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ABSTRACT

» The application of the Iosipesce shear test for the room and
high temperature failure analyses of the woven
graphite/polyimide composites with the medivm {T-658) and
high (M40J and M60J) modulus graphite fi fibers is discussed.
The M40J/PMR-D-5¢ and M60J/PMR-11-50 compesites were
tested as supplied and after thermal conditioning. The effect of
temperature and conditioning on the initiation of intralaminar
damage and the shear stremgth of the composites was
established.
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NASA Glenn Research Center under joint grant F49620-00-1-
01589 and the National Science Foundation under grant CMS-
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BACKGROUND

« Considerable efforts have heen underway to develop
multidisciplinary  technologies = for  affordable
pmp&lsmn engine campoaemﬁ that will enabie the

ceﬁlmg while sustammg perfarmance and ﬁumbﬁﬁ}

+ As part of these efforts, high temperature polymer
matrix composites and fabrication technologies are
being developed switable for manifolds, combustion
chamber supperts and attachments. The usage of such
composites  should allow ihe replacement of heavy
metal engine mmpnnents to provide a high thmst to
weight ratie.



* Graphite/polyimide

BACKGROUND

woven composites are good
candidates for these applications. However, one of the
limitations of such composites for engine applications is
their low strength under shear and biaxial shear
dominated loading conditions at room and elevated
temperatures. Accurate experimental in-plane shear
properties are essential for material selection decision
and also as design data.

While the T650-35/PMR-15 composites were focused on
high strength/medium stiffness applications, the
combustion chamber support structure requires much
stiffer fibers. The two candidates that have received a
considerable amount of attention are M40J/PMR-1I-50
and M60J/PMR-II-50 compesite systems.

FIBER PROPERTIES
roperties | E, |Strength | Strainat! CTE, | CTE,
IGPa] | [GPa] | |GPa] Failure [1e-5°C| | [105/°CJ
Fibers [%]
T650-35 241 20 4.55 1.7 0.5 10
M40J 377 N/A 4.41 1.2 -0.83 N/A
Mé60d 588 N/A 3.92 0.7 -1.1 N/A

The M40J and Mo60J fibers are graphite fibers with
significantly increased longitudinal stiffness properties in
comparison with their T650-35 counterparts. The PMR-II-
50 matrix is a polyimide resin with improved high

temperature performance compared to PMR-15.




COMPOSITE PROPERTIES

Properties | Fiber by | Matrix Yoid Tg Td
volume | by weight | fraction | o) 1°Cl

Composite 1%] %] 1%}
| T650-35/PMR-15 | 6138 | 31.06 135 | 342 | 473
M40J/PMR-11-50 | 5813 | 3598 | 180 | 388 | N/A
M60J/PMR-I1-50 | 58.26 34.1 132 | 376 | NA

Since the manufacturing temperature of the M40J/PMR-II-50
and M60J/PMR-II-50 composites (371°C) is higher than that of
the T650-35/PMR-15 system (315°C) and the stiffness
properties of the M40J and M60J fibers are higher than those
of the T650-35 fibers, the residual thermal stresses in these two
composites could be very high and tow micro-cracking during
manufacturing ceuld be significant affecting the strength of the
composites, especially when tested under in-plane biaxial shear
dominated loads.

COMPOSITE PROPERTIES
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M40J/PMR-1I-50 and M60J/PMR-II-50 composites as a function of
temperature.




COMPARISON BETWEEN PMR-13 AND
- PMR-II-50 RESINS

PMR—I%S%B resins (a) and the mr-rsalized isoﬁ:ermal Eeﬂgtb
relaxation of PMR-15 st 315°C and PMR-II-S0 at 365°C (b}

PRE-CONDITIOVWG OF M40J and
M60J/PMR-11-50

- aﬁ-supphed

- a’fte‘r - them&_cycii?ﬁg; thermo-cycling was ¢arried out onm
dried panels by heating from room temperature te 316°C in
two minutes, held at 316°C for ten seconds and rapidly
cocled with air to reom temperature. The paneiﬁ Were
thermo-cycled two hundred times.

- thermo-cycling with water sdded; thermo-cycled specimens
were hydrated in a meist envirenment prior {o testing.
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MACRO-, MESO- AND MICRO-FINITE
ELEMENT REPRESENTATIONS
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FINITE L£LEMEM SIMULATIORS OF WOVEN
GRAPHITEPOLYIMIDE COMPOSITES {Capabiktxes and
1 .iimitations)

Macm-atmsslstrmn d;strzimtmns st 3 woven_
structares can be numerically pmﬁe&e«i as & fﬂnmﬁn of tempemmm,
multigxial leading conditions and compssite architectures. However, the

-effect of vesidual stresses on the mechagical response of the cemposites

cannot be evaluated usmg the mm:rwppmach This can emly be dﬂne
using the micro- and mesc- approaches. '

Meso-stress sud sirain distribations (oo the tew level) can be numerically
oredicted fn the PMR-1S type of composites af room and elevated
temperature with residual stresses under smy loading conditiens and
composite architectures. At high temperatures, the effect of piasﬁc
deformation of the PMR-15 resin cannot be consider (no elasto-visen-
praste pmperties af PMIR-15 are avallable).

Stress ami straizi distribution gem e, ﬁber }evelg can be mimericaity
predicted under amy loading conditions, composite architectures and
temperataves in the PMR-15 type composites without considering the
plastic deformation of the resin.




MESO-~ RESIDUAL STRESSSES IN 8HS
T636/PMR-15, 4HS M40J/PMR-11-5 and

4HS M6OJ/PMR-IE-59
P Resitusl Stressest 6, 2,
\ _ | (tramsverse | {tramsverse
“~._ | iuptame) |  wweugh-the.
 Composite Systeons | [MPaj | Shickness) (il
- 8HS T654-35 PMR-13 | 52 pot
| 4HS MAQNPME-ES) | 78 13
(PHR-15 = PMR-II-56) | _
4H1S MGOJPMR-I1-30 | 81 13
. (PMR-15= PMR-1-503 |

Numetically estimated residual intralaminar mese-sfresses in
piane and through the thickaess in the three composite systems.

IOSIPESCU SHEAR TESTS -TESTING
|  CONDITIONS |

fosipescu test specimens were gisplaced at » rate of 1.27 mm/min.
until faiture. For meodulus testing at room temperature, Micro-
Measurements Group Inc. WK series §°, 45°, 90° sirain page
rosettes were wsed. The gages were mounted on the front and
baek surfaces and the effect of specimen twisting was evaluated.

fosipescu shear testing at 316°C was performed in a MTS
651.10E-04 envirenmental chamber. The Iosipescu fixture and
supports were heated in the chamber at 5.7°C/min, te 316 +1°C
and held for one hour. After the held, the chamber was opened
and the fest specimen was mounted in the tosipescu fixture. Then,
the chamber was closed and the temperature of the gage section
on each side of the specimen was monitored. Testing proeeeded
ten minutes after instaflation of the specimen into the fixture. The
shear modulius was not evaluated at 316°C,



IOSIPESCU SHEAR TESTING OF 8HS
T650/PMR-15, 4HS M40J/PMR-I1-50 and
4HS M60J/PMR-11-50 COMPOSITES

Shear stress/shear strain enrves An example of shear (u-plane}

from the hack and front sirain and sot-ni-plane deformations of
gages for the MANJ/PMR-1E-56 Tesipesen spechmens
composite tested at KT

IOSIPESCU SHEAR TESTING OF 8HS
T650/PMR-15, 4HS M40J/PMR-II-50 and
4HIS M60J/PMR-II-50 COMPOSITES
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Shear stress vs. shear strain curves fov the T-
| GS0/PMKR-1S, M4OJ/PMR-1 56 and M6dJ/PMR-J1-50
composites (as supplied) tested af room temperature.



IOSIPESCU SHEAR TESTING OF 8HS
T650/PMR-15, 4HS M40J/PMR-11-50 and 4HS
M66J/PMR-II-56 COMPOSITES |

At Room Tempersture At 316°C
Composite | Shear Stresses Shear Shear Stresses at | Shear Stresses .
Systero af the Stresses al tke Significent | af Masfmum -
Significant Maximsn Oasetof A8 | Loads
Oaset of AE Loads {MiPaf iMPa)
, IMPy FMIPa] |
T-H54/PMR-1S 1 248413 1358+ 26 LA o W TiE 4.2
MAGI/PMR-H-50 30.3 %33 i OBeTE 2.7 56.5 {one test) 612 4.1
; (**54.9 4 43 ) -
MoadI/ PMR-I1-56 29+ 25 6384204 (400 E 3.8y 1 S02L 08

Number of * are the xumber of taely with anset of AE affer the maxhonm load.

IOSIPESCU SHEAR TESTING OF 8HS
T650/PMR-15, 4HS M46J/PMR-II-50 and
4HS M60J/PMR-II-50 COMPOSITES
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Shear strength of the as supplied T-650, M40F and Mo6iJ fiber
composites a2t ream temperature and 316°C as a function of the fiber
strain st failare.



EFFECT OF PRE-CONDITIONING ON
THE SHEAR STRENGTH OF M4GJ/PMR-
F1-5¢ AND M6GJ/PMR-H-50

Typical sheaz' stress vs. displacement curves for the Wé%@%ﬁ-ii»% {a}
and M6SEPMR-E1-50 (b} losipescu specimens tested at roow and at 316°C
under dry, thermeo-vycled and therme-cycled with moisture conditions.

EFFECT OF PRE-CONDITIONING ON THE
SHEAR STRENGTH OF M40J/PMR-11-56 AND
MéﬁJiPMR-H-ﬂ}
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The critical shear stresses for the initiztion of aew tow cracking in the M44]
and BI60J fiber losipescu spechmens snhwﬁed m shear tacreased
Sﬂbstanﬂally after pre-vonditiontng. -

At 356°C the effect of the resndsmi stmsses on the initiation of damage in the
as-suppied and ;zre»-comimnmd compaesites appears 6 be jnsignificant.



EFFECT OF PRE-CONDITIONING ON
THE SHEAR STIFFNESS OF MJ4GJ/PMR-
§1-50 AND Mo6BJ/PMR-HI-50

Conditioring By Bry and | Thermeo-cycled
. L Py | Thermo- and moisture
System o cydded IGPal
| G _
MAQY/PMR-EE-50 | 578 518 | 5,75
MGOIPMRISE | 5.72 563 | 567
TEI0-35/PMR-25 &.27 NiA RiA

Shear moduli of the T630-3I%/PMR-13, M40J/PMR-11-530
and MeOS/PMR-11-58 2t room temperature as & funciion
' ' of pre-conditioniag '

CONCLUSIONS |

The magnitudes of the residual thermatl stresses in the M406J
and M68J fiber composites with the PMR-IL-58 resin are
much higher than in the case of the T650-35/PMR-15
composite. This resulted in the fermation of multiple
fransverse micro-cracks in the fill and warp tows of the
compaosites during manufacturing, particularly in the case of
the Ms0J fiber system,

Thermo-cyeling and meisture ondy slightly increased the
number of tow micre-cracks in comparison with the as-
supplied composites.

.. There exists a very noticeable effect of residual thermal

stresses on the initiation eof intralaminar shear damage
{transverse tow micro-cracks) of the compeosite.
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CONCLUSIONS (Cent.)

The critical shear stresses for the initistion of tow
cracking at room temperature in the Md4dd and Mo
fiber Iosipescu specimens increased substantially after
pre-conditioning,

At 316°C the effect of the residusi stresses on the
initiation of damage in the as-supplied and pre-
conditionsd composites appears te be insignificant,

The room and high temperature (at 316°C) ultimate
shear strengths of the T650-35/PMR-18, M40/ PMR-
H-36 and Mo6BJ/PMR-11-50 compesite systems tested
using the Iosipescu shear fest increase finearly with ap
inerease in the strains at fatlure of the T650-35, Md40J
and Mo6oJ fibers.

CONCLUSIONS {Coat.)

The room and high temperature shear strengths of the
Mo0S fier system are the lowest followed by the
strengths of the M40J and subseguently T650-35 fiber
composite systems.

There ks ne noticeable effect of the thermal
congditioning sud moisture on the shear strengths of
the M48J and M6BJ fiber compeosites at room

temperature and at 316°C,



