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Introduction

An cxisting high tempcerature rip, originally constructed for torsional
crecen on graﬁhitelwas adaptcd Tor work on the high temperature creep
proncriies of ccramies. Usc of the rig, with minor modifications, for
torgional crcep on cevranice was not successful and major rodifications

=

to enable creep in tension and compression were carried out.
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Figure 1 shows the torsional rig, with only the grips modificd from
the original construction. The apparatus consicted of a hirh tocmperaturc
Turnace and control equipment torscther with apparatus Tor torque applicaticon
and strain measurement. Briefly, the furnacc consisted of a gravhite tube
supported from water-cooled copper elcctrodes and surrounded by carbon,
nolybdenum and stainlcss stecl radiation shiclds. The se werc housed in a
cylindrical water-coolcd nmild stecl veesscl which was cither evacuated or
connceted to a gas supply. The furnacce elcment was connccted to the secondary
winding of a 10;1 stcp down transforuer, the primary circuit of vhich was
connceted to a gingle phase high cirrent nalns supply throurh a saturable
rcactor. Powcr to the Turnace was rcgulated by the saturable reactor
vhich was controlled by the amplificd out of balance signal from a potcntio-
mcetric recorder. The temperature seneor vhich fed the recorder was either
a total radiation pyromcter (above 1300°C) or a platirum-rhodium thermocouple
(below 1500°C). Temperaturcs of up to 300C°C wcre poscivle.

The control of the hydraulic torque system prowved to be too coarse for
use with the ccramic specimens supplicd, leading to failurc on loading.
Alumina specincns of gauge length 17 and diameter 0.090" were used in the
trials and the torquc required was of the order of 1 1lb.ins. At thie lovel
of towrgue, the torquce actuator could not be controlled. 1In addition, duc
to their small zize in rclation to the loading grips, a nuiber of spzcimens
were broken during hendling prior to the tests and few data were obtained.
Modifications to incrcase the sensitivibty of the torque systom were not a
ginple matter and it was conesidered casier to convert the apparatus to wniaxial
straining initially in tension and subsequently in campression.

The_teneile rig

Figure 2 shovs the rig converted for tensile usc. The furnace gystcenm
wae rctaincd. Application of tensile stress to the specimen was effected
by suspending weights from the lower specimen grip. Attempts at pnlacing
the weights by hand were unsuccecssiul; the spccimens, being very brittle,
were fractured with the unavoidable twisting of the lower grip relative to
the speeimen. To eliminate this, a mechanical method of loading was devised.
For this, thc weights are carried on a sliding framc which wacs raised or lowcred
by means of an elcctrically driven jack. This allowed the weighte to be
pogitioncd without twilsting the specimen grip and without impact.



The Jack, wcighte and sliding frare were containcd in a vacuum
tight mild steel boi, which was suprportcd from the under side of the
furnace. A window was placcd in the side of the box to allow observation
of loading and movamncnt of thc lower zrip during creep. This movcacnt
was followed with a travelling telescone system, positional changes in
which were determined with an attached clock gauge.

The specimen grips were to be of gravhite. Unfortunately this
part of the construction has not been completed since the final dcsign
depends on the shapc and size of the availablc specimens and it has =o
far not proved possivle for the U.K.A.E.A. to manufactwure spccimens to
the dimcnsions suggested by the Collcge.
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In vicw of difficultics of specimen preparation, it was deceided to
further modify the equipment for caupression creep of ceramic cylincers
vhich could be recadily hot prcssed and ground. The compression rig is
chown in Figwwre 3 with again the furnace system unchanged. From the
top furnacc plate a water cooled housing supports the unper push rod.
The lower push rod passes through a lincar bearing held in a water cooled
housing attached to the bottom furnace plate. Load is applied to the
specimen by the lower push rod vhich is couplced to a lever system from
which weights arc suspended. This lever is pivoted on Inifec edges, as
are the weight pan and the coupling to the push rod. The lever armeg arc
in the ratio of 3 to 1.

Detail A, Figurc L4, shows the housing for the upper push rod. Two
graphitc probes pass through thc graphite push rod aml are cach Joined to
a stecl rod that connccts with a transducer. Thesc transducers are coupled
to ncasure the differential movement between the probes.

Detail B, Figurc 5, shows the arrangement in the region of the specimen.

The upper push rod is capped by a ceramic disc (urania) Tor hardncss and
to distributc the strees. A tungsten shim eeparates this ceramic anvil from
the specimcen and both the shim and anvil are held in place with a graphite
ring. Part of the shim and the anvil are cut away to allow onc of the
graphitc probes to connect with the lower push rod. The other graphite
probe is supnorted by the anvil.

The lower push rod carries the compression specimen vhich is cylindrical
in shape, bcing 5 mm. diamcter and 7 mm. long. A tungsten shim, ceramic disc
and molybdemm disc with a ccramic ring to locate the specimen on the axis
of the push role are supnorted also on the lower push rod. All of thesc are
kept in place by a gravhite locatinz ring. A platinum/platinum—lo% rhodium
thermocouple cenclosed in an alumina sheath is positioncd just under the
specimen in a hole along the axis of the lowcr push rod.



Detail C, Figurc 6, shows the lower push rod housing. The graphite
push rod is glccved into a water cooled steel rod that slidee in a lincar
bearing A flexinvlc gas ecel is made between the rod and the housing.

A coupling (not shown) conncete the push rod Lo the lcver system. Before
application of the load the weight of the camplete nuch rod and coupling
are balanced oub.

The measurcient system for strain has been designed to climinate, as
far as possible, any movement apart from the creep of the srceimen. This
is ncccessary since the speeimen is short and therefor: only small total
length changes, of avout 0,010-0.015 inchcs, are contemplated. By not
determining the creep deformation from the movement of the lower nush rod
rclative to some 'Tixed' point such as a point on the furnace case, it is
possiblec to climinate any crcep in the push rods and novements caused by
temperature variation in both the Tuinace casce and the push rods. Any
crccp in the probes, which shovld be small becavse of the use of grarhite
and their light loading (about 25 p.s.i.) will tend to be cancelled because

hey are coupicd differcntially. The transducers (nmadc by Sozenique Ltd.)
are capable of detectinz movements of 10™° inchce, which is about 0.1% of
thc contemplated length change.

Conciusion

Altcr a conelideradble amount ol effort, an apparatus suitable for studics
of high temperaturc creen in cecramices has finally been developed from the
original »ig constructzd to study creep of graphitec. Unfortunately difficulties
with speeimen preparation ead handling orevented any useful results being
obtainced for torsion and tcension stress systens. Towever initisl trlals with
corrrrcesion spccimens indicate that usclul resulis can e obtained with the
final layout of the equipment.
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