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57) ABSTRACT 

A highly sensitive gas analysis method and apparatus 
to practice the method is provided to evaluate the gas 
content and predict the expected performance of a . 
vacuum interrupter using specific contact material an 
alyzed. 

11 Claims, 2 Drawing Figures 
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METHOD AND APPARATUS FOR EVALUATING 
THE GAS CONTENT OF MATERHALS 

CROSS REFERENCES 

Applicant is not aware of any patents or other infor 
mation which relate to the present invention. 

BACKGROUND OF THE INVENTION 

Successful performance of vacuum interrupters is de 
pendent upon the contacts, or more specifically, on the 
gas purity of the material of which the contacts are 
made. To predict the performance of vacuum inter 
rupters it has been the practice to analyze contact sam 
ples individually in experimental interrupters. This 
method is costly and time consuming since one sample 
is analyzed at a time. In analyzing individual contacts 
in experimental interrupters, great care is required to 
maintain conditions similar for each sample analyzed 
so that useful comparison can be made. With this 
method, usually a larger variation or scatter of the data 
has been observed. Other conventionally known gas 
analysis methods, e.g., fusion analysis, Auger spectros 
copy, X-ray analysis, etc., the gas density at the surface 
of the contact and in the bulk. Also, some of these 
methods fail to analyze certain gases (e.g., hydrogen by 
activation analysis and X-ray fluoresence). Further, the 
sensitivity of most conventional gas analysis methods is 
inadequate for the purpose at hand. 

SUMMARY OF THE INVENTION 

The system is composed of a vacuum chamber which 
is adapted to receive three high vacuum valves which 
operate to connect or disconnect an ion sublimation 
pumping system; another of the valves is connected to 
receive a mass spectrometer analyzer tube, while the 
third valve connects a roughing system to the vacuum 
chamber. Included in the system is an ion gauge and an 
arc initiating mechanism. The mass spectrometer is uti 
lized to analyze the type (composition) of the gas oc 
cluded in the test sample as it is released by arcing 
while the ion gauge measures the total amount of the 
gas. An electrical feed-through is provided and is con 
nected to an internal heater which is operable to effect 
a bakeout which precedes the testing and is intended to 
free the surfaces from adsorbed gas species and drive 
them to the pumping system. Within the vacuum cham 
ber, a carrousel is operably disposed to carry test 
contact samples that are moved in a rotational path of 
travel to position the sample materials opposite the arc 
initiating anodes so that the sample materials in effect 
become the cathodes. With the system provided, it is 
possible to analyze several samples in one system run 
and to effect both exhaust, bakeout, etc., thus reducing 
the considerable time necessary in testing the samples 
in individual effort. Also, by analyzing the samples 
under the same conditions, a valid comparison between 
the test samples introduced can be obtained from the 
analyzed data. In addition, the described test setup al 
lows accurate determination of the arcing time, arcing 
current and arc voltage, which are important factors 
for an accurate estimation of the gas content and for a 
valid prediction of the expected behavior of the contact 
material under evaluation. 

It is therefore an object of the present invention to 
provide a method and means for determining the gas 
content of a plurality of material samples by d.c. arcing 
followed by partial and total pressure measurements. 
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Still another object of the present invention is to de 

velop and provide a highly sensitive gas analysis system 
to evaluate the gas content and predict the expected 
performance of a vacuum interrupter using the specific 
contact material analyzed. 
Yet another object of the present invention is to pro 

vide a system wherein a plurality of samples can be ana 
lyzed at the same time and under the same conditions. 
A further object of the present invention is to provide 

a system for analyzing several material samples under 
the same conditions and compare them to a control or 
a standard sample, thus establishing a reference for 
comparison and the results obtained thus provide data 
having more meaningful information. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a system 
which may be utilized in practicing the method of the 
present invention; and, 
FIG. 2 is a graph representative of a display obtained 

from a Visi-recorder indicating the various data ob 
tained from a sample analysis. 

DESCRIPTION OF THE INVENTION 

As shown in FIG. 1, the system 10 includes a cylindri 
cal housing 11 that is sealed by sealing end plates 21 
and 22 to form a vacuum chamber 25 therein. Con 
nected to communicate with the vacuum chamber 10 
through ports 26, 27 and 28 are three high vacuum 
valves 31, 32 and 33, respectively. The valve 31 is oper 
able to connect or disconnect a roughing system 36 
which is utilized to initially evacuate the chamber 25 
prior to utilization of an ion-sublimation pumping sys 
tem 37. The ion-sublimation pumping system 37 is con 
nected to the chamber 25 via the port 27. A mass spec 
trometer 38 is operably connected to the valve 33. 
Ports 41 and 42 are utilized to accommodate viewing 
windows 43 and 44 through which the operator may vi 
sually inspect the interior of the vacuum chamber 25. 
Another port 47 accommodates an ion gauge 48 for 
monitoring of the total pressure within the vacuum 
chamber 10 during the various processes (e.g., during 
pumping down, before arcing, during arcing, after arc 
ing, etc.). Two arc initiating mechanisms 51 and 52 are 
accommodated in ports 53 and 54, respectively. In ad 
dition, two other ports 56 and 57 are provided in the 
vacuum chamber cylinder 11 which are adapted to re 
ceive leak valve 58 and a feed-through 59, respectively. 
The leak valve 58 is used to calibrate the mass spec 
trometer 38 while the feed-through 59 is utilized to in 
troduce thermocouples (not shown) to measure the 
temperature during the bakeout process which pre 
cedes the testing of the samples. The sealing end plate 
21 accommodates an electrical feed-through 61 which 
communicates with the interior of the vacuum chamber 
25. The inner end of the electrical feed-through 61 has 
an operative electrical connection to one end of a mo 
lybdenum heater 62 which is grounded to the top seal 
ing end plate 21. Within the vacuum chamber 25 is a 
carrousel 64 having an electrically conductive upstand 
ing standard 65 which is adapted to carry eight material 
samples 66 of which six samples 66A, 66B, 66C, 66E, 
66F and 66G are shown. 
The material samples 66 to be tested are carried in 

two annular rows with each annular row having four 
test pieces spaced 90 degrees apart as depicted in FIG. 
1. Thus the upper annular row is provided with material 
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samples 66A, 66B, and 66C, as well as one other sam 
ple (66D, not shown) all of which are spaced 90 de 
grees apart relative to adjacent samples. Similarly, the 
bottom annular row is provided with material samples 
66E, 66F and 66G, as well as an additional sample 
(66H, not shown) all of which are also spaced 90 de 
grees apart relative to adjacent samples. The samples 
include samples for evaluation as well as control or 
standard sample. 

In order to effect the testing of a sample, the carrou 
sel 64 is rotated 90 so that the samples 66A and 66E 
are positioned adjacent the two arc initiating mecha 
nisms 51 and 52. To effect such rotation of the carrou 
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sel 64, the base 67 of the carrousel is formed with ape 
ripheral gear 68 that is adapted to mesh with a spur 
gear 69 when the carrousel 64 is in elevated released 
position as shown. The spur gear 69 is carried on the 
inner end of a mechanical feed-through shaft 72, the 
opposite outwardly extending end of which is provided 
with means 73 for effecting a rotation of the shaft 72. 
The means 73 which is preferred is a magnetic drive; 
however, the means 73 may be a handwheel, a hand 
crank or a gear whereby the power input to the shaft 
may be effected if so desired. When the carrousel 65 
has been rotated 90 degrees to position the particular 
samples 66A and 66E into position for cooperation 
with the arc initiating mechanisms 51 and 52, the car 
rousel 65 will be lowered and effectively clamped in 
position. To this end the carrousel 65 is disposed to ro 
tate on an antifriction bearing 81 carried by a draw-rod 
82. In order to draw the carrousel 64 downwardly into 
clamped engagement with the sealing end plate 22, the 
draw-rod 82 extends through a sealing bushing 83 dis 
posed in a sealing plate 84 and into the vacuum cham 
ber through the carrousel base plate 67. The inner end 
of the draw-rod 82 is provided with a conical thrust 
washer 86, the convex surface of which is adjacent the 
base plate 67 to provide for a minimum of frictional en 
gagement between the washer 86 and the base plate 67 
during rotation of the carrousel 64. The lower end of 
the draw-rod 82 extends through the sealing bushing 83 
and has a flat surface 87 which engages a flat 88 in the 
bore of the sealing bushing 83. Thus, the draw-rod 82 
is permitted to move axially but is prevented from ro 
tating by means of the engaging flat surfaces 87, 88. 
The antifriction bearing 81 is affixed to the rod 82 so. 
as to move axially with the rod. For effecting the axial 
movement of the rod 82 for drawing the carrousel 64 
downwardly into a fixed desired position, the lower end 
of the rod 82 is threaded and receives a nut 89. By ro 
tating the nut 89 in one direction so as to engage the 
nut on the rod, the rod is caused to move axially down 
ward thereby effecting engagement of the washer 86 
with the base plate 67 to draw the entire carrousel 64 
and the bearing 81 downwardly. As the carrousel 64 
moves downwardly a pair of studs 91 and 92 disposed 
180 degrees apart on the lower face of the base 67 en 
gage in suitable openings 93 and 94 provided in the 
inner surface of the sealing end plate 22. Thus, when 
the carrousel 64 has been drawn downwardly the mate 
rial samples, such as the samples 66A and 66E, will be 
moved into the position depicted by the broken line of 
the samples. In this position the studs 91 and 92 are en 
gaged in the openings 93 and 94 in the end plate 
thereby locating the carrousel 64 in a fixed position. It 
is to be understood that while two studs 91 and 92 lo 
cated 180° apart are illustrated there is also another 
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4 
pair of studs located 180° apart, all studs being spaced 
90 degrees apart relative to adjacent studs. Thus, in any 
90 degree position of the carrousel 64, the carrousel 
when in a lowered position will be held in that position. 
A bellows 96, tubular in form, is provided to maintain 
the vacuum seal of the chamber 25 and is welded at its 
innermost end to the lower race of the bearing 81 and 
to the lower sealing end plate 84. 
With the carrousel 64 located in a locked position, 

the material sample, such as the material samples 66A 
and 66E as previously mentioned, are located opposite 
the electrodes of the arc initiating mechanisms 51 and 
52. To effect electrical engagement of the electrodes 
101 and 102 of the arc initiating mechanisms 51 and 
52, respectively, with the material samples 66A and 
66E, the electrodes 101 and 102 are axially movable 
into engagement with the samples. To this end, the arc 
initiating mechanisms 51 and 52 are identical and each 
are constructed with the sample design. Thus, the arc 
initiating mechanism 51 is comprised of an insulating 
ceramic housing 103, which is secured in sealed rela 
tionship to the flange of the port 53. The outer end of 
the ceramic feed-through is provided with a metallic 
flanged collar 104 that is sealed as being brazed or 
welded to a bellows 108. The feed-through electrode 
101 is supported in a bearing 106 which is preferred to 
be a nylon bearing and that is disposed in substantially 
coinciding axial alignment with the sample 66A. The 
bellows 108 as previously mentioned is brazed to 
flanged collar 104 and at its inner end is also brazed to 
the peripheral surface of the feed-through electrode 
101. The extreme inner end of the electrode 101 is pro 
vided with a contact 109 which serves as an anode dur 
ing arcing. The axial inner movement of the electrode 
101 is controlled by a solenoid 105 in a well-known 
manner which is activated on demand to cause the 
electrode 101 to move axially outwardly thereby sepa 
rating the contact 109 from the material sample 66A 
under test and which is now serving as a cathode 
thereby initiating an arc. The bushing 106 is utilized to 
align the movable electrode 101 so that the contact 109 
may be positioned to meet precisely with the material 
sample 66A when the contact 109 is in the closed posi 
tion. - 

The successful use of the arc induced vaporization 
and mass spectrometric analysis of the released gases 
technique to evaluate the gas content of a material re 
lies, in the first place, on the careful application of ad 
vanced vacuum technology so that effects such as de 
Sorption from the test chamber internal surfaces and 
gas leak through vacuum seals is negligible in compari 
son to the total amount of gas evolved by arcing. De 
sorption from the gas chamber internal surfaces is 
thought to be caused by the thermal quanta received by 
conduction or radiation from the arc active zone. It 
may also be caused by surface bombardment or by arc 
products which stream away from the arcing gap in ion 
ized form and impinge on the bounding surfaces with 
a mean energy of 20 to 60 eV, which may be acquired 
by acceleration from a potential maximum in the cath 
ode fall. Leaks at the test chamber seals are minimized 
by constructing the chamber and the parts from 304L 
stainless steel and using copper shear seals at the ports 
between the main chamber and the other sections of 
the system. 
To reduce desorption effects from the chamber's in 

ternal surfaces, the test chamber is baked out before 
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testing, while being exhausted by an ion-sublimation 
pumping system, for a total time of 36 hours including 
10 hours holding at 400°C. and 10 Torr. At the start 
of the exhaust cycle the test chamber is roughed by a 
mechanical pump furnished by a cryogenic trap to re 
duce pressure to a level where the ion-sublimation 
pumping system can be started usually at 10 to 10 
Torr. The bakeout is then effected by energizing the 
heater 62. The chamber may also be surrounded from 
the outside by an oven or heating tape 1 15 to insure a 
uniform bakeout of all the parts. 

O 

For arc erosion of the test samples, an electrical cir- . 
cuit composed of a regulated power supply with open 
circuit voltage of approximately 100 volts d.c. is con 
nected in series with the arc initiation feed-through 
electrodes 101 and 102, a back-up breaker 111 and a 
variable resistance 112 to control the current in the cir 
cuit. The arc initiation feed-through electrodes 101 and 
102 are connected in the electrical circuit in a manner 
that when the sample 66A, for example, is to be arced, 
the electrode 101 is connected to the positive polarity 
of the circuit and the electrode 102 is connected to the 
negative polarity. In this way, the sample 66A during 
arcing would be a cathode and the contact 109 of the 
electrode 101 an anode. Likewise, when it is required 
to arc the sample 66E the electrode 102 is connected 
to the positive polarity of the circuit and the electrode 
101 to the negative polarity thus causing the test sam 
ple 66E to be the cathode during arcing. The mention 
of the arc initiating feed-through electrodes is con 
trolled by magnetic solenoids 105, 107. In the normal 
position, the contacts 109 and 110 at the internal end 
of the electrodes 101 and 102, respectively, and the 
samples are contacting or are in closed positions. Dur 
ing a sample testing, however, one solenoid is used, that 
is the one controlling the motion of the electrode to be 
come an anode during arcing, while the other solenoid 
is not in use and the electrode connected to it is merely 
used to conduct the current to the carrousel 64 carry 
ing the samples. The solenoid to be used and the con 
trol mechanism of the back-up breaker are electrome 
chanically actuated and controlled by time delay re 
lays. In operation, the back-up breaker is closed manu 
ally to permit the current to flow in the circuit. After 
an interval of approximately 1.5 seconds, an automatic 
cycle starts in which the arc initiating electrode facing 
the sample to be tested is parted to initiate an arc which 
is maintained for a predetermined arcing time interval 
of between 0.5 and 1 second. Thereafter the opening 
of the back-up breaker is accomplished to extinguish 
the arc. 
A precision resistor 118 having a resistance of 0.05 

ohms, for example, may be inserted between the back 
up breaker 111 and the electrode 101 to measure the 
current in the circuit during the flow of current and 
during arcing. The voltage across the resistor 18 is 
measured using the Visi-recorder 119 which is initially 
calibrated to read in volts. The current, in amperes, will 
be equal to the voltage divided by 0.05. The arc voltage 
is equal to the potential difference between the mov 
able electrode 101 and the ground potential and is 
measured using the Visi-recorder 119 which, as previ 
ously mentioned, is calibrated to read in volts. 
During arcing the total pressure caused by the arc 

evolved gas and the composition of this gas is evaluated 
from the ion gauge and mass spectrometer readings re 
spectively. Both the ion gauge and the mass spectrome 
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6 
ter tube are furnished with Thoria coated iridium fila 
ments and are operated at an emission current of 1 mil 
liampere or less. In this way, it is possible to reduce to 
an insignificant value effects such as ion gauge and 
mass spectrometer pumping and new gas formation. 
The mass spectrometer is calibrated (using the major 
gases of interest, that is, H., CO, CH4, CO, etc., which 
may be leaked during calibration to the systems 
through valve 58) against the ion gauge which was pre 
viously calibrated against a McLoed gauge. During 
testing five parameters are of interest and are, there 
fore, measured. These parameters are: the arc voltage, 
the arc current, the duration of the arc, the total pres 
sure caused by the arc released gas and the type (com 
position) of this gas. The data is acquired by using a six 
channel Visi-recorder 19 and calibrating the different 
channels to read directly the parameters of interest. 
The arcing time is obtained from a knowledge of the 
Visi-recorder chart speed and then measuring the 
length of the arc current or voltage trace. The mass 
spectrometer a quadropole of 10 Torr. N. sensitivity 
and negligible response time is adjusted to scan repeat 
edly between mass 1 and 100 AMU. The scan time is 
approximately 0.2 seconds. FIG. 2 depicts a sample of 
a Visi-recorder display during an arcing event of a pure 
Cu. sample. Reading from right to left as viewed in FIG. 
2, curve 1 is the arc voltage, the value of which is indi 
cated by the step in the curve. Curve 2 is a reference 
time base intended to calibrate the chart speed. Curve 
3 is the mass spectra of the arc released gases and show 
peaks at masses 2, 12, 15, 16, 28 and 44 indicating the 
revolution of H, CH, CO and CO. Curve 4 is the total 
pressure as measured by the ion gauge. Curve 5 is the 
arc current and shows two steps, the first indicates the 
establishing of the current in the circuit and the second 
indicates the value of the arc current. The arc duration 
is the length as compared to the reference time base of 
the second step in curve 5 representing the arc current 
or the step in curve 1 representing the arc voltage. 
From a knowledge of the total pressure, the volume 

of the test chamber and the percentage composition of 
the release gaseous species, the type and quantity of the 
gas released during arcing is estimated. The gas content 
is calculated by relating this result to the estimated 
quantity of the material eroded during arcing, which is 
calculated from the average erosion rate (weight loss 
per unit of arc energy) and the arc energy dissipated 
during arcing. The average erosion rate is calculated by 
weighing the test sample before and after arcing to ob 
tain the total erosion then dividing by the total arc en 
ergy the sample experienced during testing. Approxi 
mately 5 to 10 arcs should be drawn and the gas con 
tent evaluated after each arc to obtain an accurate 
value for average gas content. By including within the 
samples a standard or a sample known to have a certain 
amount of gas, the results obtained from the various 
samples may be compared with this standard and a ref 
erence may therefore be established. The homogenity 
of the gas content may also be checked by arcing the 
test sample to various depths from the surface and esti 
mating the gas content versus the depth from the sur 
face. - 

The embodiments of the invention in which an exclu 
sive property or privilege is claimed are defined as fol 
lows: 

1. A method for evaluating material to be utilized in 
a vacuum interrupter comprising the steps of: 
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arranging the material in a vacuum chamber; 
connecting the material in an electrical d.c. circuit in 

series with an electrode that is connected to the 
positive polarity of the circuit so as to function as 
an anode with the material serving as the cathode; 

effecting a separation between the electrode and the 
material to draw an arc for a predetermined time 
interval; . 

interrupting the circuit to extinguish the arc; 
determining the gas pressure of the gas evolved dur 

ing arcing and the composition of the gas evolved; 
and, 

comparing the results obtained to control data. 
2. A method for evaluating material to be utilized in 
vacuum interrupter comprising the steps of: 
arranging the material in a vacuum chamber; 
connecting the material in a d.c. circuit having a reg 

ulated power supply with open circuit voltage of 
approximately 100 volts and in series with an elec 
trode that is connected to the positive polarity of 
the circuit and functions as an anode with the ma 
terial functioning as the cathode; 

position the material in closed circuit relationship 
with the electrode; 

permitting current to flow through the closed circuit 
for approximately 1.5 seconds; 

effecting a separation between the electrode and the 
material to initiate an arc, - 

maintaining the arc for a predetermined time inter 
val; 

determining the total pressure caused by the arc 
evolved gas and evaluating the composition of the 
gas evolved; and, 

comparing the results obtained to control data. 
3. A method for evaluating material to be utilized in 
vacuum interrupter comprising the steps of: 
arranging the material in a vacuum chamber; 
baking out the vacuum chamber with the material 

therein for approximately 36 hours at 400°C and 
exhausting the chamber to a vacuum of 10 Torr.; 

connecting the material as a cathode in a d.c. circuit 
composed of a regulated power supply with open 
circuit voltage of approximately 100 volts; 

closing the circuit to permit current to flow in the cir 
cuit for approximately 1.5 seconds; 

effecting a separation of the material from the anode 
portion of the circuit to draw an arc for a time in 
terval of approximately 0.5 to 1 second; 

measuring the arc voltage during the arcing period; 
measuring the arc current during the arcing period; 
measuring the duration of the arc, 
measuring the total pressure caused by the arc re 

leased gas; 
determining the composition of the gas released dur 

ing the arcing period; and, 
comparing the results obtained to control data. 
4. A method for evaluating material to be utilized in 
vacuum interrupter comprising the steps of: 
arranging the material in a vacuum chamber as a 
cathode in a d.c. electrical circuit having a separa 
ble anode; 

effecting a bake-out of the chamber while evacuating 
the chamber to a vacuum of 10 Torr.; 

initiating current flow in the d.c. circuit for a time in 
terval of approximately 1.5 seconds; 

8 
effecting a separation of between the anode and the 
cathode material to draw an arc for a predeter 
mined arcing time interval of 0.5 to 1 second; 

extinguishing the arc; 
5 effecting a measurement during the arcing interval of 

the arc voltage, the arc current, the duration of the 
arc, the total pressure caused by the arc released 
gas and the composition of the released gas; 

recording the measurements on a chart to provide a 
visual record; and, 

comparing the results obtained to control data. 
5. In apparatus for evaluating contact material to be 

utilized in a vacuum interrupter, said apparatus having 
a sealed housing in which a vacuum is established and 
comprising; 
a support within said chamber for carrying the 
contact material to be evaluated; 

a d.c. circuit including an electrode which is con 
nected to the positive polarity of said circuit, said 
electrode being movable into and out of engage 
ment with the contact material; 

means connecting the contact material to be evalu 
ated to the negative polarity of said d.c. circuit; 

means operably connected to effect a separation be 
tween said electrode and the material to establish 
an arc; and, 

means operably connected to the interior of said vac 
uum chamber to measure the arc voltage, the arc 
current, the duration of the arc, the total pressure 
caused by the arc released gas and the composition 
of the arc released gas. 

6. Apparatus according to claim 5 wherein said mea 
suring means comprising an ion gauge connected to the 
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35 interior of vacuum chamber and operable to measure 
the total amount of the arc released gas; and, 
a mass spectrometer connected to the interior of the 
vacuum chamber and operable to analyze the com 
position of the occluded gas in the contact material 
as it is released by arcing. 

7. Apparatus according to claim 5 wherein said mate 
rial support is angularly positionable within said vac 
uum chamber and operable to carry a plurality of mate 
rial specimens for individually locating each specimen 

45 in axial alignment with said electrode; and, 
drive means connected to effect the angular position 

ing movement of said support for locating a se 
lected arc of said specimens in axial alignment with 
said electrode. 

8. Apparatus according to claim 7 wherein said angu 
larly positionable support includes a gear drive inter 
nally of said vacuum chamber and having actuating 
means operably connected thereto and extending ex 
ternally of said vacuum chamber for effecting a posi 

5 tioning movement of said support for locating said ma 
terial in alignment with said electrode. 

9. Apparatus according to claim 8 wherein there is 
provided locking means operative to secure said sup 
port in a preselected angular position in which position 
the material carried by said support is locked in aligned 
relationship to said electrode; and, 
mechanical means operatively connected to said sup 
port and extending outwardly of said vacuum in 
scaled relationship for effecting the release of said 
support from said locking means or for effecting 
the engagement of said locking means with said 
support. 
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10. Apparatus according to claim 9 wherein said 
locking means are interengageable components one of 
which is carried by said support and the other being on 
said housing; 
mechanical operating means to move said support for 

effecting the disengagement of the support locking 
component from the locking component of said 
housing, said mechanical means being connected 
to said support and constructed and arranged to ex 
tend outwardly of said vacuum chamber in sealed 
relationship; 

operating means external of said vacuum chamber 
and operatively connected to said mechanical op 
erating means to actuate said mechanical operating 
means for moving said support in a locking or un 
locking direction of movement. 

11. In apparatus for evaluating the material to be uti 
lized in a vacuum interrupter; 
a sealed housing having a vacuum chamber, 
a pumping system connected into said chamber to 
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evacuate it; 
a heater within said vacuum chamber and operable 

to effect a bakeout of said chamber, 
a support within said chamber on which material to 
be tested is carried; 

an electrode supported in sealed relationship by said 
housing and extending into said chamber, said elec 
trode being axially positionable in engagement with 
the material supported within said chamber; 

a d.c. circuit having its positive polarity connected to 
said electrode and its negative polarity connected 
to said material, 

means to effect a separation of said electrode from 
the material to draw an arc; and, 

means to measure the arc voltage, the arc current, 
the duration of the arc, the total pressure caused by 
arc released gas and the composition of the arc re 
leased gas. 

s: ck 2. ck *k 


