguard against these failures. The use of a double-bag 
techinque was selected as the most appropriate approach to the problem. In 
this technique, the first vacuum bag was installed after bleeder stacking was 
completed by the normal practice used on previous cover assemblies. This 
operation was followed by application of two plies of nexus breather material 
over the entire surface of the first vacuum bag. This was followed by instal­
lation of the second vacuum bag, which was sealed beyond the periphery of the 
first bag. This was followed by the installation of four vacuum fittings con­
sisting of a vacuum plate beneath the second bag with a pipe extending from 
the vacuum plate upward through the vacuum bag. The pipe was sealed to the 
outside surface of the vacuum bag. Individual vacuum lines were hooked up to 
quick-disconnect fittings at the end of each pipe. In this manner, vacuum 
pressure was applied to the second bag by vacuum lines independent of the lines 
used to apply vacuum to the first bag. The double-bag technique presented a 
fail-safe feature in that, if one bag malfunctioned, the remaining bag was 
available to permit completion of the cure. During cure, both bags were 
vacuum-leak checked and checked again at 345 kPa (50 psi) and at 586 kPa 
(85 psi) which readily satisfied all leak rate requirements. The entire cure 
cycle was completed without any indication of bag failure or loss of pressure. 
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