View metadata, citation and similar papers at core.ac.uk

+
brought to you by .{ CORE

provided by NASA Technical Reports Server

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

ATTN OF: GP March 29, 1971
TO: USI/Scientific & Technical Information Division
Attention: Miss Winnie M. Morgan
FROM: GP/0ffice of Assistant General

Counsel for Patent Matters

SUBJECT: Announcement of NASA-Owned
U.S. Patents in STAR

In accordance with the procedures contained in the Code GP
to Code USI memorandum on this subject, dated June 8, 1970,
the attached NASA-owned U.S. patent is being forwarded for
abstracting and announcement in NASA STAR.

The following information is provided:

U.S. Patent No. : 3,365,930
Corporate Source : Lewis Research Center
Supplementary

Corporate Source

NASA Patent Case No.: XLE-02024

AN

Gayle Parker

Enclosure:
Copy of Patent

N71 964

. HRU
3 FACGESSISON NUMBER) o (T/
: i
=
2 {PAG (CODE
= /
3 (NASA CR OR TMX OR AD NUMBER) (CATEGORY)
<
e

NASA-HQ



https://core.ac.uk/display/10290395?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Jan. 30, 1968

/24 9
22—-~ Z

/G =X
Z/

S SOOI E BB

Azt
N
N
bt

v <\
NN
N

2z
D

A, ARIAS
THERMAL SHOCK APPARATUS
Filed Dec. 29, 1964

AT

=
SRR

e

DMBIRARN
e

1

3,365,930

7

%

=

= W L\]\]l\‘ MIMIMI
——K—

28
27 \
27N LY

/%ﬁ/v AFAS

Nipmon /@“4

/77'7'04’/\/5)’3

N/ 7~ A " V5
e
t// AN \
7/ | | i
N |1
aa I
58, F IR
sy |
\ i
! i “‘"L 520
il
R N
(A [.— -
4 i 57
74 ' ;
}
58 ‘ |
= g5
A By Q l eqQ
62 é‘? éé ‘ . i

AR
LARRY:
|
8

3
e

ISR ————
SREpR—

TR S

e



United States Patent O

3,365,930
Patented Jan. 30, 1368

ice

1

3,365,930
THERMAL SHOCK APPARATUS
Alan Arias, Cleveland, Ohio, assignor to the United States
of America as represented by the Administrator of the
National Aeronautics and Space Administration
Filed Dec. 29, 1964, Ser. No. 422,099
6 Claims. (Cl, 73—15)

ABSTRACT OF THE DISCLOSURE

An elongated, cylindrical heating chamber disposed
above a quenching chamber in which there is disposed
nozzle means for spraying cooling fluid radially inward
in a cooling zone. A sample disc to be tested is sand-
wiched between insulating discs and end plates, one of
which is attached to a threaded tubular supporting means
releasably suppoerted by the furnace,

A top tension plate which may be adjusted axially is
carried on the threaded tube and wires are looped under
the other of said end plates to form a carrier, the ends of
the wires being fastened to the top tension plates. A
spring urges the top tension plate away from the carrier
to tighten the looped wires.

When the supporting means is released, the carrier
drops into the quenching chamber so that the disc is posi-
tioned in the cooling zone. The nozzle means sprays cool-
ing fluid on the periphery of the disc.

The invention described herein was made by an em-
ployee of the United States Government and may be man-
ufactured and used by or for the Government for Govern-
mental purposes without the payment of any royalties
thereon or therefor.

This invention relates to apparatus for measuring the
thermal shock resistance of thin discs of material sam-
ples by heating and insulating the faces of the discs and
thereafter cooling the peripheries of the discs with a cool-
ing fluid. The invention also relates to apparatus for and
methods of quantitatively determining thermal-shock re-
sistance properties of relatively brittle materials such as
glass, beryllium oxide, aluminum oxide, and zirconium
oxide or for determining the surface heat transfer coeffi-
cient of quenching media (both liquids and gases) or for
estimating the thermal diffusivity and thermal conduc-
tivity of a disc of material.

It is an object of the present invention to provide appa-
ratus for quantitatively determining the thermal-shock re-
sistance of materials by heating and insulating the face
of a disc made of a material such as glass, thereafter uni-
formly cooling the periphery thereof and measuring the
temperatures of predetermined interior locations in said
disc.

1t is an object of the present invention to provide appa-
ratus and methods for determining quantitatively the ther-
mal-shock resistance of brittle materials by subjecting
heated discs of said brittle materials to quenching fiuids
at their peripheries and measuring the temperature dif-
ferences in said discs that cause a single-cycle failure or
multiple-cycle failure.
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It is an object of the present invention to provide appa-

ratus for gquantitatively determining the thermal-shock
resistance of a brittle disc by heating said disc and cool-
ing its periphery to measure the temperature difference
between said periphery and the interior that causes a
stress suficient to fracture the disc, the apparatus includ-
ing a specimen carrier for the disc that includes means
for aligning said disc properly during the heating and
quenching thereof so that said periphery is uniformly
heated and quenched.

These and other objects will become apparent from the
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specification that follows, the appended claims and the
drawings in which:

FIGURE 1 is a fragmentary front elevational view of
thermal-shock apparatus embodying the present inven-
tion, with parts broken away and shown in section;

FIGURE 2 is an enlarged sectional view of the speci-
men carrier for holding a disc for testing therewithin;

FIGURE 3 is a sectiona] view of the carrier shown in
FIGURE 2 taken along the line 3—3 indicated in FIG-
URE 2;

FIGURE 4 is a sectional view taken along the line in-
dicated at 4—4 in FIGURE 2; and

FIGURE 5 is an enlarged view of the rotary air nozzle
used for quenching the heated disc, the view being taken
along the line indicated at 5—S8 in FIGURE 1, with some
parts broken away and shown in section.

It is to be understood that the invention here involved
is not limited to the structural details or arrangements of
parts shown in the preferred embodiment illustrated in
the drawings inasmuch as the present invention may take
various forms. Thus, the terminology herein employed is
for the purpose of description and not illustration since
the scope of the present invention is denoted by the
appended claims.

The present invention provides an improved apparatus
and method for quantitatively determining the thermal
shock resistance of materials such as ceramics by quench-
ing a ceramic disc (which has been previously heated to
a uniform temperature throughout) in a medium (gas or
liguid) of known quench severity. Quench severity is de-
fined as the product of the surface heat transfer coeffi-
cient of the material under the given quenching condi-
tions times the maximum radius of the disc (in this case).
This thermal shock resistance AT, is defined by the equa-
tion:

sr=TeATs_p,

where

T;=maximum temperature specimen withstood without
cracking;

Ty=lowest temperature at which cracking is observed;
and

Te=uniform, final temperature of specimen (temperature
of quenching medium).

For example, assume that a given disc is to be quenched
in flowing helium at 30° C. When the disc is quenched
from 275° C. it doesn’t crack. The same disc is then re-
heated to 325° C. and quenched again and still doesn’t
crack. Again the disc is reheated to 375° C. and quenched.
In this run the disc does crack. Then

AT=(325+375)/2—30==320° C.

The determination of the heat transfer coefficient
(which is a function of gas pressure, gas velocity, kind
of gas, when a gas is used for cooling, or kind of liquid
when a liquid is used for cooling) involves the determi-
nation of the cooling curves (i.e. the instantaneous tem-
perature as a function of time) at ome or more points
in the disc. If the thermal conductivity and the thermal
diffusivity of the disc material are known then only the
cooling curve at one point in the specimen is required
for the determination of the heat transfer coefficient. If
the thermal conductivity and thermal diffusivity are not
known, then the cooling curves at two points in the disc
(at different distances from the center) are required for
the determination of the heat transfer coefficient, It will
be obvious that if the heat transfer coefficient is known
(as determined by the second procedure above, for ex-
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ample) then the thermal diffusivity (and from this the
thermal conductivity) can be determined. i

In accordance with the present invention, means is pro
vided for properly aligning the disc during the heating
and/or quenching operations so that the disc is evenly
heated and uniformly cooled throughout its periphery.

A thin disc 1 of a brittle material such as a ceramic
(zircornia or tungsten carbide) can be used to determine
its thermal-shock resistance properties, the disc 1 being
uniformly heated throughout and thereafter its periphery
uniformly quenched in the cooling step. The disc 1 has a
pair of faces 3 that are heated during the heating opera-
tion and insulated during the quenching operation so that
the temperature distribution during the cooling of the
thin disc is the same as that in an infinite cylinder of the
same material as the disc.

The apparatus used in the heating and quenching opera-
tion comprises a heating chamber 5, a quenching cham-
ber 7, and a specimen carrier 10 for holding the disc 1
within the heating chamber and quenching chamber dur-
ing the heating and quenching of said disc.

In the embodiment shown in the drawings, the heating
chamber or furnace 5 comprises a generally tubular core
11 of insulating material that is encased within a metal
jacket comprising an outer cylindrical wall 12, a top wall
124, a bottom wall 12b and an inner wall 12¢. The inner
wall 12¢ defines a central elongated opening 13 within
said tubular furnace, said opening being lined with a
thin sleeve 14 around which is disposed a heating ele-
ment 15 in the form of a helical wire coil,

A long, heat resistant tube 17 is provided around the
periphery of the central cavity 13, the tube extending well
above the top wall 124 of the heating chamber and below
the bottom wall 12b. Said tube 17 is rigidly attached to
a circular plate 18 that is supported by and is attached to
the bottom furnace wall 12b. As seen in FIGURE 1, an-
nular insulating and spacer members 19 and 20 space the
tube 17 from the refractory heating element sleeve 14 at
the top and bottom, respectively, of the furnace cavity 13
and minimize heat losses. The interior cavity 13 is thus
lined with tube 17 and said interior is adapted to receive
the specimen carrier 16 and disc 1 during the heating of
said disc to equilibrium temperature. As seen in the draw-
ings, the carrier 19 is enclosed within the tube 17 and
the tube itself is tightly fitted and secured within the fur-
nace cavity by the bottom support plate 18 as well as
an upper plate 21’ that is substantially smaller in diame-
ter than top wall 12a.

As seen in FIGURE 1, an upper annular insulating
spacer 19 and a lower annular insulating spacer 2¢ are
provided between the outer surface of the wall of tube 17
and the heating element sleeve 14.

As 1o the construction of the specimen carrier 19, it is
an elongated generally tubular device adapted to properly
hold the test disc within the furnace and quenching cham-
ber and adapted for easy transfer from the furnace into
the quenching chamber, The preferred embodiment of the
carrier shown in the drawings includes a disc-holding por-
tion 21 near the lower end of the carrier and a relatively
long hollow thermocouple tube 22 attached to the portion
21 and extending upwardly therefrom.

The disc-holding portion 21 comprises a top annular
plate 23 welded to the bottom of the tube 22 and a bot-
tom circular plate 24. The disc 1, as seen in FIGS. 1 and
2, is sandwiched between said top and botiom plates. A
short upper tube 25 of Inconel is proyided between the
top plate 23 and the disc 1 and a short lower tube 26 of
Inconel is provided between said disc 1 and the bottom
plate 24. The disc 1 is spaced from said upper tube 25
and lower tube 26 by thermal insulating discs 27 prefer~
ably made of Fiberfrax insulating material and each disc
27 is backed by an annular fused silica disk 28 of the
same outside diameter as the disc 1. A spacer ring 27a
preferably made of Fiberfrax paper is provided in be-
tween each insulating disc 27 and the test disc 1, the ring
27a contacting said disc only in the area of its outer pe-
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riphery and hence there is provided a dead air space 29
located radially inwardly from said ring and adjacent
each face 3 of the disc 1.

As seen in FIGS. 1 and 2, three thermocouples 38 are
provided to measure predetermined inner area portions
of the disc 1, the thermocouples 3¢ being disposed within
the hollow tube 22 on the upper poriion of the carrier
and extending downwardly from the bottom of tube 22
through the interior of Inconel tube 25 and passing through
openings in the upper insulating disc 28 where the ends of
the thermocouples terminate in the test disc 1 between
said faces 3.

Above the disc-holding portion 21 of the carrier 10,
there is provided an insulating disc 32, the tube 22 pass-
ing through the central opeéning thereof. Above said disc
32 and threadingly engaged on said tube 22 is a knurled
nut 33. Spaced above said knurled nut 33 at the top of
the specimen carrier 10 is top plate 35 that is slidingly
mounted on the tube 22.

Located between the nut 33 and top plate 35 is a heli-
cal spring 37 that is disposed around the tube 22. The up-
per end 37a bears against the plate 35 and is centered
therearound a stud portion that extends downwardly from
the center of said plate 35,

As best seen in FIG. 2, spring 37 has a lower end 37b
that terminates on a plate 38 that is the upper race of a
ball bearing, the knurled nut 33 being the lower race for
a plurality of balls 4¢.

A plurality of wires 45, preferably made of a strong,
heat resistant material such as tungsten, are provided be-
tween the top plate 35 and the bottom disc 24 for properly
aligning the disc 1 with said carrier 10. A plurality of ad-
justing screws 46 are provided at the upper end of each
wire 45 on the plate 35 for adjusting the tension in the
wires 45 5o that each wire will have about the same ten-
sion during the testing operations.

As seen in the embodiment shown in the drawings, a
single piece of wire 45 extends from the upper plate 35
to the bottom disc 24, the single length passing along a
channel at the bottom of the disc 24 and up the opposite
side of the disc and extending upwardly to return to the
top plate 35 where both ends of the single piece of wire
are fastened to adjusting screws 48. The carrier assembly
is tightened by turning the knurled nut 33 to advance it
upwardly on the threads of tube 22 which causes the
spring 37 to bear against the plate 35 and push it upwardly
along the tube 22. As noted in the drawings, the bottom
plate 24 is rigidly held in the carrier with respect to the
tube 22, but the upper tension plate 35 is slidingly mount-
¢d on the tube 22. The outside diameters of plates 35,
23 and 24 as well as shield 32 are of about the same size
and said plates and shield contact the tube 17 but are
slidable therewithin.

The tightening of the wires 45 rigidly connect bottom
plate 24 to the tension plate 35. As seen in the drawings,
the wires 45 pass through radial spaced peripheral slots
23a in the cap member 23 and peripheral slots in the
radiation shield 32.

Holding means for holding the carrier 25 within the
tube 17 while the disc 1 is being heated and equilibrium
conditions are being established. Such holding means
comprises a cover 48 and a tightening collar 49 that are
provided near the top of tube 22, collar 49 being thread-
ingly engaged on tube 22 and holding the carrier 10 and
the tube 22 in the heating chamber of the furnace.

Fastening means such as wing nuts 51 are provided
on the cover 49 to fasten the same down over the open
end of tube 17 and a pipe 52 is provided through an
opening in said cover for furnishing an inert gas into
the Inconel tube 17 whereby the heating operation can
be conducted in an inert atmosphere.

As previously indicated, when the disc 1 is heated to
the equilibrium temperature desired, the carrier is re-
moved from the furnace where the periphery 2 of disc 1
is uniformly quenched, the disc being held in proper align-
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ment within the carrier by the aforedescribed aligning
means that includes the tungsten wires 45. .

In the preferred embodiment shown in the drawings,
the heated disc and carrier 10 is dropped into the quench-
ing chamber 7 by simply loosening the tightening collar
49 which releases the carrier from the heating chamber.
The carrier drops into the quenching chamber 7 through
the bottom of the tube 17 which extends downwardly a
short distance into said chamber 7.

The carrier drops through a normally closed counter-
weighted tray door 50 into a predeterminec_l quenc'hgng
position within the chamber 7, the quenching position
of the carrier being shown in dot-dash lines in FIG. 1
The open position of the trap-door 50 also is shown in
dot-dash lines in FIG. 1.

As seen in FIG. 1, the quenching chamber 7 includc_es
a top cover 52 that is removably secured to the main
chamber body by suitable fastening means such as bolts
53. The quenching chamber 7 also includes a guide mem-
ber 55 with a central opening for holding the carrier
10 in a central quenching position that is within the
chamber 7 and positioned generally vertically along the
longitudinal axis of said chamber. A radial nozzle 57 i.s
provided below the guide member 55 eﬁectiw{e to uni-
formly quench the periphery 2 of the heated disc 1.

As seen in FIGS. 1 and 35, the quenching chamber 7
includes a circular base member 58 having a central round
opening formed therein effective to receive the round
bottom plate 24 of the carrier 10. As noted in FIG. 1
and in FIG. 5, three threaded posts 60 extend upwardly
from the base member 58 and support the guide member
55 and allow adjusting the position of radial nozzle 57
within the quenching chamber. A central round opening
in base 58 and guide 55 axially align the carrier 21 in
the quenching position. The nozzle 57 is aligned horizon-
tally with the disc 1.

As seen in FIG. 1, when the carrier 10 settles in the
predetermined position within the quenching chamber,
the bottom plate member 24 of the said carrier contacts
a contact post 62 and depresses the same to activate a
microswitch 63 which begins the operation of a suitable
temperature recorder not shown.

If desired, of course, the temperature recorders can
be started before the carrier and disc reach the quenching
chamber.

The aforesaid contacting of the microswitch 63 also
preferably starts the flow of a quenching gas through in-
let pipe 65 into a manifold 66 cut into the base. A plu-
rality of tubes 68, preferably six as shown in FIG. 5,
extend upwardly from the manifold 66 and distribute the
quenching fluid to the radial nozzle. The gas is distributed
around the periphery of the disc 1 to uniformly quench
the same by a nozzle manifold 69, there being a vane
71 for baffling the flow of the quenching gas from each
tube as well as a wire screen 72 for diffusing the flow of
gas out of the nozzle. The gas, after being uniformly dis-
tributed around the periphery of the test disc, leaves the
quenching chamber 7 through an exit port 74.

Although the disc 1 and carrier 2 can be quenched in
any suitable quenching fluid including a liquid such as
water by removing quenching chamber 7, the quenching
chamber 7 is especially adapted for use with the heating
chamber 5 and carrier 10. Likewise, the preferred quench-
ing fluid is an inert gas such as argon.

The proper alignment of the test disc 1 in the carrier
10 in the heating chamber and the quenching chamber
and the ease of transferring the carrier from the heating
chamber to the quenching chamber in an enclosed system
provides an accurate reliable means of quantitatively
measuring thermal shock properties of materials as well
as of determining the heat transfer coefficient of cooling
fluids.

It is seen that the heating chamber 5 provides at least
one heating zone of uniform temperatures therewithin
and that the aligning means is effective to position the
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disc in the one uniform heating zone. The chamber S
preferably has a heating zone of uniform temperature
in at least about the middle third of the cavity 13 where-
by most of the length of the disc-holding portion 21
of the carrier is within said uniform heating zone. Like-
wise, the quenching chamber 7 preferably provides at
least one cooling zone of uniform temperature, the align-
ing means again being effective to position the disc with-
in the uniform zone which preferably includes the area
of the radial nozzle whereby the disc is cooled evenly
along its periphery.

It is understood that, in accordance with the provisions
of the patent statutes, variations and modifications of
the specific invention herein described may be made with-
out changing the spirit thereof.

What is claimed is:

1. An apparatus for determining thermal shock prop-
erties of a plate-like material sample comprising a speci-
men carrier for holding said sample, an elongated heat-
ing chamber for receiving said carrier, means for heating
said chamber effective to provide at least one heating zone
of uniform temperature therein to heat the sample uni-
formly, means for supporting said carrier in said chamber,
means on said carrier for aligning said carrier in said
chamber effective to position said sample in said one
heating zone, a quenching chamber having cooling means
defining at least one cooling zone, said quenching cham-
ber being disposed adjacent said heating chamber and
positioned to receive said carrier from said heating cham-
ber, said aligning means being operable in said quenching
chamber to position said sample in said one cooling zone,
said cooling means including inwardly directed nozzle
means disposed around the inside of said quenching cham-
ber in said cooling zone, said nozzle means being con-
nected to a source of quenching fluid whereby quenching
fluid is directed onto the edge of the material sample
when the carrier is received in the quenching chamber
causing the edge of the disc to be cooled abruptly.

2. An apparatus for determining thermal shock prop-
erties of a disc of a material sample comprising an elon-
gated specimen carrier for holding said disc, an elongated
generally tubular heating chamber for receiving said car-
rier, means for heating said chamber effective to pro-
vide at least one heating zone of uniform temperature
therein whereby the disc is uniformly heated, means for
supporting said carrier in said chamber and means on said
carri.er for aligning said carrier in said chamber effective
to dispose said disc in said one heating zone in a position
generally perpendicular to the longitudinal axis of the
heating chamber, said disc being sandwiched between in-
sulating means, a quenching chamber haviag cooling
means defining at least one cooling zone of uniform tem-
perature, said quenching chamber being disposed adjacent
said heating chamber and positioned to receive said carrier
from said heating chamber, said aligning means being
pperable in said quenching chamber to position said disc
in said one cooling zone, said cooling means comprising
a radial nozzle disposed in said cooling zone of said
quenching chamber in a plane perpendicular to the longitu-
dinal axis of said tubular heating chamber, said nozzle
comprising a tubular ring having a continuous circum-
ferential slot around its inner surface, and a plurality of
conduits connected between a source of quenching fluid
and equally spaced positions on said nozzle whereby
quenching fluid is uniformly directed radially inwardly
onto the edge of said disc when the carrier is received
in the quenching chamber to cool the periphery of said
disc, said insulating means maintaining the portion of
said disc inward of its periphery at said uniform tempera-
ture.

3. An apparatus for determining thermal shock prop-
erties of a sample material disc, the apparatus comprising
an elongated specimen carrier for holding the disc for
measuring the thermal shock properties thereof; said car-
rier comprising first and second insulating rings disposed
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on opposite sides of said disc, first and second insulating
plates disposed adjacent to said first and second insulat-
ing rings, respectively, to form an air space on each side
of said disc, first and second tubular members disposed
adjacent to said first and second insulating plates, respec-
tively, and an upper and a lower carrier end plate dis-
posed adjacent to said first and second tubular members,
respectively, each end plate having a plurality of equally
spaced apertures positioned adjacent to the edge thereof,
said upper carrier end plate being attached to said sup-
porting means; an elongated generally tubular hollow
heating chamber adapted to heat said carrier and disc,
said heating chamber having an elongated cylinder cavity
in the interior thereof running substantially the length of
the chamber for receiving said specimen carrier, means
for heating said chamber effective to provide at least one
heating zone of uniform temperature therewithin, sup-
porting means for supporting said carrier in the cavity
in a position generally parallel to the longitudinal axis of
the chamber, release means for quickly removing said
carrier from the heating chamber for quenching said disc,
aligning means for aligning said disc in said carrier where-
by said disc is generally perpendicular to the longitudinal
axis of the carrier and located in said one heating zone,
said aligning means including a top tension plate mounted
on said supporting means and a plurality of wires dis-
posed generally parallel to the longitudinal axis of the
carrier, the ends of each of the wires being attached to
the top tension plate, each wire forming a loop passing
under the lower carrier end plate and through respective
ones of said apertures in said upper and lower carrier
end plates, said top tension plate being adjustable, tighten-
ing means for tightening said wires by adjusting the top
plate in a direction away from the carrier to thereby clamp
said disc in said carrier between said insulating rings and
thereby align and hold the disc in said one heating zone,
a quenching chamber connected below said heating cham-
ber for receiving the heated carrier and disc, and means
for positioning said carrier centrally within the quenching
chamber in a position generally parallel to the longitu-
dinal axis of the heating chamber, cooling means includ-
ing nozzle means disposed in said quenching chamber and
a source of cooling fluid connected to said nozzle means
to supply cooling fluid thereto, said nozzle means being
positioned to be adjacent to the periphery of said disc
when said carrier is positioned centrally in said quench-
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ing chamber whereby the periphery of the disc is uni-
formly cooled.

4. An apparatus as defined in claim 3 in which the
supporting means includes a hollow generally cylindrical
shell that is disposed around the periphery of the heating
chamber cavity, the shell having an extending top por-
tion which extends beyond the top of the cavity, a cover
that fits over said extending top portion, the cover hav-
ing a central opening, said carrier including in its upper
portion a hollow thermocouple tube that extends through
said central opening of the cover down through the heat-
ing chamber cavity into the interior of the carrier, the tube
being rigidly attached at its lower end to a lower disc-
holding portion of the carrier, the tube having threads
at the top thereof and collar means in threaded engage-
ment with the tube to secure the thermocouple tube to
said cover and to thereby support said tube and said car-
rier in the heating chamber cavity.

5. An apparatus as defined in claim 3 in which said
supporting means includes a threaded tube on the upper
carrier end plate disposed along the longitudinal axis of
the heating chamber, said top tension plate being slid-
ingly mounted on said tube, said tightening means includ-
ing a nut threadingly engaged on said tube and a spring
disposed between said nut and said top tension plate,
said nut being movable on said tube and being effective
to bear against said spring which pushes against said ten-
sion plate to move said plate along the tube to thereby
take up slack in the wires and tighten the same.

6. An apparatus as defined in claim 5 in which said
wires are made of tungsten and tension adjusting means
is provided at the top of each wire where said wire is
connected to said top tension plate whereby the tension
in each wire can be equalized.
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