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SUMMARY 

The U. S. Army Materials and Mechanics Research Center (USAMMRC) 

has recognized the potential benefits that could be realized in manufactur- 

ing aircraft components on a new type of tool, a Hot Layup Tool (HLT). 

Accordingly, AMMRC awarded Hughes Helicopters (HH) a development 

program to investigate this improved manufacturing technology. The 

contract (DAAG46-74-C-0100) included the development of a tool, fabri- 

cation of the upper fairing of the OH-6A helicopter and its evaluation in 

flight. Another requirement of the contract was the application of 

Kevlar-49 in the fabrication of typical airframe components and determi- 

nation of its associated producibility characteristics. The HLT is a low 

cost tool fabricated from wire-reinforced concrete matrix cast with copper 

tubing for alternate heating with live steam and cooling with cold water to 

achieve a rapid cure cycle for composite layups. It is nickel-lined for 

permanence. 

The program resulted in a reduction in manhours for fabrication of the 

fairing of approximately 70% (10 hours in lieu of 32.2 hours). A large 

portion of this manhour saving was due to fairing design changes in adapt- 

ing it to the process. The use of HLT also resulted in an energy cost 

saving (oven curing vs steam) of approximately $15.00 per fairing. In 

addition, it was determined that a tooling and facilities cost saving of 

$4.14 per fairing would result in a production rate of 250 fairings per year, 

(HLT vs standard plastic tool). These savings are summarized as follows: 

Labor, 22.4 hours @ 20.00 $448. 00 

Energy 15.00 

Tooling and Facilitie s 

(Based on 250 parts/year) 

TOTAL SAVING 

4.14 

$467.14 

The portion of the above saving ascribed entirely to use of the HLT is 

estimated to be approximately $86.34 per fairing 115% of labor A($67.20) 

+ energy saving ($15.00) + tooling and facilities savings ($4.14)] 
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SUMM ARY 

The U. S. Army Materials and Mechanic s Re search C enter (USAMMRC) 
h as recognized the potentia l benefit s that could be realized in m anufactur­
in g a ir c raft components on a new type of tool, a Hot L ayup Too l (H LT). 
Accordingly, AMMRC awarded Hughes Helicopters (HH) a d e velopment 
program to inve stigate thi s i mproved manufacturing t echnology. The 
contract (DAAG46-74-C- Ol OO ) in clud ed the development of a tool, fab ri­
cation of the upper fairing of the OH - 6A helicopter and i ts evaluation in 
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fai rin g of approximately 7 0% (1 0 hours in lieu of 32.2 hours). A large 
portion of this manhour s a vin g was due to fairing design changes i n adapt­
in g it t o the process. The use of H LT also resulted in an energy cost 
s aving (oven curing vs s te aITl ) of app roximately $15.00 pe r fairing. In 
addition, it was determined that a tooling and facilities cost saving of 
$4. 14 per fairing would r esult in a production rate of 250 f a iring s pe r year, 
(HLT vs standard plasti c tool). T hese savin gs are summari zed as follows: 
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This program also successfully applied Kevlar-49 cloth, replacing the 

standard E glass used in the existing fairing. Methods were successfully 

developed for drilling, routing and sawing Kevlar-49. The fairing assem- 

bly was judged equal to the standard fairing during handling and flight test 

evaluations. In addition to the part design revision, tooling development, 

and flight test, a materials strength evaluation was made and a total of 

nine fairings were manufactured, of these, five were flightworthy. 

Substitution of the Kevlar-49 for fiberglass as the primary material for 

the fairing reduced the fairing weight 0.67 pounds (3.89 lb vs 4.56 lb) but 

increased the material cost approximately $53,00. This results in a weight 

saving cost of $79.10 per pound of weight saved. This cost per pound of 

weight saved would not normally be considered cost effective by HH. 

The details of the program development are described in this report along 

with the rationale for the cost effectiveness estimates described above. 

Dr. Bernard Halpin of AMMRC was the Government technical advisor and 

coordinator for the program. 
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INTRODUCTION 

A.dvanced composite materials have been given more and more emphasis 

in recent years because of their versatility and potential weight and cost 

savings . This has led to a steady improvement in composite design and 

manufacturing techniques. Hughes Helicopters developed a new technique 

for assembling and curing composite structures called the Hot Layup To01 

(HLT). This resulted in a contract award from USAMMRC in Watertown, 

Massachusetts, to demonstrate the effectiveness of a low-cost, low-lead 

time, metal reinforced concrete mold (HLT) in the fabrication of an air- 

craft component from the advanced composite material, Kevlar-49. The 

part chosen for evaluation was the engine inlet aft fairing on the Army 

OH-6A helicopter (Figures la and lb). 

The detailed scope of the program was: 

Design and fabricate a low-cost, low-lead time Hot Layup Tool 

on which to build the fairing. The tool has a metal face to facilitate 

part removal, and incorporates integral heating and cooling 

capabilities. 

Fabricate the OH-6A engine inlet aft fairing from the advanced 

composite Kevlar-49. 

Develop the techniques on small samples for machining, drilling, 

trimming and cutting Kevlar - 49 epoxy needed to fabricate the 

inlet fairing. 

Fabricate nine fairings. 

The first four were for contractor evaluation. 

The remaining five were flightworthy and complete in all 

hardware details. 

One of these five was flight tested on an OH-6A.. 

Deliver all assemblies, including the one flight tested, to 

the Army. 

Submit a final renort. 

Hughes Helicopters 

I N T ROD UCTIO N 

Advanced cOITlposite materia l s hav e been given ITlor e and n"lo r e e mphasis 
in recent years because of their v e rsati lity and potential w e i ght and cost 
savings . This has le d t o a st e ady iITlproveITlent in cOITlposite design and 
manufacturing techniques . Hughe s Helicopters deve l oped a n e w technique 
for asse ITlbling and curing compos i te structures called the Hot Layup Tool 
(HLT). This resulted i n a cont r a ct award from USAMMR C in Wat ertown, 
Massachusetts, to demonstrate the e ffectivene ss of a l ow - cost , low-lead 
time, =etal reinforced c onc r ete mo ld (HLT) in the fabrication of an air­
craft cOITlpo nent fr om the ad van ced c omposite materia l, Kevlar-49 . The 
part c h ose n for evaluation was the engine i nlet aft fairing on the Army 
OH-6A h e licopter (Figur e s l a a nd l b ). 

The detai led scope of the pr og ram was: 

• Design and fabricat e a l ow - cost , low-lead tiITle Ho t L ayup Too l 
on which to build the f a ir ing. The tool has a meta l face to facilitate 

part remova l, and in c orporates integral he at ing a nd cooling 
capabilities. 

• Fabricate the OH- 6A e ngine inlet aft fairing from the advanced 
compos ite Ke v lar - 49 . 

• D e v elop the techniqu es o n s ma ll samples fo r machining , d ri lling , 
trimming and c utt i n g Ke vlar -4 9 e poxy n eeded to fabri c at e t h e 
inlet fairi ng . 

• Fabricate nine f a irings . 

The first fou r w er e fo r contractor evaluation. 

The renna ining fiv e w e r e flightworthy and compl e t e in all 
hardware deta i l s. 

One o f thes e fiv e was flight te s ted o n an OH- 6A. 

Deliver all a sse mblies , including the one flight te s ted, to 
the Army. 

• Submit a f i nal r e po rt . 
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Figure la. Kevlar-49 Fairing on an OH-6A. 

Figure lb. Kevlar-49 Fairings Fabricated in HLT. 
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Figure lao Kevl ar - 49 Fairing on an OH- 6A. 

Figure l b . Kevlar - 49 Fairings Fabrica ted i n HLT. 
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The program was broken down into ten tasks for easy monitoring and 

reporting. Figure 2 is a pictorial summary of the major tasks that made 

up the total program. 

The program started by determining the stress allowables and core thick- 

ness in Kevlar-49 /Nomex homeycomb structures by testing coupons 

representative of the facing and core configuration intended for use. The 

fairing was designed to use Nomex core and Kevlar-49 facings. The 

HLT was designed and fabricated from nickel-faced reinforced concrete. 

Copper tubing embedded in the concrete gave the tool an integral heating 

and cooling capability. Nine fairings were manufactured. The sixth 

fairing was installed on an OH-6A to assess serviceability by flight 

testing. A thorough trim and drilling evaluation was conducted late in the 

program. The delay in performing this task was due to difficulty in 

procuring the recommended tools. The cost effectiveness study was 

finalized using manufacturing data recorded throughout the fabrication 
of the fairings. 

This final report together with delivery of nine fairings to USAMMRC 

concludes the effort under contract DAAG46-74-C-0100. 
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Copper tubing embedded in the concrete gave the tool an integral heating 
and cooling capability. Nine fairings were manufactured. The sixth 
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FAIRING LOADS AND DESIGN ALLOWA.BLES 

The critical fairing loading occurs in a yawed flight condition combined 

with internal inlet pressure. This is the same condition that designed the 

present OH-6A. fairing. Figure F-l in Appendix F shows the loading, 

shear, and bending moment diagrams. The fairing has been found to be 

critical in cornpressure bending. The design limit loads are: 

M = -42.2 inch-pounds 

P = 5. 61 pounds 

The test panels shown in F-2, Appendix F, were made from an 0.40-inch 

thick Nomex honeycomb and faced with a variety of Kevlar-49 epoxy pre- 

preg cloth. These panels were subjected to bending tests to determine 

bending allowables. See Figure F-3, A.ppendix F, for the loading method. 

Table 1 lists the results of the tests. 

The allowable stress is as follows: 

Mean Value = 14, 743 psi 

3~ (St’d Deviation) = 4, 227 psi 

F = 10, 516 
C 

psi 

u1t 

Other tests were performed using a variety of facings and type of cloth. 

Table F-l, A.ppendix F, tabulates the results. As can be seen, none of 

these variables gave any increase of allowable compressive bending stress 

over the least expensive configuration, one laminate 181 cloth on both faces 

of the Nomex core. The height of the core was sized to withstand the 

applied moment thusly: 

f 42.2 
x 

1. 
5 

_ - 
0. 635 x 

= 
0, 01 

992 1 
C 

psi 

MS lo9 ‘16 = 
9921 

-1 = 0 . 06 
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TABLE 1. COMPRESSIVE BENDING FINAL TEST RESULTS 

NOMEX 
CORE l/8 CELL 
1.8*/FT3 

\ i---A= 1 LAM 181 (.OlO) 

t 

h 

I 1 LAM 181 (.OlO) 

BAGGED SIDE (COMPRESS ION APPLIED) 

p::: h Aor B W;:: 

Config (lbs) (in. ) (in. ) (in. ) (ii. ) M /Inch+ 
fc or f 

t 

lA1 337 0.430 0.010 7. 00 0. 420 72 17143 

lA2 247 0.380 1 7. 00 0.370 53 14324 

lA3 202 0. 342 6, 44 0. 332 47 14156 

lA4 247 0.393 6. 44 0. 383 58 15143 

1Cl 288 0. 420 7. 00 0.410 62 15121 

lC2 284 0. 420 7. 00 0.410 61 14878 

lC3 239 0.420 0.010 7. 00 0.410 51 12439 

:kFor P, M, and W see Figure F-3, Appendix F. 
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"'For P, M, and W s ee F igure F-3 , Appe ndix F. 

6 



Hughes Helicopters 

The radius in the upper corner of fairing could limit the thickness of 

Nomex honeycomb (see Figure 3). However, it was shown that 0. 625- 

inch thick core could be formed into these corners, so this with 0. OlO- 

inch thick single laminate facings of 181 -type Kevlar-49 was selected. 

For comparison purposes, typical composite material properties are 

compared in Table 2. These values are for the fiber with 50 percent 

volume of epoxy resin. 

TABLE 2, TYPICAL COMPOSITE MA.TERIAL PROPERTY 

E-Glass S-Glass Kevlar -49 

Density, lb/in. 3 0.0666 0.0656 0.0468 

Fiber volume fraction 0. 50 0. 50 0. 50 

Unidirectional Properties 

Tension strength, psi 138, 000 163,000 190,000 

Compression strength, psi 138, 000 163,000 40,000 

Shear strength, psi 9,000 9,000 8,000 

6 
Tension modulus, 10 psi 5. 3 6. 3 9. 5 

6 
Shear modulus, 10 psi 0. 52 0. 53 0.22 

tJ Poisson’s ratio 12 0.285 0.285 0.285 

f12 1 Poisson’s ratio 0.098 0. 080 0. 023 

Crossply (k45” ) Properties 

Tension strength, psi 34,000 40,000 16,400 

Compression strength, psi 29, 100 34,400 6,000 

Shear strength, psi 36, 700 12,000 10,000 

6 
Tension modulus, 10 psi 1. 6 1.7 0. 8 

6 
Shear modulus, 10 psi 1.7 1. 8 2. 5 
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FAIRING DESIGN AND ANALYSIS 

The OH-6A aft inlet fairing is a good candidate for experimenting with new 

materials and new manufacturing techniques. It is 35 inches long, 21 inches 

wide, 15 inches high, and its weight is approximately 5 pounds. The stan- 

dard fiberglass fairing in production for the Hughes Helicopters Model 500 

is made of fiberglass and foam construction. 

The fairing is a lightly loaded secondary structure with a relatively large 

surface area and has second degree contours. This fairing is located 

behind the rotor mast above the fuselage. It fairs the aft end of the air 

inlet for the OH-6A engine (see Figure 1) and performs the following 

functions (also see Figure 4): 

Shape and position reduces aerodynamic drag. 

Supplies the mounting surface for two types of air filters: 

inertial particle separator or a barrier filter. 

Scavenge door for the inertial particle separator is installed on 

the right-hand side. 

Contains an air bypass door that serves as an alternate inlet 

when the filter is plugged. 

Mounts one flashing aircraft warning light. 

Contains an integral VHF/UHF antenna in the rear portion. 

Has a static pressure port in the aft surface. 
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FLASHING LIGHT VHF/UHF ANTENNA 

II, 
FILTER MOUNTING 
SURFACE 

/’ SCAVENGE OUTLET 

Figure 4. Functions Performed by the Fairing. 

The fairing was redesigned as part of this program for the following reasons: 

0 Replace foam with Nomex honeycomb to allow better heat transfer 

from HLT to inner skin; see Figure 3, 

a Reduce number of parts, thus simplifying the overall fairing. 

Take advantage of the Nomex honeycomb by incorporating integral 

integral conduits for wires, pressure lines, and control cables. 

a Decrease manufacturing costs. 

Tables 1 and F-l of Appendix F show that l/B-inch cell Nomex has higher 

compressive allowables than l/4-inch cell Nomex, They also show that 

the addition of one or two more laminates to the compressive side of the 
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test samples does not increase the allowables. Commercial 281 

Kevlar-49 cloth was considered for use because of its low cost, but it has 

lower strength allowables than 181 cloth and has a very porous surface 

when cured as a single laminate. Therefore, it was discarded in favor 

of 181 -type cloth which has the following characteristics: 

Cures with a sealed surface. 

0 Gives the highest allowable compressive stress with l/8-inch 

Nomex core. 

Is the least expensive since it requires only one laminate per 

face. 

Has minimum weight. 

These good traits together with the fact that the 0. 625-inch thick Nomex 

can form into the corner radius of the fairing (see Figure 3) determined 

the configuration: one laminate of 18 1 -type Kevlar-49 /epoxy cloth on 

each side of a 0, 62 5-inch thick l/8-inch cell Nomex honeycomb core. 

Prior to the fabrication of the bending test specimens, it was also found 

that solvent-deposited rather than hot-dipped prepreg cloth gave a better 

bond to the Nomex core. *Solvent-deposited prepreg was used exclusively 

thereafter. 

The layout drawing for the new inlet fairing is shown in Appendix A. 

Figure 5 shows a breakdown of all parts that make up the inlet fairing. 

New parts designed and fabricated in this program are the Kevlar-49 

parts; i. e., the fairing skins, filter attach frame, and door skins. The 

Nomex honeycomb (a new part) replaced the existing foam that stiffens 

the skin. The remaining parts are the same as those used in the existing 

fairing: sheet metal antenna, aluminum doublers bonded between the skins 

for rivet and screw edge support, door hinges, and epoxy blocks for filter 

attach bolts. 
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TOOLING DESIGN AND FABRICATION 

The Hot Layup Tool (HLT) is shown schematically in Figure 6. It is a 

female mold that forms the outer contour of the inlet fairing. The cavity 

of the HLT is lined with an electro-deposited nickel skin 0.10 inch thick. 

The outside of the nickel liner has a wire-reinforced concrete backing 

with imbedded copper tubes. The concrete is reinforced with tiny steel 

wires (WIRAND:;). The copper tubes circulate either steam or cold water 

to cure or cool the composite structure in the most expeditious cycle. The 

nickel liner gives the tool a hard smooth surface into which composite parts 

are laid, vacuum-bagged, and heat cured. An insulating blanket around the 

complete tool decreases the heat losses, thus improving the curing cycle 

efficiency and protecting workers from the hot tool. Figure 7 shows a 

schematic of the HLT plumbing system. This heating/cooling system uses 

steam from the factory’s boiler and cold water from the plant’s water 

suPPlY* 

The principal advantages of the HLT are 

Provides a very accurate, highly finished surface to cure parts 

against. 

Reduce cycle time for curing and unloading by using the heating/ 

cooling feature provided by the imbedded coils. 

Uses minimum factory floor space by eliminating the need for a 

curing oven. Further, the tool does not require room to move 

to and from the oven. 

Costs substantially less than core-drilled or hole-cored-and-cast 

metal molds. 

Reduces lead time for fabricating the tool and setting it into 

operation, versus the all metal mold. 

Requires fewer personnel to operate the tool and fabricate 

composite parts. 

The disadvantages are 

0 Steam may not be available 

l Normally would not be cost effective for low production quantities. 

:::TM - Batelle Memorial Institute. 
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The drawings showing the HLT are in the Appendix A. A pictorial HLT 

fabrication sequence is shown in Figure 8. The plastic plating pattern 

was made from existing Tool Masters that define the shape of the fairing. 

Special care was taken to produce a smooth surface for electrodepositing 

the nickel on the pattern, which was the next operation. Copper tubing was 
positioned around the outside of the plated pattern in contact with the nickel 

surface. 

Stacrete #8 cement was used to cover the tubes and nickel surfaces. Then 

533 pounds of concrete reinforced with chopped wire was poured into the 

mold built around the plated pattern (see Table 3 for WIRAND Mortar 

Proportions). The mold was agitated and cured in a wet steam atmosphere 

maintained at 130” F for 24 hours. The plaster pattern was removed and 

the nickel surface was cleaned and polished. The sealing ring for the 

vacuum disphragm and positioning pins for locating the door openings were 

installed. This completed the tool with one exception: To keep on schedule, 

the filter bulkhead positioning fixture was not installed. Instead, the exist- 

ing standard tool was used to position the blocks and bulkheads during the 

cure cycle. 

The finished HLT weighed 816 pounds with overall dimensions: 5 feet long, 

2.5 feet wide, and 2 feet high. The total installation, including incoming 

and outgoing steam and water lines and work area, was 90 square feet. 

Two people could easily work around the periphery loading or unloading the 

tool. 

A record of the time to heat up, cure, and cool down is shown in Figure 9. 

Stabilization temperatures were 304” F for the outer skin and 282” F for 

inner skin. The steam temperature was supplied at 328°F and 80 psig. 

These measurements were made with Kevlar/Nomex honeycomb panels 

instrumented with thermocouples while they were cured in the HLT. A 

typical time-history of the temperatures of the two surfaces, Figure 9, 

measured during the curing of the panels proved that the HLT has an ef- 

fective cure cycle. 

The HLT cure cycle was further evaluated after the fairings were fabrica- 

ted by comparison with the oven cycle. Figure 10 shows two HLT curves 

(X and Y) and one typical oven cure cycle. The HLT curves reflect 100 

psig saturated steam with curve X allowed to stabilize at 308” F, while 

curve Y had the steam pressure r educed to 60 psig at 236O F approximately 

23 minutes into the heating cycle. 
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and outgoing stearn and water lines a nd wo rk area, was 90 squar e f eet. 
T wo p e ople c ould easily w ork around the periphery loading or unloading the 
tool. 

A recor d of the time to heat up, cure , and cool dciwn is shown in F igure 9. 
Stabilization temper atu r es were 304 0 F for the outer skin and 282 ' F fo r 
inner skin. The stearn temperature was supplied a t 328 0 F and 80 psig. 
These measurements were made w ith Kevlar/Nomex hone ycoIT1b panels 
instrumented with thermocouples w hile they we r e cured in the H LT . A 
typical time-history of the temperatur e s of the two surfaces, Figure 9, 
measur ed during the cu ring of the panels proved that the HLT has an ef­
fecti ve c ure cycle. 

The HLT cure cycle was further evaluated after the fairin g s we r e fabrica­
ted by comparison with the oven cycle. Figure 10 shows t wo HL T curves 
(X and Y) and one typical oven cure cycle . The HLT curves reflect 100 
psi g saturated stearn with curve X allowed to stabili z e at 308 0 F, while 
curve Y had the stearn pressure reduced to 60 psig at 236' F approximately 
23 minutes into the h ea tin g cycle. 
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Item 

No. 

TABLE 3. WIRAND MORTAR PROPORTIONS (1 MIX) 

Weight Weight, 

Material Fraction lb Estimated Cost 

1 Cement (Chem 
Comp brand) 

0.248 32. 2 $0.45 at 1.40b/lb 

Water 

Sand # 16 

Sand #60 

Chopped wire 

0.010 in. dia 

x 1.0 in. long 

0. 106 13.8 $0 

0.388 50.5 $0. 73 at 1.45b/lb 

0.191 24, 8 $0.36 at 1.45k/lb 

0.067 8.7 $3.48 at 0.40q!/lb 

Totals 1.000 130.0 $5.02 at 3,86d/lb 

avg 

The thermocouple monitoring the temperature was positioned on the top of 

the inner skin approximately 12 inches aft of the forward fairing flange. 

The heatup cycle in all cases is shown from A to B, while the cure cycle 

from B to C is followed by a cooling cycle C to D. The HLT curing cycle 

was shorter by approximately 50 minutes, The steam flow used was 

measured for curve X by weighing the condensed steam on the boiler side 

of the HLT. The total flow was 41.3 pounds of water at position C prior to 

turning on the cooling water. 

The HLT cure time could undoubtedly be reduced after conducting a more 

extensive temperature survey over the HLT surface area. But for this 

program the fairings were subjected to a cure time of approximately 

70 minutes to ensure that no uncured areas would exist. 
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TABLE 3 . W IRAND MOR T AR PROP OR TIONS (I MIX) 

Item Weight Weight, 
No. Material Fr ac tio n l b E stimated Cost 

I Cement (Chern 0 . 248 32 . 2 $0.4 5 at 1. 40i! lb 
Comp bran d ) 

2 Wate r O. 106 13. 8 $0 

3 Sand 1/ 16 0 . 38 S 50.5 $0.73 at 1. 45t/ l b 

4 San d 1/60 O. 19 1 24. 8 $0.36 at 1. 45i/lb 

5 Chopped w ir e 0 . 067 8 .7 $3 .4 8 at O. 40t/lb 
0 . 0 10 in. d i a 
x l. Oin. lon g 

Total s 1. 000 130. 0 $5 . 02 at 3 . 86 t/lb 
avg 

The thermocoupl e monitoring the tem pe rature w as positioned on the to p of 
the inner skin approx i m ate l y 12 inches aft of the fo r wa r d fairin g flan ge. 
The heatup cycle in all cases is show n fr om A to B , w hile the cure cycle 
fro m B to C is follow ed by a coolin g cycle C to D . The HLT curing cycle 
was shorter by approximate ly 50 m inute s . The steam . flow used was 
measu red fo r curve X by we ighing the condensed ste am on the boiler side 
of the HL T . The total flow wa s 41 .3 pounds of water at position C prior to 
turnin g on the cooling water. 

The HLT cure time could undoubtedly be reduced after conductin g a more 
extensiv e tempera ture survey over the HLT surface area . But for this 
pro gram the fairings we r e subjected to a cur e time of appr oximate l y 
70 minutes to ensur e that no uncured area s would exist. 
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EVALUATION OF TRIMMING DRILLING AND CUTTING 

An evaluation of the trimming, drilling, and cutting operations used in 

fabricating the inlet fairings was conducted. The evaluation was made on 

specimens fabricated from Kevlar-49 to match the fairings built under this 

contract and on fiberglass (E-glass) for comparison. Figure 11 shows 

these operations and where they occur on the fairing. Tables 4 and 5 

describe the results of this evaluation. Their headings are generally self- 

explanatory, i. e. , define the operation and tool used, etc. The quality 

rating has this definition: 

0 Excellent - cut edges and surfaces need little or no sanding 

0 Good - cut edges and surfaces need light sanding similar to 

fiberglass 

0 Poor - cut edges and surfaces need much sanding 

a Inferior - cut edges and surfaces burned -- need heavy sanding 

The sanding operation for composites is not too much unlike deburring 

sheet metal. The sanding cleans up the surface and removes protruding 

fibers which, if left, could lead to delamination resulting from easier 

water absorption, or be caught while handling, thus prying the laminates 

apart. The best sanding method found for Kevlar-49 was using aluminum 

oxide paper, grit 80 to 120, and sanding under a flow of water. In general, 

cutting, drilling, and trimming Kevlar - 49 takes more time than a similar 

operation on standard fiberglass. 

The best drilling was accomplished with Technology Associates spade 

drill. (S ee Appendix A. ) This drill required the use of a drill bushing 

and was easily broken, but it produced excellent holes. The jig saw gave 

the best results for sawing and required a minimum amount of sanding. 

The jig saw cut on the downstroke, cooled and cleaned itself on the 

upstroke. Both the spade drill and jig saw need more tooling than are 

needed for the drilling and routing procedures currently used on fiberglass. 

In making the nine fairings for this program, the standard tools used in 

producing the current production fiberglass fairings were used. The 

finished product was a very acceptable fairing. 
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EVALUATIO N OF TRIMMING DRILLING AND CUTTING 

An evaluation of t he trimming, drillin g , and cutting operations used in 
fabricatin g the inlet fairings was conducted. The evaluation was made on 
specimens fabricated from Kevlar-49 to match the fairings built under this 
contract and o n fibergl ass (E-glass) for comparison. F i gure 11 shows 
these operations and where they occur on the fairing. T ables 4 and 5 
describe the results of this evaluation. Their he adin gs a r e generally self ­
explanatory, i. e., defin e th e operation and too l used, etc . The quality 
rating has this definition: 

• Exce llent - cut edges and surface s need little or no sanding 

• Good - cut edg e s and surface s need light sanding similar to 
fiberg l as s 

• P oor - cut edges and surfaces n eed much sandin g 

• Inferior - cut edge s and surface s b urned - - need heavy sanding 

The sanding operation for COlYlposites is not too much un like deburrin g 
sheet metal. The sanding cleans up the surface and remove s protruding 
fibers whi ch , if left, could lead to delamination resulting from easier 
water absorpt ion, or be caught while handling, thus prying the laminates 
apart. The best sanding method found for Kevlar -4 9 was using aluminum 
oxide pape r, gr it 80 to 120, and sanding under a flow of wate r. In general, 
cutting, dr illing, and trimming Kevlar - 49 takes mor e time than a similar 
operation on standard fib erglass. 

The best dri lling was accompli shed w ith Techno logy Associates spade 
drill. (See Appendi x A.) Thi s drill required the use of a drill bushing 
and was easily broken, but it produce d exce llent holes. The jig saw gave 
the be st r e sults for sawing and requir ed a m inimum amount of sanding. 
The jig saw cut on the downstr oke, cooled and cleane d it self on the 
upstroke . Both the spade dri ll and jig saw need more tooling than are 
needed for the drilling and routi ng procedure s currently used on fiberglas s. 

In makin g the nine fairings for this prog ram, the standard tools 
producing the current production fiber glass fairings were used. 
finishe d product was a ve r y acc eptable fairing . 
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DRILL .190 DIA HOLES 
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ROUTED KEVLAR 
EDGE 2 LAMINATES 

ROUTED KEVLAR 

THICK 

9 LAMINATES THICK 
\ 

\ 

ROUTED EDGE THROUGH 
KEVLAR AND ALUMINUM 
REINFORCEMENT 

Figure 11. Cutting, Trimming, and Drilling Operations on Fairing. 

Routing and sawing Kevlar-49 resulted in overheated tools and burned 

edges of the composite. Cooling was obviously indicated to prevent 

burning. Air cooling was tried unsuccessfully. A liquid coolant would 

have been satisfactory but would have required additions to the existing 

routing fixtures. This would have disrupted the program to build nine 

fairings, and the idea was dismissed. 
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Figure 11. Cutting , T r imming , a nd Drilling Ope r ations on F a i ring. 

Routi ng and sawi ng Kevl ar - 49 resulted in overheated tools and burned 
edges of the cOrrlposite . Cooling was obvi ous ly ind i cated t o p r event 
burni ng. Ai r coo ling was tr i ed unsuccessfully. A liquid c o o l ant woul d 
have been sati sfactory but wou l d have required addition s to the existing 
routing f i xtu r es . Thi s woul d h a v e d i srupted the p r ogram to build n ine 
fai r i ngs, and th e i dea was dismiss ed. 
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Evaluation of the tools recommended in the DuPont handbook and in 

Tables 4 and 5 did not take place until after the fairings were completed 

because of tool delivery problems. The description of the fairing fabrica- 

tion describes in more detail the problems and their solutions regarding 

fabrication of a Kevlar part. 

The photographs of the samples shown in Appendix D are grouped as 

described below unless otherwise specified. 

0 The first seven photographs show samples of sandwich construc- 

tion having two laminates of 181 style Kevlar-49 on each side of 

0.40 thick Nomex Honeycomb core. The drill speeds used were 

1500, 2000 and 2500 RPM. 

0 Photographs 8 through 19 inclusive show samples of 9 laminates 

of 181 Kevlar-49 or 9 laminates of 181 Polyester fiberglass. 

The drill speeds were also 1500, 2000 and 2500 RPM. 

0 The remaining photographs are the same as 8 through 19 

the samples are routed or saber sawed. 

0 The remaining photograph, #25, shows the different saw 

used to saw the samples in the successful power jig saw. 

except 

blades 
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Evaluation of the tools re c ommended in the DuPont handbook and in 
Tables 4 and 5 did not take place until afte r the fairings were completed 
because of tool delivery prob lems. The d e scription of the fairing fabrica ­
tion describes in more deta il the proble ms and their solutions regarding 
fabrication of a Kevlar p a rt. 

The photographs of the s a mple s shown in Appendix D ar e grouped as 
described below unless otherwise specified. 

• The first seve n photo graphs s h o w sample s of sandwich construc­

tion having two laminate s of 18 1 style Kevlar-49 on each side of 
0.40 thick Non,ex Honeycomb c ore . The drill speeds used were 
1500, 2000 and 2500 RPM. 

• Photographs 8 through 19 inclusive show sarnples of 91ancinates 
of 181 Kevlar-49 or 9 l amina t e s of 181 Polye ster fiberglass. 
The drill speed s were also 1500, 2000 and 2500 RPM. 

• The reITlaining photographs a r e the same as 8 through 19 exc e pt 
the sancple s ar e route d or s a b e r sawed. 

• The remaining photograph , # 2 5 , s hows the d iffe rent saw blade s 
used to saw the s a mples in the successful power jig saw. 
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TABLE 4. DRILLING AND COUNTERSINKING EVALUATION 

Photo No. in 

Operation Tool Sample Appendix D Quality Remarks 

Drilling Technology Assoc. Kevlar - Nomex 1, 2, 5, 6 Excellent Very clean holes 

Spade Drill Sandwich 

Drilling 59” Standard Drill Kevlar - Nomex 3, 4, 7 Poor Fuzzy hole edges 

Sandwich 

Drilling Technology Assoc. 9 laminates ’ 8, 15 Good Fairly clean holes with 

0. 250 Dia Spade Drill Kevlar little fuzzing 

Drilling 59” Standard Drill 9 laminates 9 Poor Fuzzy holes both on 

Kevlar entering and leaving 

Drilling Technology Assoc. 9 laminates 10, 16 Poor Fairly clean holes 

0. 190 Dia Spade Kevlar on entering, fuzzy on 

Drill le avin g 

Drilling 59” Standard Drill 9 laminates 11, 12, 13, Good Clean holes with some 

Fiberglass 14 delamination (feed too 

fast) 

Drilling 59” Standard Drill 9 laminates 17 and 18 Good Holes show small 

Kevlar amounts of fuzzing 

Plywood Support 

Drill and 59” Std Drill, Std 9 laminates 19 Poor CSK holes very fuzzy 

CSK counter sinking tool Kevlar 

TAB L E 4. DR ILLING AN D COUNTERSI N KING EVALUATION 

Photo No . i n 
Operation Too l Sample Appendi x D Quality Remarks 

Drilling Technology As soc. Kevlar - Nomex 1, 2, 5, 6 Exce llent Very cle an hol es 

Spade Drill Sandwich 

Drilling 59 ° St andard Drill Kevlar - Nornex 3, 4 , 7 Poor Fuzzy hole edge s 

Sandwich 

Dri lli ng Te c hnology Assoc . 9 lam i nate s 8 , 15 Good Fairly clean h o les with :z: 
t: 

0.250 Di a Sp ad e Drill Kcv la r li tt le fU7.7. ing CO 
~ 

" Dr illi n g 59° S ta ndar d Drill 9 l a lninate s 9 P oor Fuzzy holes both on '" 
Kevl a r enter in g a nd l eavi ng 

:z: 
!l 

N 1;-
w Dri lling T echno logy As soc. 9 l aITIinate s 10 , 16 Poor Fa ir l y c l e an h ole. 0 

"C o. 190 Di a Sp ade Kevlar on entering. fu zt'.y on -" Drill leaving 
~ 

'" 
Drilling 59° Standard Dr ill 9 laminate 5 11, 12, I 3, Good Clean hole 5 w i th soniC 

F i berg lass 14 delamination (f ee d to o 
fast) 

Dri lling 59° Standard Drill 9 laminate s 17 and 18 Good Holes show small 
Kevl ar amounts of fuzz ing 
P lywood Support 

Dr ill and 59 ° Std Drill, Std 9 lamin a te s 19 Poo r CSK h o les ve r y fuzz y 
CSK countersinking too l Kevl ar 



TABLE 5. ROUTING AND SAWING EVALUATION 

Photo No. in 

Operation Tool Sample Appendix D Quality Remarks 

Routing Tool No. 501 - 9 laminates 20 Good Small amount of 

l/4” Fullerton Fiberglass delamination on edges 

Router Bit 

Routing Std 2600- 1 9 laminates 21 Inferior Fuzzy areas with 

Fullerton Router Kevlar burned edges. Replace 

Bit tool after 30” cut 

Routing Std 2600- 1 9 laminates 21 Good Fairly clean edges 

Fullerton Fiberglass 

Router Bit 

Routing Technology ASSOC. 9 laminates 22 Inferior Edges fuzzy and burnt. 

No. TAAI- l/4 Kevlar Tool clogs and 

Router overheats 

Routing Technology Assoc. 9 laminates 22 Good Fairly clean edge 

No. TAI-l/4 Fiberglass 

Router 

Saber Technology Assoc. 9 laminates 23 Good Little fuzziness. 

Sawing No. 49491-321 Kevlar Slightly burnt edges 

Blade 

Power Tungsten Carbide 9 laminates 24 Excellent Excellent. 

Jig Saw Tipped Blade Kevlar Clean edges 

Sawing Std Band Saw Kevlar -Nomex 1, 2 Poor Much fuzziness with 

sandwich Kevlar strands 

LA. flLE 5 . ROUTING AND SAWI NG EVAL UA TION 

Pho to No. i n 
Operation Too l Sampl e Append ix 0 Qu a li ty Remarks 

R out i ng Tool No . 50 1 - 9 lam i nate s 20 Good SIT1a ll aITlount of 

1/4"' Fullerton Fibe r g l a s s delam ination on edge s 
Router nit 

Routi ng Std 2 600 - I 9 l amin a tes 2 1 Infe rior Fu zzy a rea s w ith 
F u llerton Router Kevl a r burned e d ges . Repl ace 
Bit tool a fter 30" cut 

:I: 
Ro ut i ng Std 2600 - 1 9 laminates 2 1 Go od Fairly clean edges c: 

<0 
Fu ller ton Fib e rg las s ::T 

~ 
Router B it til 

:I: 
N Routi ng Techno log y As ooc. 9 l aminate s 22 Infer i or Edges fuzzy and bu rn t. !!. 

"'" '10. TAI - l/ 4 Kevlar Tool c l og s a nd 
o· 
~ 

ROll te r ove rh eats -(D ... 
R out i ng Tec hn o logy Assoc. 9 l am in a te 5 22 Good Fa irl y c l ean edge 

til 

No. T AI-I / 4 Fiberg las s 
Router 

Sabe r T echnology Assoc. 9 l amina te 5 23 Goo d Little fuzz i ne 5 S . 

Sawin g No. 4949 1- 32 1 Ke v l ar Slightly bu rn t edge s 
Blade 

Power Tungsten Carbide 9 l ami nat e s 24 F:xce llen t E xce lle nt. 
Jig Saw T i pped Blade Kevl ar Clean e dges 

S a w i ng Std Band Saw Kev l a r - NOITlex I , 2 Poor Much fuzz iness w i th 
sandwich Ke v l a r strands 
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TABL E 5 . RO U TI NG A N D SAW I NG EVA L UATION (CON T) 

Tool 

Tungs t en Carb i de 
Tipped B and Saw 

Std Ba nd Saw 

Tungs t en Car b ide 
Tipped Band Saw 

Std Band Saw 

Std I ~an d Sa \1/ 

Tun gste n Carbid e 
Tipped Band Saw 

S td B a nd Saw 

T ool #50 1-1/4 i n . 
Fulle rton Route r 
Bit 

Sample 

K ev lar - Nomex 
Sandwich 

9 l a minates 
of K evl a r 

9 l am i n ate s 
Kev l a r 

9 l arn inat e s 
Fiberg las s 

9 larn in a te s 
F i be r glas 5 

9 l aIn inate 5 
Fibe r g lass 

9 l am i nate s 
Kevla r 
suppor ted by 
1 / 4 plywood 
both s ides 

9 l aminate 5 

K evlar 

Photo No . in 
Append ix 0 

3 ,4, 5, 6,7 

8, 9 

10 

I I 

1 Z 

13, 14 

15, 1 6, 17, 

20 

Qu a lit y 

Poor 

Poo r 

P oor 

Goo d 

G o od 

Po or 

Infe rio r 

Inferio r 

ReITlarks 

Muc h fuzziness o n 
e dg e s with m an y 
K evl a r strand s 

Sma ll burned areas, 
fuz zy edge 5 with 
K evlar strands 

Fu7,.zy edge 5 w ith 

nl any Kevlar st r ands 

Edges have some 
f abr i c strand s 

Edge 5 g ood except 
for some d e la mi n a ­

ti o n 

Edge s have s Olne 
str a nds with some 
d e lamination 

Edge s bu rned. 
Fuz z y with K evl a r 

str a nds 

Fuzzy a nd burn t edges. 

Overheated to o l 
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FABRICATION OF INLET FAIRING 

The fabrication task consisted of manufacturing nine fairings. The first 
four were used to develop the process so that the last five fairings could 

be certificated for flight. 

The fabrication sequence is depicted in Figure 12, which shows the eleven 

basic steps to build the fairing, with a minimum pressure of 22 inches of 

Mercury per Hughes Process 15-42 shown in Appendix C. Each fairing 

had a thermocouple attached to the fairing inner skin line and a time tem- 

perature recording was made. This assured each fairing was properly 

monitored and cured completely. 

The first fairing was sectioned and tested in the Process Laboratory to 

prove the effectiveness of the HLT and the cure cycle. The laboratory 

report is shown in Appendix C. The curing cycle, as shown in Figure 10, 

was conservatively altered to increase time at 250°F to 70 minutes. The 

minimum required time per HP 15-42 is 45 minutes. This extra 25 min- 

utes ensured a total cure and was done expeditiously to eliminate the many 

hours needed to survey the tool, time-history-wise and determine through 

fabrication experience a shorter curing time. 

The fabrication of the fairing, pictorially represented in Figure 12, 

started by cutting the Nomex honeycomb and dinking the uncured prepreg 

Kevlar-49 outer skin to size, The HLT is loaded with the outer skin, 

honeycomb, and sheet metal parts. These are cured. The filter bulkhead 

and attach blocks were then secondary bonded into the assembly. The final 

operation has the tubes and conduits set into the honeycomb and the inner 

skin laid over the part, and cured. The fairing is removed from the tool; 

trimmed, routed, and drilled. The air bypass door, controls, anchor nuts, 

and inserts are added to complete the assembly. 

The fabrication of the first four fairings presented several problems. The 
majority were minor dimensional differences with the drawing and were 

easily corrected. The two problems of significance were: 

a The outer skin would not set down firmly into the corner radius 

shown in Figure 5. This condition was termed skin bridging and 

the problem was solved by setting the outer skin tight to the nickel 

surface prior to adding the honeycomb (see Operation 080 in de- 

tailed planning Appendix B) and using a two step honeycomb cure 

as shown in steps 3 and 9 in Figure 12. 
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FABRICATION OF INLET FAIRING 

The fabrication task consisted of manufa cturing nine fairings. The first 
four were used to develop the process so that the last five fairings could 
be certificate d for flight. 

The fabr ication sequence is depicted in Figure 12, which shows the eleve n 
basic steps to build the fairing, with a minirrmm pressure of 22 inches of 
Mercury per Hughes Process 15-42 shown in Appendix C. Each fair i n g 
had a thermocouple attached to the fairing i nner skin line and a time tem­
perature recording was made . This assured each fairing was properly 
monitored and cured comple t e ly. 

The first fairing was sectioned and te sted in the Process L a boratory to 
prove the e ffectiveness of the HLT and t he cure cycle. The laborator y 
report is shown in Appendix C. The curin g cycle, as shown in Figure 10, 
was conservatively alter ed to increas e time at 250°F to 70 minutes. The 
minimum required time per HP 15-42 is 45 minutes. This extra 25 min­
utes ensured a total cure and was done expeditiously to eliminate th e many 
hours ne eded to survey the tool, time- history -wise and determine through 
fabrication experience a shorter cur ing time . 

The fabrication of the fa iring , p ictorially represented in Figu re 12, 
started by cutting the Nom ex honeycomb and dinking the uncured prepreg 
Kevlar-49 outer skin to size . The HLT is loaded with the outer skin, 
honeycomb , and sheet metal parts. These a re cured. The filter bulkhead 
and attach blocks were then sec ondary bonded into th e assetnbly. The final 
operation has the tubes and conduits set into the honeycotnb and the inner 
skin laid ove r the part, a nd c ured. The fair in g is r etnoved frotn the t ool; 
tritnmed, routed, and drilled. The air bypass door, controls, anchor nuts, 
and inserts are added to complete the assembly. 

The fabr ication of the first four fairin gs presented several problems. The 
majority were minor dim e nsional differe nces with t he drawing and were 
easily corr e cted. The t wo problems of significance we r e: 

• The outer skin would not set do wn firmly into th e corner radius 
shown in Figure 5. This conditi on was term e d skin bridging and 
the probletn was solved by setting the outer skin tight to the nickel 
surface prior to adding the honeycomb (see Operation 080 in de­
t a iled planning Appendix B) and using a two step honeycomb cure 
as shown in step s 3 a nd 9 in Figure 1 Z. 
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OUTER SKlN 

EDGES LEFT WITH 

u ” ROUT ALL EDGES AND CUTOUTS, 
INSTALL INSERTS, PLATE NUTS, 
AND BYPASS DOOR 

Figure 12. Fabrication Sequence. 
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a The edge of the Nomex honeycomb creeped during cure. This 

condition was caused by the vacuum pressure on the Nomex edge 

causing it to creep along the skin line, collapsing the honeycomb 

cells and wrinkling the skin as shown in Figure 13. This problem 

was solved by adding supports to the honeycomb edges during the 

curing cycles 3 and 9 Figure 12, which bond the skin to the 

honeycomb. 

This two-step skin/honeycomb cure solved these two problems, but for 

future work a single-step cure should be worked out in the interest of 

economy. With these problems solved by the two-step cure process, the 

HLT could be used to fabricate the remaining assemblies. The step by 

step procedure is outlined in the detailed planning found in Appendix B. 

The routed forward edges of the fairing where they mate with the fuselage 

(see Figure 12, step 11) were left long to facilitate installation on the 

helicopter. 

The HLT functioned perfectly during the fabrication phase of this program. 

Loading and unloading the HLT was accomplished easily with little lost 

motion. The different fabrication phases were time monitored giving good 

basic information for the effectiveness in the Cost Analysis Section. 

Figure 13. Collapsed Honeycomb Edge. 
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FLIGHT TESTING 

The sixth fairing was installed on an OH-6A helicopter (S/N 17143) at 

Hughes Helicopters ’ flight test facility. The helicopter with its Kevlar-49 

fairing is shown being flight tested in Figure 14. The only installation 

problem was obtaining clean rivet holes using the standard tools normally 

used with sheet metal and fiberglass. The hole edges were quite fuzzy and 

required much clean up. This typical edge fuzziness was found in the drill- 

ing evaluation as outlined on page 20. However, it is very difficult to drill 

unbushed holes with the recommended spade drill; so, rather than make 

drill bushings, the standard tools were used necessitating the extra clean 

up time. 

The flight testing was conducted at Hughes Helicopters’ flight test center 

at Hughes Airport, Culver City, California. The tests were conducted in 

the ambient conditions prevailing at Culver City in January. No special 

effort was made to fly in extremes of temperature or weather. 

The flight test program consisted of 5 hours of flight conducted to the 

spectrum given in Table 6. The basis of this table is the unpublished re- 

port USAAMRDL TR 74-74. The flight portion was conducted successfully. 

The Kevlar fairing performed excellently as attested by the flight test re- 

port in Appendix C. It was subjected to the same type of ground handling 

as that of the standard fairing. No problems occurred. The Kevlar fair- 

ing performed with the following systems installed and operational: 

a Air filter 

0 Filter bypass door 

0 Warning light 

0 Static port for airspeed. 

The flight test program can be summed up by stating that the Kevlar fair- 

ing performed both in the flight test and ground handling conditions equally 

as well as the standard fiberglass fairing. 
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Figure 14. Flight Testing Kevlar Fairing. 
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TABLE 6. FLIGHT SPECTRUM 

Elapsed 

Airspeed Percent - Time 

Flight Condition (knots ) Time Minutes 

Hover 0 2 6 

Air Taxi 10 2 6 

Left Sideward Flight 10, maximum 2, 2 6, 6 

Right Sideward Flight 10, maximum 2, 2 6, 6 

Rearward Flight 10, maximum 2, 2 6, 6 

Pop - up 0 1 3 

Left Hover Turn Maximum Rate 2 6 

Right Hover Turn Maximum Rate 2 6 

Vertical Climb Maximum Rate 3 9 

Maximum Rate Climb Best Climb Speed. 8 24 

Level Flight 5, lO0, VNE 10, 15, 15 30, 45, 45 

AC cele ration Hover to VNE 2 6 

De cele ration VNE to Hover 2 6 

Left Yawed Flight 50, 100, VNE 2, 2, 2 6, 6, 6 

Right Yawed Flight 50, 100, VNE 2, 2, 2 6, 6, 6 

Dive VNE 3 9 

Autorotation Minimum Des cent 4 12 

Autorotation Power 

Re cove r Minimum Des cent 1 3 

Autorotation Flare 
and Land 1 3 

97 291 

Bypass Door Operation 

Dive VNE 1 3 

Right Sideward 
Flight Maximum 1 3 

Hover -Filter 
Blocked 0 0 0 

100 300 
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COST ANALYSIS 

The effectiveness of the HLT to cure and produce flightworthy parts for 

helicopters has been demonstrated in the preceding sections entitled “Flight 

Test” and “Fairing Fabrication. ” This section establishes quantitative 

cost comparisons for fabrication in the HLT and by the present oven method 

using the plastic tool shown in Figure 14. For comparison purposes the 

part rate is assumed to be 250 units per year. The two major cost savings 

attributable to the HLT are labor and heat energy. The HLT is more thermo- 

dynamically efficient since the heat energy is used directly and only when 

needed. The oven wastes much heat energy since it is maintained at the 

high cure temperatures whether fully utilized or not. See the analysis in 

Appendix E. 

Table 7 compares the recurring and Table 8 the nonrecurring costs for 

fabricating the aft inlet fairing by the HLT and oven-cured methods using 

the same composite material in both cases. 

TABLE 7. BURDENED FACILITY AND MAINTENANCE COSTS 

Burden Cost Items Burden Cost Items 

Item HLT Cure Oven Cure 

Tool Maintenance Negligible - Mold Life $ 0.5O/Part 

estimate at 10,000 Parts 

Floor Space $0.40/Part 3. 38/Part 

Equipment (Prorated 0.27/Part 0.42/Part 

Amortization 10, 000 Parts 

Total $0. 67/Part $ 4. 30/Part 

TABLE 7A. ENERGY COST 

Item HLT Cure Oven Cure 

Natural Gas $l.ll/Part $16. lo/Part 

(Domestic Rate 

1974-75) 

r 
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TABLE 8. COST OF MOLDS 

Oven Cure 

Item HLT Mold Plastic Mold 

Mold Life 10, 000 Parts 1250 Parts 

Assumed Quantity Per Year 250 Parts 250 Parts 

Rate / Tool 4/Shift 1/ Shift 

Number of Molds Required”’ 1 3 

for 250 Units Per Year 

Mold Cost/Part 
933 

- = $0.93 
8 x 1800 

10000 10000 
$1.44 

I 
::: 

For comparison purposes daily rate of 4/day is held constant and 

tools are amortized for 10000 part life. 

In addition to the preceding costs the overall labor savings due to the 

redesign and the more efficient HLT was (22. 4 hours @ $20. OO/hr) 

= $448. 00. The total savings of the HLT over the present plastic tool 

is summarized as follows. 

Labor $448. 00 

Facilities and Maintenance ($4. 30 - $0. 67) = 3. 63 

Energy ($16. 10 - $1. 11) = 15.00 

Mold Costs ($1.44 - $0.93) = 0. 51 

HLT total savings per fairing $467. 14 

The labor savings attributed to the HLT alone was ($448. 00 x 0. 15) 
= $67. 20 giving a total savings of $86. 34 per fairing ($67. 20 + $15. 00 

+ $4. 14). 

The use of Kevlar-49 versus fiberglass to fabricate the redesigned fairing 

has shown that either material can be used with either tooling approach. 

The only difference would be the approximately 10 percent additional 

labor needed for trimming, routing, and drilling the Kevlar fairing. A 

full study of ways and means to reduce this additional labor was felt to be 

beyond the scope of this contract. However, integrally cooled routers, 

drills, etc, together with more tooling for accurate drilling with the spade 

drill would go a long way toward reducing the labor difference. 

The fabrication lead time for the HLT and for the present plastic tooling 

used in Model 500 production is about the same, based on the tools con- 

structed for this contract and those procured for the present Model 500 

production fairing. The lead time for making the HLT is estimated to be 

approximately one-half the lead time needed for an aluminum cored tool. 

This estimate is based on a preliminary review with casting vendors who 

stated that close dimensional control equal to that of the HLT would be 
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difficult to achieve, thus limiting the accuracy of the finished part. In com- 

parison, the plaster used for the HLT plating pattern has a very low shrink- 

age rate, and the nickel, which is electrodeposited, duplicates the outer 

surface of the plating pattern very accurately. 

Kevlar-49 is a much more costly material than fiberglass ($8. 00 per pound 

versus $0. 75 per pound). To show cost effectiveness, material cost, 

labor costs, and weight savings must be considered. 

Measured weights of fiberglass and Kevlar-49 fairings, both made to the 

improved configuration shown in Appendix A, show that weight difference 

is: 

*W = Wfiberglass - WKevlar-49 

AW = 4.56 - 3.89 = 0.67 pounds 

In computing material costs, a realization factor of 80 percent must be 

included since approximately 20 percent of the initial material is wasted. 

Then the cost increase, using Kevlar for the fairing, would be: 

Added Cost = 
Added Labor for + Kevlar Material Fiberglass 

Trimming, etc. cost cost 1 
Added Cost = 9 Hr $20. 

3. 00 4. 56 x 0.75 
. x 00 + 

89 x 8. 
- = 0.80 0. 80 1 $53 / Fairing 

r 
Addf ?d Kevlar Cost 

L Weight Saved 1 
= = $79. lo/pound 

The estimated cost as shown ($79. 10 per pound) would be considered high. 

Values of $30 to $40 per pound are normally the price most companies will 

pay to meet their helicopter empty weight. Projected Kevlar-49 price 

decreases due to future increased use could easily make this excellent 

material very competitive with the presently used composite materials. 

The preceding cost analysis was performed by using the redesigned fairing 

as a constant parameter in comparing costs, either using the HLT versus 

the standard plastic tool or in comparing costs due to materials by sub- 

stituting fiberglass for Kevlar-49. The cost comparison between the 

standard design and the redesigned fairing shows significant savings due to 

the simplification of the design itself. The average number of hours to 
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fabricate the standard aft fairing (Figure 15) in 1974 was 33.19 hours. 

The redesigned fairing which is based on the use of a honeycomb sandwich 

construction instead of a foam-block reinforced shell, and substitutes 

buried conduits for pulleys, pulley brackets, and wire ties required only 

10.80 hours to fabricate. This represents a saving of 22.39 man-hours 

for each fairing. 
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fabri ca t e the standard aft fairin g (F i gure 15) in 1974 w as 33 .1 9 hour s . 
The redesigned fairing w hich i s bas e d on the use of a hone ycomb sandwich 
cons tr u ction instead of a foam-bl ock r e inforced shell, and sub stitute s 
buried conduits for pulleys, pulley b r acket s, and wire ties required only 
10. 80 h our s to fabricate. This represe nts a saving of 22.39 m an -hours 
f o r each f a iring. 
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OUTER 
SKIN 

INSERTS 

INNER 
SKIN 

Figure 15. Assembly Procedures fo r the Standard Fairing 
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Figure 15. Assembly Pro cedures fo r the Sta ndard Fairing 
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CONCLUSIONS 

It is concluded that the HLT program was highly successful in that it 

resulted in the identification of significant cost savings that can be 

achieved by use of a newly developed tool. It also initiated cost saving 

design changes for a typical airframe composite part and established 

improved machining practices for Kevlar-49. Some of the more signifi- 
cant conclusions are further amplified as follows: 

1. 

2. 

3. 

4. 

5. 

The Kevlar-49 fairing performed as well as the conventional fiber- 

glass fairing in the flight testing and ground handling environment; 

thus it can replace fiberglass for equivalent types of structures if 

allowance is made for its compressive strength characteristics. 

The HLT would have a relatively long production life since the nickel 

is wear resistant and the coefficient of thermal expansion of the 

concrete and nickel are very close to the same. This reduces the 

possibility of cracking and separation between the nickel and concrete 

mating surfaces. 

HLT lead time versus existing plastic tool is the same. The lead 

time for HLT is one-half that of comparable cast aluminum tools. 

The HLT is easily made to excellent shape and size accuracy because 

of the low shrinkage of the plaster pattern used for plating the interior 

of the die. 

Without proper tooling Kevlar-49 composite parts can have unique 

problems compared with fiberglass components. Cutting, routing 

and drilling can leave very fuzzy and burned edges unless the proper 

tool and process is used. However, the following processes were 

established: 

a Dink dies used for cutting uncured Kevlar-49 prepreg gives an 

excellent sheared edge. 

l Heat problems when cutting Kevlar-49 (tool and stock burning) 

can be alleviated by using a coolant. 

l Hole drilling can easily be accomplished with a spade drill, but 

requires a bushing for drill support and accurate drilling. 

6. The process is already being adopted on the production line of the 

fairing for the commercial version of the OH-6A, the Model 500, 

now being manufactured at HH. 
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CONCLUSIONS 

It is concluded that the HLT program was highly successful i n that it 
r esult ed i n the identification of significant cost savings that can be 
achieved by use of a newly developed tool. It also initiated cost saving 
design changes for a typical airframe composite part and established 
improved machining practices for Kevlar -4 9. Some of the more signifi­
cant conclusions ar e further amplified as follows : 

1. The Kevl ar -49 fairing performed as we ll as the conventional fib e r­
g l ass fairing in the flight t es ting a nd ground handling environment; 
thus it can replace fiber g lass for equi valen t types of structures if 
a llowance is made for its compressive strength characteristics. 

2. The HLT would have a relatively long production life since the n i ckel 
is wear resistant and the coefficient of thermal expansion of the 
concrete and nickel are very close to the same. This reduces the 
possibility of cracking and separation betwe en the nickel and concrete 
mating surface s. 

3. HLT lead time versus existin g plastiC tool is the same. The lead 
time for HLT is one-half th at of comparab le cast aluminum tools. 

4. The H L T is easily made to exce lle nt shape and size accuracy b ecau se 
of the low shr inkage of th e plaster pattern used for plating the interior 
of the d i e . 

5. Without proper tooling Kevlar - 49 composite parts can have unique 
problems compared with fiber g las s components . Cutting, routing 
a nd drilling can leave very fuzzy and burned edge s unle s s the proper 
tool and process is used. However, the following process es we r e 
established: 

• Dink dies used for cutting uncur ed Kevlar-49 prepreg gives an 
excellent sheared edge. 

• Heat problems when cuttin g Kevlar-49 (tool and stock burning) 
can be alleviated by u sing a coolant. 

• Hole drilling can easily be accomplished with a spade drill, but 
requires a bushin g for dri ll support and accur ate drilling. 

6. The proce s s is already be ing adopted On the production line of the 
fairing for the commercial vers i on of the OH-6A, the Model 500, 
now being manufactured at HH. 
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RECOMMENDATIONS 

It is recommended that the HLT process be considered for other helicopter 

components, both at HH and at other helicopter companies. The process 

should also be expanded in its capability and applications. The following 

programs are suggested: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Develop a single cure process for fabricating the aft fairings to further 

demonstrate the effectiveness of the HLT. 

Investigate HLT applications to a filament winding mandrel or curing 

mold with heatup and cooling capabilities. 

Investigate extending HLT technology to the matched multiple die 

tooling approach. This would produce more accurate parts cured 

from both sides without use of a vacuum bag. 

Investigate the application of HLT’s in the manufacture of composite 

fuselages, blades, landing gears, stabilizers, etc. 

Investigate optimum heating/cooling tube configuration in the HLT, 

i. e. , tube diameter limitations, manifolding with two or more tubing 

systems, etc. 

Develop alternate methods for reducing the cost of depositing the hard 

nickel surface on the HLT. Deposition methods that should be evalu- 

ated include vapor deposition, metal spraying, and electron beam 

metal melt for drip casting of the nickel shell onto a water cooled 

pattern. Determine HLT size limitations by considering nickel 

depo sition limitations, rigidity of the reinforced concrete die, 

dimensional accuracy of the HLT, etc. 

Investigate and develop special tools that incorporate a cooling capa- 

bility for working Kevlar -49. Improve the use of spade drills by 

incorporating a bushing with the drill motor to give drill support and 

allow accurate hole drilling. 
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RECOMMENDATIONS 

It i s r ecommended th a t t he H LT p rocess be considered fo r o ther h e licopter 
compon ent s, both at HH and at other he licopte r companie s . The proce s s 
should also be expanded in its capab ility a nd appli cations . The foll owing 
pro g r ams a re sugges t ed : 

I. Deve l op a sin g le cur e pr o ce ss for f a bricating the a ft fairings t o furthe r 
d emonstrate the e ffectiveness of the HLT. 

2. In v estigate HLT app lications to a filame nt winding mandrel or curing 
mol d w ith heatup a nd cooling capab i l itie s. 

3. Inve sti gate extending H LT techno l ogy to the matched multiple d i e 
tool ing a p p r oach . Thi s woul d produce more accu r a t e parts cured 
f r om both s ides w ithout use of a vacuum bag. 

4 . Inves tig ate the application of H LT's in the manufacture of cOInposite 
fuselages , blades, l an ding gears, stabilizer s , etc . 

5. Investigate optimum heat ing / cooling tube confi gu r ation in the H L T , 
i. e ., tube diame ter lin1itati ons , manifoldin g with two or mor e tub i ng 
systems , etc. 

6. Deve l o p a lterna te me t hod s for reduc in g the cost o f depositing t he hard 
n i c kel su rface on the HLT . Depos ition methods that should be evalu ­
a t e d i n clude vapor deposi tion, metal s prayin g , and e lectron beam 
m e t a l me lt for d rip cas ting o f the nic kel shell o nto a water coo l ed 
pattern. Determine H LT size limitation s by cons i de ring nicke l 
depos ition liITlitations, ri gi dity of the reinforced conc rete di e , 
d i men s i on al accuracy o f the HLT, etc . 

7. I nvestigate and deve lop s pecia l tools that in co rporate a coolin g capa ­
b ility for workin g K evl a r- 49 . Improve the use of spade drill s by 
inco rporating a bus hing with th e dr ill motor to g ive d rill support and 
allow a ccurate h o l e dr illing. 
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VALUE CODE 
PROJECT OWG. LTR NUMBER SHEET 

369A A 1 

PART TYPE 
ENGINEERING ORDERS : 369ASK 2000-l y_ 

r" NAME FAIRING ASSY- REV. NO. , 

COST CENTER REV. LTR. 
HOT LAYUP-KEXAFt 49 

F 1. 
OPER UEPT 

“sr 
’ SElUP 

I 
!4? 

NO. cc 
OPERATIONS F+ERFORMEO RUN 1001 NO. 

I I 
I I 

I I 

010 1303 FURNISH PARTS PER 9270 A I IR 
I I 
I I 

I 

020 1304 FURNISH~~~PER 9270 A I ) R 
I I 
1 I 
I I 

030 1300 INSPECT I II 
I I 
I I 

040 2624 MOLD 369A3053-49-51 & 53 USING All77B MOLDING COMPOUND i 00.1 i 0.060 369A3053-21202 
1 I I 

+ 
1 I -__- _-__-.- --~ _~__ 
I I 

TRIM EXCESS COMPOUND AS REQ'D I I 
I 

I I 

~-f&U& (1) .25 DIA. HOLE IN EACH 369A3053 -49-51 & -53 

I I 

1 I 
I I 369A3053-71201 
I I 
I I 

I I 

uyup (9) PLIES OF 1.81 mnmm 49 !ro -31 BLK'HD AND -33 & -35 ANGLE 100.2 IO.378 369A3053-21-01001 1 
APPLY BLEEDER & VACUUM BAG-CURE PER HP 15-42 

I I 
I I 
I 
I i 

I I 

NEXT ASSEMBLY 

END ITEMR&D PROGRAM. 

--_- 
FORM NO.973~.REV.6/74 

IlTY. CHANGE EFFECTIVE a REASON FOR CHANGE 
PLANNEo %. MEEKS 24% 
REVISED BY OATE 

PRODUCTION PLANNING RELEASE 
I.E. 

FROM TO D.S. 2-s-75 

Hughes Helicopters P'--1\NNING SHEET 

VALUE CODE 
PIIDJECT I D~. LTR 

NUMIER - SHEET 

369A Y , 
369ASJ[ 2000-1 

PART TYPE 
(NGINHRING DRDUS , 'R 

• .... FAIRING ASs!- REV. NO . 
T 

COST CENTER REV. lTR. J 
HOT LAYUP-KEVLAR 49 

F 1. 
lI'tA DEPT WOH OPERATIONS I'I'RFORMEO I 

SET 0' : .uo TOOL NO. IIEV. 

". " no I " tl 
I I , I 

I I 
010 1303 FURNISH PARTS PER 9270 A , I R 

M 
>-l 
;.. 

I I 
I I 

~ 

t"' 
FURNISH MATL_. PER 9270 A 

, I R 020 1304 I , 
I I 

M 
tl , , 

010 
I I 

I P 00 f-- I NSPECT I I -- ----- - .. 
I , 
I I 1-. - -. -- " ------, I 

- , I 

r9-~0 2825 HOLP 369A3053-49-51 & 53 USING All77B MOLDING 
, 

: 0.060 369A105'3-21202 COMPOUND 100.1 , I 
L_ 1-------------- -- -_._ - - ----- - I I --._ -----
I , , 

-=t TRIM EXCESS CO'IPOUND AS REQ' D I I - -_. - '--
I I 

-- I--- - --- I , 
I I 

1-- --. DRIMc.lll .2 2 DIA. HOLE IN EACH :l62A:1022 - 112-21 & -22 I , 369A3053-71201 
I , , I 

"'J 
;.. :I: 
~ c >0 CD 
~ ;.. ~ Z 'C (I) 

Cl en 
1:1 :I: 

"'J M ~ ;.. Z O· 
CC tl 0 
>0 ~ "C 

X -~ (I) 
n ~ 

;.. to '" 
>-l 
~ 

I I , I 
, I 

0 
Z 

I I 

050 LAYUP (9) PLIES OF 181 KEVLAR 49 TO -31 BLK'!lD AND - 33 & - 35 ANGLE 
I 

: 0.378 369A3053-21-01001 2823 100.2 
'0 
t"' 

APPLY BLEEDER & VACUUM BAG-CURE PER HI' 15-42 
I I 
I I 
I I , I 

~ 
Z 
Z , , .... 

I I Z 
I I 
I I 

Cl 
I I 
I I 
I I 
I I 

NUloU$lM,lY illY. CHAlllot EfFECTIVE IU REASOII fOR tNANGE 'lANNED at. MEEKS 2-j~'t5 
END n"EM R&D PROGRAM. REVr5ED 1'1' OAn 

PRODUG'l'ION PLANIIING RELEASE 
I.E. 0.5. 2-5-75 fROM TO ::::--

FO~M N O. 11111. REV . 5/ ' . 



Hughes Helicopters PJ qNNING SHEET / 

VALUE CODE 
PROJECT OWC. LTR NUMBER ., SHEET - 

369ASK 2000-l 
4,. 
2 

PART TYPE 
ENGINEERING OROERS i 

T” 
NAME REV. NO 

COST CENTER REV. LTR. 1 

CR "c'c" "s"riK OPERATIONS PERFORMED ’ SETUP ’ RUN TOOL NO. REV. 

I NO. 
. 

I I 
I I 

060 2823 ROUT PART TO SIZE AND DRILL (3) ,260/,271 DIA. HOLES DEBURR : 00.1 lo.246 369~3053-21-00301 
I I 
I I 369A3053-21-?l201 
I I 

TRIM 369ASK 2000-7-9 & -l.l HONEYCOMB F'ITLERS TO SIZE I I 
I I 
I I 

070 2823 CLEANMOLD A~APF'LYMOLJI FtEIXASE Ioo.3. IO.021 369ASK 2000-21201 

__~ __ -.___ 

_ _ - _. __ 

___--_ -- 

Hughes Helicopters P' 'NNING SHEET ( 

VALUE CODE 
PROJECT I OWC.UfI "OIllIEII ' - StlUT 

J69ASK 2000- 1 ~ flfCIMElfllKG ORO(RS 
, 

PART TYPE 
, 
" NAME R(i/ . NO r 

COST CENTER REV. LTR. / 1 

optR our WORk O'ERATIONS HAfOAMfD 
I suu. : ". TOOL NO. "" NO " '" I NO. 

, , 
, , 

-r-- , 
: 0.246 369A3053-21-0030l 060 2823 ROUT PART TO SIZE AND DRILL 0) .2601.271 DIA. HOLES DEBUllR I 00.1 

, , 
369A3053-21-71201 , , 

, I 
TRll! 369ASK 2000-7-9 I< -lJ. HOHEYCOMB FILLERS _TO SIZE I , , , 

1-- - -_ . ~.---

, , 
I , 

369ASK 20C0-212!ll ~. 2823 CLEAN MOLD AND APPLY MOLD RELEASE 1001 10021 , , , I , I , , , 
-- - ... _-- , , 

1ST STAGE 
, 

----j 
, , r--- - -- ._--- , , 

282; + 

, , 
-- --- -_ .. 

: OO~3 : 1. ~1l!I 080 LAYUP (2 ) PLn;S OF 181 KEVLAR 49 OVER)~9!30!4-5J AlITEtlNA AND '~Q' .<~ OfY\(\_ 01 om 

f--+--L POSITION DI TO OL 
, , 

_._ - - - ,,--- .--
, , , , 

L '--- - - , , 
---'-'- _ •... , , 

COVER BALANCE OF TOOL WITH OJ PLY OF IBLJSllVIA!! 49 (REE-3 OUTEn SKIN) , 

I , 

, , 

----- , , 

POSITION (4) 369A3053-25 FLATES (7LJQ2A200l.. DOIlffiEBS AND (1 rEACH , , 
369A3053-23 PLATE J09A3053-31 PLATE 369A3053-J3 PLATE JMAJ053-35 ANGLE 

, , 
, , 

- , , 
, , , I 

(CONT) 
, , 
I , , I 
I I 
I I 
I I 

I I 
I I 

NUT '\ssUI!lV on. CHAliCE EfFECTIVE REASON fOil CH ANGE 'lA'UIED BY ClAH 

REVISED IV DAn 

, .• 
fROM TO 

~. ' . ~ •• ~~ o~., ~c" .J ~. -



Hughes HelicoDters PI QNNING SHEET . . 
VALUE CODE 

PROJECT OWG. LTR 

lYUMBER 369ASK 2ooo-1 
SHEET ’ 

3 

PART TYPE 
ENGINEERING ORDERS i 

,/ 8 

r” 
NAME REV. NO. 

COST CENTER REV. LTR. 1 

ONPOEP “ilT wsop OPERATIONS PERFORMED 
I 

SET uP 
I 

RUN TOOL NO. \\I‘ 

s I I 
I I 

080 (CONT) 369A3053-36 ANGLE AND (2) 369A3053-1u F%ATES 
I I 
I I 
I I 

I I 
COVER METAL DETAILS WITH (1) PLY 181 KEVLAR 49 I I 

I I 
I I 
I I 

APPLY BLEEDER AND VACUUM BAG TO SET MATI.,. AGAINST MOLD I I 
I I 

REMOUEVACUUMBAGANDBLEEDER 

POSITION -7-7 & -IL HONEYC~fB FILLERS 

COVER -Xl. F'lLLE3WITH181KEVLAR 49 (INNERSIUN) 

APPLY BLEEDER & VACUUM BAG 

CURE PER HP 15-42 

STRIPBLEEDER & VACUUMBAG FORNEXTASSY. 

I I 

I I 
I I 
I I 
I I 

1 I 
I I 
I I 
I I 

I I 
I I 

I I 
I I 

I I 
I I 

I I 
I I 

I I 
I I 

I I 
I I 

I I 
I I 

I I 
I I 

I 
I 
I 

I I 
I I 

I 

I I 

NEXT ASSEMBLY GTY. CHANGE EFFECTIVE REASON FOR CHANGE PLANNED BY DATE 

1 

REVISED BY DATE 

I.E. 

FROM TO 1 _.__.. I.e. a_..., ..*a, r,-s. 

Hughes Helicopters PI I\NNING SHEET 

VALUE CODE 
pAOJECT I OWe. LTII NUMBER SHEET 

369ASK 2000-1 Ya ["GINHRINS ORO£IIS • 
PART TYPE 

, , ... , aEII' , NO . , 
COST CENTER REV. LTR. I 1 

OrEA DEPT WOlIl O'ERATIOIilS 'ERFORMED I Sn UP I 
"" TOOL NO. REV. ... " '" I I ". 

\ I I 
I I 

080 (cClrr 369A3053-36 AllOW AND (2) 369A3053-111 PLATES 
I I , , 
I I 
I , 

COVER METAl DETAILS WITH (1) PLY 181 KEVLAR ),Q 
I I 
I , 
I , 
I , 

APPLY BLEEDER AlID VACUUM BltG TO SET !(AT!.. AGAINST MOLD 
I I , , 
I I 
I I 

REl!OUR VACUUM BAG AlID BL~DER 
, I , I 

I I 
, I 

POSITION -7-9 & -11 HONEYCCMB FILLERS 
, I , I ------ .--

I , 
COVER -11 FILLER WITH 181 KEVLAR 49 (INNER SKIN) 

I , 
I , 

APPLY BLEEDER & VACUUM BAG 
I 
I 

I 
I 

CURE FER UP 15-42 
I 
I 

I 
I 

STRIP BLEEDER & VACUUM BAG FOR NEXT ASS!. 
I 
I 
I 
I , , 
I 
I 
I 
I 

I 
I 

lEU ASSUlBlY QU. CHAIG( HFEClIYE RfASON fOR CHANGE PLoYtJlEO ty a.a 

REV.SUlIY olin 

LE. 

':-: .... - .... ~~ ... , .. FROM TO 
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Hughes Helicopters pi '\NNING SHEET 
HlOJECT I OWG, lTR NUMBER 

VALUE CODE )69ASK 2000-1 
ENG INUfll"'DADU1S 

, 
PART TYPE 

, , 
JilAME 

T 

COST CENTER REV. LTR. I 
O~ER DEPT "O~K 01'(1';"n01l5 PERFORMED I SETUP I '" " . " '" I I , , , , , I 

2ND~STAGE , I 

I , , I . 
090 2633 ROUT DOOR AIR OUTLET AND LIGHT OPENING AREAS TlffiU OUTER SKIN AND 

, I 

' 00 1 , 0.11' , , 
FILLER , , 

I I , 
I 

TR:!:M FILLER BACK TO DOUBLER EOOES AS REQ'D I , 
, .- . , 

~ 2821 LOCATIl ASsY. IN r:rXTURE FOR LOCATING POSITIONING AlII! IlQIlIlTNG -31 , 
, 

BULKHEAD - 33 & -35 ANGLES AND 369A3053 - 49-51 & S3 .SPACERS , .. , , 
•• "0 .. '"---"- .. "., .. _--. , , 

SECONpARY BOIID DETAI1-~LIDl H!'J6-?5 CLi\SS , m\ , , 
.•. -- , 

. ~ . . . _- - ... 

R">01m "'''", "m.n -" . 
. - .. .... 

POSITION & IMm;D -15 TUBE -17 TUBE & _1' HOUSTUG m HO"1<"VCOMH """ 

ENG. DWG. 
I , 
I 
I . -

REMOVE 'lUBES AND WRAP WITH FOAMING TAPE AJ.'D REDISTALL 
I 
I , , 

I , 
.. , I 

I I 
I I 
I I 
I I 
I I 

NEXT ASSEM!L ~ OTY CHANGE EffECTIVE REASON fOR CHANGE P1. ANNEO n 

REVISED BY 

I.E . 
FROM " rO tH " NO . " 1~! . H£V . 6/ 7. 

SHEET 

;( 
REV. NO. 

1. 

TOOL NO , REV. 
NO. 

DATE 

DATE 

::J: 

S 
l 
'" :I: 
!!. g' -~ 
Cil 



Hughes Helicopters PI 4NNING SHEET 

7ii~UE cooE 
n 

PROJECT OWG. LTR NUMSER SHEET 

369ASK 2000-l .5 
/ 

PART TYPE 
ENGINEERING ORDERS i 8, 

T" NAME HEV. NO. 

COST CENTER REV. LTR. 1, 

On:P OCECPT wsF OPERATIONS PERFORMED ’ SETUP 
I 

RUN TOOL ND. Fs!~ 

I I 
I I 

100 (CONTj BUILD UP AREA AT (REF.) SECT. DD AS REQ'D TO ENCASE -13 HOUSING f 
I 
I 

I I 
I I 

NOTE: -1s TUiE EXTENDS THRU -5 INNER SKIN (REF.) SECT. DD. I 
I 
I 

I I 
I I 

rmuP (I) PLY OF 181 KEVLAR 49 OVJBALL (REF,) -5 INNER SKIN 
I I 
I I __- 1 
I I 
I I __ ______ --. _ 
I I 

APPLY BLEEDERAND VACUUM BAG. I I 
I I 
I I 

CURE PER HP1542 
I I 
I I 
I I 
I I 

STRIPBLEEDER& VACUUMBAGAND REMOVEASSY.FROMMOLD 
I I 
I I 
I I 
I I 

110 2823 ROUT PERIPHERY AND CUTOUTS PER RTB 
I I 
I I 

DRILL (4) .165/.177 DIA. HOLES (8) ‘49 C.073) DJA. & 
I I 
I I 

(3) #40 DIA. (.098) DIA. HOLES IN 369A3053-31 DCTJBLER AREA: 
I I 
I I I 

Hughes Helicopters PI 'l.NNING SHEET 
PROJE CT IOWG. lTA lII utlllER SHUT 

VALUE CODE 369ASK 2000-1 Yo • (NGINHRING ORDERS , 8 . PART TYPE , 
NAME H(V. NO. 

t 

COST CENTER REV. LTR. 1 1. 
D~ER DEPT WORK D~ERAnONS ~ERFORMED SET U~ : '"' TDDl IllD. RE V. 

" " '" ". 
I 
I 

W ILD UP AREA AT-.iREF ,} SECT. DD AS REQ'D TO ENCASE - 13 HOUSING 
I 

100 ( CONT I 

I , 
-15 roBE EXTENDS nmu - 5 INNEl! SKIN (REF. ) SECT. 00. 

I 
NOTE: , , , 
LAYUP (1 ) PLY OF 181 oKEVLAR 112 OVERALL (itEF.l 

, 
-5 I NNER SKIIL.. . ____ _ . ' , , , , _ ... --_._---, I 

APPLY BLEEl:ER AND VACUUM BAG . , I -- , , , , _. 
I , 

CURE PER HPl5 - 42 , , 
j--- _ . .... - - .. -.----.-, - --1---- · 

, , - , I 
STRIP BL};EDER & VACUUM BAG AND lill'IOVE ASSY. FROM MOLD , , 

, I , , 
liD 282) ROUT ~..mL!li'll. : 00.1:' "J" , Ao",,,", · OO30l 

I I , , 
DRILL (4) .1651.l1I. DIA HOLES . ([) #/'9 r. 071 ) DTA t-

, I 
I I 

(3 ) "40 DIA . (. 098) DIA . HOLES IN 369A3053- 31 OOJBLER AREA . 
, I 
I I , 
I 

I , , , , 
J 
I 
J 
J 
J 

NEXT ASSEM"l Y QTY. CHANGE EF FECTIVE R( ASO N FOR CHAN GE PLANN ED BY OAf[ 

REVISfD !Y OArl 

" FROM TO 
, fORM NO . 97 3 3, REV. tI / • 



tLt$ ‘A3H ‘CEL6 ‘ON WUOI 
. 

01 WOtl4 
.3‘1 

32wa 

31WO 

AS 03SIA3P 

AS 03NNWld 39NWH3 903 NOSW3tl 3Al133443 39NWH3 ‘Al9 AlBW3SSW IX311 

I 

I 

I I 

I I 

I I 
I I I 

I I 
I I 

I I 
I I 

I 
I 

dc-97;arO aOO(1 NO TVXS kTt-C5oCv69C T-IKLSNI tlNV mu, 
I 

I I 
I I 

I I 
I I U3TUO(I ff-fSOfv69f NOWD3 

0 I x.00 ’ 
I SJJUI~ tl-lv 9lflOZSJ’J (81) HtLIM SUmJ;m 908 L69Sm (q) 'I"Iv&sNI f282 Of-t 
I I 
I 

I I 
I 

;'t'OO ; a&m xxv Alma a~v~ fz82 ’ , A 

I I 
I I 
I 

I I 
I I OOOT 

I 
Ix l a f'7' SITI~ (91) XNIS H3JMOil 'S3'IOH 'VIfl ZlZ*/sOZ* (91) TIma I 

I I 
I I 

1 

I I 
I I 

I I ammu rf- NI S3'IOH 'na Otl# (9) aNv (nma 2#) 
I 

I I S3TOH 'VIT 62z'/L'cz' (f) (TIIXa Ii) S3TOH 'VICI X51*1/ 082' (f) mua 
I 

I I 
I I 

I 
I 

I NOIf33S UV 'ZWI NI S3'lOH 'WI +Jl z7861* (2) mma UNO3) O-II 

I 
I 
I 

‘ON 
‘A3Y 

‘ON 1001 I NllY 
I 

dll13S 03WYOdtJ3d SNOllW113dO VlS 
#YOM 163330 

‘ON 
U3dO 

1 
'till 'MU Ml1333 IS03 

.ONI.A3Y 3WWN ’ 

Y 

T-OOoz xv69f 
i 3dAl UVd 

9- 
133HS _ 

d. 
S13090 9Nl133Nl9N3 

L13EWllN ui ‘9Ma 133rOtid 

133HS f)NINwd sJWdo~!PH =@nH 

en 
N 

rl . --'i;J"-- . __ .. __ ,..w ___ or 1''' ••••• __ •• __ • 

VALUE CODE '''OJ(Cf I OWG.lTR "UMlf. .. 

• 
PART TYPE 

(IIIIGIHHllliIIG 0110£11$ , 369ASK 2000-1 , " .. T 

COST CENTER REV. LTR. I .. " • m ~ .. Of'EflATIOtIS "flfOIWlilEO I sn"" I "" ... t< '" I I , , , , 
(CONT DRILL (2) .198/.204 DIA HOLES...I!I LWR AFT SEC'!'TON 

, , 
110 , , 

I , 
I , 

DRILL (3) .280 1.2'11 DIA. HOLES (K DRrr.Ll 01 .217/.229 DIA HOLES : 
I , 

(#2 DRILL) AND (6) "40 DIA. HOLES IN -ll BULKHEAD 
, , 
I , 

POSITION INSIDE SECTION OF DRILL FIXTURE AND PIN TO -11 
I , 

DRILL (16) .2051.212 DIA. HOlES. COUNTER SINK (16) PLC'S .h3 DIA X 
I 
I 

100° 
, , 
I , 
, , 

120 2823 SAND AND BLEND ASSY AS RE<l'D I 00.1: 0.08 
I 

1)0 282) I1ISTAlJ, (4) NAS697 A06 NUTPLATES WITR (181 l1S20L26 A2-h RIVETS ; 00.1 i 0.1 ~1 

COMMON 369A3053-33 DOUBLER 

TRIM AND INSTALL.J§JIAJQ~Ul..SEAL-'lli DOOR mltll PF.R HPl ~_?i> , , , , , , 
, I 
I I 
I I 
I I 

I I 
I I 

IIIEXT.t.SStMILY DrY. CHAIIIG! tfHCTIVE REASON FOR CHANtOE ,UNNUIIV 

REVISED IV 

I.E. .... 10 

.. aOM NO. un. HE'll .114 

, 
SHUT 

'Yo :J!. 
R£Y. NU. 

1. 

'aOllO. R(V . ... 

PATE 

DAn 

I 

:I: c 
<0 
~ 
(I) 
U> 

:I: 
~ 
c'i" o 
'S. 
(I) 
~ 

U> 



Hughes Helicopters PI “NNING SHEET f , 
PROJECT OWG. LTR NUMGER - SHEET ’ 

VALUE CODE 
- 7 

PART TYPE 
ENGINEERING ORDERS : 369ASK 2000-l /y 8 

T” NAME REV. NO. I 

COST CENTER REV. LTR. 1 

ONPOEP "c'c" %" OPERATIONS PERFORMED 
I 

SET UP 
I 

I I 
RUN TOOL NO. 2 

(REF.) -21 DOOR ASSYI- 
I I 
I I 

,140 2823 TRIl4 -27 FILLERANDROUTRFXESS : 00.2 i o.S96 369ASK 3000-37-30901 
I I 
I I 

LAYUP (1) IXi #181 KEVLAR 49 (REF.) 
I I 

-23 sm I I 369ASK 2000-21-21201 
I I 
I I 

I 
POSITION -27 F’IIJXR & (1) PLY 181 KEVLAR‘h9 (REF.) -25 INNER SKIN : I 

I I 
I I 

LAYUP (2) PLIES 181 KEVLAR 49 (REF.) -29 DaJBLER 
I I 
I I 
I I 
I I 

BAG & CURE PER HPl$& 
I I 
I I 

I I 

I I 

LOCATE Ah?) DRILL (2) &2/.4s7 DIA. HOLES THRU -23 SKIN ONLY PER : 1 
369H2087 IMG. 

I I 
I I 

I I 
I I 

INSTALL & BOND (2) SL 607-06-6-C INSERTS PER Hp15-32 I I 
I I 

I I 
I I 

INSTALL 369H2087-7 CLIP TO DOOR ASSY. WITH (2) MS 51958-28 SCREMS : 
I 
I 

t i 

I 
I I 

I I 
I I 

I 

I 

I 

I I 

I I 

NEXT ASSEMBLY DTY. CHANGE EFFECTIVE REASON FOR CHANGE PLANNED BY DATE 

REVISED BY DATE 

I.E. 
FROM TO 

-- 
FC)RM. 975.4. HFV. 6174 

Hughes Helicopters pI 'INNING SHEET i 

VALUE CODE 
rAOJECT I OW5.tTR 

_ .. IER - SHUT 

Ys E.e'_HRIItG OR DERS 
, 

J69AS[ 2000-1 
PART TYPE 

, 
R .... REV. I O . 
T 

COST CENTER REV. LTR. I 1 
0'(11 DEPT WORK OPERATIONS PERFORMED 1 sn up : RU. TOOlIO. REV. 
NO. te '" I 

.0. 

(REF .) -21 
I I 

OOOR ASSY - I I 

140 2623 TRll! - 27 FILLER AND ROOT RECESS I I .~96 
! 00 2 I 0 169ASI( _2C ~01 
I I 
I I 

LAYUP (1 ) PLY #:i.81 KEVLAR 49 (REF.) -23 SKIN 
I I 

1M!S!( 101 I , -2 
I I , I 

!'OSITION -27 FILLER & (1) PLY 161 KEVLAR 49 (REF.) -2<; INNER SKIn 
I I , I 

I I 
I I 

LAYUP (2) PLIES 161 KEVLAR 49 (REF.) -29 DalBLER 
, I , I 

I I , I 

BAG (, CURE pm IfP 15- 42 
I I 
I I 
I I 
I , 

LOCATE .11m DRILL (2) .452/.457 DU. HOLES TlIRU -23 snn ONLY PER 
I I , , 

369H2087 lMl. 
I I 
I I 
I , , I 

INSTALL & BOND (2) 5L 607-06-6-c INSERTS PER HPl5-32 I I , I , I 
I I 

INSTALL 369H2087-7 CLIP TO DOOR ASSY. WITH (2) lIS 51958-28 SCR»/S 
I I 
I I 

I I 
I I 

I I 
I I 
I I 
I I 

I I 
I 1 
I I 
I I 

I 1 
I 1 

NUT MS(Mll Y OTY. CHANQ[ lFf[CTlVE REASOW FOR CHANGE 'tA"N EO n DATI 

REVISED IV DATE 

" 

~e·M Ng V I' IUV '11.4. 

fROM TO 



, - 1’ Hughes Helicopters PI ANNING SHEET i 

I VALUE COC 
PROJECT 

I PART TYPE I 
ENGINEERING ORDERS 

1 COST CENTER REV. LTR. 1 

O??.R D;‘c” w&y OPERATIONS PERFOAMEO ’ SETUP 
I 

RUN TOOL NO. 
REV. 

I NO. 

, I I 
I I 

lSc, 2823 INSTALL & BOND (12) sf, 607-3-6-c INSERTS COMMON HINGES & LATCHES P& 00.2~0.500 .I 

ASSm&F, HINGES AND IAW ASSY. PER SECT. E-E OF ENG. IXJG. I I 
I I 
I I 
I I 

ASSEMBLE,AND INSTALL -19 CABLE ASSY. NOTE: USE 369A8435 IWG. AS FtEF: 
I 

I 

I I 
I I 

IDENTIF'Y - INK STAMP HP 8-5 
I I 
I I 

I I 
I I 

I I 

160 2800 INSPECT I I 
I I I 
I I 
1 

170 1301 CLOSE ORDW 
I I 
I I 
I I 

NEXT ASSEMBLY 

:oFlbI NO. 9733, REV. 4174 

(1TY. CHANGE EFFECTIVE 

FROM T3 

REASONFORCHANGE 

-___ 

PLANNED BY 

REVISED BY 

I.E. 

DATE 

DATE 

, Hughes Helicopters pI "NNING SHEET 

VALUE CODE 
'IUUfCT IOWG.ulIi IIIJtIIfR .' SM[[T 

Yo £.OUUERI'" ORIERS • 369ASJ[ 2000-1 
PART TYPE 

, '8 , , .. , MEV. 1110. , 
COST CENTER REV, L TR. I 1 

.," . ." .. " OPERATIONS 'EIIFOAMED I 
SET UP : 'UN TDOl.a. '" NO. te '" I ... 

I I 
I I 

15 2823 INSTALL & roND u21 st 607-3-6-r; INSERTS CCJ1MON HINGES & LA TC!IES 
PEl! , , 00.2:0.500 

lIPl5-.12 
I I 
I I 
I I 
I I 

AssmBLR HIKGES AND LCroI ASS!. PEl! SECT. E-E OF ENG. IJ'G. 
I I , I 

I I , I 

ASsmBLE AND INSTALL -19 CABLE ASS!. NOTE: USE J69A84J5 IJJD. AS REF~ I 
I , I 

I I 

IIENTIIT - IKK STAHP UP 6-5 
I I 
I I 

I I 
I I 
I I 
I I 

160 2800 INSPECT I I 
I I , 

I I 
I I 
I I , I 

I I 
, I 

110 1301 CLOSE ORDIR 
, I 
I I 
I I 
I I 
I 
I 

I 
I , 
I 

I 
I 

I 
I 
I 
I 

IIEUASSEMll'f' DIY. CHANGE EFFECTIVE REASON rOR tHANGt ,UIINEO IV .U, 
REVISED IV D"Tt 

I.E. 
FROM " 

"0""" NQ. '1U, REV, 0/ 74 



Hughes Helicopters 

WORK AUTH NO. MJO cc QTY ORD DoC CONTROL No. -ARTIASSY 

C 
H 

G . z 369ASK 2000-l 
AMT N C ACC.T AMT ACCT AMT ACCT FAIRING ASSY. AFT. 

A 0 
M KEVLAR 49 E f’ 

SPLIT BAL SPLIT BAL SPLIT BAL NEXT ASSY 

4 369A3053-25 PLATE MP 4 I I II I 

I I II I 
5 369A3053-33 PLATE MP 1 

6 ,369A3053-35 ANGLE _SC 1 
IllI 1 

I I 

7 369A3053-36 ANGLE SC 1 0 11 I 

369A30534ll PLATE MP 2 I I II 1 8 

I I II I 9 

(RF?-19) 
I 1 ‘0 369A8433 STOP MP 1 1 I I __ 

/ 

'1 369A8437 HINGE MP 2 I I /I 1 
/ 

l2 369A8&2 UTCII ASSY SC 1 II I II Ij 
I 1 I I 

'3 369A8461 CLIP MP 1 I I I I II I 

14 /I II I 

15 I I II. I 369H2087-7 CLIP MP 1 

16 IllI I 
I 1 

" 8&369A3Of%31 PLATE MP 1 I I II I 
18 91-369A3Olb53 ANTENNA MP 1 I I II 1, 

_ 
MATERlAL ISSUED 

. . . . . . . . . ..# 
,........... . . . . . . . . . . . . . . . . . . 

i 

. . . . . . . . ..I j I 
. . . . . . . . . . . , 

,........... . . . . . . . . 

1 

I I 

. . . . . . 

I 

. ..*....... / ;1..........) 1 ; I........... / I 

. . . . . . . . . . . . . . . . . . . ..I 

1 I........... 
ACCT__ 

I 
I I 

I 
1 I t 

FORhI N0.9271A PCi.5_68 

MANUFACTURING SHOP ORDER 
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" 0/11..; "'VT" - N~- .'-JO----

I ' 0 I' ON , • , 
I " " 

G 
0 369ASK 2000-1 , ItC c. r .. , ... ee l' .. , 1"" .. , 
" FAIRING ASSY. AFT • 

~ I I I • KEVLAR 49 , . • , 
$," ... IT "" I 

5," LIT '" S '" \,.1 T 

I 
." I ' "U' I ' " N E ll T .. SST 

I I SEE 9733 
:1''''''T I DUE I aliCE '" III E ,,("' 51;0 I SC IoIE O IJ L E NO . 

" OSTE O I G OV'T ~"' O P ' I ; ... ... ;~~l~S 
QU, I ! I'"'" 2-3 ... 75' ~~' L "1.."1'0 1 

" "... .. T· L. 0" 
UNIT " "'IC~ 15 5 V £ COST ! rOT A ... C OST roe,; "... .. ,.£1111 ..... D ESC R IPT I O N 

0 
. CS'O.[~I.S I < 

III E O' O I SS UED 
UN ,T S~O~T 

1 I I I I I 
I 

I I I I , 369A2081 IXJUBLEa HP 7 I , 
, 369A3053-23 PLATE KP 1 I I I I I I 
, 

369A3053-25 PLATE HP! 4 I I I I I 
, 

_~~ PT.''''' ",, ' ! , I I I I ! 

• 169A 30q-10; ANGLE SC 1 I I I I I 
7 169A 10<;1-16 A..~GLE SC 1 I ! I I I 
B 369A3053-111 PLATE MP 2 I I I I I 
9 I 

, I , , I 
; (RE~-19 ) ! , 

" 
10 . 369A8433 STOP KP I 1 I I I I I 

" 369A8437 HnlGE i i HP . 2 I ! I , I 
12 369A8442 LATCH ASSY 

I 
! se 1 i j i I I I I ! 

IJ : 369A8461 CLIP }!P 1 
, 

I I I I I I , 
14 i 

, , I , , I I I 

15 
lMH2007-7 CLIP KP i , I I I I I , 

I 

" ! I I I , I , 
HP I 

I 
17 80-369A3053-31 PLATE 1 I I I I I I , 

18 
91-369A3014-<;1 ANTENNA KPT , I , , I , 

O. E~ "' Tio seR .... oOr A "' ,mOT \ · "~;ZO~:"· ! I "AT" " ' .o 1. ISS U E D 

ro ii~;' D ~ .T. 
$ T ... .. P ACCH T iiE Wb'~i<" ,u ~ O. 'io~ ;"':-'" O[ .T. <f A " · ,,~ ~O. . 

I u . r 
r .. .. . I ......... .. .... I I I i 

I I 
lU I 

I 
I , 

[I ....... .. 
i " 

...... .. " 

j 
, I 

I I- I I I -', I ! 
, t. , 

, , 
•• •• 1 I ··· •••• 01 

, 

! F ' N IS "' EO F'u.r s I ...... r······ ····· i ! 
, 

'i ! 
, , , 1 I 

I I T- il I 
, 

i ' I ......... r' 1 t--- .. .... I ; iI'Q .. E S 

; : 0 .. , E_ Ac.-:: r , -, , -
MANUFACTUR ING SHOP ORDER 
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WORo< .o..UTH NO. ""' J I on ,eo I cOC Cc, "0 L "(). , ." 
C 

I " " , , 
369ASK 2000-1 

c .. c C T '" , ... eeT '"' l.en '"' " FAIRING ASSY. AI'l'. o. 

I I I 
, 
" KEV'..AJ1 49 , , 

SF> L IT 'n I ,.w I,n 51" LIT 'n 
I 

5 P LIT 'n NEXT A55Y 

I I SEE 9733 :r ... "T I DUE I i)FlOER RELEASED I SCHEDULE NO 'I POSTED I C;OV'T PROP, 
PLANNER 

'm I ! I'"''' L. MEEKS 2-3-7.5 """i'L PLN'C; 2 

" MA T'L on 
UNIT PRICEI,SSUE COST I TOTAL COST ";:E'i "'1ATER1AL DE5Cl'liPTIQN 

CODE 
~C5/a~E~!USY 

R ED'D 'SSUEO 
UNIT 5MO~T 

1 I I i I 

2 AN664C2 TElUIDIAL (REF 19) pp 2 AIR I I I I , 

, AN 960PD 10L WASHER pp 12 AIR I I I I 

4 I I I I 

, 1{S 24665-153 PIN pp 1 AIR 
: I I I 

, MS 51958-28 SCREW pp 2 AIR I I I I 
7 MS 20426 A2-4 RIVET PP 8 AIR I ! I I 

8 MS 20426 AD3-3 RIVET PP 2u AIR I ! I I I 
9 HS 13Dl5'6-078 -h06 sc 1 AIR I I I 

, 
HS 306-302L ;rASHER SC 2 AIR ' 

I I I I 

11 I I I I 

12 NAS 623-3-1 SCREV/ pp 10 AIR i I I I 
13 NAS 623-3-3 SCREV/ PP 2 ' ,'" I I I ! 

, 

14 NAS 6Q7A06 IIl1T PT.A'l'F. pp I, I» I I I I 

" NAS 697A3 NUTPLATE pp 12 AIR I I I I I 

" sc 607 -06-6-c INSERT PP 2 AIR I I I I I 
17 

SC 607-1-6-r. TNSRRT pp In ,'" I I I I I 

" I I I I I 

o"l~ W. 5CR .. ~ O~ER .. sc~ ... ~ MATE"'.L ISSUED 

C"O~'''T'' OE~T. ST II!.!P ... CC£~ T ~'E;';O';"" IT~ WOo ·cc'-G • .-i··· DE --' • ST »'" ... CCE~T ·"·[WO'';'' pTR "0. 

......... ............ ...... ., .. . .......... 

···1 I .......... 
II 

. 

......... ........... 
I 

, I 
! I 

FINISHED PARTS I ....... ........... .......... 
t 

........ 1 

, I I 
1 

I ! I 
STORES 

I ......... ........... .. I" II DATE 
ACCT 

FO~ ... ,"O.n70A ~".~-"~ 

MANUFACTURING SHOP OROER 
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t WORK AUTH NO. IMJO cc , QTY ORD IDOC CONTROL NO. 1 =‘ARTIASSY 

C N 
.n 

G '369ASK 2000-l 
C ACCT At.41 ACCT AMT ACCT AMT 

D “, FAIRING ASSY. AFT. 
*. 
T 

yEvLARh9 
SPLIT BAL ) SPLIT BAL SPLIT BAL SPLIT BAL NEXT ASSY 

/ DATEp.ACCT____- 
-_____ 

MANUFACTURING SHOP ORDER 

.0''''' A VT H N O. "') 0 , 
H , 
C AeeT 
~ . 

,., .. ceT 

I 

, 181 PREIMPREGNAT~!L 

J ORGANI C FIBER 

4 KEVLAR h9 

s HMS 16-1112 

7 (CORLAR S134/ffiD-h9 III-18 

8 

, .40o!.006 NOMEX (REF-9) 

10 HONEYCCJ.!B 

" 
IJ 

14 .62S~.006 NOMEX 

IS HONEYCmB 

" 1;8 HRH-IO @ 1.8# DEN 

17 

" 

I 

I 

Hughes Helicopters 

I Q ' I ceo .. " OL N 

, ., ,., 

I 

" 
Q 169ASK 2000-1 
~ FATIUNG AS3Y. AFT. 
~ KEVLAR 49 

UN IT ~~ r c~ ISS U E <;05T I T OY"L C OS T S ~OH 

SD. IN. 1 1 1 1 I 

RM 11<.000 --+1_ --+-+-.:...-1 ~I_.:...-I ~I ~I--+--l 
I I 1 1 I 
I I I I I 
I I I I I 

I I I I I 

1 ! I 1 I 
, jl 

SO. IN j 1 1 1 I I 

RM i 200 Ii i I I 
I I I I I 
I I I 1 I 
1 1 1 1 I 

1 SQ. IN. i ~._+-il -f--I __ _ I_ --,I,--_I _-,-I -l~1 
R111700i ! I II I 

I I I I 

I ! I I 
I I 1 I 

i ! I I I 
O. E ~ WK s(~ ... O'[~ '11K - I sc ~ r 1 Iii MAT EII I ... !.. ISS UED 

I-"~'O~!!:'~T,+' .!.'''''''4' '~'.:::'H::..'t:"::'''::''~~·E"":''O~·';;'':,,,'' ~'.:.:".:.:"~' --f"~ou~' ;:t_ .. ,"' .. ,.'c, •. f,:".:.:'"::..'+=AC c.~ - . ;"t':~~:t I I a "Q. 

\-.. .. -.... +. _+_---+--+-!I ... -..... -i .... -~,'-.... -.... ·+!_+___t_T_+i·-.... ·-··T:___· _--Ii I 
\-.... - .... +-. -+-~--+-..... -..... +., ----+-I-··· .. ·~ i i i··-! i I~========~: 

."... .... .... ....... 1 i ........ ... : J I L ......... 1 !i ~ I N 'S" "'O PARH _ ___ _ ! 

f--.... -.. ... +-+--+
i
- +-... -.... -.... +----1I-1 .. -.. .. - j.f-+; -r ;,1 ... .. ... j i i m'" i 

i ! I i DAT E ;' (0:; 1 _. -

MANUFACTURING SHOP ORDER 
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7 II II I 

0 
LIN. x?'rrl 

.19 X .50 ENSOLITE TYPE-M RM 4.0 II II I 
9 MIL-P-15280 TYPE 1 II II I 

'0 (REF. 369113053-113) III11 

11 I I II I - 
LIN. FT.. 

l2 .375 OD x .03-w~.u RM 5.0 I Ill/ 

l3 SPliiC. 1101 NYLON IIIII 

,14 PRESSURE TUBING II II II 

. l5 CONFORMING TO LP4lO CLASS I I IId 

l6 ~L~XAMETHYLENE 1 I II I 

, l7 (REiF 1s 17) - - IIll I 

18 I I II I 
OCER WK SCRAP CJPER WK SCRAP MATERIAL ISSUED 

. . . . . . . . 
‘COUNT’ DEPT. ST AMP ACCEPT 

.e.c .$;k .K.. . ITR NO. “&Jyf”’ DEPT. STAMD ACCEPT “k’ii;b’dy ITR NO. 

. . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . ..s 

. . . . 0.. . . ,........... < I , . . . . . . . . . . / / . . . . . . . . . . . 1 

I 

‘j 

FINISHED PARTS 

a...... ,........... . . . . . . . . . . . / . . . . . . . . . ..I 
j I 

1 

I 
. . . . . . . . . I , . . . . . . . . . . . . . . . . . . . . . . 

I ! 

. . . . . . . . . . . STORES 

DATE ACCT 
--- ! 

\ 

MANUFACTURING SHOP ORDER 
FORM ~1.9270~ acr.S-66 

i - 
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• ~ A U f H N O. ., c 

I 
> 

I' 
• .a . , , 

I " " , , 
369ASK 2000-1 , .I. e.; T ,. , Ae e T 'N' I"" ' N' " FAIRI NG ASSY. A F"'L ~ 

~ I I I • • KEVLAR 09 , , 
5 ~ \. IT . " 

I 
S P LIT . " $" \.1 T '" 

I 
~ .. \.1 T ." N E XT "'S S T 

I I I J SEE 973: 
: T" " ,. ) C U E I " " D E>! RELE"'SEDJ S C"1 E OUL E N O. POPED I OO V'T 1'1'101" 1 ~.LA;;;s 0 .. T E 

i I'"'" 2-3-75 
MiT' \' "1,. .. · 0 4 

" ~ .. t' \. 
P CI'Q . [~I .,! . 

, n 
UNIT UNIT P R IC E!IS5 V E C OS T I T O ' '' \. C 05T ' "O . ~ " ;;i:'~ ""AT E RIAL DESCRIPTION 

" II E(l ' P ISS UE D 

1 SO. IN. I I I I I 
2 .60 ! .006 NOMEX RII 1~0 I I I I I 

I 

3 HONEYCC1IIl I I I I I 

• l/8 HRII-l0 @ 1.8# DEN I I I I I 
, 

(REF-27) . ! I I I I 
, I I I I I 
7 I I I I I 

LIN. n 
I I I I I , . 19 X .50 ENSOLITE TYPE-H RII 0. 0 

, MIL-P-15280 TYPE 1 I I I I I 

( " (REF. 369A3053-113) i I I I I 

" I I I I I 
LIN. n 

I I I I I " .3750D X .O)-WALL RM <;. 0 

13 SPEc. 1101 NYLON I I I I ! 

" PRESSURE TUBING I I I I I I 
IS CO!iFOR1-lING TO LPLlo CLASS I I I I I 

" roLYHEXo\METHYLEllE I I I I I I 
" (REF-l~-171 I I I I I 

" I I I I I 
O'l~ .. !eft A' o. [ ~ .. ! C ~ ... ~ "' T lfIIl l "' l. I$S U It O 

roii~;' !;IV' . S f ... "" " .. cC[.T ;iEwi:i,;~" ,u ~ c . 'Ct;u;",, ' " 01-,. !T h o. ACC(p T '~'i wo'; ~' 'T~ NO. 

......... ............ .. ........ . .......... 

" ....... ........... ... ...... .... ...... I 
I I , i I I 

" 1 " 1 5 ~ EO " .. il lS j 
u l i . ...... i I I ...... ........... 

[ J I I .. ... j I 
HOllIE S 

J 
......... ........... , .......... ! 0 .. TIE .. ( e T , _. 

~ o . ... ~o.9HO. · ! • . ~ -u 

MANUF ACTURING SH OP ORDER 
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r WORK AUTH NO. [MJO cc , QTY ORD IDOC CONTROL NO.1 =AHTIASSY 

C 
Ii 

ci . ' 369ASK 2000-l 
c ACCT AMT ACCT AUT ACCT AUT 

0 l “, FAIRING ASSY. AFT. *. 
T kEvLAR49 

’ SPLIT 8AL SPLIT BAL SPLIT BAL SPLIT BAL NEXT ASSY 

1 LIN. FT. 

2 .063 CABLE-NON-NAG. RM 6.0 I I II I 

3 STAINLESS STL. IllI I 

4 MIL-c-18375 IIII I 

5 ( REF-19) 
II II I' 

6 I Ill I 

7 I! II I 

8 All77 B MOLDING COMFOUND OS 2 LBS. A/R III1 1 

9 (REF 369A3053-&f$l-53) II II I 

'0 IIIII 

11 1.1 II I 

12 .187 DIA. NYLON CASING RM 6.0 LIN. FT. /I/II 

l3 WITIi ,080 ID DELCRON I III I 

l4 (OR) TEF'LON LINER. II II I 
15 (REF-13 > I I II I 

16 I IO I 

” FOAMING TAPE- OS A/R II II I 

HMS 16-1111 TYPE III 
'* END OF LIST I/II 1 

oPER WK SCRAP OPER WK 

y;t’;i” OEPT. STAMP ACCEPT ‘Kt;j&$i(” ITR NO. , “;b’;yf”’ DEPT. STAMD 

. . . . . . . . . ..I . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . 

. . . . . . . . . . . ,.......... . . . . . . . . ,...........I 

. . . . . . . 
t 

. . . . . . . . . . . ).......... / 1 

STORES ,........... 
. . . . . . . . . . , . . . . . . . . . . . . 

DATE ACCT 
L 

MANUFACTURING SHOP ORDER , ’ 
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WOR~ A U " " .'0 I 0" 0·0 1'" " 
, ' " , 

I " " 
G 0 )69ASK 2000-1 , ... CCT .. , .. C C T '" , I"" ,., 

" 0 

I I I 
I , FAIRING ASS'!. AF"l'. · , ~ KEVUR 49 

Sl'lll ." I 
51' LI T ." 5 po LI T ." I 

S I' l \l ." N!;:X T "' SS T 

I I I I 
:,.o.IOIT I CUE I (lIOl C £ R I'IELEA S [C ISCI-t !:O ULE '-1O. ~ on E O [GOV 'T PR OP' I ~u::s ""-7J' I I'"'" 2-'1- M"' T~L POL WO t; 

" MA T'I.. 0" 
U""IT PIl I ~EI -'5SUE C OST i TO r,,1.. COST ""QAT .. ;, .... "' ... TE A I .... O E '5CIOIIP T IO N 

0 
O',,,opr .. ' . SS T REC'O Issu EO U"I 'T 

1 LIN. F"l'. I I I I I 
, • 06 J CA!!LE-l:C!I-I!A.G • RM 6.0 I I I I I 

I I I I 
, 

3 STAINLESS STL . I 

• IIIL-C-1~ I I I I I 
, (REF-1c)) I I I I I -. 

• I I I I I 
7 I I I I I 
8 All77 B MOLDING COMlUUIlD os 2 LBS . i AIR I I I I I 

. (REF 369A3053-49-~-~') I I 
, 

I I , , 

., I I I I I 
I I I I I 

, 
11 . 

13 .167 DIA. NILON CASING RM 6.0 LIN. I'"r. I I I I I 
13 WITH .060 ID DELCRON [ I I I I ! 

" (OR) TEFLON LIJIER. I I I I I 
15 I (REF-l) I I I I I 
16 I I I I I 
17 FOAMING TAPE- OS AIR .IR I I I I I 
18 

!lMS 1b-llll TYFl!: III 
I I I I ! END OF LIST 

opr" ., iC . .... 0 ..... ., 
A CC EPT l)t~o~t· 

", .. T E RIAI.. ISS UEO 

rol';";'" ~ 1 ' T. 
ST AMI' ACetO'T i,iioi i>W' IT~ ~ O . ·co" .. r'· ';I~~ T • 

5T ..... ~ I T. ~ O. 

I I 
......... . .......... .......... IH . 

I 

. -....... ........... H.HHH I I \H 
i I , 

I I ! . 

" H i i , 
I 

I. HHH.H .I I I "'INIH IED " ,.,'ITS I ...... .. ......... 
J ' I i 

! 
' , I I 

......... . ... ....... H'~ r H 

•• r OA"T r;; 
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APPENDIX C 

HUGHES PROCESS 15-42 

LABORATORYREPORT 

FLIGHT TEST REPORT 

REVISIONS 

LTR DESCRIPTION DATE ~APPROVEC 

A Released on E. 0. 114178 4/z I69 
B Released on E. 0. 119620 l/6/70 

C Released on E. 0. 125’)90 4112 174 

D Released on E. 0. 127307 1?/ 7/ 7s 

SCOPE: This specification prov~cles the requirements and 

and procedurcls for fabrication of fiberglass laminated 

parts. 

CHANGES: 

Revised 3. 5. 1. 3; WAS: 

HMS 16-112 material 60, 000 psi (413. 7 MPa) 

Change bars indicate changes. 

FABRICATION OF REINFORCED PLASTICS 

60 

SC OP E : 

CHA;-<GES : 

LTR 

A 
B 
C 
D 

Hughes Helicopters 

APP ENDIX C 

HUGHES PROCESS 15 -42 

LABORATORY REPORT 

FLIGHT TEST REPORT 

REVISIONS 

DEseRI PTION 

R e l e a s ed o n E . O . 114 178 
R cl~a s ed on E . O . 11902 0 
R e le ased on E . O . 1259 9 0 
H.~lcil!-i('d o n F. . 0 , 12 7 Y)7 

DATE IAPPROVED 

4 /2/69 
1/6/70 
.J /12/H 

1./7/ 'lJ' 

T h is sp~c i f j ca t i o n p ro ~'·ldc:s th e r e qu i rc rnc nl s and 

and pn)(~ec1 \\r('s fo r fa bri cation of fib erglass lami nated 

par t s . 

R evi s e d 3, 5. 1. 3 ; WAS: 

HM S 16 _ 112 m a teria l 60. 000 psi (4 l.1 . 7 l\,IP a ) 

C h a nge ba rs indic a t e chan g (· s . 

PREP :.: " \., v , \ 1 i._ 
Hughes Helicopters divISion 01 summa cmP<l'.tlon APPD U, .f)U { 

Ilk 1.7 ,? 7.- - ./, - " TITLE 

Zt.-7> FABRI CATION OF RE!~FOR CED PLASTICS 

. ::, :. ~ 
"/>175 -JIILI~ S IZE CODE I DENT NO. NO. 

HP 15- -1 2 D 
, , .. . .. .1 ' A ~1I31 

~17' 1*": . L 
\SH EET ~ 1 of 12 

"O ~M , e ~ R E V . 8 7 3 
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Hughes Helicopters division of summa corporation 
PROCESS SPECIFICATION 

1. SCOPE 

1. 1 This specification provides the requirements and procedure for 

fabrication of reinforced plastic laminated parts, 

2. APPLICABLE DOCUMENTS 

2. 1 The following documents form a part of this specification to the 

extent specified herein. In case of conflict between these documents 

and this specification, the requirements of this specification shall 

prevail. 

Specifications 

Federal 

0-T-620 T richloroethane - 1, 1, 1, Technical 

Military 

MIL-P-265 Polyvinyl Alcohol, Granular 

MIL-R-7575 Resin, Polyester, Low-Pressure 

Laminating 

MIL-R-9300 Resin, Epoxy, Low-Pressure 

Laminating 

MIL-P-8116 Putty, Zinc Chromate, General 

Purpose 

MIL-C-23377 Prirner Coating, Epoxy- Polyamide, 

Chemical-and Solvent-Resistant 

Hughes Helicopters 

HP 4-57 Chemical Films for Aluminum and 

Aluminum Alloys 

HP 4-100 Adhesive Primer, Application and 

Control 

JO. 
HP 

CODE IDENT NO. 
15-42 D FABRICATION OF 

REINFORCED PLASTICS 02731 

SHEET 2 of 12 

61 
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Hughes Helicopters dlvlsk," of summa coo-oo,"Uo n 
PROCESS SPECIFICATION 

NO. 

1. SC OPE 

I. 1 T h i s specif ic ation provi.d es th e rl!<jllircrncnts and procedu r e fo r 
(a b ri cat i o n o f r ei nforced p la s ti c lamina ted parts. 

2 . APPLICAB LE DOC UME;-( TS 

2.1 T he following dO Cll ll"W nts for m a part o f this ::;pecification t o the 
ext e nt s pecified h<· r ein . I n c as e' of ~' onfli c t betwee n t hes e do cuments 
a nd th is specifi cah on, t he rcqui t" em ent s o f th is .!:i p cc i fic ation ~ha ll 

prevai l. 

Specifi cations 

F e d e ral 

0 _ T -6 20 

Mi li ta r y 

MIL- P -2 65 

MIL-R- 7575 

MIL-R- 9300 

MIL-P- BI I 6 

MIL - C - 233 77 

T ric h lorocth an e - I , l, I, T echnic a l 

P o l yviny l Alcohol , Granular 

Res i n , Pol~'este r, L ow-Pressure 
L ami.nat i n g 

R cs i n , Epo x y , Low -Pressure 
L a rn inating 

P U,t t >·. Zinc C hromat e , Gen eral 
P u r pose 

Pri m er Coa ting . E poxy - Pol yamide , 
Ch emical -and Solve nt-Resistant 

Hughes H e licopters 

HP 4 - 57 

HP4-1 00 

HP 15 _4 2 D 

Chemi c a l F i l m s fo r Alu m i n um and 
Alurn i nnm Alloys 

Adheslve Primer , Application a nd 
Con tl' o l 

FAB RICATIO N OF 
REINFORCE D P LASTICS 

CODE IDENT NO. 

02731 . 
SHEET 2 of 12 

FO .. .. ~u REV . 8 {7.3 
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Hughes Helicopters division of summa corporation PROCESS SPECIFICATION 

HP 9-26 Etch for Corrosion-Resistant Steel 

IHMS 15-1100 

HMS 16-1072 

HMS 16-1079 

HMS 16-1112 

HMS 16-1113 

Catalyzed Epoxy Primer 

Polyester, Preimpregnated Fiberglass 

Epoxy, Preimpregnated Fiberglass 

Laminating Epoxy Preimpregnated 

High Strength Organic Fiber (Kelvar) 

Uni-directional Glass Cloth/Epoxy 

Kcsln Prepreg 

Standards 

Federal 

FED-STD-406 hlethods 01 Tcstlng Plastics 

3. REQUIREMENTS 

3.1 General 

3. 1. 1 The laminates shall 1,~ \\ithin thL1 tolerances of the engineerinc 

drawing and shall bc of rlniform ciuality and qood \\orkmanship. 

High quality and good \~orkmai~ship arc ctvidenccd l)y conformance 

to the condition defined hy requ~ rcljlents of this specification. 

3. 1. 2 All laminating dncl fall rlcation opc~rations shall be perforlnecl in c~ 

clean area clesiqnatc~d 1or the iabrlcation of reinforced plastic 

laminates. All tletails, primed parts and laminating materials 

shall be kept covered or \z rapp(scl 111 plastic or Kraft paper \\hen 

not 1s \1se. 

3.2 

3. 2. 1 

Thickness 

The thickness tlitncnsion rcyuirc~ll~cnts tor the laminated plastic 

parts fabricated to this specification shall meet the I-cq~lirenncnts 

of Table I, except that along the, surface of radii or 0.50 inch 

(12.7 mm) or less, the thickness shall not c>sccecl tlouble the thick- 

ness for the nlllnbcr of laminat<ls. 
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] . 

3. 1 

.1 . 1. 1 

3. 1. l 

3. 2 

3 . 2 . 1 

HP 9-l6 

IHMS lS-11 00 

Hh.1S 16_107 2 

HMS 1 6 - 10 79 

HMS 16 - 111l 

H.vlS 1 6- 1 11 3 

Sta nda rds 

Federal 

FED-S TD-406 

lZEQUR E MENTS 

Gcnl'r al 

Etch for Corrosion-Re sistant Stee l 

Cataly.-;e d Epoxy Prim e r 

Pol y ester, PrcilTlpr egnated Fi berglass 

Epoxy , Pre i tnpregnate d F ib erglass 

Laminating Epoxy Prcimp r egnat ed 
High Strengt h Organic Fiber (Kelva r) 

C ni - direc tiona l G la ss C Lo t h/Epoxy 
R C:5 in Prcpr e g 

\ 1vt!)()ds at Testin g Pla s tics 

Th(' la!ll'ina1t:s sh<.ll l i)t.'· \\ ithin th' tol (' ra ncf's 01 the cng; i nc('rinf! 
d ra\\'i ng a nd !:ihall he of \:n i!o l'm (lt~ality d.ne: ,,",ood '.\ ol·k! !l anship. 
High qua l it);, and good \\o rkmallship arc t'v idcnccd by conformance 

t o the condition rlc ii ll ,~d l)' t't.'qui i"l'tll€llts of th i s spec ifi cation . 

:\ 11 laminating alld fabricat ioll "Iwrat!nns shall be pc r fol'IlH:d i t: ,1 

c l e a n a rea d~signatc'(~ 10 1' the iab rication of reinfo l'ced p las ti c 

lamin a tes . A l l details, jJ t'lmC'C: '):trts and l aminati ng mate rials 

shall be kept COVl·rt'l: or \\"l'app"d n; plastic o r K r aft p a pe r \\ hc n 

not I S usc . 

Thickncs 5 

The thi ckness dimcr::;iol1 l'(!C[ui ITlllcnts :01' the lamin a tc·!d plasti (' 

parts fabr i cated 1.0 ltJ is $pl~cifilat:i ()n shall mcc t the .. 'Cquir ell'lt~n t s 

o f Tab le I, ('XC(~ ;)t t.hat alor. g 111 \, ~ urlacc of r ad ii or 0.50 inch 

(12.7 nun) or les!;, the thi ck r: e;;;s ;;hall no t l'" cccd (~o\lble th e thick~ 

n ess for th('nll:nb!~l' " f 1:'LI11 i nat,-' s. 
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Table I. Thickllc,ss Rcq~~ir~t~~<~nts for Plastic Laminates 

Number 181 Prepreg 120 Prepreg 181 wet 120 Wet 

of Plies Fabric Fabric. Construction Construction 
4 

1 0.0115 *O. 005 0. 0065 +O. 005 0. 0115 *O. 005 0. 0035 *O. 005 

2 0.0207 *O. 005 0. 0105 *O. 005 0. 0200 *O. 005 0. 0065 *O. 005 

3 0. 0308 *O. 005 0. 0130 *to. 005 0. 0275 *O. 005 0. 0100 *to. 005 

4 0. O-&20 *o. 008 0. 0175 *O. 005 0. 0365 zto. 008 0. 0128 *O. 005 

5 0.0520 *O. 010 0. 0210 *to. 005 0. 0350 *O. 010 0. 0165 *O. 005 

4 0. 0640 +O. 01 2 0. 0250 +O. 005 0. 0535 *to. 012 0. 0200 *to. 005 

3.3 Resins 

3.3.1 The polyester resins used shall conform to the requirements of 

MIL-R-7575, Grade A, Class 0, Forms A and B. 

3.3.2 The poll-ester/glass prepreg rnaterials shall conform to HMS 

16- 1072. 

3.3.3 

3.3.4 

3.3.5 

3.3.6 

The epoxy resins used shall conform to the requirements of MIL- 

R-9300, Type I, Crade 0, Forms A and B. 

The epoxy/glass prepreg materials shall conform to HMS 16-1079. 

The epoxy/organic fiber prepreg shall conform to HMS 16-1112. 

The epoxy/uni-directional glass cloth prepreg shall conform to 

HMS 16-1113. 

3.4 

3.4.1 

Testing 

The Durometer hardness shall be determined in a minimum of three 

locations on each part. The measurement on parts fabricated of less 

than three plies shall be a tag-along area or a trim portion. The 

minimum acceptable value IS 75 when tested according to 5. 1. 1.2. 

NOTE: A Barcol hardness of 55 minimum is acceptable. 

3.5 Minimum Requirements and Allowable Defects 

3.5.1 The minimum tensile strength when tested according to 5.1.1. 1 shall be 

3.5.1.1 HMS 16-1072 material 25,000 psi (172.4 MPa) 

3.5.1.2 HMS 16-1079 material 40,000 psi (275.8 MPa) 

3. 5. 1. 3 

I 

HMS 16-l 112 material 60, 000 psi (413. 7 MPa), 40, 000 psi (275. 8 

MPa), when curedwith less than 40 psi (275. 8 kPa) pressure. 

3. 5. 1. 4 HMS 16-1113 material 150, 000 psi (1034 MPa) 
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T abh,' I . T hi ck lll'S S Rl'(p lin' ))) ~'Jl t 5 for Plastic L aminates 

T'\unlb('r 

o f Plie s 

1 81 Prep reg 
Fa br ic 

1 20 Pr(~p rl~g 

1'ab r k 
I HI W e t 

C onstru c t ion 

120 Wet 
Co ns t ructio n 

3 .3 

3 . 3 . 1 

3 . 3 .2 

3 . 3 .3 

3.3 . 4 

3 . 3 .5 

3.3 . 6 

3 . 4 

3 .4. 1 

3 . 5 

3 . 5 . 1 

3 . 5 .1.1 

3 . 5 . 1. 2 

3 . 5.1. 3 

3 . 5. 1.4 

1 
2 
3 
4 

5 
6 

0.0 1 13 ::1: 0 . 00"> 0 . 00(,5 ' 0 .005 0.01 15 ::1:0 . 00'i 0 . 00 35 ' 0 . 005 
D. 0207 ::1:0 . 0 0 5 D. 01 OC; ±O , 005 0 . 0 2 00 .0 . 005 0 . 0065 ' 0 . 0 05 
0 .0308 :i O, Oos 0 . 0140 :to , OOS 0 . 0 275 ±O. OD S 0 . 0 100 ' 0. 005 
0 .042 0 :to . DOH 0 , 017~ ±O, DO S 0 , 0 3 65 ::1:0 , OOR 0 . 0 12 8 ± O. DOS 
D. 01:,20 :to . OJ 0 O. OZl ()±0 . 005 0.04 50.0. OJ 0 O. OJ 65 '0. 00 \ 
0 , 0640 ::1: 0.0] 2 n. 0 2 ,0 ±O , OD S D, 0515 ± O. 0 12 D. 0200 ±O. 005 

Re s ins 

The po lyester resins used ;-;!:aU confo rm to the r eq ui reme nt s of 
M lL-R - 7 57 S. Grade A. e ta s .. 0, F o rm s A and B. 

T he p olyestcr I gias ::. pr(;'pn~g ma teria ls shall conform t o HMS 
16-1 072. 

Th e epoxy res ins used s ha ll confO rm to t he requi r e m e nts <;.1 £ MIL_ 
R- 9300, Type I, (;r a d t: 0, Forms A and B. 

The epoxy/g la ss pr epr t.'g materia ls shall c o nform t o H MS 16-1 0 7 9 . 

The e p o xy/o r ga n i.c fiber p rl'IHcg shall confor m t o HMS 16-11 12 . 

The epoxy/ulli - dir c c ti onal g lass cloth prcprcg s haU confor m t o 
HMS 1 0-11 13 . 

T esting 

Th e O Ul'Om d (' r hardne ss shall be determine d i n a minimum of thr ee 

l oc a tions on e ach part. Th e meas urement o n parts fabricated of l ess 
tha n t h ree plies s ha ll be a tag - a l o ng ar ea o r a trim po r t i on . The 

minimum acce pta b l e vallie is 7C, whe n tested a cco rdi n g to 5 .1. 1 . 2.. 

NOTE: A Barc o l hardn.ess o f 55 minimum i s a ccep t a b le . 

M i n i m um R eq ui r ement s and Allowa ble De f e cts 

Th e m i n im um tensile s t r e ngth w hen te sted acco r d ing to 5.1.1.1 shall be : 

HM S 1 6-1 072 material 2.5 , 000 psi (172.4 :t-v1Pa ) 

HMS 16-1 07 9 m a t e r ia l 40 , 000 psi (275 . 8 MPa ) 

IHMS 16 - 11 12 mater ia l 60 , (laO ps i (413 . 7 M P a ). 40.0 00 p s i (27 5.8 

MFa ), w h e n cur tllwith less t han 4 0 psi (27S . 8 k P a ) p r essur e . 

HMS 1 6 ~! 1 J 3 m a t eria l 1 50.000 psi (I 034 MPa) 
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3. 5. 2 

3.5.3 

3. 5.4 

4. 

4. 1 

4. 1. 1 

4. 2 

4. 2. 1 

4. 2. 2 

4. 2. 3 

4. 3 

4. 3. 1 

The laminated parts shall be within the tolerances of the engineering 

drawihg and shall be of high quality \r’orkmanship. 

The laminate shall be fully cured and free of surface tackiness. 

The final surface of the part shall not be sanded or abraded in such 

a manner that the outer layer of class fabric is damaged to the 

extent that the continuity of the \toven tiber is broken. 

PROCEDURE 

General 

The selection of the manufacturing methods \\iill depend upon the 

type of tooling equircd tor a particular part and the required 

properties of the part. Several factors may Influence this; for 

example, configuration or size of part, quantity to be manufactured, 

and specific requirements of finished part. 

Metal Treatment 

Metal inserts of aluminum and aluminum alloys shall be processed 

in accordance \~ith HP 4-57 and then coated with either MIL-P- 

23377 primer, HMS 15-1100 Type I or adhesive primer per 

HP 4-100. Large sheets may be prepared and sheared into small 

detail parts. 

Corrosion-resistant steel alloys shall be etched and primed 111 

accordance with HP 9-26. 

Prepared parts shall I,<, \\iped \zithO-T-620 trichlorethane or 

equivalent immediately prior to tabrication. 

Laminate Fabrication 

Apply release agents to the tooling; use carnauba-based wax or 

5-to lo-percent MIL-P-265 polyvinyl alcohol or equivalent. Wax 

should be buffed slnooth. 
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3 ,5 . 2 

3 . 5. 3 

3 ,5. 4 

4. 

4 . 1 

4 1 . 1 

4 . 2 

4 .2. 1 

4.2 . 2 

4.2 . 3 

4 . 3 

4 .3. 1 

The Laminated parts :,;hall be wi t hin th f' to leranc es of the (!ngin ccri ng 
drawing a nd sha ll be II I hi gh qU ill i t y wo rkrnan ship . 

The l ami n ate s h all be fu ll y en r ed an d free of su r face t a ckiness . 

The fina l :; u r f ace of the :)art ;;hall not be sand ed u r abrade d in such 
a manne r that th e: o ute r lay e r of :..2,1aS5 t ab ri c is dam ag ed to the 
exte n t tha t th e con ti nu i t y of th e \\"oven ri be r i s ;ll'o ken. 

PROCEDURE 

Gen eral 

T he ;;clcction of I. h e m anufac t u ri n g m ethod s will depend upon the 
typ e (~f t oolin g cquired tor a parti cular part and th e r equire d 
prope r ties o f th e pa rt. S eve ra l iac t ors m a y influen ce t his; lo r 
example , c o nfi gu r ation o r :iiz. c o f I>art . qua nti ty to be ma n ufactured , 
and spec ific r cqlll.rem c nts o f fin i s hed pa rt . 

NI ctal T rcatm ent 

Metal inse r t s of a htrninurn and a lum inurn alloys ::; h a ll b e pro ces s ed 
in dccord ance w it h lI P 4 - 57 a nd t hen c oat ed w i t h e ithe r MI L-P -
23377 p ri m et, HMS 1:> - 1 10 0 Type l o r adhesi v(, p rimer per 
H P 4- 100 . Larg e !'ihect s may be' pr epare d an d s hea re d in t o small 
d etail pa rts. 

Cor r osion -resistant s te el n lloys s h a ll b(~ e t c h ed ,tn t..! p rim ~~d in 
accordance with HP 9 - 26. 

P r epa red pa rts " h all hl' \, .. i pc: d \'-'ith O - T-b 20 trl(:h l o rethane o r 
equival en t i m m ediatel y pri o r to t"a uricati on , 

La rninah~ Fah ri cation 

Apply release agents to th e t.ooli ng; lISC ca rna u b a - ba sed wax o r 
5 _ to l a - pe r ce nt MI L - P - 265 polyviny l a l coh ol o r eq uiva len t . Wa x 
s h oul d b ~ buffed smooth. 
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4.3. 2 The laminated parts I1jay bt, tabricatcd \rith a gel resin overlay, 

0.010 inch thick nla~iinulll, il;tc(< rally nloldecl or otherwise fabri- 

cated with the nart. 

4. 3. 3 Preimpregnaterl q13.s s cloth 5thall ht fabricated as follows: 

4.3. 3. 1 Place the impregnatctl cloth 11) (II- on the tool, one ply at a time, 

and smooth out wrinkles and .lirpockets 111 each ply before addition 

of the next ply. 

4. 3.3. 2 Necessary laps shall be 0.5 to 1 .O inch (12.7 to 25.4 mm) \vide and 

shall not he superit~~posctl, t.\c(‘pt \vhcn the contour of the part 

requi red c ro s s lappin I:. 

4. 3. 3. 3 Tailoring shall be done prior to addition of each succeeding ply, 

and no gaps shall llc allowed between c ut or matched edges. 

4. 3. 3.4 Preimpregnated c 10th lI]ay I,(, Lvarmed to provide greater flexibility. 

4. 3.4 Wet layup or nonl~reil~ipre~:llntc.ci liber, (‘lass cloth shall be fabricated 

as follows: 

4.3.4. 1 Place fiberglass i loth in 0 I- on tool one ply at a time. 

4. 3.4. 2 Apply resin (mixed with catalyst, as required) to the cloth with a 

brush or squeegee. 

4. 3.4.3 Continue adding c 10th ,~ncl resin until desired thickness has been 

achieved. 

XOTE 

As an option, cloth may be prewet with the 

resin prior to placenlent on the tooling. 

4. 3. 5 Vacuum bag pressure shall ‘1~’ applied as tallows. 

4.3. 5. 1 Place bleeder lllaterial or :\irc spring around the edge of the tool 

in a manner that the layup ib Ilot touched. 
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4 .3. 2 

4. 3. 3 

4 . 3 . 3 . 1 

4 . 3 . 3 . Z 

4 .3 . 3.3 

4.3 . 3 . 4 

4. 3 . 4 

4 . 3 . 4 . 1 

4 . 3.4.2 

4. 3 . 4 . 3 

4. 3 , 5 

4. 3 ,5 , 1 

NO. HP 

T he la minate d pat't.s l~l ay h e :abt'i c a te d with a gel resin overlay , 
0.010 inch thi ck m i.l ~;. i , n UI\l, I t ', t E'l( I' a lly rn old e d ur ()tlw rwi se fab ri­

cate d with the ') a rt. 

Pr (: i mpr('gnat(~(1 g lu.ss clo th :-oh all h{' fa bric a t e d d S foll ows: 

Place t h e im prcgnat.(~ { j c l oth tl) ( , !' un :he 10 01 , \)nc p l y a t a l'irrle , 

and l-il1'lo oth out wrickl(· s ;l';d eli rpoc ke ts ill each p l y befor e ad diti on 

of the ne xt ply. 

:"J t~ cessa ry la ps !-hal1 he {l . S \., I , D inch ( 12 . i to 25 . 4 111m) wi de a nd 

shall not be Sup('r11npo scd. " 'c"' pt wh"J~ th e con tour o f the part 
r equi r e d cross Jappin ,'; . 

T a ilo ring shall be done prior to ad diti o n of l'aeh succ eeding p l y , 
and 110 gaps s hall il (' ,t Ua wed b etwe e n l u t o r m atched edg es . 

Pr e i mp regna t cci <. l (l th Illay b, ' wa r m ed t o provide g rea te r flexi bili t y . 

W et Jaynp ur n Onpr d lTlp rl' l2;n ;tl vd fi bc I' g l as s c l o th sha ll b e f a bl'ic atc d 
a s fo llo ws: 

P l ace fi be r g lass ,' loth m " 1' 'In loo l {l nE' DIy a t a t iln e. 

Apply r e s i n (mi x(~cl w ith catalyst , as J'('qllirc:d ) to the d n th with a 
brush o r s que (' g(~c . 

Con tinue addin~ ( 10 th a lld res i n un ti l desin~d thi c k n ess has beell 
achi e ved . 

:;--:OTE 

1\5 .:tn <.'I p t io ll, cl o t h rn ay be pn~\Vet with t h e 

r es i n p d o r t o placement on t h e too lin g . 

Vacuum b ag pres!'>u r c .s hall ' H: i:I[)pJi ed as Jo1]0 ' ... ·5 . 

Place bleede r m ab~rial o r '\l rl~ s p ring ;irounc1 the pdgc nf ih e t o ol 
in a manne r :hat l.h~ lay up !S ",o t touched . 

15 - 420 FABRlCATlON OF 
REI NF ORCE D PLASTICS 

CODE IDENT NO 

027 31 
SHEET 6 o f 12 

65 



Hughes Helicopters 

Hughes Helicopters msion of summa cwporatti PROCESS SPECIFICATION 

4. 3.5. 2 Enclose the entire assembly (mold, layup, and bleeder material) 

in MIL-P-265 polyvinyl alcohol (PVA) sheet or equivalent sealed 

to the mold surface with MIL-P-8116 zinc chromate compound 

0 r equivalent. As an alternate, the bag may be sealed by mechanical 

methods, in the event the tool IS so designed. 

4.3.5.3 Connect and seal a vacuum line to the bag opening, taking care to 

protect the end of the line from possible clogging by excess resin. 

Additional bleeder strips or flexible tubing may be installed at 

this time, if necessary. 

4.3.5.4 Evacuate the bag gradually. 

4. 3. 5. 5 Keep wrinkles from korming as much as possible by working the 

bag surface with the fingers. Prevent any small wrinkles that do 

develop from bridging the gap between the laminate and the bleeder 

strips or any other direct c,onnection to the vacuum line. Care 

shall be exercised to prevent formation of a seal between the lay- 

up and the bleeder strips. 

4. 3. 5. 6 After the PVA sheet has completely contacted the laminate and 

mold, slowly wipe air and excess resin out of the laminate, using 

rollers, paddles, spatulas, or hands, Sweep the air bubbles 

(visible through the transparent bag) from the laminate in the 

waves of excess resin. Continue this wiping process until all 

entrapped air has moved past the edge of the laminate and the 

impregnated fabric plies are firmly pressed together. Wiping 

should not be carried to the point of resin starvation as evidenced 

by whitening and loss of transparency of the laminate. Care 

should be exercised during wiping to avoid puncturing the bag. 

If a leak should develop, repair the hole with Scotch cellophane 

tape or zinc chromate compound, and work any air that may have 

penetrated into the bag away from the laminate. 

NOTE 

Mineral oil may be used to provide lubrication 

on the vacuum bag surface during the void-free 

processing of the laminate. This use of oil 

shall be carefully controlled, since even small 

quantities of oil, if allowed to work into the 

laminate, either through a pin hole in the bag 

or from the operator’s hands, during layup 

will seriously affect the quality of the part. 
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4. 3.5.2 Enclose the entire assemb ly (m old, layup, and bleeder mate rial) 
in MIL-P-26 5 p olyvinyl a lc o hol (PVA ) sheet or equival ent sea led 
to the mold surface with MIL-P-81 16 zinc chromate compound 
or equivalent. A s a n a lte rnate , the bag may be sealed by m echani ca l 
methods, in the event the tool is so des igned . 

4. 3 ,5.3 Connect a n d sea l a vacuum li ne to the b ag openin g , tak ing ..:a r e to 
p r o tect the end of the lin e from pos sib l e clo gging by exc e s s resin . 
A dditi o na l b le e d e r stri ps or flexible tub i ng m a r be in s t a lled a t 
this t i m e . if necessary. 

4.3. 5 . 4 E v a c u ate th e b a g graduall y . 

4.3 . 5.5 Keep wrinkle s fr om iorming a s much as possibl e by wo rking the 
bag surface with the fingers . Preve n t any s m all w rinkles that do 
develop from b r i dg ing the gap between the l aminate and t h e bleede r 

strips or any othe r d r cct l'onnection to the v a cuurn line . C a r e 
shal1 be exercis e d 1. 0 prevent fo rmation of a seal be tween the l ay ­

up and the blee d e r s tri p s . 

4.3.5.6 After t he PVA s h eet h as comple tely contacted the laminate and 

mold, slowly wipe a ir a nd exce ss resin out of the laminate , us i ng 
rol1ers, paddles , spatula s , o r hands . Sweep the air b ubbl es 
(visible t h r o ugh th e t r anspa r ent bag ) f ro m th e laminat e in th e 

waves of e xc ess r es i n . Continue this wiping process unti l a ll 
entrapped a i r has moved pa st th e edge o f the laminate a nd the 
i m pregnated fa b r i c plies ~I r e fi r mly p r e s sed toge t her. Wipi n g 
shou l d n o t be ca rried to the point o f res in sta r vation a s evid enced 

b y whitening and loss of t r anspa r e n cy of th e laminate . Ca r e 
s h oul d be exe rci sed duri n g wiping to a v o id p u n c t uring t h e b ag . 

H a leak s h o uld de v elop, n~pa i r the hole wit h Scotch ce llo pha n e 
tape or zinc c hromate l' Olnpoun d , and w o rk a n y a ir tha t may have 
penetrated into the bag a way from th e l a m inate. 

NOTE 

Min~ral o i l m a y be used to provide lubric ati on 

on the v actJ.um bag ;.J llriacc during the vo i d - free 
proc e ss ing of lh e laminate . This use of oil 

shall b e ca r e f u lly c ontrolled , since even small 
quantitie s of oil, if allowed to 'A'ork into th e 

l a m i n ate , eith e r th r o ug h a pin hole i n the bag 
o r frorn t h e operato r' s ha nds , d u r i ng la yup 
wi ll se rio u sly "ffec t th e quality of th e part. 
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4.3.5.7 Vacuum pressure of 10 psig (69 kPa) minimum shall be maintained 
throughout the entire curing cycle and as required until the laminate 

has cooled to 130°F (54.4“C) or lower or has been removed from 

the ultraviolet lamps. 

WARNING 

Care shall be exercised in using ultraviolet 

lamps, as burns are possible from either 
direct or reflected light. Special caution is 

required in protecting the operator’ s eyes. 
Special goggles must be worn during opera- 

tion of curing units, 

4. 3. 6 Matched metal molds shall be used for simple designs and flat 

panels. The layup may be made outside the mold and then placed 

in position while the dies are hot. Close dies immediately. For 

complicated designs, the layup may be made directly on the cool 

dies. 

4.4 

4.4. 1 

Curing of Laminates 

Laminates requiring vacuum bag pressure shall be cured in an 

oven, or under heat lamps, sunlamps, or ultraviolet, depending 

on the resin system. Laminates made with an expandable punch 

or matched metal molds shall be cured by direct heated dies. 

4.4. 2 The cure temperature for oven- cured laminates shall be 250” to 

275°F (121. 1” to 135°C) and the time shall be established as follows: 

4.4. 2. 1 A cure temperature curve shall be established for all laminates at 

the time of curing of the initial unit during prototype development. 

The part shall be cured with a minimum of three calibrated thermo- 

couples contacting the surface of the laminate at representative 

points . Temperature readings shall be taken at suitable time 

intervals so that a smooth time-temperature curve may be plotted 

indicating the start of the exothermic polymerization reaction and 
the subsequent curing time. Oven or die temperature shall be 

recorded at the same intervals. Subsequent parts shall be cured 

according to the temperature schedule established by the curve. 
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HP 
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4.3 . 5 .7 

4. 3 . 6 

4.4 

4.4. I 

4 .4. Z 

4.4. Z. I 

NO. 
HP 

Vacuum p ressure of 10 psig( 69 k Pa) m inimum s h a ll be maintained 
throughout th e entire curin g cycle and as require d until the laminate 
ha s cool ed to 130°}' (54.4" C ) o r lowe r or has been remo ved from 
the u ltrav iole t la m ps. 

WA RNI NG 

Care sh all ~)e exercised i n u sing n lt r avi o lct 
l amps, as burns a rC' po ssible from e ith e r 
di r e ct or reflected Ii.ght. Special caution is 
r e quired in prot ec ting the operator ! S e ye s . 
Special go ggle s m ns t b e wo rn during ope ra­
ti on o f cu ring unit ~ . 

Matc h e d metal molds s hall be used (o r s i m ple designs and flat 
panels. The l ayup may h e made outside the m o ld a nd then pla c e d 
in positio n while th e dies a r e hot. Close di es immediately . F o r 
complicat ed des igns, the layu p may be made di r ec tly on the cool 
di es. 

Curing of Laminates 

Laminates rcqu\ ring vacuum bag pressure s hall be cu red i n an 
oven, o r unde r heat l a m ps, ti\m l a mps, or ult r avio let, depend ing 
o n the resin system . L a minat es made with an expandable p unch 
o r match e d metal molds shall be c ured by direc t heated dies . 

The c ure tem -perature for ove n-cured laminates s hall be 250" to 
27 So F (121.1 ~ to 135° C ) and the time shall be es tab lished as foll ows: 

A cure t em?cratu re curve shall be establish ed for all laminates a t 
t h e time o f cu ring of the initial unit du ring prototype development . 
Th e pa rt s hall he cu r ed wi th a rt"\ i ni m um of th ree calibrated thet" m o . 
c oupl e s cont ac ting th e su rfac e of the l a m ina t e a t repr es en t ative 
points. Tem perature r eadings s hall b e taken at suitable tirne 
intervals so that a smooth tinH~ -temperature cu r ve may be plotted 
indicating the sta rt of the exothe rmic polymerization reaction and 
th e subsequent curing tim e . Ove n or die tem pe r atu r e shall be 
r ecord ed at the same inte r vals . Subsequent part s shall be cured 
accord ing to the temperatu rl! sch e du l e established by t he curve . 
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4.4. 3 Molding pressure shall be maintained throughout the entire cure 

cycle. 

4.4.4 Laminates cured using llltra\riolct lamps shall have a time cycle 

established for each design during prototype development. Sub- 

sequent units shall be cured according to the time cycle established. 

4.5 

4. 5. 1 

4. 5. 2 

Removing Laminates 

The laminates should be allowed to cool below 130°F (54.4”C) 

whenever practical, before removal from the tooling to minimize 

distortion. Suitable apparatus may be used for force cooling. 

Removal of the laminates from the tooling shall be accomplished 

without damage to either the part or the tooling, Air jets may be 

used to aid separation between the tooling surface and the laminate. 

4. 6 Secondary Bonding 

4. 6. 1 Areas for secondary bonding may be prepared by incorporating 

1 a tear ply of type-128 fabric or light lveight nylon on the surface 

of the laminate during the layup operation. Prior to bonding, the 

tear ply is removed and the surface \agiped lightly with an approved 

solvent. 

4. 6. 2 

4. 7 

4. 7. 1 

Surfaces for secondary bonding nlay also be prepared by sanding 

the area free of gloss with 180-grit emery and wiping with an 

approved solvent. 

Trimming 

All parts shall be trimmed to the required c,ngineering dimensions, 

unless otherwise specified. Laminate surfaces in contact \xsith PVA 

film may be llnexren and require minor smoothing. Sanding, as 

required, shall be pe rformecl \\ith care to avoid damaging the glass 

fabric, 
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4 . 4.3 

4.4.4 

4. 5 

4. 5 . 1 

4. 5. 2 

4. 6 

4. 6. , 

4. 6. 2 

4. 7 

4.7. I 

Molding pres sure shal l be rn ai nt a ined throughout t he entire cure 
cycle. 

Lam i nates c ured lLsing ul travio l d l a mps shall h a v e a time cycle 
e stabli shed fo r e ach desig n du r ing prot otype development. Sub­
seq uen t u ni t s s hall be' cured a c c o rdi ng to t he t i me cycle es tab li shed . 

Remo v ing Laminates 

The la lTlinates shoul d be allowed to coo l be low 130°F (5 4 ... PC) 
wh eneve r pract ical, befo re r emova l fro m the too ling to mini m ize 
dist ort ion. S u itable a p p a r atus n lay be u sed for force cooling. 

ReIT10va l o f the lamin a t es frorn the t ooling ;;hall b e acc omplish ed 
w ithout dam age to cith (!T the p art or the tooling. A ir jets may be 
used to aid separation between th e tooling su rface and the la minat e . 

Seconda ry Bonding 

A reas for !:ie condary honding m ay bl~ pt'e-pared by inco rporating 
I a tear pl y of type-1 2f:! fabric or light we i ght nylon on the s urface 

of the lam i n ate during th e la rup ope ration. Pri o r to bondi ng, the 
tea r ply i s r emoved and the surface wiped l i gh t ly w i th an app r oved 
solvent. 

Surfac es fo r se con dary bonding t)l a y a lso be pr epa r e d by sa nding 
the area fr ee of glos s with lBO-grit eme ry and wiping with a n 
app r oved solvent. 

T ri m mi ng 

A ll part s s hall be trirnml!d to the l'cqui red <.>n ginee rin g dimen sion !; , 
unless o th erwise spec i fied . Lamin a t e ~ urfac es ill contact \\'ith PVA 
fi l m. !llay be (In even and )'cqui rc !llino r silloo thing . Sandi ng , as 
requi r ed , sha l l be performed \\ith <.: ar o:.: to a\,oid dan1aging the glass 
fa b r ic . 
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4. 8 Repairs and Rework 

4. 8. 1 Repairs and rework shall be accomplished in such a manner that 

the repaired or reworked part meets all the requirements stated 

in 3.4. 1. Repairable defects shall consist of those that can be 

repaired without adversely affecting the serviceability of the part. 

Laminates may be repaired using only the same materials as In 

the original laminates , with minimum overlap of 0. 5 inch 

(12.7 mm). 

4. 8. 1. 1 Surface defects such as starved areas, cracks, checks, and 

porosity not extending through the part may be repaired by lightly 

sanding the surface, taking care to avoid damage to the glass 

fabric, and applying a light coat of applicable resin mixture or 

prepreg fiberglass cloth to the sanded area. The part shall then 

be recured in accordance \<xith 1. 4. 

4. 8. 1. 2 Major surface defects such as blisters, delamination, and 

excessive starved areas or porosity may be repaired by carefully 

stripping off the outer layer of glass fabric after cutting around 

the defective area with a sharp knife. Extreme care shall be 

taken not to damage the next glass fabric layer during this opera- 

tion. The exposed area shall then be sanded and a contoured 

piece of glass fabric fitted into place, with 0.5 -inch (12. 7 mm) 

overlap, and the part then recured in accordance with 4.4. 

4. 8. 1. 3 Defects such as small blisters, delaminated areas, air or gas 

pockets, and dry spots may be repaired by drilling several small 

holes into (not through) the defective area and injecting a 

catalyzed resin mixture by use of a hypodermic needle. The part 
shall then be recured, with application of pressure if possible, 

in accordance with 4. 4. 

4.8. 1.4 Repair of Delaminations 

a. Using a shar’p knife, carefully cut around the area to be 
repaired, leaving a margin of l/4 inch (6. 35 mm) for each 

ply of fabric to be removed. The depth of cut produced by 
the knife shall be adjusted in such a manner that no more 

than the uppermost single ply of glass fabric will be cut. 

Remove this layer by inserting the knife blade under the 
cut edge and carefully prying the fabric loose. 

NO. 
HP 
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4. 8 

4. 8. ] 

4.8.1.] 

4. 8 .1.2 

4.8.1.1 

4.8.1.4 

NO. HP 

Rcpai rs "nel Rewo rk 

Repairs a nd rework ~ hall be accomplis h ed in S\lch a m anne r that 
the J'epaired o r rewol.·ked part mc(~ts all t he requi r e ments stat ed 
i n 3.4. 1. Repairable d efects shall c on s i s t o f those that can b e 
repaired wi thou t adve r~ely affecting the ~e rviceability of the part. 
Larninates may be repaired using o n l y the sarne rnaterials a s in 
the o r iginal l a m.inat es , with m.ini mum ove rlap of 0 . 5 i nch 
(I 2.7 mm ). 

Su rface defects sllch as starY'cd areas , c racks , checks , and 
-porosity not extendi. ng through t h e pa rt may be re pai red by lightly 
sanding t he surface, t.aking carc to avoid dan\age to the g l ass 
f abri c, and appl ying a ligh t co at of a pplic able resin m ixture or 
preprc g fibe r gla ss doth to the i::lande d a r ea . Th e pa r t shall then 
be r ccu red i n accordance with 4 . 4 . 

i\1ajo r su r face defects such as b liste rs, d elam i nation, a nd 
excessive starved areas o r po !." os i ty may be r e paired by carefully 
st ripping off the outer layer of glass fa bri c aft e r cutting ar o und 
the defective ar e a \\lith a sharp kn ife . E xtreme c are shall be 
tak e n not to dam a ,!:;"c th(' next glass fa bric l a yer du ring th is ope ra­
t ioll, T h e exposed a r e a shall th en be ~andcd and a contoured 
piece of glass f a bric Htted int u place, wi t h O. S . i nch (1 2.7 mm ) 
ove rlap , and the part then r ecurcd in accordance with 4.4. 

Def ects s uch as sm.all blisters, de laminated areas , a i r or gas 
pockets , and d r y l:ipots may be I't!paired by d rilli ng several small 
h o l es in to (not th rough) the defect i ve area and injec ting a 
cata l y z ed resin m i xtu r e by lis e cd a hypodermic ne e dle. Th e part 
shan then be recurcd, with appLic a tion of pressure if poss ible. 
in accordance with 4.4 . 

Repai r of D e laminations 

a. Using a shar'p k nife , c arefully cut aro und the a r ea to be 
repaired, teav-ing a rna r gin o f 1 / 4 inc h (6 . 35 m m) for e ach 
p ly of fabric t o be r e mo·ved. T h e depth of cut produc ed by 
the knife sha111) e adj usted i n su ch a manne r that no more 
than the uppe r most s i ng l e p ly of g lass iabr'ic wi ll be c ut. 
Remove this layer by ins erting the knife blad e u nde r the 
cut edge and ca l' e fully prying the fabric loose . 

]5 - 42 D F ABRlCA TION OF 
REI NFOR C ED P LASTICS 

CODE IDENT NO. 

0173 1 
SHEET 10 of 12 

FOR" " $ ItEV , 8/1] 

69 



Hughes Helicopters ’ 

Hughes Helicopters division of summa corporation PROCESS SPECIFICATION 

b. Repeat the operation above, moving the cut margin in l/4 

inch (6. 35 mm) toward the center of the area to be repaired. 

c. Continue the above “stel’-stripping” procedure until all 

damaged plies have been removed. 

d. Sand the exposed plies to remove excess cured resin and 

wipe with a cloth dalnpened (not saturated) \sith 0-T-620 

trichloroethane or equivalent. 

e. Cut glass fabric patches to fit each of the step-stripping 

openings in the laminate, \\ith minimum overlap of 0. 5 inch 

(12.7 mm). Impregnate the tailored patches. Fit each 

successively larger patch Into Its respectively larger opening 

until all patches are in place. Lay a piece of cellophane over 

the wet layup, apply pressure, and cure In accordance with 

4. 4 

5. 

5. 1 

5. 1. 1 

QUALITY ASSURANCE PROVISIONS 

First Article Qualifications 

The first article (curt tc,mperaturc, curve part) shall be tested 

completely for confornlance to paragraphs 3. 2 and 3. 5. 

5. 1. 1. 1 Tensile strength shall be determined according to method 1011 

(type 2 specimen) of FED-STD-406. 

5. 1. 1. 2 The Durometer hardness shall be determined by a direct Type D 

Durometer. 

5. 1. 2 Finished parts shall be Inspected for conformance to the rcquire- 

ments of 3. 

6. 

6. 1 

6. 1. 2 

6. 2 

NOTES 

Fiberglass laminated parts requi re careful handling. 

Completed assemblies shall be cushioned or supported in adequate 

racks, storage bins, or boxes to prevent damage. 

In case of conflict, the clngineering tlra\\Jing takes precedence over 

this specification. 
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b, Repeat th e.' (lp l~ r ation abovE',. moving the cut ma rgin i n 1/4 
inch (6. 35 ml'n) toward t he cent e r of the area to be r epai r ed . 

c. Continu e the abov e " s tep -s tripping " procedure ulltil a ll 
darn a ged plico h ave been r emoved . 

d . Sand the l ! XPO!:;c o p li es to rcnlove excess cured t'esin a n d 

wipe with a clo t h dampc.'ned ( not saturat ed) with O-T-6 20 

trichlo r oethane or C'<ju i va ient. 

e . Cut g lass fab r ic patch e s t o fit each of t h e step - s t ri ppi n g 
openi ng s in the larnltH\t c , with mi nimulll o v er lap of O. 5 inch 
( 12 . 7 mm). l mprc gnat .. th<' tailo r e o patches . F it each 
s ucc ess i ve l y l a rge l' pa t ch into i ts r e spect i v el y Ja r ger ope ni n g 
u nti l a ll pa t ches are 11) place . Lay a piece of c ellophan e over 
th e wet l ayup, app l y p r ess ure , and c\\re in accordance w ith 
4. 4 

5. QUALITY ASSURANCE PIWVISIOCIS 

5 .1 First Article Qualificatinns 

5 . I. 1 

5 . I. I. I 

5.1. 1. 2 

5 . I. 2 

6. 

6. 1 

6. I. 2 

The first artic l e (cure t.e:'~ 'lpc r atun' curve part) tihall be t.ested 
completely for confo r lllance to pa ra~raphs 3 . Z and 3. 5 . 

T en s ile st r engt h shall bl.! d t·te r mined dccorrii n g Lo rnc thod 10 1 1 
(type 2 spec i men) o f F ED~STn _40f:. 

T he Du r om c t c r hardn <' ss .. hall he dete rmi.ned by a d1 r eet T ype D 
D u r Oln eter. 

F inished pa rt s s h a ll be inspected fo r c onfo r lll ance to the r (.'q u ire ­
m ents of 3 , 

N OTES 

Fiberglass la rn i nated parts r': ql.li I'G ca re ful handling. 

Completed ass e rnbli es ~hall i)e c ll shioned or sllppo rted in adequat e 
racks, storage bins , O J" boxes t o p r event cI<lrnage. 

6 .2 In cas e o f confli c t, \.h ~ enginec ri ng d rawing take s pn~c:ede n c e o ve r 
this spcc i fl cat ion . 
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7. APPROVED VENDORS 

7. 1 Only vendors listed in AVL 15-42 shall perform this process. 

VO. 
HP 
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7. APPROVED VE::'VOORS 

7 . I Onlr vendors listed tn AVL 15_4 2 shall perform this p rocess , 
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HUGHES HELICOPTERS 

ENGINEERING FLIGHT TEST REPORT 

5336A 

A/C No.: 68-17143 Date: l/29,1/30,1/31/75 Pilot: Ferry/Zimmerman 

(491103) Flt. No.: 326 & 327 FTE: Bardell ,d 

oH-6A 

326 -327 OAT Range: 40-70' F. Total Time: 5.6 Hr. 

1817 1887 Bar.: ------- Test Request: F-369-1227 

Mid Mid Wind: ----_-- MJO: 9436 

Model: 

TOGW: 
TOCG: 

Purpose . . Flight Evaluation of Kev lar-49 Aft Engine Inlet Fairing 

Pilot's Comments: 

Zimmerman (5.4 Hr): 

1. Aircraft handling characteristics were satisfactory and unchanged bv 

installation of the Kevlar -49 Aft Engine Inlet Fairing. 

Ferry (0.2 Hr): 

1. 

A-‘ 

\ FTE's 

1. 

2. 

3. 

Concur with Zimmerman. 

Comments: 

The aircraft was in standard OH-6A configuration with the Kevlar-49 

Engine Inlet Aft Fairing installed in place of the standard ‘airing. 
The fairing instnllntion j Ic1ucied the engine inlet particle separator 

with cockpit operated bv pass d:>qr, static system line and port and upper 

flashing anticollision light. 

I-stql'-tfcn qr the Kevlar <airing was routine and no major problems 

were experienced. It was notecl that the tc;ev;ar materid tell ei to 

powder when drilled but otherwise hai sim:?a- working characteristics 

to fiberglass. 

The five hour fiight test program specifikj in the _--Light test p:an 
attachment to E.T.R. F-269-1227 was satisfactorily completed. Post 

test inspecti,>n of the Keviar-Go Fairing revelled no discrepancies. 
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A/eNa.: 

Hodel: 

TOGW: 
TOCG: 

68-17143 
(491103) 
nH-6A 

Hughes Helicopters 

HUGHF)) H::LICOPTERS 

ENGINEERING FLIGHT TEST REPORT 

Date: 1/29,1130,1/31/75 
Flt. No.: 326 & 327 

326 l1L OAT Range: 40-70° F. 
1817 1887 Bar. : 
Mid Mid Wind: 

5336A 

Pilot: 
FTE: 

Ferry/Zimmerman 
Bard~ll ,~' 

Total Time: 5.6 Hr. 
Test Request: F-369-1227 
MJO: 9436 

Purpose: Flight EvaluatiDn of Kevlar-49 Aft Engine Inlet Fairing 

Pilot's Comments: 

Zimmerman (5.4 Hr): 

I. Aircraft handling characterisfics IJere satisfactory and unchanged bv 
installation of the Kevlar -49 Aft Engine Inlet Fairing. 

Ferry (0.2 Hr): 

1. Concur with Zimmerman. 

FTE's Comments: 

1. The aircraft was in stannard OH-6A configuration _with the KevJar-49 
Engine Inlet Aft Fairing installed in place oE the standard ;:alrlng. 
The fairing inst.1JL'lion Ic,uded the engine inlet p2rtic:e sepa.rator 
with cockpit opt:Llteo bv p:-1SS (hllr, static system line and port and upper 
flashing anticollision light. 

2. I-st~11~ti~n n r the Kevlar fairing was routine and no major problems 
Here ex~erie:lce,-i. It was [lllle{i that ti1e ;":ev~ar materLl ten'eci to 
powder when :-trilled but otherwise hai sim-:.l,,-~- I>'orking dld,acte~'istlcs 
to fiberglass. 

3. The five hour flight test program specif:i~'" in the light test p:an 
attachment to E.T.R. F-~69-1227 <""as sarisf<1cr-orily completed. Pl)St 
test inspecti;)n of the Kevlar-4° Fai=ing revelled no discrepancies. 

L, r( 
f'1 lot Pilol 
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APPENDIX D 

PHOTOS OF TRIMMING, DRILLING AND 

CUTTING SAMPLES 

PHOTO NO. 1 - DRILL: .250 DIA TECHNOLOGY ASSOCIATES SPADE DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/M IN 

NOTE. TREPANNING OF EXIT HOLES 

PHOTO NO. 2 - DRILL: .I90 DIA TECHNOLOGY ASSOCIATES SPADE DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/M I N 

76 

Hughes Helicopters 

APPENDIX D 

PHOTOS OF TRiMMING, DRILLING AND 

CUT TING SAMPLES 

PHOTO NO.1 - DRill: 

SAW: 

NOTE. 

.250 DIA TECHNOLOGY ASSOCIATES SPADE DRill 

STANDARD BAND SAW AT SAW SPEED OF 

4000 FT/MIN 

TREPANNING OF EXIT HOLES 

PHOTO NO. 2 - DRill: .190 DIA TECHNOLOGY ASSOCIATES SPADE DRill 

SAW: STANDARD BAND SAW AT SAW SPEED OF 

4000 FT/MIN 

76 
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PHOTO NO. 3 - DRILL: .250 DIAMETER STANDARD DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 
SPEED OF 2000 FT/MlN 

PHOTO NO. 4 - DRILL: ,190 STANDARD DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 
SPEED OF 2000 FT/MlN 

. '- I' . 

Hughes Helicopters 

, . 
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PHOTO NO. 3 - DRIll : 
.250 DIAMETER STANDARD DRIll 

SAW: 

' . 

TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 

SPEED OF 2000 FT/MIN 

PHOTO NO. 4_ DRIll: .190STANDARDDR/LL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 

SPEED OF 2000 FT/MIN 
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PHOTO NO. 5 - DRILL: .250 SPADE DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 
SPEED OF 2000 FT/MlN 

NOTE: KEVLAR SAMPLE SUPPORTED BOTH SIDES WITH 

.25 PLYWOOD 

PHOTO NO. 6 - THESE SAMPLES SAME AS PHOTO NO. 5 EXCEPT 
.I90 SPADE DRILL WAS USED 
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PHOTO NO.5 - DRILL: .250 SPADE DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 

SPEED OF 2000 FT/MIN 

NOTE : KEVLAR SAMPLE SUPPORTED BOTH SIDES WITH 

.25 PLYWOOD 

;.' , ,- , 
,:.'. " 

PHOTO NO.6 - THESE SAMPLES SAME AS PHOTO NO. 5 EXCEPT 

.190 SPADE DRILL WAS USED 
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PHOTO NO. 3 - DRILL: .250 DIAMETER STANDARD DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 
SPEED OF 2000 FT/MlN 

PHOTO NO. 4 - DRILL: .I90 STANDARD DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 
SPEED OF 2000 FT/MlN 

-- 

',' 

' .' 
> • • 
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PHOTO NO, 3 - DRill: ,250 DIAMETER STANDARD DRill 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 

SPEED OF 2000 FT/MIN 

PHOTO NO.4 - DRill: .190 STANDARD DRill 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 

SPEED OF 2000 FT/MIN 

, I 
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PHOTO NO. 5 - DRILL: 250 SPADE DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 
SPEED OF 2000 FT/MlN 

NOTE: KEVLAR SAMPLE SUPPORTED BOTH SIDES WITH 

.25 PLYWOOD 

PHOTO NO. 6 - THESE SAMPLES SAME AS PHOTO NO. 5 EXCEPT 
.I90 SPADE DRILL WAS USED 

Hughes Helicopters 

PHOTO NO.5 - DRILL: .250 SPADE DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT SAW 

SPEED OF 2000 FT/MIN 

NOTE: KEVLAR SAMPLE SUPPORTED BOTH SIDES WITH 

.25 PLYWOOD 

PHOTO NO.6 - THESE SAMPLES SAME AS PHOTO NO.5 EXCEPT 

.190 SPADE DRILL WAS USED 
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PHOTO NO. 7 - THESE SAMPLES SAME AS PHOTO NO. 5 EXCEPT 
250 STANDARD DRILL WAS USED 

PHOTO NO. 8 - DRILL: 250 SPADE DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/MlN 

--- 

Hughes Helicopters 

PHOTO NO.7 - THESE SAMPLES SAME AS PHOTO NO.5 EXCEPT 

.250 STANDARD DRI LL WAS USED 

PHOTO NO.8 - DRILL : .250 SPADE DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED OF 

4000 FT/MIN 
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PHOTO NO. 9 - THESE SAMPLES SAME AS PHOTO NO. 8 EXCEPT 
25 STANDARD DRILL AT SPEEDS OF 2000 AND 3000 RPM 
WAS USED 

PHOTO NO. 10 - DRILL: .I90 SPADE DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT 
SAW SPEED OF 2000 FT/MlN 

Hughes Helicopters 

PHOTO NO.9 - THESE SAMPLES SAME AS PHOTO NO.8 EXCEPT 
.25 STANDARD DRILL AT SPEEDS OF 2000 AND 3000 RPM 
WAS USED 

PHOTONO.10- DRILL: .190SPADEDRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW AT 
SAW SPEED OF 2000 FT/MIN 
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PHOTO NO. 11 - MATERIAL: 9 PLY 181 FIBERGLASS 
DRILL: .25 STANDARD DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED 
OF 4000 FT/MlN 

PHOTO NO. 12 - MATERIAL: 9 PLY 181 FIBERGLASS 
DRILL: .I90 STANDARD DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED 
OF 4000 FT/MlN 
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PHOTO NO. 11 - MATERIAL : 9 PLY 181 FIBERGLASS 

DRILL: 

SAW: 

.25 STANDARD DRILL 

STANDARD BAND SAW AT SAW SPEED 
OF 4000 FT/MIN 

PHOTO NO. 12 - MATERIAL: 9 PLY 181 FIBERGLASS 

DRILL: 

SAW: 

.190 STANDARD DRILL 

STANDARD BAND SAW AT SAW SPEED 
OF 4000 FT/MIN 

H J 
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PHOTO NO. 13 - MATERIAL: 9 PLY 181 FIBERGLASS 

DRILL: .250 STANDARD DRILL 
. * 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW 
AT SAW SPEED OF 2000 FT/MlN 

PHOTO NO. 14 - MATERIAL: 9 PLY 181 FIBERGLASS 

DRILL: .I90 STANDARD DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW 
AT SAW SPEED OF 2000 FT/MIN 
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PHOTO NO. 13 - MATERIAL: 9 PLY 181 FIBERGLASS 

DRILL: 

SAW: 

.250 STANDARD DRILL 

TUNGSTEN CARBIDE TIPPED BAND SAW 
AT SAW SPEED OF 2000 FT/MIN 

PHOTO NO. 14 - MATERIAL: 9 PLY 181 FIBERGLASS 
DRILL: .190 STANDARD DRILL 

SAW: TUNGSTEN CARBIDE TIPPED BAND SAW 
AT SAW SPEED OF 2000 FT/MIN 

82 
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PHOTO NO. 15 - 25 PLYWOOD SUPPORT USED ON BOTH SIDES OF SAMPLE 

DRILL: 25 DIA SPADE DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED 
OF 4000 FT/MlN 

PHOTO NO. 16 - .25 PLYWOOD SUPPORT USED ON BOTH SIDES OF SAMPLE 

DRILL: ,190 DIA SPADE DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/M IN 

t . 
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PHOTO NO. 15 - .25 PLYWOOD SUPPORT USED ON BOTH SIDES OF SAMPLE 

DRILL: 

SAW: 

.25 DIA SPADE DRILL 

STANDARD BAND SAW AT SAW SPEED 
OF 4000 FT/MIN 

r;~' · -.-.-- ~ . -
• ~ , , 

/Y • .. , 
I • • .. .. 

• • . .. .. 
~- -.~ ". , . ; 

PHOTO NO. 16 - .25 PLYWOOD SUPPORT USED ON BOTH SIDES OF SAMPLE 
DRILL: .190 DIA SPADE DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/MIN 
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PHOTO NO. 17 - 25 PLYWOOD SUPPORT USED ON BOTH SIDES OF SAMPLE 

DRILL: 250 STANDARD DRILL 

SAW: STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/M IN 

PHOTO NO. 18 - .25 PLYWOOD SUPPORT USED ON BOTH 

DRILL: .190 STANDARD DRILL 

SIDES OF SAMPLE 

STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/M I N 

SAW: 
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PHOTO NO. 17 - .25 PLYWOOD SUPPORT USED ON BOTH SIDES OF SAMPLE 

DRILL: 

SAW: 

.250 STANDARD DRILL 

STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/MIN 

- i ! Itt ~ 
-, • ~ I . ,. .~ 

, .. ~ .. 
, ~ ' .. 
, !:'f 

PHOTO NO. 18 - .25 PLYWOOD SUPPORT USED ON BOTH SIDES OF SAMPLE 

DRILL: 
SAW: 

.190 STANDARD DRILL 
STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/MIN 
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PHOTO NO. 19 - DRILL: 250 DIA STANDARD DRILL 

COUNTERSINK: STANDARD 

SAW: STANDARD BAND SAW AT SAW SPEED OF 
4000 FT/M IN 

PHOTO NO. 20 MATERIAL: TOP SAMPLE 181 KEVLAR 40 

BOTTOM 181 FIBERGLASS 

ROUTER: TOOL NO. 501- l/4 FULLERTON 
SPEED 24000 RPM 

FEED: KEVLAR 49 - 15” IN 35 SEC 

FIBERGLASS - 6” IN 15 SEC 
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PHOTO NO. 19 - DRILL: .250 DIA STANDARD DRILL 

COUNTERSINK: STANDARD 
SAW: STANDARD BAND SAW AT SAW SPEED OF 

4000 FT/MIN 

PHOTO NO. 20 - MATERIAL: TOP SAMPLE 181 KEVLAR 40 

ROUTER: 

FEED: 

BOTTOM 181 FIBERGLASS 

TOOL NO. 501 ·1/4 FULLERTON 
SPEED 24000 RPM 

KEVLAR 49 . 15" IN 35 SEC 

FIBERGLASS· 6" IN 15 SEC 
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PHOTO NO. 21 - MATERIAL: TOP SAMPLE 181 KEVLAR 49 

BOTTOM 181 FIBERGLASS 

ROUTER: STANDARD NO. 2600-I FULLERTON 
SPEED 24000 RPM 

FEED: KEVLAR 49,15 INCHES IN 21 SEC 

REPLACE TOOL AFTER 30 INCH CUT 

FIBERGLASS; 8.5 INCHES IN 10 SEC 

86 
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PHOTO NO. 21 - MATERIAL: TOP SAMPLE 181 KEVLAR 49 

BOTTOM 181 FIBERGLASS 
ROUTER: 

FEED: 

STANDARD NO. 2600·1 FULLERTON 
SPEED 24000 RPM 

KEVLAR 49, 15 INCHES IN 21 SEC 
REPLACE TOOL AFTER 30 INCH CUT 

FIBERGLASS; 8.5 INCHES IN 10 SEC 

86 
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PHOTO NO. 22 - MATERIAL: TOP SAMPLE 181 KEVLAR 49 

BOTTOM 181 FIBERGLASS 

ROUTER: TAI - l/4 TECHNOLOGY ASSOCIATES 
SPEED 24000 RPM 

FEED: KEVLAR 49 15 INCHES IN 45 SEC 

FIBERGLASS 8.5 INCHES IN 15 SEC 

NOTE: TOOL BADLY OVERHEATED 

Hughes Helicopters 

PHOTO NO. 22 - MATERIAL: TOP SAMPLE 181 KEVLAR 49 

BOTTOM 181 FIBERGLASS 
ROUTER: 

FEED: 

NOTE: 

TAl· 1/4 TECHNOLOGY ASSOCIATES 
SPEED 24000 RPM 

KEVLAR 49 15 INCHES IN 45 SEC 
FIBERGLASS 8.5 INCHES IN 15 SEC 

TOOL BADLY OVERHEATED 

Hi 
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PHOTO NO. 23 - SABER SAW: NO. 49491-321 BLADE 
TECHNOLOGY ASSOCIATES 

SPEED - FEED: 2250 STROKES/MINUTE - 5 INCHES 
IN 36 SEC 

2500 STROKES/MINUTE - 10 INCHES 
IN 90 SEC 

3000 STROKES/MINUTE - 5 INCHES 
IN 20 SEC 

REMARKS: TOOL HEATED UP EVEN WHEN AIR 
COOLED, CAUSING TOOL DISCOLORATION 

88 
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PHOTO NO. 23 - SABER SAW: NO, 49491 ·321 BLADE 

TECHNOLOGY ASSOCIATES 
SPEED· FEED: 2250 STROKES/MINUTE . 5 INCHES 

IN 36 SEC 

2500 STROKES/MINUTE· 10 INCHES 
IN 90 SEC 

3000 STROKES/MINUTE· 5 INCHES 
IN 20 SEC 

REMARKS: TOOL HEATED UP EVEN WHEN AIR 

COOLED, CAUSING TOOL DISCOLORATION 

88 
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PHOTO NO. 24 - SAW: PdWER JIG SAW 
SPEED 1000 STROKES/MlN 

BLADES: 10 TEETH/INCH, 26 TEETH/INCH 
CARBIDE TIPPED BLADE 

REMARKS: EXCELLENT SAWED EDGES WITH NO BLADE 
HEATING OR DAMAGE 

PHOTO NO. 25 - SAWS USED IN THE POWER JIG SAW 

IST (TOP) : IO TEETH PER INCH BLADE 

2ND : TUNGSTEN CARBIDE BLADE 

3RD : 26 TEETH PER INCH BLADE 

4TH (BOTTOM): TECHNOLOGY ASSOCIATES SABEL SAW BLADE 
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PHOTO NO. 24 - SAW: POWER JIG SAW 
SPEED 1000 STROKES/MIN 

BLADES: 10 TEETH/INCH, 26 TEETH/INCH 
CARBIDE TIPPED BLADE 

REMARKS: EXCELLENT SAWED EDGES WITH NO BLADE 
HEATING OR DAMAGE 

lli~'Pf'lfJl'a'.1] 1JI111',IPm'1 ~PI~~lmlt .,I. I.~ ~ftI'1l1l'" 
j , .- -

PHOTO NO. 25 - SAWS USED IN THE POWER JIG SAW 

1ST (TOP) : 

2ND 

3RD 

10 TEETH PER INCH BLADE 

TUNGSTEN CARBIDE BLADE 

26 TEETH PER INCH BLADE 

, ,' .. ~ "" • 1, .. 

. :-: ;;!f!!! 
< , . . .. '~ - .. ~< 

; ~;!; ; ~ 
, .. ~, .. ~ , 

, ~) ;,tz_:' 
.. " '* ... ! ~: 

• -. . .... J' .~ ... 
, , ~ ..... 11";~ 
' ~_,.·~ ~"I 

~ ~ 1 , " 'i' 
o .f • s .. ~ - . -, .. ~ .-"' ' 

; ..• ~~ -1- ~ 

4TH (BOTTOM) : TECHNOLOGY ASSOCIATES SABEL SAW BLADE 
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APPENDIX E 

DETAILED COST BREAKDOWN. 

Heat Energy Cost Determination 

HLT Cure 

Energy Used 

per cure cycle = 

41.3 #Steam x 879 Btu/lb = 9O 755 Btu 

0.40 (Boiler Efficiency) ¶ 

or 

0.907 Therms*at $1.22 = $1.11 per part 

Oven Cure 

Oven Model DF 1587 Bacon - Blakdeslee uses 660,000 Btu per hour 

Estimated Heat/Part = 660,000 x 0.5 = 330,000 Btu/hr 

(use 50% of oven) 

Total Heat/Part = 4 hr cure x 330,000 
= 1,320,OOO Btu/part 

or 

13.20 therms at $1.22 = $16. 10 per part. 

Amortization of Capital Equipment 

HLT Cure 

Steam cost at Hughes is negligible on a pound basis. However, cost of a 

separate boiler is used for a more realistic comparison. 

Small single use McKenna Marine Model #5 would cost $2,651.00, installed. 

Cost/Part over 10 years = 
$2651.00 

10,000 
= $0.27/Part 

::: 
1 Therm = 100,000 Btu’s 
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APPENDIX E 

DETAILED COST BREAKDOWN · 

Heat Energy Cost Determination 

HLT Cure 

or 

Oven Cure 

Energy Used 
pe r cure cycle 

= 
41.3 #Steam x 879 Btu/lb 

0.40 {Boiler Efficiency} 

* 0.907 Therms a t $ 1.22 = $1.11 per part 

= 90,755 Btu 

Oven Model DF 1587 Bacon - Blakdeslee uses 660,000 Btu per hour 

or 

Estimated Heat/Part = 660,000 x 0.5 = 330,000 Btu/hr 
{use 500/0 of oven} 

Total Heat/Part = 4 hr cure x 330,000 
= 1,320,000 Btu/part 

13.20 therms at $ 1. 22 = $1 6. 10 per part. 

Amortization of Capital Eguipment 

HLT Cure 

Stearn c ost at Hughes i s neg ligible on a pound basis. However, cost of a 
separate boiler is used fo r a more realistic comparison. 

Small single use McKenna Marine Mode l #5 would COtlt $2,651.00, installed. 

Cost/Part over 10 years = 

* I Therm = 100,000 Btu's 
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Oven Cure 

Cost of Oven Model 

Assume 50 percent 

DF 1587 Bacon-Blakeslee would be $8,272.00 installed. 

use for fairing 

1 

Cost/part over 10 years = $8,272.00 x 0.5 x Go = $0.42/part 

Mold Costs 

The standard plastic tool used for the fairing and shown in Figure 14 has the 

following cost: 

Vendor Purchased Mold = $ 750 

Plaster form supplied by HH labor = 40 hr at $ZO/hr = $ 800 

Design hours amortized over 4 molds = 40 hr at $20/hr = $ 200 

4 $1750 

Plaster Materials = $ 50 

Total standard plastic mold = $1800 

The HLT costs for materials are summarized in Table E-1. 

Materials 

Labor - 251 hours at $20. 00 

Design and Liaison 80 hr at $20/hr 

Total HLT Cost 

= $2711 
= $5020 

ZZ $1600 

= $9331 
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Oven Cure 

Cost of Oven Mode l DF 1587 Bacon-Blakes lee would be $8,272.00 installe d. 
Assume 50 percent use for fairing 

1 
Cost/part over 10 years" $8,272.00 x 0.5 x 10000 = $0. 4 2/part 

Mold Costs 

The standard plastic tool us e d for the fairing and shown in Figure 14 has the 
following cost: 

Vendor Purchase d Mold 
Plas t er form supplied by HH labor " 40 hr at $20/hr 
Design hours amortiz e d over 4 molds " 40 hr at $20/hr 

4 

Plaste r Ma terials 

Total standard plastic mold 

The HLT costs for mate r ials a re s ummarize d in Table E-1. 

Materials 
L abor - 251 hour s at $20. 00 
Design and Liaison 80 hr at $20/hr 

Total HLT Cost 

9 1 

= $ 750 

= $ 800 

= $ 200 

$1750 

= $ 50 

$1800 

= $2711 
= $5020 
= $ 1 600 

= $933 1 
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TABLE E-l. MOLD COST 

Purchased Materials 

Nickel Shell (Electroforms, Inc. ) 

(Actual Cost) 

Copper Tubing and Fittings 

(100 ft cu 3/8 dia tubing, actual cost) 

$2,5 00.00 

Miscellaneous Steel Fittings, Brackets, Clamps 

etc (estimated) 

Silicone Diaphragm Material (Actual Cost) 75.00 

Chopped Wire Mortar Mix (Actual Cost) 

715 lb at 3.86q! lb (5-l/2 mixes at 130 lb each) 

Lumber for Forms (Casting Chopped Wire Mix) 

(Estimated Cost) 

Total Purchased Material (Unburdened) 

27.60 

20.00 

$2,711.60 
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TABLE E-l. MOLD COST 

Purchased Materials 

Nickel Shell (Electroforms, Inc.) 
(Actua l Cost) 

Coppe r Tubing and Fittings 
(100 ft cu 3/8 dia tubing, actual cost) 

Miscella neous Steel Fittings, Brackets, Clamps 
etc (e stimated) 

Silicone Diaph r agm Material (Actual Cost) 

Chopped Wire Mortar Mix (Actual Cost) 
715 Ib at 3.86i Ib (5-1/ 2 mixes a t 130 1b each) 

Lumbe r for Forms (Casti"g Chopped Wire Mix) 
(Estimated Cost) 

Total Purchased Material (Unburdened) 

92 

$2,500.00 

39.00 

50.00 

75.00 

27.60 

20.00 

$2,711.60 
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APPENDIX F 

LIMIT LOADS 

,181 LB/IN. 

+ ,181 LB/IN. 

B 
Y- & 3.91 LB 

.718 LB/IN. 
i-1 

+J A 

7.78 LB 
5.61 LB 

LOADING DIAGRAM 

1.56 LB 

‘i 2.00 LB 

1.56 LB 

7.78 LB 

SHEAR DIAGRAM 

.6 

. 

LB 

IN. LB 

MOMENT DIAGRAM 

Figure F- 1. Limit Loads. 
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. 718 LB/IN. 

7.78 LB 

7.78 LB 
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A 

APPENDIX F 

LIMIT L OADS 

.181 LB/IN . 

t 5.61 LB 

LOADING DIAGRAM 

1.56 LB 

SHEAR DIAGRAM 

B 

·40.5 IN. LB 

·42.2IN.LB 

MOMENT DIAGRAM 

Figure F - l. L imi t L oad s. 
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4 LAMINATES 181 

FILL CORE 
WITH EPOXY 

NOMEX HONEYCOMB CORE 
l/8 HRH-10 @ 1.8 LB DENSITY 
.400 THICK + .006 
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TABLE F-l. PRELIMINARY TESTS 

A 

I 
I .009 = 2 LAM 120 CLOTH 

t . ,NOMEX .0135 = 3 LAM 120 CLOTH 
’ 1 CORE .OlO = 1 LAM181 

1 .0145 = 1 LAM181 + 1 LAM 

t 120 
6 BAG SIDE 

(COMPRESSION APPLIED) 

Config p(lb) h(in. ) *(in. ) B(in. ) W(in. ) M/in. fc ft 

The following had 181 or 120 Facings and Nomex l/8 cell at 1.8 lb/ft.3 

1B 391 0.430 0. 010 0. 0145 7. 00 84 13620 20150 

1c 213 0.500 0.009 0.009 46 10409 10409 

1D 443 0.470 0.0135 95 15119 23040 

2c 110 0.344 0.009 

2D 243 0. 344 I 0.0135 I 

31 10281 10281 

57 12445 19070 

3D 288 0.374 0. 009 0.0135 7. 00 60 12033 18410 

The following had 281 Facings 1 Laminate and Nomex l/8 cell at 1.8 lb/ft 

1Dl 189 0.415 0.010 0.010 7.00 41 10123 10123 
2Dl 180 0.415 c A 4 39 9524 9524 
3Dl 195 0.415 0.010 0.010 7. 00 42 10317 10317 

The following had 120 or 181 Facings and Nomex l/4 cell at 1.5 lb/ft 3 

1 139 0. 36 0.010 0.010 7. 00 28 8000 8000 

2 154 0. 36 0.010 0.010 33 9429 9429 

3 234 0. 37 0.010 0.0145 

1 

50 9430 13987 

4 110 0. 36 0.009 0.009 24 7597 7597 

5 235 0. 37 0.009 0.0135 7.00 50 10153 15541 
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TAB L E F -1. P RELIM INARY T EST S 

A 

I 
.009 2 LAM 120 CLOTH 

~ 
= , 

!--NOMEX .0135 = 3 LAM 120 CLOTH 
h I~ 

V CORE I .010 = 1 LAM 181 
t .0145 = 1 LAM 181 + 1 LAM 

t 120 
B BAG SIDE 

(COMPRESSION APPLI ED) 

Config P (lb ) h (i n.) A (in. ) B (in . ) W(in . ) M/ i n . ic it 

The fo llowing had 181 or 120 Facings and Nomex 1 /8 ce ll at 1.8 1b/ft.3 

I B 39 1 0.430 O. 0 1 0 O. 0145 7.00 84 13620 20 150 
l C 2 13 O. 500 O. 009 O. 009 

1 
46 10409 10409 

I D 443 0. 470 

1 
O. 0135 95 151 19 23040 

2C 1 10 O. 344 0.009 31 10281 10281 
2D 243 0. 344 0. 0 135 57 12445 1907 0 
3D 288 O. 37 4 o. 009 o. 01 35 7.00 60 12033 18410 

The followi ng h a d 281 Facing s 1 Lamin a te a nd Norne xl/8 c e ll a t1. 8 1b/ft3 

1D 1 189 0 . 4 15 0.010 0 . 0 10 7 . 00 4 1 10123 10 123 
2D l 180 0. 4 15 t + * 

39 9524 9524 
3D 1 195 0. 4 15 O. 010 0. 0 10 7. 00 42 103 17 103 17 

The followi ng had 1 20 or 18 1 Facings a nd Norne x 1 /4 ce ll a t 1. 5 1b/ft3 

1 13 9 o. 3 6 O. 0 1 0 0.01 0 7.00 28 8000 8000 
2 1 54 O. 36 0. 010 O. 010 

1 
33 9429 9429 

3 234 O. 37 0 . 0 10 O. 0 145 50 9430 1 3987 
4 11 0 o. 36 O. 009 O. 009 24 7597 7597 
5 235 O. 37 0. 009 O. 0135 7.00 50 10153 15541 
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