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1.0 INTRODUCTION

This effort was undertaken 1n order that feasibility, design and

oo ]
Al ) vy,
S AR T N I
PR e 0t ey,

fabrication methods may be established for the manufacture of two wound web

k)
(
]

bridge module prototypes. Each wound bridge module consists of four webs

S heonh A
2

a tread plate, and a bottom chord. The tread plates and the bottom chords
were government furnished under the contract. Fiber Science proposed a

production process of filament winding all four of the composite bridge

‘ webs at once on an aluminum diamond shaped mandrel which would fold out
-

- into the "W" shape which the four webs of each module would assume when
A the module was assembled. (See Figure 1.) This full scale mandrel

would be a hinged weldment with relatively tight tolerances for such a

- structure. Cost estimates were near $125,000 for the mandrel alone. In
order to reduce the cost, Fiber Sclence proposed to demonstrate process
feasibility on a temporary, shortened wooden mandrel. Design feasibility
!! demonstration was proposed by construction and testing of two full sized
modules by an altered manufacturing method. Filament winding the mandrel

skins on a pre-existing cylindrical mandrel, removing the skins from the

. i
A PR R

mandrel, and then laminating these skins 1anto the web configuration on a

flat table would eliminate the need for an expensive mandrel. This method

Ls more labor intensive and therefore less suitable for production than

Pl
. ee
.
N

:: the filament wound "W"” concept, but less costly for this demonstratfon

? phase. Modules manufactured by either method would meet design requirements.
3;,. These prototypes were to be of composite materials in order to reduce the

.

;3 weight of the pre-existing all-aluminum bridge design. The work was

.

:  approached in three phases.

': Phase I, component development, f{ncluded (1) material selection,

é! (2) module concept refinement, and (3) trade-off studies. The Phase I

E; Report was completed December 8, 1981 and submitted to the Army at that time.
L‘_
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Phase II, engineering design and documentation, included the creation
of engineering drawings, manufacturing procedures, and test samples which
were representative of the bridge module design. The samples were tested
to failure to provide confidence in the wound web design. Design drawings,
manufacturing procedures, and tests were completed and submitted with the
Phagse II Report on 13 August 1982.

Phase III of the effort consists of fabrication of eight wound bridge
webs 1n full scale and the assembly of the webs with hardware for one
complete interior bridge bay. The fabrication details for the wound
bridge webs and associated hardware are included in this report.

II. RESULTS AND CONCLUSIONS

~-1.The filament wound process for the manufacture of a bridge web was
demonstrated to be both feasible and practical. This program identified
some process modifications that are required for low cost production.
GSee~Ft§ufe»3) The modified process will retain the attractive features
of the "wound W“ process (séé\?iguresfﬁ and 5), but will greatly reduce

tooling costs and improve producibility resulting in lower labor

e

costs.
!

2. The winding angle may be modified from 45° to 50° to lmprove the

v ""V‘V.Vlv'v*' T
@

winding pattern without impacting the structural integrity, but
- should be left at 45° for maximum strength at minimum thickness. (Se@
= Addendua 1V.)
Ei : 3. The design requirements for edge filler are met by the syntactic foam
'i which Fiber Science used. This foam reduced the weight by an average
E: of eight pounds per web over the weight of solild epoxy resin edge
i‘ filler. Tests of the syntactic foam compressive strength, although
3

high enough to meet design requirements, were not as high as anticipated.- - -
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The compressive test result was 3900 psi avg. 3M Company “Scotchply”

XP-241 syntactic foam conforming to MIL-S-24154A Type 1 with a foam

density of 38 pounds per cubic foot is reported* to have a yleld strength

of 5000 psi. Foam conforming to the same Mil spec in a 44 pound per

cubic foot density 1s reported* to have a compressive yield strength

°f,10’000 psi. Unfilled epoxy resin has a density of 72.63 pounds per

cubic foot. The foam used by Fiber Science was 39 pounds per cubic

foot. It is recommended that the dengity of the foam be increased to

44 pounds per cubic foot in order to obtain higher compressive strength.
4. Results and conclusions from Phases I and II may be found in Addenda

I, II and III.

II1. PERFORMANCE

Fiber Science Division has complied with the requirements of
Section C of the contract. The work required by Contract Section
C.2.a, Concept Development, was performed and reported as Phase I of
the effort. The Army response to the Phase I Report with its attendant
instructions may be found in Addendum II of this report. Figure 1, of
the Phase I Report, has been modified at Army request to show web
panel cost and weight, with costs for graphite—epoxy representative
of the materials used in Phase III. The revised Figure 1 is included
as Figure 2 in this report. The Phase II effort as required by Contract
Section C.2.b, Engineering Design and Documentation, may be found in
Addendum III of this report. The Phase III effort as required by

Contract Section C.2.c, Hardware Fabrication, is reported in this

gection.

*Tegting reported in "Scotchply” XP-241 Syntactic Foam Technical Data
Sheet #11, dated January 1969.
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IV. PHASE II1 REPORT, HARDWARE FABRICATION
bi - This phase of the contracted effort was defined as the manufacture
gi of the bridge module in full scale as definmed by the design resultiry
;- from Phases I and II. The drawings which described the design were as
_ - follows:
DRAWING NO. TITLE

3032P0001 REV-1 TOP ASSEMBLY BRIDGE WEB
:‘ - 303240004 REV-2 OUTER PANEL
é 303240005 REV-2 INNER PANEL
é 303240008 REV-1 LUG, TREAD PLATE
) 3032A0011 REV-1 CUP, BULKHEAD

» 303240012 REV-1 BULKHEAD

3997C5000 N/C EXTRUSION, UPPER-CENTER

3997¢C5001 N/C EXTRUSION, UPPER-END

3997C5002 N/C EXTRUSION, LOWER CHORD

A. MANUFACTURING WEBS

~The materials and process used to manufacture the composite

webs are state of the art technology as described in the following

sections.
A.l1  MATERTALS
The materials which became a component of the end item webs

are listed in Table I.
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TABLE I MATERIALS

APPROX WT.
MATERIAL MFG. BY MFG. NAME PER WEB
HIGH STRENGTH CARBON CELANESE CORPORATION CELION 600 30.8 LBS.
FIBER
EPOXY RESIN SHELL CHEM. EPON 826 15.2 LBS.
EPOXY RESIN HARDENER  UNIROYAL TONOX LC 6.7 LBS.
GLASS CLOTH J.P. STEVENS 120 cLoTd 3.0 LBS.
ALUM. HONEYCOMB HEXCEL ACG 3/8 - .003 31.0 LBS.
SYNTACTIC FOAM FIBER SCIENCE 41.3 LBS.

TOTAL WEB WEIGHT 128.0 LBS.

The sytactic foam was made from the foilowing formula:

SHELL 826 RESIN 100 PARTS BY WEIGHT
ANCAMINE LO HARDENER 25 PARTS BY WEIGHT
ANCAMINE LOS HARDENER 25 PARTS BY WEILGHT
GLASS MICROBALLOONS 42 PARTS BY WEIGHT

This system was used in order to eliminate ome high temperature cure
from the process. Six samples of this syntactic foam were compression
tested to obtain an average strength of 3,900 psi, compared to 9,000 -
10,000 psi for unfilled epoxy resin. The foam density as used was
0.023 lb/iﬁi using glass microballoons type B23/500 made by 3M Company.
The compressive strength of the syntactic foam was lower than anticipated
because a high percentage of glass microballoons was used, creating a
low density syntactic foam, and therefore a low compressive strength
syntactic foam. The compressive strength obtained was still high enough
to survive the design loads, but could be increased with little weight
penalty. The hardeners are manufactured by Pacific Anchor Chemical

Company.
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The aluminum extrusions used to attach the webs to the tread plate

and to the bottom chord were extruded by Kaiser Aluminum from 6061
aluminum stock in the "0" condition and subsequently heat treated to the
T-6 condition.

Bulkheads were manufactured from the same resins as the web, but
the reinforcement was high strength carbon woven fabric Style W-133,
made by Fiberite Corporation. The honeycomb used in the bulkhead was
ALH-CG/3003 commercial grade honeycomb by Unicel Corporation, with a
thickness of 0.50 inches.

Glass cloth insulation was bonded to the composite faces where
intimate contact was expected between aluminum and carbon. The intent
of this design feature is to break up any galvanic cell which might
corrode the aluminum in contact with carbon. Further corrosion prevention
was provided by installing stainless steel fasteners wet with a strontium
chromate primer coating. The sacrificial primer was purchased to military
specifications MIL-P-23377 Type I.

WEB MANUFACTURING PROCESS

The bridge web manufacturing process was studied in Phase I of this
project. The recommendation made on page 7 of Phase I Report was to hand
layup the entire web from "Knytex"” a brand name of commerclially preplied
broadgoods. The government position taken in response to the Phase I
Report requeseted determination of the actual cost of the "Knytex" fabric
made with low cost graphite fiber. Careful comparison of graphite "Kyntex"
was made with the filament wound "W" process to determine which is less
costly. The "W" process (see Figure 4 and 5) which was first presented

in the Fiber Science proposal for this work, is direct filament winding

- 10 ~
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upon a diamond shaped mandrel. In that process the windings were slit
along one side and folded out into a "W" after the windings were “B"
staged.

During the Phase II work, more detailed cost estimates revealed that
knitting machine setup and material waste charges would indeed make the
"Knytex" process more expensive that the "W" process The latter process
. was, therefore, selected for the production process. Cost estimates for
a full scale mandrel to be used for fabrication of the eight webs funded
on the contract ranged near $125,000. This cost was not included in the
Fiber Science proposal, which only contained $6,808 for tool materials
and construction labor. The mandrel proposed was a shortened wooden
mandrel as discussed in the introduction. To make a full size mandrel
twenty-three feet long which does not sag in the middle requires stiffer,
less dense materials than wood and results in the high price. The demon-
stration winding manufacturing process used to evaluate the two approaches
was as follows:

1. Phase III web skins were filament wound on a large

existing cylindrical mandrel, cut and laminated ianto the
web configuration complete with honeycomb core.
2. A scaled down wooden mandrel was fabricated to demonstrate
both winding techniques for the diamond shaped mandrel and
the slitting and folding operation. The demonstration mandrel
was full sized in crogs section. but the length was redﬁced to’

six feet from the twenty-three feet required for a full scale

web.

- 13 -
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FULL SCALE WEB MANUFACTURE

The web skins were wound on a cylindrical mandrel 38 inches in
diameter. The mandrel was first wrapped with a plastic sheet. Hoop

windings were made with a 1.0 inch wide band consisting of 13 rovings.

The helical windings were 16 rovings in a 1.0 inch wide band.

: When the skin winding was complete, the skin, with the plastic sheet
carrier, was slit and peeled off the mandrel so that it could be laid

r‘ flat on a work table. The curvature of the mandrel causes some wrinkling

in the outside fibers of the skin when the skin is laid flat, so some

hand work was performed to remove wrinkles. The skin was "B"” staged 24

hours at room temperature before further handling.

After "B" staging, the skin could be bonded to the aluminum honeycoamb-
core. A layer of peel ply was applied to the work table, followed by the
skin and then 120 glass cloth was applied to the skin dry, and then wet
out with resin. Four honeycomb panels, each cut to drawing width and six
feet long, were then positioned on top of the glass cloth, and butted
together. The assembly was then vacuum bagged to the work table and

cured. The cure cycle was as follows:

4 Hours 150° F
4 Hours 225° F
4 Hours 275° F
1.5 Hours Cool With Oven Doors Closed

After the first skin cured, the vacuum bag was removed, and the
honeycomb cells were filled with syntactic foam around the periphery of
the web. The filled area was 1.5 inches wide. The honeycomb butt
joints were also filled 0.75 inches wide. The formula for mixing the

syntactic foam was given in the materials section of this report.
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In practice it was found that the mixture was thin enough to be pourad

into the cells. After pouring, the table was tapped or vibrated in
order to bring bubbles to the top Bubbles were scraped off the top and
cells were completely filled before foam was cured.

Following foam installation the partial assembly was removed from
the work table. The second skin was then bonded to the honeycomb partial
assembly in the same manner as the first skin: the skin was placed
over a peel ply (to provide a paintable texture), the 120 glass cloth
layer applied dry on top of the skin, and then the partial assembly was
vacuum bagged dowa to the skin, followed by the cure. Bonded assemblies
were then trimmed to length and stored to await final assembly.

METAL HARDWARE

The new metal components were purchased by Fiber Scientce from ven-

dors. The largest metal components were the aluminum extrusions used to
attach webs to the tread plate and to the bottom chord. These extrusions, !
Drawing Numbers 3997C5000, 39975001 and 3997C5002 were custom manufactured
for Fiber Science by Kaiser Aluminum in Los Angeles, California.

The cross brace attachment lugs, Drawing Numbers 3032A0008 and
303240011 were manufactured for Fiber Science by Heinhold Engineering of
Salt Lake City to Fiber Science drawings.

Stainless steel bolts used to both attach webs to extrusions and
bulkheads to webs were purchased by specification number to HRS Fasteners
Company in Arlington, Texas. Stainless steel inserts for the bulkhead-to-
web joint were putchésed from Tridair Industries, Torrance, California.

BRIDGE MODULE ASSEMBLY

The module pieces were assembled in the following order so that

bonding énd bolt assembly might be performed coaveniently.

- 15 -




~
Y N

g - TN Ty wr————— CO S R Phiadm ARG AT AR Sral ant A AN At S A

1. Weld upper extrusions to tread plate
2. Drill bolt holes through both sides of extrusion using a drill
press.
3. Preparz extrusion surface for bonding with pasa gel solution.
4. Bond inner webs into center extrusion socket using adhesive and
5. Drill web bolt holes through predrilled extrusion bolt holes.
6. Assemble bolts wet with MLP-P-23377 Type J Prinmer.
7. Bond outer webs into outer extrusion socket using APCO 2434/2310
adhesive and locating Jjigs.
8. Drill outer web bolt holes through predrilled extrusions.
9. Install bolts in outer extrusion-web joint wet with primer.
Assemble bottom chord with lower extrusions.
10. Prepare lower extrusions for bonding with pasa gel solution.
11. Butter lower edge of webs with APCO 2434/2310 adhesive and
bond lower chord assembly to webs using a locating jig.
12. Drill lower web bolt holes through predrilled extrusions
13. 1Install bolts in lower extrusion-web joint wet with primer.
The cross brace lugs were welded in position on the assembled bridge
using a locating jig.

DEMONSTRATING WINDING

The demonstration winding portion of this effort was undertaken to
show the production process for bridge webs proposed by Fiber Science
i3 feasible. This winding demonstrated, the Army has at its disposal a
production method which is largely automated and which is not labor
intensive, thereby enhancing production rates and reducing costs A full
scale winding would have been most convincing as a feasibility demonstration,
but the cost of such a mandrel was prohibitive for this program. Full

scale mandrel cost estimates were near $125,000. Since the major problems

- 16 -

P S VU SO VP W Y0 W AP WP WP PSS Ameumandh W PV S P —— P




D.1

were expected in turnaround (a form attached to the ends of filament
winding mandrels to facilitate fiber direction reversal) design and
mandrel folding, a shorter mandrel was comsidered to be a reasonable
compromise. The turnaround problem would not be diminished by a short
mandrel of full sized cross section but folding a short mandrel would be
easier. As the demonstration winding progressed, the anticipated problenms
were found to be real but solvable. A discussion of the problems and
problem solutions follow.
TURNAROUNDS

Several turnaround designs were tried before one was found which
brought reasonable results. This turnaround deslign was obtained by
calculating the perimeter length of the diamond portion of the mandrel and
then determining the diameter of a circle which has the same circuamference
as the mandrel perimeter. The circle was cut from plywood and used as
the end piece of the turnaround. The remainder of the turnaround contour
was calculated. An ex{sting mandrel stand was used which offered 28 inches
on each end for turnaround. More distance, approximately 36 inches,
would be required to provide a uniform winding pattern to the end of the
mandrel at the ¥450 winding angle designed in the web skin laminate.
As a result, the 450 winding in the inside skin of the demo piece
were poorly distributed due to bridging and slipping of fibers during
winding. A satisfactory winding pattern was obtained on the outer skin
by changing the helical winding angle to 550. Analysgis reveals, however,
that the winding angle should not be increased beyond 500 because of
decreasing composite shear strength (see Addendum 1). A completely

satisfactory turnaround would be achieved with proper tooling

-17 -
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MANDREL FOLDING

The difficulties with the folding operation began as soon as the
slit was made (Figure 4). The skins and the honeycomb tended to fall
away from the mandrel. Elastic cords were fastened around the mandrel
halves to secure the webs to the mandrel, and still the webs sagged away
from the mandrel between cords stretching the skins and causing
wrinkles. As a result, it was decided that the cut shown in the Figure 2,
Step 6 schematic would be deleted. The welght of the six foot long
wooden mandrel made the tuck operation so awkward that it was poorly
done and became a lump which crushed the honeycomb. The honeycomb has
not been dimensionally stabilized and stretched during handling and
folding so that it was caught and crushed as the fold was made. None of
these problems was so serious that it could not be overcome with proper
tooling and procedure After considering this process, Fiber Science
has concluded that a variatioan of the wound "W" concept would require
much less tooling and probably fewer manhours (see Figure 5), while
retaining the most desirable features of the previous version, namely,

low labor intensity and producibility.
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500 HELICAL

% 900
FIBERS

.90
.85
.80
.75
.70
.65
.60
.55
.50
.45
.40
.35
.30
.25
.20
.15

.10

Fycu
PS1

143344
136688
130032
116720
110065
103409
96953
90097
83441
76785
70129
63473
56817
50161
43505
36850

30194

AAAAAA

tweb

.0258
.0270
.0284
.0316

0336
.0357
.0381
.0410
.0443
.0481
0527
.0582
.0650
.0736
.0849
.1002

.1223

PEPL I

ADDENDUM IV

IN.

-20-

PS1

SAFETY FACTOR
FATIGUE FACTOR

Fxyu

5700

7709

9718
13736
15745
17754
19763
21772
23780
25788
27796
29804
31810
33815
35319
37818

39807

.1690
.1340
.0948
.0827
0734
.0659
.0598
.0548
.0505
.0469
.0437
.0409
.0385
.0364
.0344

.0327
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FOR 50° HELICAL, 45% 90° PLIES, TRY teep = 080
E, = 2.136 X 10 Gyy = 2:506 X 10
E, = 8.940 X 107 DENSITY = .0527

= (.00202) (2.136 X 10%) = 4315 pst

= 1514 2 13,925 psi
.080

= 534 2 675 psi
.080

INTERACTIONS EQUATIONS

L= (4315 32, (18925 _y2 _ (__ 4315(18925)
.615 (12473) -615(76785) .6152(12473)(76785)

= ,3164 + .1606 - .2254 + .1771
= 0.4287

F.S. = 1 =1,527

.4287 =

-21-
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.615(25788)
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‘ 550 HELICAL
!’ Feey = 8315 Foou = 73866 Fyy = 25737
;ig—:g . chu _t—‘ nyu t
!- .90 137311 .0269 7377 1766
é' .85 130966 .0282 9220 1413
E] B .80 124622 .0296 11062 1177
.75 118277 .0312 12903 .1009
.70 111933 .0330 14743 .0883
.65 105588 .0350 16581 .0786
.60 99244 .0372 18418 0707
.55 ' 92899 .0397 20253 .0653
.50 86555 .0427 22085 .0590
.50 80210 .0460 23913 .0545
40 73866 .0500 25737 .0506
.35 67521 <0547 27553 0473
.30 61176 -0604 29359 0444
.25 54832 0673 31150 0418
.20 48487 .0762 32912 .0396
- .15 42143 .0876 34622 .0376
.10 35798 .1032 36209 .0360

-22-
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FOR 55° HELICAL, TRY tieb ™ 0.120, 40% 90° PLIES

x = 3454 psi

y = 1514 212,617 pst
.120

= 534 = 4450 psi
.120

INTERACTION RELATIONSHIPS

I = (__3454 2+ 12617 )2 - ¢ 3454(12617)  y 4 (_ _ 4450 _)2
.615(8315) .615(73866) (.615)‘(8315)(73866) .615(25737)

= 0.4562 + 0.0771 - 0.1876 + .0790

= 0.4247
M.S. =1 =1.5344
/4247 mmx=3m
-23-
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REVISIONS

LTR

OESCRIPTION

DATE

APPD

DOCUMENT NUMBER
SA 3032-J-0001

TITLE

BRIDGE WOUND WEB MODULE
PHASE I REPORT

Al

FIBER SCIENCE, INC.

SALT LAKE CITY,UTAN 84116

TITLE

T

BRIDGE “JOUND WE3 MODULE

PHASE I REPORT

SCALR:

REvV

UNIT WT:

|swexr 1 or 738

e




"The views, opinions, and/or findings contained in
the report are those of the author(s) and should
not be construed as an official Department of the
Army position, policy, or decision, unless so des- -
ignated by other documentation."
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I. INTRODUCTION

The Wound Bridge Web contract is an effort t0 reduce the weight
of the existing bridge. The wound bridge web contract, which provides
for the determination of contract feasibility, design, fabrication,
test and assembly of two bridge web modules, was received at Fiber
Science on September 28, 1981.

Phase I of the contract, Component Development, includes
(1) material selection, (2) module concept refinement, and (3)
trade off studies. Phase II of the contract will consist of
engineering design and documentation. Phase III will be fabrication
of hardware for one complete interior bridge bay and assembly of
parts.

This is the final report under Phase I of the contract.

At
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IT. AIMS AND OBJECTIVES OF PHASE I

Determine weight versus cost for various material combinations
and physical configurations which meet the requirements of
Attachment [ to the Statement of Work.

Détemi ne cost of labor and materials for each of the candidate
manufacturing methods proposed for large scale manufacture of
the bridge webs. '

Prepare reconmendations based on cost, weight, fatigue strength,
ease of manufacture and efficient material usage.

Prepare preliminary designs for bridge web, web attachments,
bulkheads, and redesign cross braces if necessary. .

Determine weight and cost of the recomende'd preliminary
design in large scale productiomn.




IIT. CONCLUSIONS & RECOMMENDATIONS

A. MATERIALS CONCLUSIONS

Material weight requirements were determined by going through the
design procedure for each of the core material candidates in combination
with each skin candidate. After thicknesses of core and facing
materials had been calculated with the design procedure, the weight

of each design in pounds per square inch was calculated. These
weights were summarized in Table I and Figure I. The we}ghts may

be compared to the original design weight of 0.025 LB/IN<.

Minimum weight combination was graphite-epoxy facing with one of the
three aluminum core materials analyzed, and minimum cost combination
was E-glass-epoxy facing with polyurethane foam core. The best
compromise between minimum weight and minimum cost was S2 glass-

epoxy with ACG 3/8-.003 aluminum core, at $.0062/FT2 and 0.0153 LB/INC.
This alternative would offer a 57% decrease in weight of the original
design for slightly less than $2/FT¢ increase in cost.

TABLE I Mat'l Cost Comparison/Interior Bay

~ _Original Min. Cost Min. Wt. Compromise
$_ Wtlb $ _ Wtlb $°_ W,Lb $  ut,lb

B. PROCESS CONCLUSTONS

A Tabor and materials. comparison was made for each of four proposed
producation methods: :

Option A. Filament wind entire skin.

Option 8. Filament wind broadgoods and layup.

Option C. Filament wind 90° ply only, layup Knytex* for 45° plies,
Optiom 0. Hand layup entire web from Knytex*.

* Knytex CDB to be manufactured to width and thickness desired. This
is a nonwoven triaxial fabric. :

Two major breakdowns were made in labor and materials comparison:

"W" represents the baseline "Wound W* concept presented in the

proposal where faces were wound over a diamond shaped mandrel with
subsequent face sTitting and mandrel folding operations to produce

the "W" form desired. "V" represents using a "V* shaped mandrel to
produce one-quarter of the interior bay web section at a time. This
method would have a 32% waste of facing materials inherent to the process.

Table II, which follows, summarizes relative costs for the process
options.
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DESIGN CALCULATIONS CONCLUSIONS

1. During the design calculations phase it became evident that the
des*lg;r :l'driver" was the composite shear modulus, G, of the core
material.

2. Hybrid composites, or combinations of fiber materials in the
faces of the web did not prove to be an advantage because of the
well known effect of mismatched modulus materials: Using a high
modulus with a Tower modulus material causes premature loading
and failure of the stiffer material.

3. Low compression strength of Kevlar 49 prompted its deletion from
the list of facing materials.

RECOMMENDATIONS

1. Use the Sé Glass-Epoxy/ACG. Aluminum Core combination for web
materials. :

2. Use the hand layup Optiom D process for production manufacture
of the webs. _

3. Class C drawings will be generated for phase III of the present
contract. (See para. B.5 of FSI Management Procedure 200-1.)

4. Tool drawings for the presenﬁ- contract will be type 1 for vendor use
and type C for im house use. (See para. B.5 of FSI Management Procedure 200-1.)

5. The level of fabricatiom to be used for the present contract in-
house needs will be level I. (See para.6,para.E.1 of M.P. 200-1.)

6. Tooling fabrication will be class "C" and class "p*.{See para.l4 of M.P.400-03.

7. Bridge web panels manufactured on Phase III of this contract
will be non-interchangeable. : -

DESIGN CONCEPT SKETCHES.

The attached sketches, figures [T, through V, represent attachment
concepts which are consistent witlr design calculations. In general,
attachment fittings will be aluminum extrusions which are anodized
for corrosion protectfon, and are both bonded and bolted to the

web in order to provide a relfable structure. Extrustons will be
welded to the upper chord. ‘
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TABLE II.

"N" PROCESS COST DIFFERENCE, $/FT2

PROCESS OPTION

Face Mat'l/Core Mat'l A D
= E Glass/ACG 1.28 0.53 0.83 0.00
'-' _ S2 Glass/ACG 3.01 2.26 2.96 2.38
= T300/ACG 8.39 - 8.14 N.A. - 18.02%
r‘ * Not believed to be a volume quote
|
J,L,! R wy® PROCESS COST DIFFERENCE, $/FT2
I
5 PROCESS OPTION
- Face Mat'l/Core Mat'l A c D
;' - E Glass/ACG 1.95 0.53 117 0.00
25 S2 Glass/ACG 405 2.2 3.48 2.3
2 T300/ACG 11.53 8.14 N.A. 0 18.02%
-
be -
|
=
3
.
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DESCRIPTION

DATE

APPD.

FIGURE [IT

FIBER SCIENCE, INC.|

SALT LAKE CITY,UTAMN S41®

18

TITLE
UPPER CHORD/WER JOINT.._.__

] scALE: 1/T

we: jevemr 10, 0

e |




I -. ‘ REVISIONS
- 2 zone| e DESCRIPTION DATE l: APPO

L AR ., . DA D]
O [ AL PR S
[ et e e T P

Lol g S o
R
RO

— vy
{

.\

FIGURE IV ‘

i FIBER SCIENCE, INC.|
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UPPER CHORD/ WEB JOINT
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KNYTEX CDB |
A Revolutionary “‘Triaxial’’ Fabric

Our CDB fabric is a unique concept in

S
reinforcing material. A new ‘‘triaxial’’ fabric A
which combines the most desirable . _ Pty
characteristics of both unidirectional and APy b

ERE TP GO
/ PERVALYRL - -

SAAPPALARALAALA 17 AN L7 QAo p 00 o 2B
AMAROUNUIROIROR U 2

double bias concepts. Triaxial design provides
improved strength in three directions, giving
you isotropic reinforcements, with
unidirectional strength.

- .,
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Knytex CDB has exceptionally high tensile
strength and, because of our unique knitting
process, is especially useful where torque
loading is a critical factor.

This fabric is a new breakthrough with
tremendous potential for innovative use in
the automotive industry. It has already
proven it's worth in marine hull design and
the manufacture of wind turbine blades,
where strength and weight are important
factors.

Knytex CDB triaxial fabric, a proven
innovation for the future . . . today!
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ﬁur new CDB triaxial fabric is nonwoven,
-Jding to its tremendous versatility and
~ improving overall mechanical strength.

e

A revolution in nonwoven fabrics, the triaxial

%:  construction provides strength in three

I~ . directions: 0 degrees, 45 degrees, and 135
“ degrees. Traditional nonwoven fabrics are
limited to only 0 and 90 degree
reinforcement capabilities.

WY v T

. _ A fabric of tomorrow, CDB presents
r‘ unlimited applications. Its. exceptional torque

;

:  strength and primary strength in the warp
.~ direction make it possible to meet the

-+ growing demands of the plastics industry for
ﬁ . some time to come.
2

L

The Knytex CDB triaxial fabric is available

with “'E'’ glass roving, but other yarns such

as ''S" glass, Kevlar, and Graphite could be
«: .ed. The unique construction process
provides S0 percent of the fabric weight in
the directiorr of the warp, with 25 percent in
each of the 45 degree directions.

B o
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« PRODUCT INFORMATION

ehr ‘JANAH!\ —

Physical Data — CDB 340:

Widths: 3 inches to 50 inches

Weight: 34 ounces per sq. yard

Thickness: .050 inches -

Mechanical Properties — CDB 340:

The mechanical properties shown in the table
were made with 4-ply CDB 340 and a general
purpose polyester resin. Total thickness of

the laminate was .158 inches and the fabric

to resin ratio as measured was 50:50 by

weight. Materials were tested in accordance
with ASTM methods D-695, D-790, and

D-638.

W s 48
- Right Blas.  Loft Bise

Compressive strengtr (pai) 57.400 40,600 49,600

Compressive Modulus

{pei} X10» . 2 15 2

Teasile strength (po 66,200 - 30,500 35.600

Temile Moduins

{peld X10% 3 Ls L&

Flesnal. streagth (pa 109,900 57.300 65,400

Flezeal Moduins

(pold X10% ' 29 23 a
Sales Office:

201 Esscative Offics Park © 4508 W. [liasis © Midlend, Texas 79703
Maillng Address: P.0. Bax 5293  Midiend, Texme 79701
Pheas: (915) 940917
Plaat:
Highway 4 * Soguin. Tems 8158
Mailing Address: P.0. Bex 1046 © Soguin. Temm 73155
Phoae (SL2} 379-0508.
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2024 ALUMINUM
HONEYCOMB
DS. 2200

Marck 6, 1981

FEATURES.
Markedly Improves Corrosuon Rsustance
Maintains Corrosion Protection at Elevated Temperatures
Heat Treatable, High Strength Core Material .
* Highest Strength to Weight Ratio as a Sandwich Core
Strength Retention at Elevated Temperature

APPLICATIONS:

CR III® 2024 Aluminum Honeycomb has been made available by Hexcel
for applications. where high strength and strength retention for elevated

able in either the highr strengthh T81 temper or in the T3 condition
which has more formability and can subsequently be heat treated to the
T8! condition. The principal utilization of 2024 AL honeycomb is in
high- performance applications where service temperatures. require long:

g‘ 'ﬁ term stability to 350°F and short term service as high as 420°F.
) s
i SPECIFICATIONS: :

All Corrasion Resistant 2024 expanded aluminum honeycomb matenals ‘
meet the reqmremnts of Malutary Speaﬁcanog MIL-C-7438 where
" spplicable’ - - 4 s

p——y

STANDARD DIMENSIONS: )
CR II 20124 Aluminum Honeycomb materials are available i the: follow-

ing sizes:
» Density L w-
Fq Less than 50 pcf 8 420 | % +40
{ 50 to 80 pcf "0 420 %6 + 40

SpaaaLL.Wmearewablemrq‘: |

E_ CORROSION RESISTANT 2024 ALUMINUM HONEYCOMB |

r" T “ % temperatiré servicerarerequirec: 2024 Al honeycomb:miateriak is:avail-+. .-

T dimensions have a minimum of Q125" mamvnmmofmﬂ'

f" is = 10%.

- Owrmu.ucu -

' F Panet mdmr. . Standard: Tolerance

' - 125" to 400" | 1= 005" (except for I/8 - 003 - 95)

n 4001” and Cver | = 062 (except for [/8 - 008 - 957
' DENSITY TOLERANCES:

_ The: nominal . densities. of X024 Alummun— Honeycomb * pmducrs. are
[ showrr irr Tablez |. Standard du‘lsty tolerm or thc namnal &sny E

I
.

 TYPE DESIGNATION: |
Hexcel CR III 2024 Aluminum Honey-
comb is designated as follows:

Mat't, — Cell. Size — Alloy — Temper
= Foil Thickness — Density

-

EXAMPLE:
CR M—3/16—-2024
T81—0015N—35
WHERE-. Lt et g amne s e

. CRIT desugriafs corrasion resxstar'\ce
aluminum honeycomb .

3/16 is the cell size in inches.
224 is the aluminum alloy used.

" T8I is the temper condition. |
Q015 is the nominal foil thickness in |
inches, |

N indicates cell walls are not perfo :,‘:‘

rated. (Perforated core is not aveil-t<
able)

3.5 is the nominal density mpounds
per cubic foot.

uws'uslom. NOMENCLATURE:

—Thndu'es, or cell depth

L=Ribborr direction, or longitudinal=— 7
directior.

W=Transverse dire'cﬁm, or direction
. perpendicular ta the ribbon.

i )
e e
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CUSTOM PROCESSING: o= R : .

CR III 2024 Aluminum Honeycomb can be prowded machlned or formed to various shapes Thns can include edge cham

fering, simple and complex taper cuts, and other special machined configurations. Conract the nearest Hexcel Sales Office
for additional information, '

s .. oL .
VAILABILITY: o S )
Standard size CR I 2024 Alurmnun Honeycomb will be shipped F.Q.B. Graham, Texas Requst for quotations should be

forwarded to the nearest Hexcel Sales Office listed on this data sheef Sales terms are 1% in 15 days from date of mvmce,
netduemSOda/s orZ%cashmthorder (CWO).

TABLE! ' - " MECHANICAL PROPERTIES
HEIXCEL. F4 COMPRESSIVE £ PLATE SHEAR
HONEYCOMS '§ g e o0 . .
; DESIGNATION 3 % Save Stablized A3 ‘L’ Disestion w .m. '
- Strengthr S Modulus '§ Strength  |Modul Strengthr - Meodul
) Caeil-Material-Gage E o ":‘vh -~ 3 o du w ksim

typ min tyor  min typical tyo | tye min |typical | tvp min | typical
1/8-2024-.001S | 5.0 700 528 | 780 620 200 ' 425 | S00 " 400 82.0 | 315 250 | 33.0
1/8-2024-.0020 | 6.7 1100 828 | 1225 980 300 640 | 760 400 118 470 375 | 450
1/8-2024-.0025 | 8.0 1480 1100 } 1650 1320 380 840 | 960 770 | 148 590 470 | 54.0

- *1/8.2024-0030 (95| 1970 1475 (2300 1725 | 480 1120|1150 950 |-170 | 650  ses | 640
T‘ 3/16-2024-0015 13.5| T 330 7 280 [ 370" T 290 | 86 | 200 | d90 " 230 55.0| 180 143|230
1/4-2024-.0015 |2.8 220 16| 250 173 40 | 10| 200 " 140 420 | 120 88| 150

* Not svailsble: with & CR- i} finish, but can be suseiied with R-S00 carresien orimer. v T _
TYPICAL CR 1T 2024 AL HONEYCOMB STRENGTH RETENTION AT ELEVATED TEMPERATURE

= e S
] o '
3 2 STABILIZED
o . 1 COMPRESSIVE
:: . :- o A 3 1 M ks PR Sy 3 P S O B R ..'l.--' A ‘( O 3 T .":nq
o . N PLATE -
M e 1c SHEAR '
‘ - S
- 3R
= ¥ 1 Fi1otm
- A} N ‘
§ bad oy ,j-umh. |
g N |
5 3 |
b ~ 500 Hra.
E e - -
Q. & ) 208 We 00 <
- EXPOSURE AND TEST TEMPERATURE (°F)
- [y determining. whether the meturisl 8 sulteble for s perticular spplicatien, susly facters ss oversil. preduct
mmmn%&w&m&umxﬁzn-m Thohb-um h'.m-:
with the dere’ presented. in this. bulletin, v the event of the of & non-conferming groduct, Seller shail not be
commarciel ‘eus or damege, direst or cormaguential, eriting out of the use of or the: inebility to the product. Befare using
mnw":.f'u bmnm:-gfnm#mncnwwmmn
ALY S DY Y QIVEITIRENS SENSY.. ferogeing moy et b changesd: gt by an sgreement signed by an officer of seiler:
ADMINISTRATIVE OFFICES: .
Oublla, Coliforais 34566, 11717 Dublio Seulevard, (415) 8254200
SALES OFFICES: ‘
Arfingten, Tenss 76011, Seite: 105, 2710 Avenve & Case. (817 274.257T:
Bel Air, Marylead 21014, lqdc'“ll‘..“&. ond Felford Aves, (301) §38-0050
Sellevesy Weshingten 90004, Suite l.'WM“—!MMM(NMI&
Oublle, Colifornia 94566, 11711 Dublia Seuieverd, (415)

23-4200
Lony.Sessh, Colifernia 50807, Suite 622, 3711 Lang. Sench Sivd, (213) S95-G@1T :
Heneal SA. - Rue Treis Sourdons, Welkenraadt; Lisge, Beigium, 057380765 2 {

e - WP —— . —rer
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WR 11® SHELTER CORE® |
WATER RESISTANT STRUCTURAL KRAFT HONEYCOMB

FEATURES:
Low Cost
High Structural Strength/Low Weight
High Resistance to Water Migration
High Fungus Resistance
T —Sm‘ Grade Hmﬂb e et AT et Y.y e
APPUCATIONS: T

WR (| Sheiter Core has been developed by Hexcel as a structural
grade honeycomb core material for use in the construction of various
types of air-transportable military sheiters. The product meets the
requirements of militray specification MIL-H-21040, C revision, and
has substantially less than one ceil water mugrancn in 24 hours when
tested to MIL. STD. 4018.

! hd containers.

DESCRIPTION:

WR 11 Sheiter Core is a highly water resistant core material pro-
e duced. from kraft cellulose fiber web materials under a patented Hexcel
L. ' process. The honeycomb webr has. been trested withr special chemicals
- ’ adpdmshwmdommdmmica\dm-
lmtnndmalm

Sheitec. Core can bebuﬂd-withbsicadmivemm any

_ standard sandwicihr facing material to provide. a. higir strength, low cost
. sandwich panel. Duetomosturepckw,WR‘llmmqhmtcbe

. om . L are . e e gl Trac leT oo
i’. - © Regisrered Trademerkc, Hecet ~ LT

coo e o o Typical applications, mdudzpswmlsuxus transportable medi- .
Tl nits, electmncend@rs, ufility hnldingsm&mtﬂmod’ilcargc :

e - oven: ried: before bonding..

: SPECIAL PRODUCTS: R

1 ' WR It ShdterCortcmbtpfwddpmtospoaﬁcLandW

. dimensions, as well as irr expanded block formr up:to 3Q. inches T. Panels

,. < . up to 4 incir T carr also be supplied filledt withr @ ZQ pcf polyurethane |
p-- - foan for added: thermal insulation. In additiom, bare o foam. filled core ~ [
g @ is: available witt HEXABOND® cail edge: adhesive eliminating the need

for tape or paste adhesives in bonding: flat sandwictr panels.. For infor- -
matiorr on the&spocul pﬁmmmww&le

:  wittr your local Hexcel Sales Office for

R
0

- -3/8. is the.cell snzgmunches

S I’:: a.....'

- T Thickness, or call depthr

) dlmhrtoﬂnnbbm

WR [1® SHELTER CORE®
WATER RESISTANT
'KRAFT HONEYCOMB

DS 1040 -

March- 31, 1981

TYPE DESIGNATION:

WR Il Shelter Core Honeycomb is]
designated as follows: -

Material — Ceil Size — Density

Example: =
WR 11-3/8-38

Where:
WR [l designates honeycomb type

38 lsthenamnal density mpoundsi
' per cubic foot

DIMENSIONAL NOMENCLATURE

L Ribborr direction, or width
W Long direction, or direction perpen-|

4

AVAILABILITY: .
WR |1 Sheiter Core will be supplied
FO.B. Cisa. Grande, Arizoma. Check

availability.

e —— o

LAAA_AA,‘. P S R I N . T S ST RO S S N U W R S S U T A S T P




"4~ SPECIFICATIONS: I ’

‘- .General — WR || Shelter Core will be supplied in flat expanded sheets free from foreign contaminates
' and ready for bonding.

b O Coafiguration — The average cell size as measured across the flats (nodes) of cells will be = 10% of the
Fc v nominal. Cell determination will be made by measuring the length of 10 consecutive cells in 6 random
w locations and averaging the results. Double laps will be permitted as long as the core blankets are within
. density tolerance. Unbonded nodes will be permitted to the extent that no opening larger than three
: " ‘times the nominal cell size is created’ and the minimum- mechanical properties areobtainable.

L
S . .Demsity — The acceptable tolerance on density will be = 10%.
v . .

Water Migratiomw — The WR || Shelter Core product line will meet a limit of 1 cell water migration in 24
hours when tested in accordance with MIL. STD. 4018,

g Standard Dimensions — WR 1| Shelter Core materials are available in the following standard sizes and
F! - dimensions with tolerances indicated:

]

. PRODUCT L w T Max. T Min.
WRII-3/8-25 | 45" Mim. 96" Min. . 0.250*
qu T WRIT-3/8-38 1| A Ms | 9% Mm | 30" | . 0250

= N : oo - . D & R s H . RN N . .« . .

Thickness tolerance for up to 4.000” T will be ;= .010, for over 4.000” T tolerance will be = .125".
Other L and W dimensions are available: Please contact your nearest Hexcel Sales Office for additional
information.

\ v C Mechanical Properties — WR |1 Sheiter Core meets the mechanical property requirements of MIL-H-21040
- revision C. lrr addition, the following typical properties have been obtained when tested per MIL-STD-
40183t 0.50Qinch T. -

. . .2 - = " o . " M e v v
ey TR R Y L T s N A T ARe SO DO SR NP .. el e -

o . HEXem. " commmmve PLATE SHEAR
" HONEYCOMB
DESIGNATION:

Materisl. -~ Call. - Deruity

wRil - 3/8 - 25

WE Il - /8- 38

Lés aliDAPDERER)
. Lt L.
B ¢ . [
.
'

T

{
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el Ale, Maryland 21014, Leyeie Fedoral Maie St end Fulferd Ave., (307) £38-0050.
Selloven ‘. ! S'dtlﬂ!. ".#ﬂh(,‘g - I”M‘k& (208) 455-0418.
Leny, Besch, Colifornia 90007, Suite 622, 371

L [ AL OFFICIS: .
L Om’. Arflogten, Tusam 76011, Seite 108, 2710 Avense E Cast; (817) 274-2578.

8284200
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~D!SCRIPTION. e s

Alummum canmercal grade honeycanb is made frurrSOOO seﬁsalum- .
_ . num alloy foil approximately. 3 mils thick, An orgamcgpannq usapplled to the, "
" foit ‘which provides emellent protechm o coms:veatmaphers. Four'cell

/

ACG® — ALUMINUM COMMERCIAL GRADE HONEYCOMB

FEATURES:
Low Cost
High Structural Strength/Low Weight
Corrosion Resistant

APPLICATIONS:

ACG is a commercial hmeycanb core offering industrial designers,

at relanvely low cost, the advantages’ of n all-metal horieycomb, with' long.
service life and resistance to fungus, moisture and temperature. Uses in-
clude industrial tooling panels, architectural panels, shelving, storage tank
covers, building walls, table and counter tops.

e -'00-7'

sizes and densities are available. The honeycomb is manufactured by bond-
ing together sheets of aluminum foil which are epanded to form a cellular
honeycomb configuration. The node bond adhesive is a thermasetting. type;
cured under heat and pressure with the honeycamb in the unepanded or
HOBE® (HOneycomb Before: Expansion) condition. Slices are cut front the
unexpanded material to specified thickness, or cail depth, and: then epanded
to final configuration.

The haneycomb can be supplied either etpandad orin HOBEsIns. Any

panel thickness: between 0.125 and 20 inches: carr be provided Material
will normally be perforated. such that- all calls will be- vented ir 2 slice as
thin- ag 0.187 inches. Non-perforated honeycombs is available uporr request.

SPECIAL PRODUCTS/CUSTOM PROCESSING:

Aluminum: commercial: grade honeycomb canr be provided. machined or-
formed: into various shapes. This camr include edge chamfering, simple and
complex taper cuts, and other special machined: configurations. Hexel can
also supply flat sandwich panels using ACG with. a3 wide variety of facing
materials, close-outs and dimersions. Contact the nuresr Hexcel Sales
Office for additional information:

@ Registured. Tradamerie, Hemsh.

'.- .‘ - Lo v
P 2 '-'s‘ .

-ACG®— HONEYCOMB
ALUMINUM COMMERCIAL GRAD§
DS. 6000

' : . - Feb. 14, 1980 |

- horieycomb type. _
3/8 is the cell size in inches

per cubic foot:

o J’ * . DIMENSIONAL: NOMENCLATURE *

T=Thickness, or cell depth

W=Long direction, or direction
_ perpendicular to the ribbon

AVAILABILITY:

Qffice for delivery information.

r—— ; . —~yrreryy -

TYPE DESIGNATION:

ACG honeycomb is designated as
follows:
Material — Cell Size — Density —
Perforated  _
Example:

ACG - 3/8 -36P

Where:

ACG designates corrasuon rsnstanf
3.6 is the nominal density in pounds

P—Indicates cails walls are perforated.

T b I:=R'|w.dim. 'a"'..wm" ’ ,..‘ o

4

. ACG honeycomt will be supplied
. FO.B. Graham, Teas, or Casa Grande,
Arizona. Cont:cr nearest Hexcel Sales

¢

1
od



Standard Dimension:

Hexcel’s aluminum commercial grade materials are available in the following standard size:
" Unexpanded L (HOBE): Expanded Dimensions: Sq. Ft. / Per Panel:
:'? o & =1 48" 4+ 2'=0L x 12+ 2" =6"W # - @
:U One of the major advantages. of the ACG product line is the availability of a structural metallic honey-

comb at low cost. This is possible because the product is made in only one panel size and is shipped un-
trimmed as epanded. While variations in “T" are available, the “L” and “W" dimensions will only be supplied
in the expanded dimensions shown above. Special “L” and “W" requirements or pieces cut to size can be
supplied upon request but may carry a premium charge, depending on volume.
p v Thickness Tolerance:

, Tolerance on cut thickness are as follows:

’ Panel Thickness Standard Tolerance
o 125 to 4000 = 008" -
4.001“ and Over = 082

N

Density Tolerance:
The standard denslty rolerance on the ncmmal density is = 15%.

« MM. leaﬁu. 'mtzt TR L
o ACG honeycomb has been tested per MIL. Std. 401. The fallowing typlcal properhes apply
NCicR. § COMPRESSIVE § - PLATE SHEAR
MONEYCOMS: s w
S Sese Stabilised- a3 “L* Direstion “W*™ Direstion
Strengtly Serangth Modulus. Strength | Modulus. | Strength | Moduks
mi - pabr o v, . ek g N nl R RN
) “V.m 8.3, . ,”"-'-;—-‘.“..“.-, ‘e '-\"..“-.-'."-' -?‘-".: '-m' . }.2,,‘;.".;'ia'z!.s_.,.'-.'-n, R DS -1\;‘"
assyeoes 26| s’ | ue [ o2 |l  me | W@ | ue | |71}
ACE 3/4-00% (1.8 ” 1ne e “& ” 16 s & - ;
ACS 1.00% |14 o o 16 s (1 2 178 > ™
Tested at 0.625 inciv thickness. p ~prelminary values.
FOR INDUSTRIAL USE ONLY
The followin hmﬁginkmofﬂwamﬁqmorlmpﬂd‘&ﬂe:’sonlyob tion shall
betonphetsgch&h of this product which has proven to not y y with the
data presented in In the event of the of a non-conforming uct, Seller b
shall not be liable for any commaercial loss or damage, direct or consequen out of the
use of or the inahility to use the Before using user shall determine the suiitability of the
product for his intended use, user assumes all risks and liability whatsoever in connection
Wthsutmnamhugmpmm-motmg:dnctmmtmmmamchmh
5 !ruotpauntinﬁ'ingm t or that they are approved for such use by any gommmtagacy'rhc
. foregoing may not Wmtbynamtdpdbymotﬂccd
: ' ADMINISTRATIVE OFFICES: :
L Duhliey. California 9456611711 Dublie Senlovard, (115) $23-4200. -
'?‘L Q . Arfiagen, Tenas 76011, Seite | mw«-utl-r nn s @
. ) 3
o . o.u.;c.u-icm 711 Dublle i-u-—u. 5) §23-4200
Long, Bench;. Califernia 90807, Seite 622, 37 !u-.lc-nu.uw [ T}
Hensal SA. - Rus Treis Sourdons, Weikenrasdt; Lisge, beigium; 087330765
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HRH-10 NYLON FIBER REINFORCED HONEYCOMB

HEXCIL. COMPRESSIVE PLATE SHEAR
HONEYCOMS Pv— P "L Divoction pp———
DESIGNATION:
Strength Strength Modulus Strengthr Modulus| Strength Modulus
Material - Call - Density pei- pei ksi pal ksl pat ksl
Gege:
Hexagenal tyo " min typ min typical. typ min | typieal | typ min | typical
 HRH 10-1/8 -1.8(1.5) 110 70.| 130 ] jan 90 6| 37 | 50 36| 20
HRH 10-1/8 -3.0Q 300 130} 330 270 | 20 130 62| 70 | 95 ss | 33
HRH 10-1/8 -40Q2 S0 330 | s60 470 7| 28 245 225| 92 |140 10| 47
HRH 10-1/8 -5.0(3) 775 600 | 860 660 | — 325 35| — 175  120| —
HRH 10-1/8 -6.0(3) 1078 800 | 1128 818 7 3706 260 130 (200 135| 60
HRH 10-1/8 -8.0(3) 1575 1100 | 1700 1250 78 490 355 160 {250 190 7.8
HRM 10-1/8 -9.0(3) 1700 1400 | 1800 1400 90 520 370 | 17.0 |270 240 9.0
HRH 10-5/32-5.0 (4) 8000 — | 900F — -_ 360 — | 1159|1800 —| S0
HRH 10-5/32-9.0 (& 177% — | 20500 — - s25p — | 1800|2859 —| 9.5
HRM 10-3/16-28 | 15@ 9%| 1786 108 | 1T ne 72| 42| 53 e 22
g B T e o Il TR P AT S SO SO
HRH 10-3/16-400) | soo 320 se0 470 | 28 24s 25| 78 [0 ne| 47
HRH 10-3/16 -45(%) 425 320 | 475 400 | — 290 225| 95 |48 110 ]| 40
HRH 10-3/16-6.0(5 ¢ S| 700 650 | — 39%c 330 | 145 [188 150 | 6O
HRH 16-1/4 -1.5@ %0 4| i 53 S 15 4| 30|35 23|18
HRM 16-T/8 -2.0(D 15¢ so| 170 s | n Me 72| 42| 55 36| 28
HRH 10-1/4 -3.1(9 275 180| 285 240 | — 170 13s| 70 | 8s 6| 3.0
HRH 10-1/4 -4.0(9 370 316 | 400 360 | — 240 200 75 |12 95| 38
HRH 10-3/8 15D e 45|98 3 'S 73 45| 30|33 23|18 3
HRH 10-3/8 -28(D) 156 ose| 17& 0% | 10 e rz| &z | 33 36| 2z | -
HRH 10-3/8 -3.0(% 2% | 300 — |17 1700 —| 560 9% —| 300
HRH. 10/0X-3/16-1.8D 1M0. 70| 136 — | — 660 45| 20| 60 35| 30
HRM 10/0X - 3/16.- 3.8(D) 8 2%0| e 0 | 17 s es| 306|128 5| o
HRM 10/0X-1/4 -3.02 3¢ 20| 388 250 | 17 ne 9| 3a {ns 90| 60
v PLIDCCORE -
HRN 10/73S -28(3F 13 10| 7O 11 | 122 7€ 49| 4| 4 23| 1w |
HRH 10/F3S -3.5(% 000 —| 3500 — | Ur|| 150 —| S| s> —|2»
HRM 10/FIS -43(D 480 —| 4900 — || 7 —| 7|15 -] I
HRI 10/P38 -X3(3) ¢ 1»| 33¢ 217 | 24 || 156 eS| s = 36| 2@
HRH 10/F30° -4.5(%). 45 —| 4900 — ||| Z® | TB|IS®e —|aim
" MR 10/730° - 5.0() 56 —| 625 528 | 33 3¢ -300| 80 |1%0 10| &r
HRM 10/F50° -SS(9 | 650 —| 7000 — | 42> || 9o —| sexls | je
Test date cbrained st 0.500 Inch thickness.
P preliminasy properties (ssepeger11)
T
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1. HONEYCOMS
- THICKNESS, IN
_Type _ Mfq By 1.25 1.625 _2.000_
Alum. ACG 3/8-.003 Hexcel $ 2.30/FT2  § 2.89/FT2  § 3.49/FT2
Alum. CRIII 2024-.0015  Hexcel 17.16 22.30 27.45
Alum. CRIII 5052-.0015 Hexcel 5.33 6.93 8.53
Nomex HRH 1/4-4.0(5) - Hexcel 13.21 17.17 21.13
Nomex HRH 1/4-4.0(5) Ciba-Geigy  7.25 9.29 11.33
6.2 LB/FT°  PVC Foam Klegecell 7.00 9.31 11.00
6 LB/I-'I’3 Polyurethane Foam Gen.Plastics 1.69 2.12 2.59
2. FIBER
_TYPE_ MFG_ BY COST, $/LB
E Glass Owens-Corning 0.95 —
S2 Glass Owens-Corning 3.87
T300 Graphite Union Carbide 32.00
HMS Graphite Herculés 50.00
3. RESIN
TYPE MFG_ BY ST, $/L8
EA 826/TONOX LC Shell Chem/US Rubber $1.724/L8

G MATERIAL COSTS

»
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DEPARTMENT OF THE ARMY B. Ballinger/111/703-664~5140
us ARMY MOBILITY EQUIPMENT RESEARCH & DEVELOPMENT COMMAND
FORT BELVOIR, VIRGINIA 22060

prome-PEA - SN LU

SUBJECT: DAAK70-81-C-0210, Wound Web Bridge Modules

L J
Fiber Science, Inc.
ATTN: Mr. H. D. Goff
506 Billy Mitchell Road
Salt Lake Cicy, Utah 84116
o
Gentlemen:
® Reference FSI Letter No. 112236, dated 10 December 1981, with Phase I Report

relative to subject contract.
Phase I Report has been reviewed and comments/direction follow:
a. Recommendation 1 - Materials. The recommendation to use Hexcel ACG 3/8-

@ .003 aluminum honeycomb core material is Accepted. The recommendation to use S2
Fiberglass Epoxy Composite Material is open to considerable question.

Government Position - The graphite epoxy skin material shown in the minimum
weight position is much more weight efficient than the recommended compromise
position of FSI (246# vs 425#). The higher cost ($3006 vs $1665) is due to

® FSI's selection of T300 graphite fiber and the Government requests that FSI
investigate the use of Great Lakes Carbon Fiber Fortafil 3T or 4T as a possible
alternative. These materials bracket the T300 material in properties and
sell for $18 per 1lb. This material is available in a 40,000 tow size only,
but a sincere effort to apply this material (or a cheap similar material) in
the light of its much lower price should be made. A realistic module price

@ of $2000 and weight of 250 pounds should be possible.

b. Recommendation 2 - Process. The lay-up option D which was recommended
and acceptable for S2 glass is not shown to be cost effective for graphite fiber.
The 18.02 figure shown with the asterisk is open to considerable question. P

) Govermment Position ~ FSI should determine the actual cost of the Knytex triaxial

non-woven fabric for the low cost graphite fiber selected. A trial run may be
necesary. This should not be costly since the material produced would be
" used for one module. If the Knytex process is not cheaper than alternative
—_— B, then alternative B of the '"W' process will be used. Since both processess
are hand lay-ups, the tooling will be the same with only fabric production
) differencers.

- - M - . - - . R T - N Ll
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é SUBJECT: DAAK70-81-C-0210, Wound Web Bridge Modules

i; c. Recommendation 3 - Drawings. Class C drawings are Rejected. Class
; B is recommended.

'1.

Government Position - Follow contract requirements for drawings.

d. Recommendation 4 - Tooling Drawings are Accepted.

e. Recommendation 5 - Level of fabrication is Accepted.

f. Recommendation 6 - Tooling fabrication is Accepted.

g. Recommendation 7 - Panels need not be interchangeable is Accepted.

h. The joint details shown in Figures I1 through V are Accepted in concept
for further dimensioning. Final acceptance will be withheld until full detail
is made available.

Should you have any questions relative to the above, contact Mrs. B. Ballinger,
(703) 664-5140.

Sincerely,

RB RQ SCHILﬁW

Contrdcting Officer




ADDENDUM 111

A i

SUUU SO SR

PAVSAPRRT SOV S P

b e e i




o MRl S i S

i e REVISIONS

L — 2088 | LTR OESCRIPTION DATE APPD
——

)

: o

19

|®

FIBER SCIENCE, INC.

SALT LAKE CITY,UTAN 84118

TITLS

BRIDGE WOUND WEB MODULE
PHASE II REPORT - SA 3032-J-0002

CODR I1DENT |DWG NO

REV

SCALE: UNIT WT:

M

PR Y NP U WA Y L W) [ PP S




TYTYY

v

“The views, opinions, and/or findings contained
in the report are those of the author(s) and
should not be construed as an official Depart-
ment of the Army position, policy or decision,
unless so designated by other documentation."
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I. INTRODUCTION

The Wound Bridge Web contract is an effort to reduce the weight of the

i existing bridge. The wound bridge web contract, which provides for

o the determination of contract feasibility, design, fabrication, test
and assembly of two bridge web modules, was received at Fiber Science on
September 28, 1981.

; Phase II of the contract, entitled “ENGINEERING DESIGN AND DOCUMENTATION",

: includes (1) manufacture and test of samples to verify properties used

o in the design, (2) production drawings and specification, and (3) detailed
description of production methods including quality assurance provisions.

'This is the final report under Phase II of the contract.

¢
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II. AIMS AND OBJECTIVES OF PHASE II

Perform physical testing of the bridge web design materials to
verify design allowables.

Re-evaluate safety margin of bridge web design based upon test
results.

Develop Eng'lneer'lﬁg drawings of bridge web components.
Detailed description of production methods.

Order materials for Phase III.

Design tooling for Phase III.

.
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III. RESULTS AND CONCLUSIONS

1. Physical testing of the wound bridge web design materials was per-
formed. The tests outlined in the Phase Il Material Test Plan were
completed as proposed. Results of the in-plane shear test were about
5% lower than target loads for reasons which appeared to be related

® to sample geometry. F.S.D. proposed to MERADCOM that an additional
test be run on the web materials. After approval had been received,
F.S.D. manufactured and tested three 3.5 in. diameter by 10.0 in. long
tubes whose wall lamination is the same as the bridge web skin. Tor-
sion testing on the tubes proved skin shear strength to be well above
design levels. A comparison of test results to computer predictions
o may be found in Table I.

2. Page 15 of the Phase I Report (released Dec. 8, 1981 contained a
failure criterion for the composite bridge web. This failure cri-
terion was re-examined using data generated by testing. Where the
original design produced a Factor of Safety of 1.5, the test data
produced a Factor of Safety of 1.86.

3. Engineering drawings of the wound bridge web were produced under Phase
II and have been reviewed by MERADCOM. Comments generated by that
review have been incorporated into revised drawings. These revised
drawings are transmitted with this report.

® 4. Manufacturing materials for Phase III have been ordered. A1l materials
have been received with the exception of aluminum extrusions which are
due at F.S.D. by August 15, 1982,

5. Tooling for the eight Phase III full sized panels will be complete by
10 August 1982, Tooling for the filament winding demonstration seg-
® ment will be completed by 30 August 1982.

6. Bridge tread plates have been cut from existing webs but were found to
warp .75 in. over the length and 0.13 over the width. The same vendor
who cut the webs will press straighten the tread plates to within 0.25
in. over the length. Tread plates are due at F.S.D. by 10 August 1982,

® 7. A detailed description of the production of Phase III full size webs
is attached to this report. This description is the “Job Card“, or
step-by-step work instructions which will be given to the Manufacturing

Department. .
8. The Phase III effort will consist of fabricating eight full scale web
e sections by lamination of filament wound broadgoods while proving that

the filament wound "W" concept is feasible by the use of plywood tooling
and a six foot long mandrel. A description of the process is included
in this report.
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TABLE I

MATERIAL PROPERTIES

COMPUTER
PREDICTION

29266 PSI
94129 PSI
32797 PSI
2.65 X 10° psI
8.471 x 10° st
2.561 X 10° pst

RESULTS

OF TESTING

66600 PSI*
37368 PSI

7.182 x 108
2.553 x i0°

* The theoretical is based on strength, whereas, the actual was an in-

stability failure,

»
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IV. TESTING

N A. Shear Tests were conducted in accordance with the Phase II Material
: Test Plan which had been reviewed and accepted by the Army MERADCOM
v ° office. Specimen configuration.was as shown in Figure 1. Prelimi-
. nary evaluation of these tests was given in the Monthly Progress
Report for May 1, to May 31, 1982, in which low test results were

i reported. Raw data is presented in Figure 2 and reduced data may

-, be found in Table 2. The average failure load was 41883 1b. compared
to the calculated design failure load of 44436 1b. The conclusion
reached was that the holes in the Shear Test panel induced a stress
concentration which was peculfar to the test panel. Such a stress
concentration reduces the failure load an unknown amount.

In order to obtain addition Shear Test data, F.S.D. requested per-
mission from MERADCOM to manufacture and test additional samples

which would avoid stress concentrations. The sample chosen was a
Torsion Test specimen taken from Air Force Materials Laboratory's
Advanced Composites Design Guide of Jan 1971, Page 7.3.18, Specimen

(a) which is shown in Figure 3. MERADCOM granted permission, and

these samples were built and tested. Torsion Test results may be 2
found in Table 4. The average shear stress measured was 42418 1b./in.%,
which may be compared to a design shear stress:

To = 33 1b./in. = 15505 1b./in.2

The torsion samples, representative of one web skin thickness, ex-

hibited shear strength 2.74 times the design requirement. This is

not, however, over design since combined loading failure analysis to

g: discu:sgd 1n]Sgsct'lon IV reduces the safety factor based on test
t. to ode = . ® )

Shear modulus was calculated from the strain data of the original
shear test panels to be:

.0383 P, ;1 +E1 - E
Gyy * (=) (_EFI"-EZ_Z)

= |[oad

W = [Distance between holes
= Combined skin thickness
= Measured strain
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_‘.‘ TABLE 2
f SHEAR TEST DATA
°
! SAWPLE FAILURE LOAD GAUGE NUMBER FAILURE STRAIN
: 1 42600 LB. 1-1 + 0.26%
i ] - 2 + o.w’
°® 1-3 - 0.10%
1-4 - 0.05%
2 41950 LS. 2-1 + 0.25%
° 2-2 + 0218
‘ 2-3 - 0.08%
; 2-4 - 0.09%
: 3 41100 L8. 3-1 + 0.24%
L 3-2 +0.208
‘ 3-3 - 0.08%
: 3-4 - 0.07%
o |
: TABLE 3
C
: 'COMPRESSIVE TEST DATA
A
\ o SAMPLE FAILURE LOAD GAUGE NUMBER FAILURE STRAIN
: 1 53900 LB. 1-1 -0.54%
F 1-2 -0.40%
: 1-3 -0.08%
° 1-8 -0.07%
9
E 2 49350 LB. 2 -1 -0. 36%
' 2-2 -0.41% a :
2-3 -0.07% g
2 - 4 -0005’
5 3 47000 LB. 3-1 -0.37%
! 3-2 -0.46%
. 3-3 -0.06% ‘
3-8 -0.06% |
®
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TABLE 4

JORSION TESTS

1. 2750
2. 3303
3. 3008
% = 3020.33
T _2T
me 02
T = 3020 (10.0) = 30200 in.1bs. -
o Tor_2(N20)_ . 42418 1b./4n.2
17(.037)(3.5)

The follouing shear moduli were calculated:

Calculated SAMPLE #1 SAMPLE #2 SAMPLE #3 AVERAGE
Gy, PSI ZWWXT0®  ZeIN0S  ZIETXTo° ZEEIX O

]

- :‘.‘. ——

- Design G

6
: xy "as 2.861 X107 PST.
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B. B. Compression Tests were conducted as outlined by the Phase II Material
-Test Plan. ‘Specimen configuration is shown in Figure 4. Raw test
data may be found in Figure §, and reduced data appears in Table 1.

While the test results exceeded design requirements, they were lower

than computer predictions because they failed in a different mode than
‘ Py anticipated. '

2 Test data recorded on the narrow chart is unaccountably low, about 1/5

the expected level of strain. It is suspected that a calibration er-
' ror occurred.
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: VI. FILAMENT WINDING PROCESS DEMONSTRATION

'@

: 1. Tooling ]

, The mandrel will be made from 1/2 inch plywood with piano type hinges,
( about six feet long, with full width webs.

2. Demonstration winding will be with graphite fiber, epoxy resin and
aluminum honeycomb. Winding sequence will be as follows:

: a. Wind inner skin (909, % 459)

® b. Apply 120 glass cloth

c. Apply honeycomb

Apply 120 glass cloth

e. Wind outer skin (f as%, 90°)

(] f. "B" stage to formable, tacky resin consistency

g. Cut skin and fold mandrel into "W" configuration

Secure into proper position

i. Cure

Q
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