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Metal Prepreg Tlechnoelegy.

Tape Width — 0:25 10, 1.50F

Tape Thickness — 0.007/ 1000207
Tubing — 0:257 0D; 0:01.5"wall
Angle — 0.375" per'leg, 90 angle
Other sizes and shapes poessibie




Prope JC c
Chemical Composition wt. % >99 Al,O, 99.99 Al
| | °C 2000 660
Melting Point oF 3632 1220
: : um 10-12 )
Filament Diameter in (104) 4-5
Crystal Phase a- Al,O, -
_ g/cm? 3.9 2.7
Density Ib/in3 0.141 0.098
: MPa 3100 40-50
Tensile Strength ot 450 6-7
_ GPa 380 62
Tensile Modulus MSi 55 9
Elongation % 0.7-0.8 50-70
- ] . ppm/oC 8.0 25
Thermal Expansion (100-1100°C) opm/°F 4.4 14




Metal Prepreg Tape Properties

V; Density | Width | Thickness | F,% | E;'! | &
(Ib/in3) | (in) (in) (ksi) | (Msi) | (%)

Mean 0.50 0.119 | 0.377 0.0134 210 | 33 |0.63

Material = Al,O, fibers in pure Al
Temperature = RT Tensile Sample #712
Environment = Air
Direction = [0]

Standard Tape:

Fiber volume of 50%
Width of 0.5 inch
Thickness of 0.015 inch

Properties similar to steel but with the weight of aluminum



Metal Prepreg Ellament Winding

m Analogous to PMC wet winding
— Based on MetPreg metal prepreg technology: ™
— Spools of fiber are put on creel E w i
— Tension is built into each tow 2

— Fiber bundle is dipped nto the liguid matrix: (moelten
aluminum) to Impregnate

— Impregnated fiber bundle is laid ente the mandre!

Low-cost, flexible processing for MMCs




Casting vs. Filament Winding fierr MIMIES

m Pressure ol sgueeze

RAM casting is amultistep
Nrocess

Molten Metal _ Wind preform

Infiltrated — Loeadmold

Composite — Melt:metal

— [nfiltrate preferm

Fiber Preform

x MMC filament winding
IS one step

— Aluminum 1s keptimolten
In furnace

— [Eibers are infiltrated and
wound ina continueus
PrGCESS

— Mandrelis remoyved fram

Fiber Tows

Mandrel o
Melting = finished part after;

Furnace Wlndlng 8




MMC Design Toell Moedel
Calibration and Validation



Virginia Tech/Aerojet MIMC Design o]

MMC Design Tool
File Tools Help

Current Units System: English ' Graphics Mode: | Full Graphics

Materials  Composite  Point Stress  Tabular Results  Fastener  Buckling

Define Lamina Define Laminate

Matrix: Aluminum 7075 T62 (140 ) Load Laminate From Database
Reinforcement: Nextel 610 300ksi nong ? Load

Reinforcement Valume Fraction: 0.42 ] (02voal. frac.<1) Laminate Name: _p rivate
Lamina Thickness: Q_,_If}r],"z_s_lnn:hts | Define |

Defined Lamina;
Aluminum 075 T62 (149 C) Reinforced with 42, vol% Nextel 610

Laminate Properties
Mumber of Lamina: [18

T LR L T ¥ Variable Lamina Thickenss and Vo
Lamina Properties
; i = Lamina Defintion Table:
View Lamina Properties: [+ Parallel to Fiber Axis (Direction 1) Lamina Drientation, ™ Vol Frac, | Thickness, in. | Mg, PInk In.

) Perpendicualr to Fiber Axis (Dir. 2) ) Shear (Dir. 1,2) 89 0.46 0.011 -0.100%

I =22 0.35 0,013 -0.0885
o, ksl Composie Tensike, Fiter Dir -89 0.46 0011 -0.0765
B9 0.46 0.011 =0.0651
22 0.35 0.013 -0.0531"
=89 0.46 0.011 =0.0411
89 0.46 0.011 =0.0297
=22 0.35 0.013 =0.0177
-89 0.46 0.011 -0.0057| «
10 -89 0.46 0.011 0.0057 +
Retiern or equivalent required to change orkematonyalse.
Lamina crientation range is 50°. At 0%, thelamina fiberdirection
Isparalleitothe global x-direction

— Composite

L

= B - L

—  Rednforcomant

u

=) Lock and Check Laminate (Required for Analysis)
IFthe Lock and Check Laminate button does not stay illuminated when selbected,
there is anofieration nge error in one or mone of the orientationvalues.

0001 0,002 0003 0004 0005

Campnsthe Prenarties SETUnRT Load Composite From Database

El: 28 Msi al: 6.28 ppmF vl 0.29 300 Int 300F
Comp. € at Mtx. Yid: 0.005 Comp. o at Mtx. Yid: "6ald ksi
Comp. € at Rnf, Fail: 0.0055  Comp. o at Rnf. Fail: 156  ksi|  Composite Name: 300 Int 300F




Calibrate to Expernmental Values

m Calculated mean Ny was 7030 Ib/in for 4-Inch

diameter hoop-only cylinders

m Model uses a non-linear point-stress: analysis; e
determine lamina stresses

m Stress in the fiber direction for this load Is; 2491KsS|

m [his value was put back into the modelfand used
to predict burst pressure for a 6-ply £45/90/90/%45
lay-up

m Prediction was within 4% ofi experimental value

Assumed Fiber Predicted Burst Actual Burst

Cylinder %
| aminate Strength Pressure Pressure Diff

(ksi) (psi) (psi)

[90], 249 2813 2812 “

+45/90/90/+45 249 3250 3393



Production of VValidation
Test Cylinders



Case Design Using the MMC Design el

Yes

Input initial case Calculate burst pressure Burst pressure is
; ; —> P e £ approximately equal to or greater
design estimate. using non-linear solver. PP yeq g

than design requirement?

Add or subtract hoops or

helical as needed based Evaluate lamina-level
on lamina level burst results results.

and burst pressure.

13



lterative Case Design Decision Leep

Laminate Builder - Nonlinear Solver - Lamina-level Results -
Modify Lay-up Calculate Burst Pressure  Determine Modifications

14



Step #1 — Laminate Bullder;

YOy Laminate Builder

Number of Lamina Types: 2
Define Lamina Types:

([ Mame Orientation, * “Vol. Frac. Thickness, mm Allow + f= Orien. Delete
A ply 1 25 0.4 1 £ M
B ply 2 90 0.5 1 i (R

@ Symmetric Laminate Note: if selected only half of the laminate will be shown in the Define Laminate table.

Mumber of Lamina: 10 Mote: must be an even number for symetric laminate.

Define Laminate:

Number [»] Name Orientation, * Insert Delete
1 A ply 1 25 [} =1
2 - -plhy 1 -25 1 =3
3 B phy 2 90 '_:‘ :
4 — A -ply 1 -25 1 3
5 A ply 1 25 ] =

( Build ) ( Cancel )




Step #2 — Calculate Burst Pressure

a6 06 MMC Design Tool
File Tools Help

Current Units System: Metric | Graphics Mode: | Full Graphics } ﬁ}
'_ Materials Composite Paoint Stress Tabular Results Fastener Buckling '
~Define Analysis Craphical Results
Analysis Type: (=) Linear Elastic or ) Monlinear Plastic Strains in Lamina Principal Directions:
input: (=) Forces and Moments or ( Strains and Curvatures Fl
4
Analysis Variables =
Number of Loading Steps: 1 Lamina Divisions: |1 | o =
-
Fractional Loading S5tart Cuess: 0.1 E o
: I O N
Analysis |
¥ ! . 2
AT for Residual Stress 0 C { Run Analysis ) .
—
*) Thermal Effects Included in Analysis 1/O Table Results
Analysis 1/O Table Current Loading Step: | 1 “HUEs uie Et'.l G DLENE
Input Value Units Outut Value Units
:: éE? :;: :: fi1$I?3EE?3 Stresses in Lamina Principal Directions:
Nz 0. MNim [+ 4 =-1.527 E-3
MNxy 0. MN/m wxy 0. =
Mx 0O N m/m KX 0. 1/m 4
My 0. Nm/m Ky 0. 1/m -1
Mxy 0. N m/m kxy O. 1/m > -
=
Laminate Bulk Properties E -~
S — — e — o
Ex: 193. GPa Ey: 173. GPa ax: 10.6 PpmSC o =
- = . - - - =
Gxy: 67.9 GCPa vxy: 0.33 oy: 9.85 PPMSC = =
Cyz: 60.3 GPa vyz: 0.29 oz 4.13 PPM/C — -
-
e . L 3 A
Thickness: 10. mm Density: 13.61 gfem _750 500 -250 O =50 =00 750 .
] Multiply moduli and density by laminate thickness, H. o1, MPa b




Step #3 — Review Lamina Level Resulis

OO 6 MMC Design Tool

Fiie ‘funis Help

Current Units System: Metric Craphics Mode: r Full Graphics B

[ Materials  Composite  Point Stress  Tabular Results  Fastener  Buckling |

r Tabular Results
Stress Units: MPa

L ©Orien. "* cl 2 vi2 al a2 Ti2 Max Morm o Fbr  Fall Frac Fbr wvon Mises oMix  Yield Frac Mix
1 25.0 3.95 E-3 -4.8]1 E-4 -=5.29 E-3 950. 138. =306. 1600. 0.682 656. &l.7
2 -25.0 3.95 E-3 -4.81 E-4 5.29 E-3 950. 138. 306. 1600. 0.682 G656, 61.7
3 90.0 -1.71 E-3 5.19 E-3 0. -194. B40. o B40. 0.357 948, B9.3
e -25.0 3.95E-3 -481lE-=a 3.29 E-3 950. 138. 306. 1600. 0.682 656. 6l1.7
s 25.0 3.95 E-3 -4.81E-4 -5.29E-3 950, 128. -306. 1600. 0.682 656. G6l.7
6 25.0 3.95 E-3 -4.81 E-4 -5.29 E-3 950. 138. -306. 1600, 0.682 656, 6l.7
7 -25.0 3.95 E=-3 =4.8B1 E-4 5.29 E=3 950. 138. 306. 1600. 0.682 656. 6l.7
8 90.0 =1.71E-3 5.19 E-3 =194, B40. o B40. 0.357 948. 89.3
] -25.0 3.95 E-3 -4.81 E-4 5.29 E-3 950. 138, 306. 1600. 0.682 B56. 61.7

10 25.0 3.95 E-3 -4.8]1 E-4 -5.29E-3 950. 138. -306. 1600. 0.682 656. 61.7

* Thermal effects are always included in the Tabualr Results



Pattern Development

Wind Pattern Selection Menu @@

Baze Path Statistics:

Generated:
b andrel Ratation in Current Path:
Fiatation in Turnaround B ange:

Fart Parameters: Wwind Farameters:

Fiber Start Position [Z1) Fiber &ngle [Deg.] 45.000
Fiber End Po= 2] |0.200 Fiber Bandwidth 0.500

Circuits / Pattern  Adjusted Turn / Dome  Matural Path
Coverage Fattern Type  Angle  Width Left Right Deviation
4528° 0520 236.9° 236.9°

tandrel Diameter 4.000 End Duwell [Deg.]
Turnaround Range 1.000 Fath File Threshald [Deg] |2

| Metric Units [mm]

Pattern files are created for each ply or layer

Hoop ply patterns reguire the input of the mandrelldiameter, patter
length, and fiber bandwidth

Helical layer patterns require these same inputs plus;the fiterangle;
parameters that deal with the reversal of the fiber direction an each

end, and choosing the circuits/coverage and/ circuits/patternn .



Preview of the Winding Patteras

Check for pattern
coverage

Check for coverage
and smoothness of
turns on ends




Combining Individual Patterns; Inte
Chain Pattern

% Chain / Transition -- [45 90 90 45 Chain] E]|f®

—— m [ndividual patterns
—| - {4 ham £ Transition File Lizt ) .
el 2T€ lINked togetnerin
:l;u;:l:lrl'u;er'lf::;: and !;in;:r:f:ir'l;l:;:"-.F'rn;n;lrarnrru;er"-.r-d; O l;ll;:l:lrl'li;!r'l a C h ai n Wi n d to
LDocuments and SettingssProgrammerby Documen
ensure smoeeth
transitions: between

. segments
f+ Transition Motion Files " Do Mot Transition

Dutput Options .
TThe pattern Is
" Transition Path Files © Build CTS File Directly L .
Tranzition E+aluation Points | 0 f I I te r ed to I ev el O u t
Tranzition Region A ate [indrewv) 2.000 c
Payout Eve Tooling Offzet [0.000 an y a‘C C el e r at I O n
Transzition Mation Tolerance 2.000 S p I k eS I n th e m aC h I n e

| Generate Payaut Eye Tranzition kation

| COMPOSITRAK [ CTS /SEG File] Qutput m 0t| 0)f)

| Metric Units [mm)

20



Validation Test Results

SUMMARY DATA Cyl 1 Cyl 2
Test Date 28-Feb-08
Test Temp., (°F) ~77
Wall Thickness, in 0.220
Fiber Vol. Fraction 0.404
Burst Pressure, psi 3331
Ultimate Hoop Stress, ksi 39.8
Hoop Elastic Modulus, Msi 20.0
Hoop Strain at Failure, % 0.33
Ultimate Axial Stress, ksi 19.9
Axial Elastic Modulus, Msi 30.0

s | Axial Strain at Failure, % 0.06

m Wall thickness ofi nearly,
4" with alay-up) of 90/F4%5/,
+45/90/ £45/ £45/90

m Hoop fiker fallure achieved

Consistent preperties with
the exception eff seme
strain data anemalies

21
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Conclusions

MMC filament winding precess has hbeen further,
demonstrated through the production ef nine 6:inch @b
X 15-inch long cylinders with =0.25-inch wallfthickness

MMC Design Tool and burst test results were
successfully used to designi cylinders for M and static
fire testing

Tests completed thus far indicate that Al MME moetor,
cases will'be better than steel cases against BlfandfEl

Al MMC cases may be better than steelfin ECOas, well,
but the first test was not conclusive and anoether test s
being planned

The response to SCO should be no waoerse than current
designs, the most difficult threat to: mitigate, andfthereins
the potential for incorporating unigue clesure designs
specifically geared towards SCO mitigation

24



Future Work

m Currently implementing a 3@ axis on the
fillament winding machine which sheuld
allow cylinders with thinner walls te have
higher burst pressures

m Additional scale-up to make cylinders, with
lengths up to six feet Is being planned

m A method for NDI/NDE willfneed te he
developed

m End closure processing and attachiment
point designs will alse need to e
developed

25



Questions?

Visit Touchstone Research Laboratory on the Web

www.trl.com www.metpreg.com

E-mail: metpreginfo.com

26
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