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SUMMARY

The lightweight composite tow bar program, under contract number DAAK-

30-79-C-0111, was to demonstrate the producibility of a tow bar, made with

a composite of materials, weighing only 125 pounds (56.7 kg). The current

metallic tow bar weighs approximately 340 pounds (154.2 kg.). If producible,

a composite material 125 pound tow bar would facilitate tow bar use, and re-

quire fewer personnel for deployment.

We produced two tow bars, each weighing slightly less than 125 pounds,

with steel fittings and attaching hardware.

The US Army Tank-Automotive Command (TACOM), in September, 1979 granted

authorization for the preliminary design phase. One production design com-

posite tube was delivered to TACOM for laboratory testing. In March, 1980

TACOM approved the design and requested the fabrication of prototype tow

bars. Two tow bars were delivered in December, 1980.

The prototype tow bar is 83-1/2 inches (2121 mm) long from eye to eye;

this does not include the clevis fittings. Figure 1 shows the finished tow

bar just before their shipment to the Army. Note in the photograph that the

prototype tow bar is similar in outward appearance to the current metallic

tow bar. The big difference is that the metallic tow bar weighs approximately

340 pounds compared to the approximate weight of 125 pounds for the composite

one.

By using composite materials, a lightweight tow bar has been fabricated

which meets the requirements specified in the contract. Field testing,

which is to follow, will be used to validate both the concept and the

design.
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1.0 INTRODUCTION

Within the Tank-Automotive Command Research and Development Center's

assigned mission is the responsibility for evaluating new materials and

concepts which might relate to the Army's needs. The Lightweight Tow Bar

Program evaluates the concept of a carry-along tow bar for battlefield

recovery vehicles and the utilization of composite materials for vehicular

applications.

Exxon Enterprises Materials Division (EEMD) was selected to develop

the Lightweight Tow Bar (LTB) design through proposal competition. The

LTB program will demonstrate the application of advanced organic composite

materials on a current army inventory component, namely, the heavy duty

tow bar.

Reducing the weight of battlefield equipment is viewed as necessary.

A lightweight tow bar will beenfit the Army in several ways. The LTB

will be less difficult to handle and install on a vehicle, hence fewer

personnel and less time will be needed when use of a tow bar is necessary.

The lightweight tow bar developed under this contract weighs 125

lb (56.7 Kg), as opposed to 340 lb (154 Kg) for the metal tow bar, thus

meeting the program objective. The LTB is designed to be stowable on

the M60 series and Abrams (MI) vehicles. Its basic configuration, in-

stallation, and function are identical with the currently inventoried

steel tow bar (P/N 8383802). The legs, or tubes, of the LTB are fabri-

cated from high strength graphite fiber-reinforced epoxy. These structural

members are protected by an overwrap of Kevlar material. This arrangement

yields a lightweight tube in which the structural component is shielded by

a proven lightweight protection system.
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Prior to actual prototype fabrication, a detailed analysis was made

of all component parts of the tow bar, based on loads encountered under

operational conditions. Next, material tests were performed on the composite

components to verify their properties. Comparative tests were conducted

on adhesives to determine the best system for bonding the metallic fittings

to the composite tubes. Specimens of a preliminary joint design (which

closely resembled the final design) were made and tested. These tests

verified the design of the .joint, while pointing out a need for a slight

adjustment of the lay-up sequence of the original laminate.

A finite element model of the joint between the composite tube

and the metallic fittings was constructed to verify the design. All

of the analyses and tests were used to verify or adjust the final design.

These initial efforts lead to fabrication of a first LTB article

to the final configuration. This first article was made with production

materials, tools, and personnel. Fabrication of this tow bar was completed

without problems, and was shipped to TACOM for testing.

Tests by TACOM personnel verified the design, and the go-ahead

was given for prototype production. After fabrication, the composite

tow bars were C-scanned, revealing well-developed laminates with no

detectable internal flaws.

The metallic elements of the design were of high-strength alloy

steel. Metal sleeves were adhesively bonded to the ends of the composite

tubes. End fittings were subsequently welded to the sleeves by gas-

metal arc welding (GMAW). After welding, the tow bars were painted

forest green and were delivered to TACOM for further field vehicle testing.

7
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2.0 DESIGN DISCUSSION

The overall design of the tow bar was specified. Primary considera-

tion of the design was to meet low weight requirements and towed vehicle

to towing vehicle geometry requirements. The requirements which the pro-

totype tow bars met are discussed in para 2.1 below. Sections 2.2 thru

2.3 discuss how the materials and the design configuration were chosen.

2.1 Design Criteria

- Material: The tow bar is to utilize composite materials in its

design.

High strength graphite fiber reinforced epoxy was selected as the

stress-bearing material. The stress-bearing members are provided with

a Kevlar/epoxy protective overwrap.

- Weight: The weight of the tow bar shall not exceed 125 lb (56.7

kg).

The actual weights of the prototype tow bars, including all metallic

fittings, were 124.3 and 124.5 lb.

- Stowability: The tow bar shall be stowable on the Abrams (Ml)

main battle tank.

Appendix A includes a drawing for the stowage of the tow bar on

the M1 tank.

- Strength Requirements: The tow bar shall be capable of with-

standing a 130,000 pound (578269 newton) load, in tension and com-

pression, for a straight pull and push with a 180" angle between the

vehicles with the tow bar in the deployed condition.

The tow bar analyses and tests to date indicate a capability

exceeding the requirements given above.

9



- Dimensional Requirements: Similar in size - not to exceed the

existing metallic tow bar dimensions.

The overall length from lunette eye to opposite eye of 83-1/2 inches

for the composite and metallic tow bars is identical and the tow bars may

be dimensionally interchangeable.

- Environment: The tow bar must be resistant to nominal damage or

environmental degradation.

The Kevlar sheath which protects the high strength graphite/epoxy

composite tube fulfills the environmental requirements.

2.2 Material Considerations

2.2.1 The Composite Tubes. The composite tubes used in the prototype

tow bars are made from high strength graphite/epoxy, and have an external

(outside) diameter of 4-1/4 inches. The properties of high strength graphite/

epoxy, as well as other candidate materials, are shown in Table 1.

The weight versus diameter curves shown in Figures 2, 3, 4 and 5 best

illustrate how the material was selected and how the optimum weight/diameter

compromise was arrived at. Figure 3 illustrates the weight versus tube

diameter (i.e., outside diameter) curves for high strength graphite/epoxy

tubes with a length of 83-1/2 inches (2121 mm). For every value of tube

diameter, there is a minimum weight of high strength graphite/epoxy material

required for an 83-1/2 inch-long tube to meet the compressive strength,

tensile strength, Euler (column) buckling strength, and cylindrical (wall)

buckling strength requirements at the specified load conditions.*

*The tow bar is designed to transmit 130,000 lb (58968 kg, or 578269

newtons) in tension or compression. The geometry of the tow bar is such

that each composite tube transmits 72631 lb (32945 kg, or 323079 newtons)

Sunder design load conditions. See Section 3.2.

10
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GP~i~/EP~CYFiBERGLASS

TiGH
STNG:ENGTE MODULUS S -GLASS E-GLASS A D. I

LCNGITUjDINAL 18.0 24.0 7.1 5.4 11.0
MODULUS, MSI I
.I•.•-!SV- ERS E 1.5 1. 1 1.4 1.2 0.8

MODULUS, MSI I

S--AR MODULUS 0.60 0.65 0.55 0.66 0.3

POISSON RATIO J 0.20 J0.21 J 0.25 0.25 0.34

LONG 1TT"D INAL
" SR-t"GTH, KSI

TENS ILE 160.0 90.0 172.0 128.0 160.0
CO.R=.ESS IVE 135.0 80.0 76.0 72.0 32.0

STRENGTH, "KSI
T1-NS ILE 6.4 3.2 7.0 2.5 3.4
COMP RrSS IVE 13.5 16.0 20.8 16.0 16.0

ST.•GT:, KSI 8.0 6.0 5.6 5.6 7.0

DENSITY, Lb/in 0.073 ,0.05

TABLE 1- Typical Unidirectional Composite
Material Static Design Allowables
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From a study of the four minimum weight versus tube diameter curves

shown in Figure 3, it can be shown that a diameter somewhat greater than

5 inches (127 mm) can meet all four criteria with a lower weight of material

than tubes of the same material with lesser or greater diameters. However,

a tube with this diameter would be difficult to handle and, in addition,

would be more susceptible to accidental damage than a tube that is smaller

in diameter. Therefore, 4-1/4 inches (108 mm) was chosen as the most suit-

able diameter. A high strength graphite/epoxy tube so designed weighs about

8 lb (3.63 kg), which is more than the weight of a tube of the same material

at the optimum diameter. However, if enough material is used to meet the

Euler buckling criteria, the tube will exceed the minimum requirements re-

garding compressive strength, tensile strength, and cylindrical buckling

strength.

Figures 2, 4, and 5 are minimum weight versus tube diameter plots

for high modulus graphite/epoxy, E-type fiberglass/epoxy, and Aramid

fiber/epoxy, respectively. As with Figure 3, each of these figures shows

four curves representing, for each value of tube diameter, the minimum

weight of the given material required for an 83-1/2 inch-long tube to

meet the four aforementioned strength criteria when subjected to the

design load. Note that for high modulus graphite/epoxy, a 4-1/4 inch

diameter tube using somewhat more than 6 lb (2.72 kg) of material will

meet all four strength criteria with compressive strength being the

critical factor, as opposed to Euler buckling for high strength graphite/

epoxy.

With E-type fiberglass/epoxy or Aramid fiber/epoxy, it would take

over 12 lb (5.44 kg) of material for an 83-1/2 inch-long tube to meet

the compressive strength criterion.

14



With E-type fiberglass/epoxy, an 83-1/2 inch-long tube would have to have

a diameter of six inches (152 mm) to marginally meet the Euler buckling

criteria at the minimum weight required to meet the tensile and compressive

strength criteria. For Aramid/epoxy, a tube 4-1/2 inches in diameter re-

quires approximately 13 lb (5.9 kg) of material to meet the compressive

strength criteria.

Accordingly, graphite fiber reinforced epoxy, using either high strength

or high modulus fibers, constitutes a more weight-effective material than

E-type fiberglass/epoxy or Aramid/epoxy. Graphite fiber reinforced epoxy

is also more cost-effective than the aforementioned alternatives.

2.2.2 The Metal Fittings. The metallic parts are high strength 4140 alloy,

weldable, military specification steel. Since more than 85% of the weight

of the prototype tow bar is in the metallic fittings, a good design effort

was necessary to minimize their weight contribution. Metal was removed

wherever possible. However, a fitting factor of 1.2 was used in the design

calculations to assure a safe design.

2.2.3 Adhesive Material Selection. A number of adhesives were considered

for use in the tube-to-metal joint. Comparative tests were performed on

these adhesive materials, which resulted in the choice being narrowed to

two candidates. Because the adherends being joined are dissimilar materials,

both adhesives were used, as will be discussed later.

2.3 Tow Bar Design

2.3.1 Composite Tube Design. The tube was sized for least weight, given

the constraints of strength requirements, handability (i.e., ease with

which the tube can be grasped by the average soldier), and damage re-

sistance. An outside diameter of 4-1/4 inches was chosen as an accepta-

ble compromise between the lesser weight of a larger diameter tube and

15



the need for the tube to be amenable to handling with a thumb-opposed grasp.

Also, damage resistance is a function of thickness to diameter ratio,

accordingly, the smaller diameter tube was felt to be less susceptible to

damage.

The ply orientation is +45*/0*/+45*. This orientation gives the

tube the axial stiffness required for buckling resistance, yet yields a

laminate with good overall strength and integrity. A preliminary choice

of laminate orientation with some 45* plies at the mid-plane proved to have

some processing difficulties and was discarded. The final laminate confi-

guration showed no trace of the earlier problems, and was shown to be a

good choice during tests. Wall thickness of the laminate was 0.21 inches

(5.33 mm).

A Kevlar overwrap, consisting of four plies of woven fabric, was

wrapped around the graphite/epoxy tubes. The sheath serves a dual purpose.

Its primary purpose is to protect the graphite fiber laminate. Kevlar is

highly resistant to abrasion and, in addition, can absorb considerable

amounts of impact energy. Hence, the Kevlar overwrap offers protection

to the underlying stress-bearing materials against scratches, nicks, etc.,

which would otherwise occur during service and which could jeopardize the

tow bar's structural integrity. Sufficient Kevlar was used to allow for

expected abuse of the tow bar while still being consistent with the 125 lb

(56.7 kg) weight limitation.

The secondary function of the Kevlar overwrap is to serve as a mandrel

during the fabrication process. First, the overwrap is formed on a male

mandrel, cured, and trimmed to the proper size. Figure 6 illustrates a

finished overwrap. The Kevlar overwrap is then used as an external mandrel,

against whose interior the graphite/epoxy composite tube is formed.

16



FIGURE 6-- Finished Kevlar Sheath
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2.3.2 Design of the Metal Parts. There are two types of metal parts

used with the tow bar: the fittings which act as lugs, and the sleeves

which are adhesively joined to the ends of the composite tubes.

The fittings include the lunette, the eyes, and the clevises.

Typically, the worst problem with lug-type fittings is to make sure the

transition area between the lug and the other end transfers the load

adequately.

The lunette is the heaviest single part of the tow bar. Its function

is to transfer the maximum expected load, in either tension or compression,

from the towing vehicle to the two composite tubes, which in turn transfer

the load, via metal fittings, to the towed vehicle. Figure 7 shows the

lunette.

The large eye is the pintle attach point for the towing vehicle.

The lunette divides the towing force, with 1/2 of the force directed onto

the integral shaft and the other 1/2 of the force onto the deployable

shaft which attches and pivots at the set of lugs with the smaller eye.

The lunette, therefore, has both mechanical joints and a weld joint.

Design calculations must be based on the strength properties of the steel

alloy in the as-welded condition when dealing with metal at or near the

weld. In other areas, the lunette is heat treated to strengths of 180,000

to 200,000 PSI (1.24 x 103 to 1.38 x 103 MPa) ultimate tensile strength.

This heat treatment makes it possible to reduce section thickness and thus

reduce weight, via improved strength.

18
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Design of the eye shown in Figure 8 is more straightforward. At one

end is a lug which serves as a mechanical joint. At the other end is a

tube section which is welded to a metal sleeve, which in turn is adhesively

bonded to one of the two composite tubes. A transition section is provided

between the lug and the tube section. Like the lunette, the eye is heat

treated at the lug end, to allow reduced section thickness and hence re-

duced weight.

The clevis (shown installed on the tow bar in Figure 9) is a double

set of lugs at 90* to one another. The design problem with this part is

to allow sufficient load transition area while reducing weight to a minimum.

Because there are no welds, it is fully heat treated to 180,000 to 200,000

PSI tensile strength. The design is based on straightforward lug analysis,

except that with one set of lugs there is a bending moment to consider, due

to the geometry.

The sleeve (Figure 10) serves as a transition piece between the metallic

components and the composite tubes. One end is welded to the lug fittings,

which may be either an eye or the lunette. The opposite end is tapered, and

is used to form an adhesive joint with an end of one of the composite tubes.

The design of the sleeve-to-composite tube joint is discussed in the next

pargr aph.
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FIGURE 8 -Lunette Eye
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FIGURE 9-Lunette Clevis/Lugs
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FIGURE 10 -Sleeve
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2.3.3 Adhesive Joint Design. The primary problem of any joint is to

smoothly transfer the load from one element to another. A composite-to-

metal joint offers the additional problem of highly dissimilar properties

which affect the joint loading rate; The joint design, then, must consider

how to reduce the stress concentrations and peaking induced by this im-

balance of properties. A mechanical joint using fasteners, while necessary

in some conditions, is generally limited in composites due to the low bearing

strengths of composite materials. In the design of the tow bar, an adhesive

joint (shown in Figure 11) was considered to be the best solution.

In any adhesively bonded joint, there are shear stress peaks near the

ends of the joint, due to shear lag. Figure 12 illustrates this for a

double lap joint. A single scarf joint will reduce these end concentrations

as Figure 13 illustrates.

As stated in the Advanced Composites Design Guide*, a unique character-

istic of scarf joints is that bond shear strength can be increased indefinite-

ly by increasing the length. Also, as the length of the joint is increased,

the ratio of average shear stress to peak shear stress decreases asymptotically

to a limiting value, which is equal to the lesser ratio of the extensional

stiffness of the adherends. Thus, by maintaining a constant value for the

modulus of each adherend times its thickness, the peak shear stress in the

adhesive at the ends of the joint can be minimized.

*Volume II (Analysis), Third Edition, Third Revision, Paragraph 2.4.1.5.7.3
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This is accomplished by the joint configuration adopted for' the

tow bar. The modulus of the composite ply lay-up is approximately one-

half that of steel, while the thickness of the steel sleeve is roughly

one-half of the thickness required for the composite to meet the local

buckling stength criteria. Thus the ratio of the extensional stiffness

of the steel and composite sections at the joint is approximately unity.

This results in a peak shear stress in the adhesive which, in theory,

is not much more than the average shear stress.

A finite element model and analysis were made of the steel-to-com-

posite joint to attempt to verify the design. This analysis is shown

in the following section. Variations on the design were tried in an

attempt to lower the peak stresses which occurred at the ends of the

joint. These models demonstrated several points of interest in joint

design:

a. A tapered joint does reduce the peak stresses at the ends of

the joint, but changes in the slope or even the location of the taper

do not affect the end peak stresses appreciably. The stresses in the

interior are affected, but these stresses are generally less than 1/2

of the beginning peak stresses.

b. Holes in the adherends or holes in the adhesive (which might

represent unbonded areas) have no real affect on the joint as long as

they do not occur at the end of the joint. This shows that as long

as care is taken at the joint ends, the joint is rather forgiving of

manufacturing errors.

c. Use of adhesives with different stiffnesses has an approximately

10% effect on the peak stress. By using an adhesive with lower stiffness
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at the ends of the joint, and an adhesive with higher stiffness in the

central portion of the bonded area, the shear stresses at the ends can be

reduced.

The bond shear strength was conservatively assumed to be 1000 PSI

(6.895 MPa) when carrying out the design calculations. According to

vendor-supplied data, a lap joint specimen was tested at an average bond

shear stress of 3500 PSI (24.13 MPa).

Proximity of the adhesive joint to a weld could result in degradation

of the adhesive, but precautions during welding were taken to minimize heat

build-up and promote heat dissipation away from the joint. During the test

made by TACOM on the "first article" tube, a weld was made in the same area

where the design weld would be placed. There was no apparent detriment to

the adhesive joint's ability to bear the required load.
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3.0 ANALYSIS

Analysis must proceed with a design in order to have a base on which

to build. Part of this section discusses the early analysis done in order

to design the composite-to-metal sleeve joint correctly. This finite element

analysis is discussed first. Then, an analysis of the final design, com-

ponent-by-component, is presented as proof of the design.

3.1 Finite Element Analysis of the Adhesive Joint

A finite element model was made to simulate the adhesive tapered lap

shear joint of the composite tube to the metallic sleeve. The model is

shown in Figure 14.

The purpose of the model was to analytically check the stresses

and the distribution of stresses which occur in the bond line between

the metal and composite adherends.

0 00000 00•

iL . -

FIGURE 14 -TACOM Finite Element (F.E.) Model
of Tow Bar Adhesive Joint
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The double-tapered lap joint for the lightweight composite tow bar

was modeled using the CQUAD2 element of NASTRAN level 17.5. This model

contained 556 elements and was of a two-dimensional configuration. To

ease input data generation, the model was made in a rectangle configuration

and elements located where no material existed were given material properties

approaching zero. The zero property elements are marked with '0' in Figure

14 and the elements representing the adhesive are marked with an 'A'. The

model, in all other aspects, matched the geometry of the joint exactly.

Various changes in the geometry, such as taper ratio and adhesive line place-

ment, as well as different types and combinations of adhesives, were explored

A total of seven separate computer model runs were made.

NASTRAN's CQUAD2 element is a quadrilateral plate element with both

in-plane and bending stiffnesses that assume a solid homogeneous cross-

section. The material properties of a given element can be modeled as

linear, temperature-independent, and isotropic; or linear, temperature-

dependent, and anisotropic. In our model, we used both types of material

data input to model the steel, adhesive, and composite appropriately.

Run No. 1 (performed on the model shown in Figure 15) was carried

out to establish a data base for comparison with the results of subsequent

runs. In this way, the relative merits of the various configurations

could be judged. The initial model has adhesive properties identical to

those of the resin used in the laminate. The results of that run are

plotted in Figure 16.

The abscissa is the distance along the joint length from all metal

at the origin to all composite at the extreme right.
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Comparing the model to the graph, it can be seen that there are three

peak stress locations: at the tip of the composite material, at the

beginning of the taper in the metal and at the tip of the metal. These

peak stresses are associated with shear lag in the joint.

A lap joint without a taper is characterized by a shear stress dis-

tribution with peaks only at the corners. The area in the middle of the

joint is ineffective and as can be seen from Figure 17, the shear stress

in the middle is many times smaller than the peak tip stresses.

As a comparison of Figures 16 and 17 indicates, the tow bar joint

design geometry increases the effectivity of the center portion of the

joint and thereby decreases the tip peaking.

Figures 18 and 19 show the same geometry as Figures 15 and 16, but

now the adhesive is modeled as having the properties of Narmco Metal Bond

1113 adhesive. The curves, as might be expected, are very similar. The

maximum peak stress was reduced, however, due to the reduced stiffness of

the adhesive from 3,500 PSI to 3,200 PSI (24.13 to 22.06 MPa), or appro-

ximately 9%.

From the results of Figure 17, compared to Figure 19, it might be

predicted that a "stiff" adhesive used in the middle of the joint and

a "soft" adhesive used at the tips might cause a transfer of load to

the middle section of the joint, away from the regions of peak stress.

The model affirmed this. Using a softer adhesive for the first and last

inch of the joint reduced the stresses at the tip. A small peak formed

at the glue transition line. Figures 20 and 21 illustrate the case of

a joint using both "stiff" and "soft" adhesives.
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Analysis of peak stresses reveals a reduction from 3,200 PSI for the

"all stiff" adhesive to 3,000 PSI (22.06 to 20.68 MPa), a reduction

of about six percent.

Model No. 4 looked at the problem of a 'hole' in the glue. A one-

inch length of the glue line was given zero properties to simulate a

hole. Figures 22 and 23 show this hole and the resulting shear stresses.

Almost no effects are felt at the tips and 'mini-peaks' occur at the

hole edge. These results indicate that the joint is very forgiving

of processing errors or omissions in the center of the joint. Tips

of the joint, however, must be carefully made.

Model No. 5 investigated the possibility of utilizing a double

taper. The basic concept was to induce shear stress peaks in the central

region, and hence reduce the magnitude of the peaks at the ends of the

joint. By using two slope transitions, it was hoped that the peak normally

occurring in the middle of the joint (at the junction between the flat

and sloped areas) could be made to occur twice. Figure 24 illustrates

the model. The results, shown in Figure 25, reveal that the two peaks

do occur as per the original concept, but the peak stresses are not

reduced.

Model No. 6, shown in Figure 26, investigates the effects of changing

the slope of the bond line. It was theorized that by increasing the

length of the slope, the shear stresses at the ends of the joint would

be.reduced. The results of the computer run, shown in Figure 27, confirm

that a reduction in shear stress at the joint ends does occur, but only

to a limited extent - from 3,000 PSI to 2,800 PSI (20.68 to 19.31 MPa),

or 7%.
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Another configuration subjected to computer evaluation involves

reducing the extensional stiffness of the metal sleeve by drilling three

rows of holes. In the model shown in Figure 28, properties are lowered

to simulate metal removal. The results, shown in Figure 29, reveal that

peak stresses are increased, not decreased, by 200 PSI (1.379 MPa)

relative to the base configuration.

Model No. 6 was the adhesive joint configuration finally adopted.

As noted above,.a peak shear stress of 2800 PSI was determined by com-

puter calculations for this arrangement.

In order to judge if the results from these models are valid, com-

puter modeling of the standard lap-type shear test specimen was carried

out, assuming both AF 13 (manufactured by 3M) and Metalbond 1113 (Narmco)

adhesives. The results of these runs were compared with laboratory test

data. In general, test results are given in terms of "averaged" stresses

(i.e., load divided by area). It is known that peak stress far exceeds

this number and the middle stresses are far below it. Laboratory tests

have shown that a smeared or average shear stress reported by testing or

by a vendor of 3,000 PSI; e.g., either AF 13 or Narmco 1113 adhesive,

corresponds to about 3,500 PSI (See Section 5). The model of the one-

inch square bond area test specimen is shown in Figure 30 and the results

in Figure 31 are for the Narmco Metalbond 1113. The results for AF 13

are shown in Figure 32.

In both cases, the peak stresses are roughly 3-1/2 times the average

stress. This says that a test specimen which fails at an averaged stress

of 3,000 PSI is experiencing a peak stress of 10,000 PSI 869.95 MPa) or

more.
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Since the peak stresses of the models are only 2,800 PSI, the joint

may be viewed as very conservative.

It may be noted, however, that the average stress for the joint is

about 1,000 PSI. This says the peak stress is 2.8 times the average.

Thus, with all that was accomplished, using both geometry and material

properties, peak stresses were reduced 25% from a step lap joint.
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FIGURE 15 -Run #1l, TACOM F.E. Model of
Reference Tow Bar Adhesive Joint
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FIGURE 16 - TACOM F.E. #1 Glue Shear X-Y
(Resin Glue)

37



4I-

117

4. l•- o--,

o. COMPOS1T- DOUBLE-L.AP JOINT

3.2 1.6

2.3 1.4 r I i I
I I• int. El.m.nt N.rm.1 $ e.$.. .

2.4 1.2 0 0 Finit r1.nt %..r 
5

t .%.•. •• I I I 1., 1. .

2.0 1D I .1... I i I I i I ! i I -T
-1 ,-•. I I lll~ t

Sty .. I I
•: : li I 1111 i I

/-ormal Stre&$.

-. I o I IlI lI i l

4; .4 0.,2

- - IX{-- ,
- D.I04 - I I I ! _ _

* E 1111. T1 / I-I __I __I _ I I I _I"

-~0.4 -0.2

-*.8 -" .i I i i I YI i J

4 0.10 O. ac 0.30. 0.40 2.50 0.4O 0.7/0

I =1. I I~~ -1 IIIIl he*I

FIGURE 17 - Adhesive Shear and Normal Stresses
In Composite Double-Lap Joint

38



FIGURE 18 -Run #12, TACOM F.E. Model of
Reference Tow Bar Adhesive
Joint Using Narmco Metalbond
1133 Adhesive
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FIGURE 19 - TACOM F.E. #2 Glue Shear X-Y
(1133 Glue)
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FIGURE 21 - TACOM F.E. #3 Glue Shear X-Y
(AF-13 and 1113 Glue)
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FIGURE 23 - TACOM F.E. #4 Glue Shear X-Y
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FIGURE 2~4 -Run #5, TACOM F.E. Model of Tow Bar
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FIGURE 25 - TACOM F.E. #5 Glue Shear X-Y
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FIGURE 28 - Run V7, TACOM F.E. Model of Joint
with Holes in Metal Sleeve
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3.2 Tow Bar Analysis By Component

The tow bar is the connective element between a towing and a towed

vehicle. The design conditions are based on a vehicle gross weight of

120,000 lbs. and a coefficient of friction which does not exceed unity.

A margin of 10,000 lbs. was added due to uncertainty of actual vehicle

"gross weights.

The assumed geometry for this 130,000 lb. load is for a straight

pull at a 180" angle between vehicles. No allowance for a differential

increase in load in one tube or the other of the tow bar, due to a pulling

angle different than a straight pull/push, was considered.

72,631*' •

530

72,631

LOADING GEOMETRY

FIGURE 33

As can be seen from the geometry, it is assumed that each leg of the tow

bar will take one-half of the 130,000 lb. load or 65,000 lbs. in the

direction of vehicle alinement. This works out to a 72,631 lb. (323079

newton) load on each tube in its individual axial direction, after con-

sideration of the 53* included angle between tubes.

54



3.2.1 Composite Tube Analysis

The composite tube will be considered first. The loads, just given,

are a simple condition of axial tension or compression equal to 72,631 lbs.

The tube geometry is:

OD = outside diameter - 4.25 in.

ID = inside diameter = 3.81 in.

I - moment of inertia = IT'(0D 4 - ID4 ) = 5.671 in. 4

64

A = area - 2.785 in. 2

L = length = 83-1/2 in. (pin to pin)

E - modulus = 13.46 Psi x 106

First consideration is tube stability. Assuming the tube to be pin

ended, the critical load Pcrit is given by:

Pcrit = V2 EI
L2

Pcrit = 7r2 (13.46 x 106) (5.671)
(83-1/2) z

Pcrit = 108059.2 lbs.

MS = margin of safety = 108059.2 -1 = 49%
72631

Now, considering tube strength, the ultimate compressive stress, Fcu,

for this tube is 101,000 Psi. The ultimate compressive load, Pcu, is given

by:
Pcu = FcuA

Pcu = 101,000 x 2.785

Pcu = 281319 lbs.

MS = 281,319 -1 = 158%
(1.5) (72631)

NOTE: 1.5 is the factor of safety
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The joint between the composite tube and the metallic end fittings

is bridged with a tapered metal sleeve. It is bonded integrally to the

tube. This joint is the next consideration.

4.25

FIGURE 34 -

The bond length of this single srcaf tapered joint is 8.75 inches.

The average diameter of the bonded surface is:

Dia. 4.21 + 4.01 - 4.11 inches
2

Therefore, the total available bond area is:

Aadh = ( 7r ) (Dia) Length

= ( 71 ) (4.11) 8.75

= 112.98 in. 2

Adhesive strength is given by the manufacturer as 2,500 Psi but because

of length of the bond and manufacturing uncertainties, a bond strength of 1.000

Psi ultimate shear strength is assumed. Thus, the calculated joint strength is:

Padh = Fu, adhesive x Area

Padh = (1000) (112.98)

Padh = 112979.52 lbs.

MS = 112979.52 -1 = 3.7%
(1.5) (72631)
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3.2.2 Steel Sleeve

This sleeve, as mentioned, is the bridge between the metallic fittings

and the composite tube.

OD = 4.25 in.

ID (Midbody) = 4.00 in.

A = 1.6198 in. 2 (Midbody)

Material = 4130 Cold Rolled Steel in 'N' Condition

Fcu (ultimate compressive strength) = 90,000 Psi

Checking the strength we get:

PSleeve = FcuA

= (90,000) (1.6199)

= 145789 lbs.

MS = 145789 -1 = 33.8%
(1.5) (72631)

3.3.3 Weld Joint

The steel sleeve is welded to metallic end fittings (lunette or eye).

The alloy steel is assumed to have an ultimated tensile strength, Ftu, of

51,000 Psi in the weld zone as given by MIL I/BK 5 for a Class 1 welding rod.

OD of weld 4.25 in.

ID - 3.89 in.

This joint has an area of:

PWeld = 7(OD2 -ID 2) = 2.3015 in. 2

4

PWeld (2.3015) (51000)

= 117378 lbs.

MS = 117378 = 7.7%
(1.5) (72631)

57



3.3.4 Eye Fitting

This fitting is simply a lug.

Lug Thickness = 1.44 in.

Material = 4140

Ftu (ultimate tensile strength) = 125,000 Psi

Fsu (ultimate shear strength) = 75,000 Psi

Fbu (ultimate bearing strength) = 151,000 Psi

First Checking Tension in the Net Section:

Area = (3.0 - 1.25) 1.44 = 2.52 in. 2

Pten = Ftu x A

= (125,000) (2.52)

= (315,000 lbs.

MS = 315000 -1 =141
(1.5) (72631)(2) (includes fitting factor of 1.2)

Next Checking Shear Tearout:

.966

40 0

FIGURE 35
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Area = (.966) (1.44) (2) = 2.783

PShear FsuA

= (75,000) (2.783)

208,742 lbs.

MS = 208742 -1 = 60%
(1.5 (1.2) (72631) (includes fitting factor of 1.2)

Checking Bearing:

Area = (1.24) x 1.44 = 1.785 in.

PBear = FBuA

= (151,000) 1.785 in.

= 269625 lbs.

MS = 269625 -1 = 106%
(1.5) (1.2) (72631)

3.3.5 Lunette

The lunette provides the confluence point for the tow bar legs and the

forward attachment point for the towing vehicle.

72,631 lbs. 2IE7~130,000 lbs.

53 0

72,631 lbs.

FIGURE 36
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Checking the Clevis End of the Lunette:

Material - 4140

Ultimate Tensile Strength - 180,000 - 200,000 Psi

Ultimate Shear Strength - 108,000 Psi

Ultimate Bearing Strength - 250,000 Psi

Lug Thickness- 0.60 in.

First Checking for Tension Across Net Section:

Area = (3.00 - 1.25) (0.60) (2) - 2.10 in. 2

Ptension = FtuA

= (180,000) (2.1)

= 378,000

MS 378,000 -1 = 189%
(1.5) (1.2) (72631)

Next Checking Shear Tearout:

.966

400

FIGURE 37
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Area = 0.966 x 1.20 x 2 = 2.32 in. 2

PShear = FsuA

= (108,000) (2.32)

250,560 lbs.

MS 226,800 = 92%
(1.5) (1.2) (72631)

Checking Bearing:

Area = (1.25) x 1.20)

= 1.50 in. 2

FBU = 250,000 Psi

PB = FBUA

= (250,000) (1.50)

= 375,000 lbs.

MS = 375,000 -1 = 187%
(1.5) (1.2) (72631)

Next Part of the Lunette to be Analyzed will be the 'Big' Eye:

Checking the Net Section in Tension:

Area = 2 [ f (1.6252 - 0.6252)] = 3.534 in. 2

4

Pt = FtuA

= (180,000) (3.534)

= 636172.5 lbs.

MS = 636,172.5 = 172%
(1.5) (1.2) (130,000)
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Next to Check Shear:

Area = 100% Heat Treat = 3.534
(Depth of 1-inch)

Area = No Heat Treat = 0.3058

PShear = (108,000) (3.534) + (70,000) (0.3058)

4 = 403,109

MS = 403,109 = 72%
(1.5) (1.2) (130,000)

In order to check bearing of the pin-tle with the lunette, it is

necessary to assume a minimum contact area of part-to-part. The maximum

possible bearing contact area is the inner face of the large lunette eye.

Maximum Area - (1.62) (2.81) = 11.23
2 2

If we assume 20% contact - 11.23 x 0.2 = 2.25

PBearing = (FBU) (A)

PBearing = (219,000) (2.25)

PBearing = 491,874.0

MS = 491,874.0 -1 = 110%
(1.5) (1.2) (130,000)

3.3.6 Clevis

Finally, the clevis must be checked. This fitting is really a double

clevis. The end toward the tow bar is a simple set of lugs.

First, the lug will be checked for tension across the net section.

The material is 4140 heat treated to 180,000 Psi - 200,000 Psi. The net

tension area is actually the area of the plane thru the hole centerline

normal to the load but for the purpose of calculation is conservatively

assumed to be twice the minimum area at the 1.15 dimension.
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The Area is:

A 2(1.15 - .62) (1.20) = 1.26 in. 2

Pt = FtuA

Pt = (180,000) (1.26)

Pt = 226,800

MS = 226,800 -1 = 73%
(1.5) (1.2) (72631) (includes a fitting factor of 1.2)

Shear Check:

The Shear Area is:

A (4) (1.39 - 0.625) (0.60) = 1.836 in. 2

Psu= FsuA

= (108,000) (1.836)

= 198,288 lbs.

MS = 198,288 -1 = 52%
(1.5) (1.2) (72631) (includes a fitting factor of 1.2)

p

FIGURE 38
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Now to look at the opposite end; the tank attach clevis. The load

as applied to this end causes a side load in the lugs and thus bending

in the lug as shown below.

72,631 flbs.
5 ID

:1620.03 -

lbs

63,379

FIGURE 39

First checking the outer leg of the clevis:

63,379.97

i A

32,407

FIGURE 40
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Tension in the Net Section:

Area = (3.0 - 1.50) (1.15)

= 1.7250 in. 2

PT = (180,000) (1.7250)

= 310,500 lbs.
AL

MS = 310,500 -1 = 172%
(1.5) (1.2) (63381.35)

Shear Out of Pin:

Area = 2 (1.50 - .75) (1.15)

= 1.725 in. 2

Psu = FsuA

= (108,000) (1.725)

= 186,300 lbs.

MS 186,300 -1 = 63%
(1.5) (1.2) (63381.35)

Now Checking Stress at Section A-A:

3.15

A

FIGURE 41
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Area - (3.15) (1.15)

= 3.6225 in. 2

'otal =41T + OB

= Pt = 63381.35 = 17496.6 Psi average stress
A 3.62

S= 6M2 = 6(32407.8) (1.03)2
bh 3.15 (1.15)

= 48076.4 Psi peak stress due to bending

(Total = 65573 Psi due to bending, plus 17496.6 Psi average stress

= 180,000 Psi

MS 180,000 -1 = 53%
(65573) (1.5) (1.2)

Similarly checking Section B-B:

Area = 3.32 x 1.48 = 4.9136 in. 2

T = Pt = 63381.35
-R- .....4.9136

= 12899.17 Psi average stress

CB 6M = 6(32407) (2) 2

bh 3.32 (1.48)

= 53477.28 Psi peak stress due to bending

Total = 66376.45

MS = 180,000 -1 = 51%
(66376.45) (1.5) ((1.2)
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Next, check the Inner Leg of the Clevis:

d

1620.0a,

32,407

FIGURE 42

Tension in Net Section:

Area = (3.0 - 1.5) 1.0 in. 2

= 1.50 in. 2

Pt - 1.50 in. 2 x 180,000 = 270,000 lbs.

MS = 270,000 -1 = 5,460%

1618.65 x 1.5 x 2

Shear Out of Pin:

Area = 2(1.50 - 0.75) 1.0

= 1.50 in. 2

Psu = FsuA

= (108,000) (1.50)

= 162,000 lbs.

MS = 162,000 -1 = 3,236%

1618.65 x 2 x 1.5
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Now checking Section C-C:

Area - (3.15) (1.0)

= 3.15 in. 2

r~tal = 0-t e

4• = Pt = 1618.65 513.86 Psi
A 3.15

S- = 6M2 6 (32407) (1.03)

bh (3.15) (1.0)2

B = 63581.03 Psi peak fiber stress due to bending

Total = 64095 Psi

MS = 180,000 -1 = 56%
(64095) x (1.5) (1.2)

Finally, checking Section D-D:

Area = (3.32) (1.33)

4.4156 in. 2

rTotal = r +

Sdue to tension = 1618.65 2 = 366.6 Psi
4.4156 in.

rB = peak stress due to bending

= 6 x 32407.8 x 2 = 66220 Psi
3.32 x (1.33)2

Total = 66586.62 Psi

MS = 180,000 -1 = 50%
(66586.62) (1.5) (1.2)
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4.0 FABRICATION

The prototype lightweight tow bar fabrication processes were chosen

to fit the limited number of parts being produced. The final product

is representative, however, of what a more efficient high production

process would produce.

4.1 Metallic Fittings

The lug-type fittings were made as machinings from plate and bar

stock of high quality military specification 4130 steel. In production,

these parts would probably be near net forgings which might be finish

machined in the lug area. Heat treatment of the production parts, how-

ever, would be identical to the prototype parts, (i.e., 180,000 - 200,000

PSI or 1.24 x 103 to 1.38 x 103 MPa).

The sleeves are tubular steel machined to length with an internal step

and taper. No heat treatment was called out for this part.

4.2 Composite Tube

The fabrication sequence for the composite tube is shown in Figure 43.

This is a two-part process.

4.2.1 Kevlar Sheath. The sheath is made first, as it later acts as an

external mandrel for the graphite/epoxy material. The process chosen for

the sheath is roll-wrapping of Kevlar woven fabric preimpregnated with

resin. Roll-wrapping yields a quality part with dimensionally controlled

inside diameter and is a simple low cost process.

The roll wrap process (shown in Figure 43) is a mechanical procedure

to deposit sheets of preoriented material onto a mandrel. The applica-

tion of temperature and pressure assures good compaction as the material

is deposited. The upper platen of the rolling machine is lowered by

an air operated piston to make contact with the male mandrel and
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exert mandrel pressure on the edge of the prepreg pattern. The bed

or bottom platen of the rolling table traverses so as to cause rotation

of the male mandrel thereby rolling up the prepreg. This is accomplished

while maintaining pressure between the upper platen and the lower platen,

so as to deposit the material in a uniform and compacted manner.
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ROLL WRAP PROCESS

00
/ ~Prepreg )$ 3Wrapped On (9' ae-red Steel Fleeves

(machimed fro= drle-•eaft

Cut ad Stastock)

Patterns
Graphite/EPOXY Prepreg Q lev

Cured and Peroved Prepare for Bnding

From lipndrel and Apply Adhesive

; o .as Cps : oSated

Kevl on Rubber BladderCover vith Steel Part. Bladder and Maldrel

patterns Wrapped Sleeves located ovr wrapped with woven

on Rubber Covered graphite layuP Nylon Tape

Mandrel

rA Air Pressure Applied Inside

Tube/gliadder to Expand and Ccrpact
* Composite and ETpoy meat Cured

Mandrel C TMandrel Covered with

m Silicone Rubber Bladder"

FIGURE 43 - Composite Tube Manufacturing Sequence
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Figure 44 shows a sheath trimmed to length; ready for the next

fabrication step.

4.2.2 Graphite/Epoxy Lay-Up. The mandrel for the graphite/epoxy lay-

up is slightly undersized. It is covered by an expandable bladder which

has internal pressure fittings. The unidirectional prepreg graphite/epoxy

is laid-up on the mandrel according to the ply orientation call out

on the drawing.

The first and last plies of the lay-up are at angles of + 45" which

give the lay-up integrity prior to curing.

The mandrel with the laid-up graphite/epoxy is inserted into the

Kevlar sheath. The metallic sleeves receive the adhesive coating on

the portion of the innersurface which contacts the graphite/epoxy. The

sleeves are then inserted into the sheath over the graphite/epoxy covered

mandrel.

Pressure is applied to the bladder over the mandrel and the graphite/

epoxy prepreg is forced out against the sheath and metallic sleeves. Heat

is applied according to the precalculated cure cycle, and the graphite/epoxy

material is cured under pressure in place against the sheath and simultane-

ously bonded to the metallic sleeve. Figure 45 shows a completed program

set of composite tubes.
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FIGURE 44 -Sheath Trimmed to Length
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FIGURE 45 - Unidirectional Prepreg on Mandrel
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Summarizing the fabrication procedure is the sequence of steps pre-

sented below:

a. Deposit Kevlar woven prepreg on the male mandrel by roll wrapping.

b. Cure under heat and pressure applied by Tedlar film.

c. Deposit graphite/epoxy unidirectional material on bladder covered

undersize mandrel.

d. Apply adhesive to metallic sleeves.

e. Insert graphite/epoxy covered mandrel into cured sleeve.

f. Insert metallic sleeves with adhesive into Kevlar sheath over

graphite/epoxy.

g. Inflate bladder of sub-size mandrel to expand graphite/epoxy

prepreg against sheath and sleeves.

h. Cure with heat and pressure.

i. Deflate bladder and remove bladder and mandrel.

An example of an actual process document is included in Appendix A.

4.3 Weld Assembly

There are actually two weld assemblies -- the tube and eye assembly

and the tube and lunette assembly. The first assembles a composite tube

complete with sleeves and two eye fittings. The second assembles a com-

posite tube with sleeves, and eye fitting and a lunette fitting.

The process; however, is the same for each. The end fittings

(either eye or lunette) are inserted into the sleeve of the composite

tube at each of the tubes ends. Figure 44 shows an eye fitting ready

for welding. The length is verified and a tack weld made through the

holes in the sleeve. The length of the assembly is re-verified and the

circumferential welds made around the sleeve-to-fitting junction.
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Finally, the four puddle welds are finished.

4.4 Final Assembly

All parts are cleaned, prepared for painting and painted per drawing

specifications. The parts are brought together per Top Assembly Drawing

Number 1000 and pinned in place. A complete tow bar is shown in Figure 45.

Copies of the drawings are found in the Appendix A. These drawings

are listed below:

EEMD No. Title

100000 Tow Bar Assembly -Lightweight

100001 Tube & Eye Assembly - Tow Bar

100002 Tube & Lunette Assembly - Tow Bar

100003 Composite Tube Assembly - Tow Bar

100004 Clevis, Tow Bar

100005 Sleeve, Tow Bar

100006 Lunette, Tow Bar

100007 Eye, Tow Bar

100008 Clevis Pin, Small

100009 Clevis Pin, Large

A copy of an actual process sheet is found in Appendix E.
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5.0 TESTING

Testing for the Tow Bar Program is divided into four categories:

a. Material Testing

b. Joint Tests

c. Design Verification

d. Non-Destructive Testing

5.1 Material Testing

Tests were conducted on the structural composite materials --

graphite/epoxy and the adhesive.

5.1.1 Gaphite/Epoxy. For quality control purposes, material properties

are verified by material lot when received. To be used, the material

tested must meet specification minimums. These minimums for high strength

graphite/epoxy are:

Material Tests Used

Flexural Property ASTM D740

Horizontal Shear ASTM D2344

Tensile Properties ASTM D3039

Compression Properties ASTM D3410

The data from the material tests are shown in Appendix B.

5.1.2 Adhesive Testing. Tests were conducted on all the candidate

adhesives to find the best. The adhesives tested were those recommended

by both EEMD's fabrication staff and outside sources as being suitable

for a steel to graphite/epoxy joint. These tests were conducted on a

lap shear specimen using steel as one adherend and high strength graphite/

epoxy as the other. With these adherends, the tests yielded allowable

stress data more meaningful than the standard vendor data. The results

from these tests are shown in Appendix B.
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Two adhesives were chosen for further consideration during 'the joint

tests - Narmco Metalbond 1133 and 3M AF 13. Our tests actually had slightly

better results than vendor data for similar, although singular, material

adherend tests.

5.2 Joint Tests

Ja Prior to finalizing the design drawings, the proposed design for the

joint was fabricated using production tooling. The part duplicated the

materials and geometry in the area of the joint but it was not a full tube

assembly. Also, fiberglass was substituted for Kevlar in the sheath.

The test was conducted on one-inch sections cut from the joint specimen.

The test conditions are felt to be more severe than the joint will see in

service, where the joint is a continuous tube which tends to resist any

off-center loading moments. A sufficient length (16 inches) was allowed

for the test, to prevent influence from the jaws of the test machine.

Pads were added at the jaws to prevent problems. No effects due to the

substitution of fiberglass for Kevlar were felt, because no bond between

the steel and the sheath was made.

The results of the test show that the adhesives will withstand

more than the design load in the joint configuration. The most important

aspect of the joint test, however, was not a function of the adhesive.

Almost all of the joint specimens failed -- not in the joint -- but

in the laminate. A close examination of the test specimen showed that

the interior + 450 layers of graphite/epoxy prepreg has "wrinkled"

during the lay-up or pressurization, and were "prebuckled". This

condition caused. a local premature failure. As a result of the joint

test, the laminate was changed to put these plies on the outside.
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Examination of the new ply laminate showed that the wrinkling problem

has been corrected. These results of the joint test are shown in

Appendix C.

Both of the adhesives used in the joint tests were utilized in the

final design. Metalbond 1133 was used in the interior of the tapered

lap joint and 3M AF 13 was used at the joint extremes. (See the finite

element analysis section for an explanation of this).

This dual adhesive approach was used on the design verification

tube sent to TACOM for testing.

5.3 Design Verification

After design approval, TACOM was supplied with one item which con-

sisted of the composite tube and the metallic sleeve.

This tube was to be tested in tension and compression to verify

the design. In compression, the tube survived a load 127% greater

than the design load. The tube was never fully tested in tension,

due to fixture problems. Nevertheless, this test item did yield valuable

proof that the process would produce a structurally sound part. The

limited testing showed that the part was capable of meeting the criti-

cal strength criteria -- Euler buckling stability. (See Figure 3).

5.4 Non-Destructive Testing

Ultrasonic C-Scan was chosen as the technique for non-destructive

evaluation. As with all NDT, an operator evaluates the specimen and

compares it to a test standard or standards. A set of standards for

the tow bar laminates was fabricated. Some of the laminates were

built with intentional defects of a known size, and a spectrum of

possible defects and results were defined.

79



Some problems were encountered due to the fabrication sequence

which uses the Kevlar sheath as an internal mandrel to form the graphite/

epoxy tube integral with the metallic sleeve. In the area of the sleeve-

to-graphite/epoxy joint, the sleeve and graphite/epoxy became an integral

composite part. This allowed good sound transmission and good part de-

finition with the C-Scan unit. In the area of the metallic sleeve, however,

no attempt to bond the sleeve to the sheath was made. Because of this, the

area between the sheath and the metal sleeve looks like an unbonded area

and blanks out the rest of the material. After a great deal of study and

trial and error, the C-Scan operator could 'read' these areas and separate

out these 'voidy' regions. The results of the C-Scan studies showed that

in all four tubes, no significant flaws existed. The C-Scan plots are

reproduced in Appendix D.

5.5 Field Testing

Field testing of the two tow bars was conducted at Aberdeen Proving

Grounds, MD., on paved, secondary, and cross-country roads. The results

of this test were documented in TACOM Project No. 1-VC-080-060-123, Re-

port No. AP6-MT-5578.
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APPENDIX A

DRAWINGS
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APPENDIX B

MATERIAL TESTS

1. Graphite Epoxy

2. Adhesive
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APPENDIX C

JOINT TESTS
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C-SCAN RESULTS
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PROCESSING
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:2.:.X7c~uvýrO -IRCSS S:"E

C ;RAFTEK/ EXXON ENTERPR" Sheet 1 of 5

Prepared By 02atit No. DL- No. REV~ Pt. NO. 10003 11qPo l. RV
- 1 o S h a ft P1oc 0o RV

rea nt Robison I 398 10003 E.O. REV. 012). 0
A. En.Appzval L C. A 0prova2 Pro.'Erg Ipp l S/N(s) TL Dwg # Cust & TARADCOM/

Pt Descr. Tow Bar Shaft
7ýr.... REV.

MA TERIA LS NOTES

01-A-01(GMS 100, brih Alt-SYF. 104R A

______ __I __ __t___ __Date

OPer. Dept OPERATION DESCRIPTION Stai Date
NO. Nlo. Time

This vart will be made on a rubber covered mandrel. The rubber .
01 663 baq must be checked for leaks. (

Use clamps to seal the ends of the rubber bag against the tool.
05 663 Protect the rubber bag from being cut by the hose clamps by,-'"

wrapping the rubber bag with Nylon tape or scrap rubber in the '/ /(
"area where the hose clamps will be located. /7,

! Apply about 3-5 psi to the inside of the rubber bag thvmirgh 1b-t
.66 air fitting on the end of the mandrel. Brush a solution of

* liquid soap(about 60% water, 40% soap) mixed with water over the-
____ entire surface of the rubber bag. Soap bubbles indicate air

leakage. Mark any air leaks clearly with permenant ink. See
Manufacturing Engineering for an Operation Process Sheet on i_
Rubber Bag Fabrication and Repair if necessary.

15 663 Layout rubber bag as shown in Sketch #1. Use a ball point pen. 7
Wrap rubber bag with .001" thick teflon film in the 68-02" Area

20 663 between Mark 1 and Mark 4 (Sketch #1). Double backed tape s hniild _

be used to secure f-im, The wrap Tnuct he• • g -.- ",•n -, h,,l-1-
jointed. -

bous~ro

Cut patterns per Sketch #2. 1 " . " Ol..... ..

25 663

Lay-un 2er stacking secrnence in S•etr+h 49. Trim Panh pae m 1-n-
30 663 wrap around the lay-up makin2 a butt joint. No overlaps are __/___

permitted on butt Joints, with the exception of the first Pattern.
____ Sometimes a slight overlap is reauired to qet the first pattern

to stay in place. A heat compaction is called out on Sketch #2
at •lies 17 and 36. To heat compiact, use the Tedlar winder to
compact the part with nylon tame. Put the mandrel in oven for
20 minutes at 1500 F. Remove part from oven, remove nylon tape _ _

being careful not to disturb laminate, and rewrap with nylon
_. ... !.tape to further compact. Each pattern must be centered in

relation to the first ply on the mandrel within .050". Seams on
F-;+ _45°patterns are to be st c-.ag 90o.

E-2



( ,UACTURDhG PI'OC1SS . (Z;-'1 -.

GRAFTEY/ EXXON ENITERPRISLL, Shoct 2 of 5

PL, Dept OPERA TION DESCRIPTION Stamp' Ta,,
N( No. T

Sand inside of keviar gleeve until vicsih4i rouoh- Clean with
35 663 acetone. Use_80_grit alumiin2umoxide sandpaper._____

40 663 to achieve a total -length of 69.48 ±.02" enci to) f-nd

45 663 with tricholoethylene. Handle parts with clean gloves only after

4o~ww~jLqc 4 p

LAYL40 5.xpbto

.# ~ Check fit of slocyns Ion lay up. -They shou~ld slicl,-'an for rono
50 663 to achieve a toital lpngt-h of f~q-4F" ±.Q2" end to -nrl-

55 663 length should be 69.48" ±.02" end to end. Mark the actual total
length onsthe rubber bag centered with respect to the lay up so that
the cover with sleeves attached can be located properly over the /
Ij ay up. "at~LvL LcL~jcsn DýJ of' vLŽc0-sJ tJ~~L~~E

___-- - - ----- F-
3  

__ _ _ _ _ _ _ _ _ _ _ _ _

* Mix a small amnount of Ren Fast-Weld No. 10. Soread a thin coat

immediately insert~sleeve fully into kevlar cover. Clean off any
excess. Hold together tightly for 5 minutes * 1 minute. This 2
operation mrust be performed rapidly as Fast-Weld No. 10 has a pot li
of only 4 minutes. The purpose of this operation is to prevent the _______

sleeve from shifting during subsequent operations .and ~sal-&=Z the joirt- in usT



('~~TC7U~f2GPR~OCESSSH

,,RAkFTEK/ EXXON ENTERPR]SLz. Sheet 3 of 5

er. Dept OPERATION DESCRIPTION Stt

Remove the protective covering from the adhesive .
;5 663 Slide the kevlar cover with one sleeve attached into position n/pr

the lay up... Check fit of second sleeve._-

Repeat Operation ...60 and-bond second sleeve into kevlar cover-

70 663
Insert a thermocouple wire under each sleeve , Wran.TV1•r t-p e enroinL9

75 663 wire end to prevent the wire from puncturing the rubber baQ. DO NOT
GET THE WIRE BETWEEN THE GRAPHTTE AND THE SLEEVE.

Shim the sleeves using nylon tane. rii•hhp.- ptr- -q i-j theyar

,0 663 concentric with the lay up.

Wrap mandrel, rubber bag and kevlar cover - with ny1cn ta-p_
ý5 663 Firm tension should be used, but not .so tight as to distort kevlar Acover. Be sure to let thermocouple wires stick out.Use ½" overlap.

A 1' hose clamps at 'c e of ".YLe to.
30 663

.Wrap a secnlaeofnrn nt &*~-h--,nq=LA
S 663 4--t4?LO _________________ 

__

I Put in oven and apply .85 psi 5 psi. ,iLsten for eqir ]eoqk-q-
0 " 663 DO NOT SET ON OVEN FLOOR AS HAT TiP RATF7 Tq TOO qT.)w •n PTmp.

If no leaks are present, h9ok up temoerAt-ur recorder and raise
05 663 part temperature to *"OF ± 5P. Hold at this temperature for

a minimum of -2hor

Cool under pressur e to be Qw 07OF

.10* 663

115 663 with a protective laver of nylon tape and Storp ____

Submit-part, Operation Proc' ess Sheets and Cure Chart to inspectio

120 663

125 668 Inspect per print.

E-4iJ *._____
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O sRAFTEK/ EX'XON ENTERPRIE Shcet 2 of 4

Prepared By O-Lanti 2LZ No. Dwg. No. REV Pt. No. 10003 Mf g Proc No. RE'dGr ant Ro i o i Cover 0114 ,010003 E.O. REV. 0

7•ng. Appzi-D~r 2IC. Approval Proj. Dv' 4-poLal S/N(s) TL Dwc # Cust & TARADCOM/
REV.. Pt Descr. tow bar tube covei , ! .... REV. _

MATERIALS NOTES

FIBERITE MXM 7701/281 I1. READ ENTIRE PROCESS BEFORE STARTTNC,.
_ _ _ _ _ _ _ _ _ _ _ 2. Record Mat'l Lot No.
_ __ _Roll No. -
_ _3. Roll weight before cutting.

. ..4. Roll weight after cutting.

A i_ _
O0er. Dept OPERATION DESCRIPTION Stamp DateNo. Time

653/ Entirely disassemble mandrel and clean thoroughly with arft-,nm,
01 663 Ireassemble. jj

653/ Wipe two coats of DC-20 Mold Release(69-A-03). Cure coating for

05 663 two hours in a 375 0 F oven.

653/ Aoolv one coat-Of-RAM 225 omandrel. Air ArU 10 mnintp. '10 663 Buff lightly. Apply second coat of RAM 225. Air dry 10 mint-i -

<buff-liahtly . . ... .

653/ Cut patterns per Sketch #1.15 663 Ito.....
653/ Ai '.y 3" wide build-up patterns per sketch #2. Trim ends to

20 663 b.'71t joints. Apply 1.5" wide build-up patterns per sketch #2 with
seams 1800 from previous ply. Trim endc to forn hbutt- jAr~wtl

2DL L~ruqFE PrA2-.1, 01: O'jEQAz± PTragnj t-i Ma,) PS 4,>4425 663 P.,r " p-t . PL-, ."rr , OFý '.w- i. 6v,,%u. _M__TI •,•Ta','ý--.10t 50"o p.Z• F Pwn'•-J,5-9 O•j MwOZ- PoLi•• FATTE CQNW , )\,% ,

r5-3 / o la y - ii w lt b - P u t m a n d r e l i n o v en fo r .0 -ni n , .•-li
-30 663 ± -5 rnirntes-at- 1500r- -!O°-F---Remove- from- ove removy nvl •n t i-Av '

653/ Compact lay-up with nylon tape.A Insert thermocouple wire unc3er
35 663 tape at each end of part. Attach thermocouple wires to temperature• i ~recorder. Record the following information on temperature chart. "l.I.Part number, serial number, date and time of cure, chart speed, ___lob number and onerato-r in'i-'al-•'l Cure for 120 minutes-+5 • '

at 260°F ± 1ono
653/ Pull mandrel from part. Route part and operation orocess, sh-

40 663 to Machine Shoe for trim. Part must be keot free of oil and cre =, ___,__

Trim Dart per sketch #3.
45 662 Route part and operation Process sheet: to lab.
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