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1. A plasma arc torch system for effecting various metal
processes on a workpiece comprising:

an electrical power source;

a gas supply source for generating a plasma;

a torch body including an electrode and a nozzle assembly
circumscribing said electrode at a fixed distance therefrom;

fault detect circuit means including a circuit electrically
connected to said nozzle assembly and ground for sensing a short circuit
between said nozzle assembly and said electrode and disabling said power
source in response thereto;

a cable connected to said torch body, a main electrical conductor
within said cable connected at one end to said electrode and its other
end to said power source; and

sensing means within said cable and in electrical contact w.th said
nozzle assembly for detecting a puncture of the cable sufficient to
contact said main conductor and in response to said contact actuating
said fault detect circuit means to disable said power source.

25. In a plasma arc torch system including an electrical power
source, a torch body having an electrode and a nozzle assembly
circumscribing said electrode at a fixed distance therefrom, a faul*
detect circuit means including a circuit connected to said nozzle
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assembly and ground for sensing a short circuit between said nozzle
assembly and said electrode and disabling said power source in response
to a short detected thereby; and a disabling mechanism comprising:

a cable connected to said torch body, a main electrical conductor
within said cable connected at one end to said electrode and at its other
end to said power source; and

sensing means within said cable in electrical contact with said
nozzle assembly detecting a puncture of the cable sufficient to contact
said main conductor and in response to said contact actuating said fault
detect circuit means to disable said power source.

39. A plasma arc torch system for effecting various
processes on a metal workpiece comprising

an eclectrical power scurce;

a gas supply source for generating a plasma;

a torch body including an electrode connected to said
main power source and a nozzle assembly circumscribing said
electrode;

fault detect circuit means for scnsing a short circuit
between said nozzle assembly and said electrode and dis-
abling said power source in response thereto;

a pilot arc contact wire in electrical contact with
said nozzle assembly, a pilot arc switch, a pilot arc lead
connected to said fault detect circuit means and said pilot
arc switch, a pilot arc lead connected to said fault detect
circuit means and said pilot arc switch, a main power switch
between said electrode and said power source, said fault
detect circuit means actuated when said pilot arc switch and
said main power switch are actuated to establish a pilot arc
bectween said nozzle assembly and said electrode a predeter-
mined voltage measure relative to said pilot arc lead is
exceeded;

said nozzle assembly includes a generally cylindrical
nozzle sleeve member within said torch body and a cup shaped
tip member adapted to be thresdingly secured to said nozzle
body, as a pilot arc wire contact;
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a continuity lead within s3aid torch body, a continuous
circuit source of electrical power connected to said conti-
nuity lead, said cup shaped tip member when properly fas-
tened to said body establishing an elsffdlgl%arlc conpec ion
therethrough from said continuity lead to said i
and continuity circuit means measuring continuity between
said continuity lead and said pilot arc wire contact so that
in response to a lack of continuity therebetween said main
power source is disabled whereby said torch is rendered safe
at all times.
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ABSTRACT O THE INVENTION

A plasma arc torch system includes a fault detect cir-
cuit for sensing a short between the electrode and the noz-
zle and disabling the power supply when the short is sensed.
A sensing circuit within the torch cable is provided for
actuating the fault detect circuit when the cable is severe-
ly punctured. The sensing circuit includes a foil embedded
within the cable which circumscribes the main conductor to
which a drain lead is connccted. The drain lead secnses a
short between the foil and main conductor from a penetrating
foreign object and actuates the fault detect circuit. Addi-
tionally, the fault detect circuit is effective in combina-
tion with a unique continuity interlock circuit disclosed to
insure a safe torch. TFurther, a rectified control circuit
is provided to maintain 8 stable arc preventing erosion of
the nozzle and subsequent exposure of the electrode.




PLASMA ARC TORCH SYSTEM
INTERLOCK

This invention relates generally to plasma arc torch
systems and more particularly to interlock and/or disabling
arrangements associated with the torch nozzle which are used
in plasma arc torch systems.

The invention is particularly applicable to a plasma
arc torch cutting system which initially generates a pilot
or starting arc betwecen the torch nozzle and electrode and
will be described with particular reference thereto. Howev-
er, the invention may have broader application and could be
applied to plasma arc torch cutting systems which generate a
plasma arc without establishing an initial or pilot arc.

BACKGROUND OF THE INVENTION

Generally, torches of the type to which this invention
relates supply an ionizable gas to the torch nozzle in front
of a negatively charged eclectrode. A high d.c. voltage is
applied to the electrode. A high voltage, high frequency AC
signal is superimposed on the DC signal causing a spark to
jump between the electrode and the torch nozzle which estab-
lishes an initjal starting pilot arc. The pilot arc heats
and ionizes the gas passing through the nozzle and estab-
lishes a plasma flow. When the nozzle of the torch is
brought: towards the workpiece, which has a lower impedance
path than the torch nozzle, the pilot arc jumps from the
nozzle to the workpiece establishing a plasma arc between
the electrode and the workpiece. The plasma arc permits the
torch to perform its appropriate function i.e., either cut-
ting, welding or metal deposition.

In all plasma arc torch systems a nozzle is provided to
enclose and shield the electrode (which is at a high volt-
age) apainst accidental grounding, to direct the flow of
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ionizable pgases as a plasma against the workpiece and to
constrict the plasma column giving a very high plasma tem-
perature. Torch parts, in particular the torch nozzle, are
""'somewhat'" consumable and must eventually be replaced. 1In
particular, the pilot arc between the nozzle and the elec-
trode will eventually wear away the nozzle. Also contribut-
ing to the wear of the nozzle is the heat from the ionized
gases and to some extent the adverse effects of the heat
eventually requires the clectrode to be replaced. Accord-
ingly, the nozzle and electrode are usually provided as re-
placeable parts which are threaded into the torch body so
that the nozzle shields and encloses the electrode except
for a small orifice through which the plasma arc passes.
When the parts are to be replaced, they must, in fact, be
replaced in a proper asscmbled relationship to one another
to assure that the electrode is properly shielded to avoid
accidental grounding which could occur if the torch was in-
adequately assembled without the nozzle present.

The prior art has recognized this problem and has pro-
posed various solutions. TFor example, U.S. Patent 4,663,515
to Knecland et al provides a nozzle which, if not in place,
allows the gas pressure to rise. The rise in gas pressure
is sensed and the power source disabled. U.S. Patent
4,590,354 to Marhic and 4,682,005 to Marhic disclose protec-
tive nozzles surrounding the electrode and slideable into
working contact by the pressurec of the plasma gas. While
such devices will disable the torch, in practice by the time
the gas pressure is sensed or activated an arc can already
be discharged. 1In addition, gas pressure scnsing devices
are expensive.

In U.S. Patent 4,585,921 to Wilkins et al, incorporated
herein by reference, a switch contact is established when a
cone surrounding the nozzle is positioned in place. Unless
the switch is activated, the power source is disabled. How-
cver, in the Wilkins device, the cone could be in place and
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the nozzle inadvertently deleted from the assembly. Thus
the switch could be activated because the cone is in place
but the electrode could be exposed. There thus remains a
need to prevent any inadvertent arc discharge from a plasma
arc torch unless the parts of the torch are asscmbled prop-
erly.

In all plasma arc torch systems, the main source of
electrical power is transmitted to the electrode in the
torch body by a main conductor encased within a cable which
extends from the torch body to the power supply. The cable
is susceptible to being punctured or severed by any one of a
nunber of different metal objects which are always present
within the confines of a shop environment. Such metal ob-
jects can contact the main conductor establishing the same
type of electrically hazardous condition which could other-
wise exist by an exposed electrode. lerectofore, attempts to
address such problems have been directed towards producing a
tough, durable and puncture resistant cable. Such cables
increase the expense of the system and require periodic in-
spection and replacement.

Inherent in all plasma arc torch systems using a pilot
arc, is the fact that the current in the arc increases mo-
mentarily when the pilot arc is transferred from the nozzle
to the work as a plasma arc. When the arc transfer occurs,
the arc momentarily travels from the electrode to the nozzle
orifice adjacent the electrode and from the nozzle orifice
to the work. This double arc deteriorates the nozzle even-
tually resulting in a larger nozzle orifice and exposing the
electrode. The prior art has recognized this problem and
has proposed various power circuits which decrease the cur-
rent in the arc at the moment of transfer. One example of
such a circuit is shown in U.S. Patent 3,745,321 to Shapiro
et al, incorporated herein by reference. While such cir-
cuits are somewhat responsive to the problem, there are
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either stability problems present or energy efficiency drawbacks
associated therewith.

Apart from plasma arc torch systems, per se, the assignee of the
present invention has utilized in its arc welding power source, a fault
detect circuit which senses a short between the electrode and the nozzle
and in response to a sensed voltage in excess of a predetermined value,
disables the power source.

BRIEF SUMMARY OF THE INVENTION

It is thus a principal object of the present invention to provide a
plasma arc torch system which possess interlock and/or disabling
feature(s) which enhance the operation of the torch.

Accordingly, in one aspect, the invention provides a plasma arc
torch system for effecting various metal processes on a workpiece
comgrising:

an electrical power source;

a gas supply source for generating a plasma;

a torch body including an electrode and a nozzle assembly
circumscribing said electrode at a fixed distance therefrom;

fault detect circuit means including a circuit electrically
connected to said nozzle assembly and ground for sensing a short circuit
between said nozzle assembly and said electrode and disabling said power
source in response thereto;

a cable connected to said torch body, a main electrical conductor
within said cable connected at one end to said electrode and its other
end to said power source; and

sensing means within said cable and in electrical contact with said
nozzle assembly for detecting a puncture of the cable sufficient to
contact said main conductor and in response to said contact actuating
said fault detect circuit means to disable said power source. 1In a
preferred embodiment, the fault detect circuit includes a pilot arc lead
connected to the nozzle
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assembly at one end and at its other end to ground (work
lead). When the power source is activated, a pilot arc be-
tween the electrode and nozzle assembly is established and
the voltage between the pilot arc lead and ground is mea-
sured through the fault detect circuit. The fault detecct
circuit disables the power source ShOUng}e$@¥ﬂltagc exceed
a predetermined value. The sensing circuit incYﬁdes a con-
tinuous, electrically conductive shield embedded in thec ca-
ble and circumscribing the main conductor and extending the
length of the cable. A bare wire or drain lead is sccured
to the foil and attached to the pilot arc lead. VWhen an
electrically conductive object punctures the foil and makes
contact with the main conductor, a short circuit is estab-
lished and sensed by the fault detect circuit which disables
the electrical power source.

In accordance witnh another aspect of the invention, the

prelero bl

nczzle assembly includes a generally cylindrical nozzle
sleeve member permanently embedded within the torch body and
a replaceable <cup shaped tip member adapted to Dbe
threadingly secured to the nozzle sleeve member. The pilot
arc lead is affixed to the nozzle sleeve member. Within the
torch body an electrically insulated, spring wire continuity
contact is embedded. A continuity lead attached to a source
of electrical power is connected to the continuity contact.
When the nozzle tip is properly fastened to the nozzle
sleeve an electrical connecction is established between the
continuity lead and the pilot arc lead and a circuit is pro-
vided for measuring continuity therebetween so that in re-
sponse to a lack of continuity the power source is disabled.
The continuity circuit in combination with the fault detect
circuit thus insures a safe torch at all times. The nozzle
cup tip member completely surrounds and shields the elec-
trode and is always at a relatively lower potential, as pre-~
viously described, so that if the nozzle cup tip member is
in place, the torch is relatively safe. 1In addition, should




the electrode be damaged or improperly inserted relative to the nozzle
cup tip member or a foreign object wedge its way against the electrode so
that contact with the nozzle cup tip member is made, the fault detect
circuit will be actuated.

5 In accordance with yet another feature of the invention, the
electrical source preferably generates, through a thyristor bridge, a
series of d.c. electrical pulses applied to the electrode to generate a
pilot arc when the pilot arc switch is connected to ground. The
amplitude of the current in each pulse is sensed and should a

10 predetermined current level be exceeded, the output circuit generating
the d.c. electrical pulses is phased back or retarded by a triggering
circuit. In practice, as the pilot arc is transferred to the plasma arc,
the amplitude of the last pulse in the pilot arc will exceed the
predetermined current level which will actuate the triggering circuit to

15 vary the phase angle and, accordingly the current. In accordince with a
more specific aspect of the invention, a capacitor circuit is preferably
provided to sustain the plasma arc when the output circuit is phased back
to reduce any hunting tendency of the output circuit. The capacitor
circuit can be similarly actuated when the triggering circuit is phased

20 forward at the initiation of the pilot arc.
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Various advantages of tl.2 invention will become apparent from a
reading and understanding of the following description of the preferred
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form in certain parts and
arrangement of parts a preferred embodiment of which will be described in
detail and illustrated in the accompanying drawings which form a part
hereof and wherein:

FIGURE 1 shows a cross-sectional elevation view of a plasma arc
torch body connected and a schematic diagram showing a plasma arc torch
system;

FIGURES 2 and 3 are cross-sectional views of the torch body taken
along lines 2-2 and 3-3 respectively of FIGURE 1;

FIGURE 4 is a plan view, partly in section, of a part used in the
torch;

FIGURE 5 is an e:xploded perspective view of the torch body assembly;

FIGURE 6 is a schematic cross-sectional view of the cable used with
the torch;

FIGURE 7 shows the lead attached to the foil of FIGURE 6;

FIGURE 8 is a cross-sectional view of the lead of FIGURE 7 taken
along lines 8-8 of FIGURE 7;

M STA/0436E
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FIGURE 9 is a graph of the voltage mecasured in the lead
shown in TFIGURES 7 and 8;

FIGURES 10 and 11 are schematic diagrams illustrating
various circuits attached to the pilot arc lead which dis-
able the power source;

FIGURE 12 is a schematic of the basic circuit used in
the torch system disclosed herein;

FIGURE 13 is a graph illustrating the current and volt-
age developed by the torch as it develops a plasma arc; and

FIGURE 14 is a plan view of a portion of the torch tip,
partly in section, illustrating a spring contact used in the
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings wherein the showings are
for the purpose of illustrating a preferred cmbodiment of
the invention only and not for the purpose of limiting the
same, the plasma arc torch gencrally designated as "A" is
shown in FIGURES 1 through 5 to comprise a generally hard,
electrically insulated, plastic torch body 10 which is
formed (not shown) into an appropriate configuration as a
hand-held grip. Within torch body 10 an appropriate plasma
gas line 12 is provided through which an appropriate
ionizable pas, such as air, is supplied to plasma arc torch
"A". Gas line 12 is in fluid communication with a metal gas
distributor 13 which has a central passageway 15 extending
therethrough. One end of central passageway 15 is intcrnal-
ly threaded as at 16. The internal threads 16 continuing to
the end of gas distributor 13 which forms a flat seating
surface 17. A plurality of radially extending gas distribu-
tion passages 18 intersect with central passageway 15 for
distributing the plasma gas out the sides of the gas dis-
tributor 13 as shown by the arrows in FIGURE 1.

q v
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An eclectrode 20 in the form of a hafnium wire 21 is
embedded a metal cylindrically shaped housing 23 having a
rounded end 24 and an annular shoulder 26 at its opposite
end from which extends an externally threaded boss 27. Boss
27 is threaded into pgas distributor 13 until shoulder 26
seats against flat scating surface 17 of gas distributor 13.

A nozzle assembly 30 comprising a nozzle sleeve member
31 and a nozzle cup tip member 32 surrounds gas distributor
13 and electrode 20. As bhest shown in TFTIGURES 1, 4 and 5,
nozzle sleeve member 31 has a cylindrical base portion 34
which circumscribes gos distributor 13 which is embedded
within plastic torch body 10. Base portion 34 terminates in
an annular contact ring portion 35.

Ring portion 35 has an annular flat contact base sur-
face 37, and an internally threaded central opening 38 ex-
tending from the inside diameter of annular contact base
surface 37 and an outwardly flared frusto-conical surface 39
extending from the outer diameter of annular contact base
surface 37 and forming an external shoulder 40 with cylin-
drical base portion 34. An intecrnal annular shoulder 42 is
also formed in ring portion 35 adjacent the intersection of
ring portion 35 with cylindrical base portion 34. At least
one gas passage 44 extends through ring portion 35 to pro-
vide fluid communication betwecen the inside and outside of
nozzle sleeve member 31. An annular clectrically insulated,
plastic scating ring 45 is scated at one end against inter-
nal annular shoulder 42 and at its other cond against flat
seating surface 17 of metal gas distributor 13. Annular
scating ring 45 thus preciscly positions gas distributor 13
and electrode 20 in an electrically insulated, fixed spatial
relationship relative to nozzle sleeve member 31. Radially
extending gas passages 46 extend frcm the outer to the inner
cylindrical walls of seating ring 45. As described thus
far, an annular passage 48 is formed between cylindrical
base portion 34 of nozzle sleeve member 31 and gas
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distributor 13. Gas travels from radially extending pas-
sageways 18 in gas distributor 13 into the annular passage
48 and thence through radially extending gas passages 46
against electrode cylindrical housing 23 whereat the gas is
ionized or, alternatively, through gas passages 44 in ring
portion 35 for metal removal purposes while, incidentally,
cooling nozzle assembly 30.

As noted, nozzle assembly 30 includes nozzle cup shaped
tip member 32 which has an annular contact base surface 50
from which extends an externally threaded sleeve 51 which is
adapted to be threadingly secured to internally threaded
central opening 38 of nozzle sleeve member 31. The bottom
portion 53 of nozzle cup shaped tip member 32 has an axially
extending orifice 54 slightly smaller than but aligned with
electrode wire 21. The interior surface 56 of nozzle cup
tip member 32 is configured to somewhat resemble the shape
of electrode cylindrical housing 23 and a spark jumping
space 57 exists between interior surface 56 of nozzle cup
tip member 32 and electrode cylindrical housing 23 both of
which are smoothly curved. Within spark jumping space 57 a
spark is formed and the spark migrates very quickly to pilot
arc space 59 which is adjacent rounded end 24 of electrode
cylindrical housing 23 whereat the pilot arc is established.
In point of fact, pilot arc space 59 is a maximum space
within spark jumping space 57, it being found that such an
arrangement enhances the cutting ability of the torch.

Finally, a gas cooling sleeve 60 fits over nozzle as-
sembly 30 by means of an O-ring 62 which is sealingly com-
pressed between shoulder 40 of contact ring portion 35 of
nozzle sleeve member 31, torch body 10 and the interior sur-
face of cooling sleeve 60. The configuration of gas cooling
sleeve 60 in combination with that of nozzle assembly 30
directs or focuses a fine gas jet stream on the cut in the
work specimen formed by the plasma arc to remove metal.
Secondarily, the configuration of frusto-conical surface 39,

-10-
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the exterior shape of nozzle cup tip member 32, the orienta-
tion of gas passages 44 and the internal configuration of
gas cooling sleeve 60 is such that the flow of the gas
stream through gas passages 44 and a space 63 between cool-
ing sleeve 60 and nozzle assembly 30 produces a slightly
turbulent gas flow which enhances cooling of the nozzle as-
sembly 30, the enhanced gas cooling continued by directing
the gas as a jet stream tangential to the face of cup shaped
tip member 32 as the gas leaves cooling space 63 which is
done, as noted, principally to focus the gas jet accurately
on the work for metal removal purposes.

Referring now to TFIGURE 1, a 250-350 volt d.c. power
supply is connected across torch "A" and the workpiece "w'.
A cathode lead 70 connects the d.c. negative to electrode 20
vis-a-vis the main power source conductor (although for il-
lustration purposes, cathode lead 70 is shown connected to
plasma gas line 12) to electrode 20 vis-a-vis metal gas dis-
tributor 13. A work lead 71 is connected to the positive
terminal of the electrical power source. A main power
switch 73 is inserted in cathode lead 70 for turning on and
off the main power source and an RF trausformer 74 is also
provided relative to cathode lead 70 which assists in the
starting of the pilot arc. A pilot arc wire contact 75 is
embedded in torch body 10 in an electrically insulated man-
ner and affixed to and in electrical contact with cylindri-
cal base portion 34 of nozzle sleeve member 31. A pilot arc
lead 76 connects pilot arc wire contact 75 to positive
ground through a three ohm resistor 78 and a pilot arc
switch 79. A capacitor 80 is connected across cathode lead
70 and pilot arc lead 76 between electrode 20 and RF trans-
former 74 and an 80 volt fault detect circuit 82 is connect-
ed across pilot arc lead 76 to ground or work lead 71.

As described thus far, the torch circuitry is somewhat
conventional. A trigger on torch "A" (not shown) is actuat-
ed to actuate pilot arc switch 79 and power switch 73

-11-
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("switch" is used here in its functional sense. Actually
switches 73, 79 are contacts opened or closed by the trig-
ger). Alternatively, if desired to have the operator se-
quentially actuate switches 79, 73, the trigger could be
actuated twice, first to actuate pilot arc switch 79 and
then to actuate power switch 73. With both switches closed,
approximately 300 open circuit volt potential is applied to
electrode 20 and a pilot arc is formed in spark jumping
space 57 and quickly migrates to pilot arc space 59. Capac-
itor 80 is sized relative to RI' transformer 74 to quickly
charge and discharge so as to maintain the pilot arc. The
voltage sensed at pilot arc lead 76 when a pilot arc is es-
tablished is about 66 volts. With plasma arc torch "A" in
its pilot arc or initial start up mode, the gas leaving noz-
zle orifice 54 is ionized and heated by the pilot arc to
develop a plasma and plasma arc torch "A'" is then lowered by
the operator towards work "W'. As nozzle cup tip member 32
approaches work "W'", the pilot arc will jump from nozzle cup
tip member 32 to the work "W' which is at a lower impedance
than that of nozzle cup tip member 32 via resistor 78. When
the pilot arc transfers from nozzle cup tip member 32 to the
work "W'", a plasma arc will be established.

As noted, the pilot arc voltage sensed in the pilot arc
lead during normal maintenance of the pilot arc will, for
reasons hereafter explained, always be less than the plasma
arc voltage and for the particular torch illustrated will be
approximately 66 volts. When an electrode to nozzle short
occurs for any reason, the full open circuit potential,
250-350 volts, will be applied across the nozzle assembly 30
which can be sensed at the pilot arc lead 76. Accordingly,
a fault detect circuit 82 which is set to trip at about 80
volts to avoid nuisance fault detection due to momentary
double arcing or transience is provided. When actuated,
fault detect circuit 82 disables the main power source and
is conventional.

~-12-
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Two conventional circuits which can be used as fault
detect trip circuit 82 are shown in FIGURES 10 and 11. The
circuit shown in FIGURE 10 uses an integrator 84 to calcu-
late the rate of change of voltage over a discrete time pe-
riod, i.e one-half second for cxample. Integrated function
dv/dt (or alternatively di/dt) is then compared against a
limiting value in a comparator circuit 85 and if the limit-
ing value of the comparator 85 is exceeded, an appropriate
disabling circuit 87 shuts off the main power supply. Ref-
crence may be had to assignee's U.S. Patent 4,717,807, in-
corporated herein by reference, for cxamples for various
integrator and comparator circuits measuring dv/dt (or
di/dt) and disabling the power supply when compared against
predetermined maximum limits. This circuit works Uecause
the rate of change of voltage when a short is sensed will be
faster than that which would occur when the pilot arc is
established. A simpler circuit is shown in FITGURE 11 which
essentially comprises charging a capacitor 88 through a re-
sistor 89 connected between ground or work lead 71 and pilot
arc lead 76. When a short is sensed, a larger voltage is
applied across the capacitor and the capacitor is dis-
charged. In the process of discharging, capacitor 88 actu-
ates a trip circuit 90.

The general circuit for the plasma arc control system
is shown in TFTIGURE 12 and includes a thyristor or SCR rec-
tifier bridge 92 connected to the secondary of a transformer
(not shown) of a three phase a.c. power supply (not shown).
The rectified output of SCR bridge 92 is passed through a
shunt 93 and then through the RF transformer 74 to electrode
20. 1In parallel with SCR bridge 92 is a stabilizing circuit
95 including a capacitor 96 charged through a diode 97 and
discharged through a resistor 98 which is in connected in
parallel with diode 97. The gates for SCR bridge 92 are
controlled by a conventional triggering circuit 100 which
opens or phases forward or backwards the gates of the SCR's

-13-
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in bridge 92 to vary the enecrgy content of the electrical
pulses (and accordingly the current) in a conventional man-
ner. The time during which the gates are opened or phased
back by triggering circuit 100 is controlled through a phase
back circuit 10l. Phase back circuit 101 in turn is actuat-
ed by the pilot or initial arc start mode and the current or
voltage differential sensed in shunt 93.

Referring now to TFIGURE 13, the graph schematically
illustrates that the power source generates a pulsed output
when the main power switch 73 is actuated having an open
circuit voltage of about 300 volts. When pilot switch 79 is
closed, a pilot or start up arc having about 160-170 volts
potential at a current draw of about 22% amps is generated.
When the pilot arc is transferred to the work as a plasma
arc, the plasma arc will have a potential of about 110-120
volts and an attendant rise in current. When the pilot arc
is established, the thyristors must be phased forward
through phase back circuit 101 to near full conduction to
achieve a high enough voltage to start the arc. VWhen the
arc is transferred as a plasma arc, the current flowing
through the arc will rise and the voltage of the plasma arc
will drop to about 110-120 volts. This means that the
thyristors must be phased back through phase back circuit
101, typically about 25 degrees for the torch under discus-
sion (i.e. this depends on the set point of the machine),
immediately upon detecting a current in that pulse which
exists when the pilot arc transfers to the work "W" which is
higher than that expected for operation of the pilot arc.
If the phasing back does not occur, the current within the
torch will rise, the arc will not be constricted and will
damage the nozzle cup tip member 32 as it passes through
opening or orifice 54.

Generally speaking, there is a limitation to the amount
that an arc can be constricted in any given torch which is
determined generally by air pressure, air flow, orifice size
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and current. The current is the only variable that can be
controlled by the power supply and when an arc of a certain
size formed by given current value is restricted by too
small a nozzle orifice 54 in the torch, the current in the
arc will first pass to the nozzle cup tip member 32 at the
edge of nozzle orifice 54 and then to the work "W" at the
outside of the orifice. This action erodes the orifice un-
til the orifice becomes large enough to allow the arc to
pass through. At that time the electrode is exposed and
nozzle cup tip member 31 must be replaced. Accordingly, the
circuit of FIGURE 12 phases forward triggering circuit 100
while the torch is in its pilot arc cutting mode and the
moment that the pilot arc transfers to a plasma arc, the
current rise sensed in that electrical pulse through shunt
93 operates to immediately phase back the thyristors. When
the phase back occurs, the control system will be somewhat
unstable and tend to hunt until the current sceks its regu-
lated level as shown in the plasma arc current portion of
the curve in FIGURE 13. To stabilize the system and prevent
the arc from becoming extinguished the capacitor 96 is dis-
charged through resistor 98 for a sufficient period of time
(generally about 12 milliseconds) to sustain the arc. This
also occurs, to a somewhat lesser extent, when the pilot arc
is initially established. Thus, the circuit described in
FIGURFE 12 minimizes arc damage to nozzle tip member 22, sta-
bilizes the electrical system both at the time the pilot arc
is initiated and at the time the pilot arc is transferred as
a plasma arc to the work while optimizing or conserving the
energy available from the power supply by minimizing the
degrce of phase back of the SCR's.

Referring again now to TFIGURES 1-5 and 14, there is
shown a continuity spring wire contact 110 which is embedded
within torch body 10 and forms a portion of nozzle sleeve
member 31. More particularly, nozzle sleeve member 31 has a
segment 111 of its contact ring portion 35 and an adjacent
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segment 112 of its base portion 34 removed into which a
plastic, electrically insulated segment block 113 is insert-
ed, the exterior surface of segment block 113 configured to
provide a continuous and smooth exterior surface for contact
ring portion 35. A groove 115 is formed in segment block
113 for receiving a crimped end 117 of continuity spring
wire contact 110. As best shown in FIGURE 14, spring wire
contact 110 is formed relative to groove 115 to permit move-
ment of crimped end 117 a distance shown as ''x" relative to
groove 115 when annular contact base surface 50 of nozzle
cup tip member 32 is firmly threaded into nozzle sleceve mem-
ber 31. This assures a good electrical contact. A continu-
ity lead 120 is connected to continuity spring wire contact
110 and a continuous circuit voltage shown as VCC in TIGURE
1 of about 15 volts at a current of 50-100 milliamps is ap-
plied to continuity lead 120. When nozzle cup tip member 32
is properly positioned, current flows through continuity
lead 120, continuity spring wire contact 110, nozzle cup tip
member 32, nozzle sleeve member 31, pilot arc wire contact
75 and thence through pilot arc lead 76. Accordingly, a
device or continuity circuit 121 can be inscrted in the cir-
cuit to check its continuity or to measurc the voltage dif-
ference between the pilot arc lead 76 and continuity lead
120 and should there be a voltage differential or should a
mininum current flow not be recorded the power source can be
disabled.

Referring now to FIGURES 1 and 6 through 9, there is
shown a cable 130 which is attached at one end to torch body
10 (not shown) and at its other end to the power source (al-
so not shown). EImbedded within the cable is a gas line 12
for carrying the shielding/cooling/cutting plasma gas, a
main conductor 132 which in turn is encased within a protec-
tive jacket 133 for carrying arc current, a collection of
control leads 134 similarly encased with a protective jacket
135 for wvarious torch purposes such as trigpering the
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switches, establishing current to the continuity spring wire
contact 110, etc. Each of the aforecmentioned conductors is
embedded in a pliable plastic insulating coating 137 to
which is secured a metal foil or shield 138 which runs the
length of the cable 130 and importantly completely surrounds
or circumscribes at least main conductor 132. Secured to
shield 138 is a drain lead 140 which is a bare wire rTunning
the entire length of the cable and which is connected to the
pilot arc wire contact 75 within torch body 10. Surrounding
the outside of shield 138 is a pliable plastic insulating
coating 141 which is & flexible thermoplastic material
""cross-linked" with an electron beam process to make it re-
sistant to abrasion and tough.

As shown in TIGURES 6, 8 and 9 if the cable 130 is
punctured or cut by any electrically conductive matter such
as that shown at 150 and the puncturing device after pene-
trating shield 138 cuts through jacket 133 to establish con-
tact with main conductor 132, a short between drain lead 140
and main conductor 132 will be sensed and the short so de-
tected by this sensing circuit will be conveyed to pilot arc
wire contact 75 and thence to pilot arc lead 76 to fault
detect circuit 82. Tault detect circuit 82 will register an
open circuit voltage of approximately 300 volts and will
disable the power source in the same manner that the circuit
would have been actuated if a short was detected at nozzle
assembly 30. The puncture detection feature or sensing cir-
cuit of the invention is active whether or not pilot arc
switch 79 is or is not actuated.

There has thus been disclosed several features applica-
ble to a plasma arc torch system which are somewhat interde-
pendent and related to one another. TFor example, a conven-
tional fault detect circuit capable of detecting nozzle-
clectrode short circuits and disabling the power source, is
used to detect puncture or other severance of the torch ca-
ble. Similarly, an electrical interlocking circuit combined
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with a fault detect circuit is used to provide a safe torch
in that nozzle in place scnsing is combined with a nozzle
voltage sensing to insure a safe torch under all conditions
of cperation. Finally, an SCR trigger circuit is used to
disable the output when the arc is transferred so that the
nozzle is not eroded away at its orifice to exposc the elec-
trode.

It is apparent that many modifications may be incorpo-
rated into the circuits and arrangements disclosed without
departing from the spirit or essence of the invention. It
is my intention to include all such modifications and alter-
ations insofar as they come within the scope of the present
inveuntion.

It is thus the essence of my invention to provide a
safe plasma arc torch cutting system which enhances the du-
rability and reliability of the plasma arc torch.
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The claims defining the invention are as follows:

1. A plasma arc torch system for effecting various metal
processes on a workpiece comprising:

an electrical power source;

a gas supply source for generating a plasma;

a torch body including an electrode and a nozzle assembly
circumscribing said electrode at a fixed distance therefrom;

fault detect circuit means including a circuit electrically
connected to said nozzle assembly and ground for sensing a short circuit
between said nozzle assembly and said electrode and disabling said power
source in response thereto;

a cable connected to said torch body, a main electrical conductor
within said cable connected ¢t one end to said electrode and its other
end to said power source; and

sensing means within said cable and in electrical contact with said
nozzle assembly for detecting a puncture of the cable sufficient to
contact said main conductor and in response to said contact actuating
said fault detect circuit means to disable said power source.

2. The plasma arc torch system of claim 1 wherein said sensing
means includes a continuous, electrically conductive shield embedded in
said cable and circumscribing said main conductor and extending the
length of said cable; and

a drain lead in electrical contact with said shield and said nozzle
assembly, said sensing means actuated when any electrically conductive
object punctures said shield and contacts said main conductor thus
establishing a short circuit between said electrode and said nozzle.
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. 3. The plasma arc torch system of claim 2 wherein
said cable has a generally cylindrical outer jacket of an

-

insulating, pliable plastic material; said shield comprises
a metal foil embedded in said jacket; said drain lead com-
prises a bare wire extending the length of said cable and in
contact with said foil; said main conductor contained in an
insulated, plastic coating so that said outer jacket must be
initially pierced and said coating must Dbe subsequently
punctured by an electrically conductive object extending
thercbetween before said sensing means is actuated.

4. The plasma arc torch system of claim 2 wherein said
torch body includes a pilot arc contact wire in electrical
contact with said nozzle assembly and said drain lead, a
pilot arc switch, a pilot arc lead connected to said fault
detect circuit means and said pilot arc switch and said pi-
lot arc contact wire, a main power switch between said elec-
trode and said power source, said fault detect circuit means
actuated when said pilot arc switch and said main power
switch are activated to establish a pilot arc between said
nozzle assembly &~d said electrode and a predetermined volt-
age measured relative to said pilot arc lead is exceeded.

5. The plasma arc torch system of claim 4 wherein said
fault detect circuit is effective to disable said power
source when said pilot arc switch is open and when saic

sensing means is activated.

6. The plasma arc torch system of claim 4 wherein said
electrode is a cathode, said workpiece represents ground
potential, said power source supplies a d.c. voltage of
about 250-350 volts to said electrode, said pilot arc switch
connected to said ground potential and said predetermined
value is the voltage sensed between said pilot arc lead rel-
ative to said ground potential.
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7. The plasma arc torch system of claim 6 wherein said
predetermined value is not less than about 66 volts and not
more than about 250 volts.

8. The plasma arc torch system of claim 7 wherein said
cable has a generally cylindrical outer jacket of an insu-
lating, pliable plastic material; said shield comprises a
metal foil embedded in said jacket; said drain lecad compris-
es a bare wire extending the length of said cable and in
contact with said foil; said main conductor contained in an
insulated, plastic coating so that said outer jacket must be
initially pierced and said coating must be subsecquently
punctured by an electrically conductive object extending
therebetween before said sensing means is actuated.

9. The plasma arc torch system of claim 2 wherein said
nozzle assembly includes a generally cylindrical nozzle
sleeve member within said torch body and a cup shapeld tip
member adapted to be threadingly secured to said nozzle
body, said drain lead affixed as a pilot arc wire contact to
said nozzle sleeve body member;

a continuity lead within said torch body, a continuous
circuit source of electrical power connected to said conti-
nuity lead, said cup shaped tip member when properly fas-
tened to said body establishing an electrical connection
therethrough from said contiruity lead to said drain lead
and continuity circuit means measuring continuity between
said continuity lead and said pilot arc wire ccntact so that
in response to a lack of continuity therebetween said main
power source is disabled.
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10. The plasma arc torch system of claim 9 wherein
said nozzle sleeve member has an annular contact ring por-
tion protruding from the torch Dbody with an internally
threaded central opening and a generally flat face surface,
and a cylindrical base portion extending from the opposite
side of said ring portion and fixedly sccured within said
torch body, said ring portion having an electrically insu-
lated segment formed therein and a groove within said insu-
lated segment, said continuity lead in the form of a conti-
nuity spfing wire contact cxtending within said groove and
protruding beyond said face of said base portion when said
nozzle assembly is in an unassembled position, and

said nozzle cup shaped tip member having an annular
contact base surface and an externally thresded sleeve ex-
tendi.g from said contact surface and adapted to be
threr © 1« engaged with said internally threaded central
openir . ~r1d nozzle sleeve member whereby said contact
base su.face seats against said flat face surface and moves
said continuity spring wire contact within said groove when
said cup shaped tip is properly secured to said nozzle body
member, thercby establishing continuity for measurement by
said continuity circuit means.

11. The plasma arc torch system of claim 10 further
including a gas conduit within said torch body, a gas dis-
tributor block in fluid communication at one end with the
outlet of said gas conduit and positioned within said cylin-
drical base portion of said nozzle sleeve member, an insu-
lating annular seating ring member between said gas distrib-
utor and said ring portion of said nozzle sleeve member
electrically isolating said gas distributor from said nozzle
sleeve member, said gas distributor having a base with an
internally thrcaded opening adjacent said ring portion;
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said electrode having a cylindrical body portion with a
rounded end, an annular shoulder at one cnd of said cylin-
drical body portion and an externally threaded end extending
from said s™o:iser, said externally threaded end of said
electrode thiuingly cengaged with said internally threaded
opening of said gas distributor;

said cup shaped nozzle tip member internally configured
to closely match said cylindrical body portion of said elec-
trode to define an electrode spark space therebetween, said
space gradually incressing to a maximum spark distance at a
point generally adjacent said rtounded end of said elec-
trode's cylindrical body portion and having a nozzle orifice
centrally positioned therein;

said insulating scating ring having gas passages in
fluid communication with said clectrode spark space; said
gas distributor block having gas passages in commun!. ation
with said gas conduit and a space betwecen said gas distribu-
tor block and said cylindrical base portion of said nozzle
sleeve member whereby an ionizable gas is injected through
said orifice.

12. The plasma arc torch system of claim 11 further
including a gas cocling cup circumscribing a portion of said
nozzle cup shaped tip member and scaling means to secure
said cup to said torch body;

said ring portion of said nozzle sleeve member having
at lecast one pas passage in fluid communication with a space
between said cooling cup and said nozzle cup shaped tip mem-
ber whereby a portion of the gas leaving said gas conduit is
directed against said nozzle cup shaped tip member for fo-
cusing gas into the cut zone of the work for removing melted
metal while also incidentally cooling said nozzle cup shaped
tip member.
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13. The plasma arc torch system of claim 1 further
including

rectifying means to generate a series of d.c. electri-
cal pulses applied to said electrode;

switch means to initiate a pilot arc between said noz-
zle and said electrode during start-up of said torch system
which is transferred to said workpiece as a plasma arc dur-
ing normal operation of said plasma arc torch system;

triggering means to vary the phase angle of said pulses
from one value when said pilot arc is established to a sec-
ond value when said plasma arc is established;

means to sense the current in each electrical pulse
during the formation of a pilot arc and in response to a
pulse exceeding a predetermined current value, at the moment
said pilot arc is transferred to said plasma arc, to actuate
said triggering mcans to reduce the phasc angle of said pi-
lot arc pulses.

14. The plasma arc torch system of claim 13 further
including stabilizing means to sustain said plasma arc when
said sensing means actuates said triggering means to reduce

the phase angle of said pilot arc pulses.

15. The plasma arc torch system of claim 14 wherein
said rectifier means which generate said electrical pulses
includes a three-phase a.c. power supply, a transformer as-
sociated with each of said phases and a rectif{ying bridge
circuit including controlled rectifiers, the input of said
rectifying circuit being connected to the seccondary circuit
of said transformer and the output of said rectifying cir-
cuit providing direct operating voltage between said elec-
trode and said workpiece;

said triggering means including means to control the
degree of rectification of sezid rectifying circuit in re-
sponse to actuation of said switch means.

24~

[ R SR




L-7845

16. The plasma arc torch system of claim 15 wherein
said stabilizing means includes a capacitor in series with a
diode for charging thercof and a resistor in parallel with
said diode for discharging said capacitor, said capacitor of
sufficient size to provide sufficient current to sustain
said pilot arc for about 12 milliscconds.

17. The plasma arc torch system of claim 16 wherein
said triggering means to vary the phase angle retards the
rectification of said electrical pulses in said plasma arc
mode by about 25°.

18. The plasma arc torch system of claim 14 wherein
said rectifier means which gencrate said electrical pulses
includes a three-phase a.c. power supply, a transformer as-
sociated with each of said phases and a rectifying bridge
circuit including controlled rectifiers, the input of said
rectifying circuit being connected to the secondary circuit
of said transformer and the output of said rectifying cir-
cuit providing direct operating voltage between said elec-
trode and said workpiecce;

said triggering means including means to control the
degree of rectification of said rectifying circuit in re-
sponse to actuation of said switch means.

19. The plasma arc torch system of claim 9 further
including

rectifying means to gencrate a scries of d.c. electri-
cal pulses applied to said electrode;

switch means to initiate a pilot arc between said noz-
zle and said electrode during start-up of said torch system
which is transferred to said workpiece as a plasma arc dur-
ing normal operation of said plasma arc torch system;
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triggering means to vary the frequency and current of
said pulses from one value when said pilot arc is estab-
lished to a second value when said plasma arc is estab-
lished;

means to sense the current in each electrical pulse
during the formation of a pilot arc and in response to a
pulse excceding a predetermined current value, at the moment
said pilot arc is transferred to said plasma arc, to actuate
said triggering means to reduce the phase angle of said pi-
lot arc pulses.

20. The plasma arc torch system of claim 19 further
including stabilizing means to sustain said plasma arc when
said sensing means actuates said trigpgering means to reduce
the phase angle of said pilot arc pulses.

21. The plasma arc torch system of claim 19 wherein
said rectifier means which generate said electrical pulses
includes a three-phase a.c. power supply, a transformer as-
sociated with each of said phases and a rectifying bridge
circuit including controlled rectifiers, the input of said
rectifying circuit being connected to the sccondary circuit
of said traensformer and the output of said rectifying cir-
cuit providing direct operating voltage between said elec-
trode and said workpiecce;

said triggering means including means to control the
degree of rectification of said rectifying circuit in re-
sponsc to actuation of said switch means.

22. The plasma arc torch system of claim 21 wherein
said stabilizing means includes a capacitor in series with a
diode for charging thercof and a resistor in parallel with
said diode for discharging said capacitor, said capacitor of
sufficient size to provide sufficient current to sustain
said pilot arc for 12 milliseconds.
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23. The plasma arc torch system of claim 22 wherein said
triggering means to vary the phase angle retards the rectificaiion of
sald electrical pulses in said plasma arc mode by about 25°.

24. The plasma arc torch system of claim 20 wherein said rectifier
means which generate said electrical pulses includes a three-phase a.c.
power supply, a transformer associated with each of said phases and a
rectifying bridge circuit including controlled rectifiers, the input of
sald rectifying circuit being connected to the secondary circuit of said
transformer and the output of said rectifying circuit providing direct
operating voltage between said electrode and said workpiece;

said triggering means including means to control the degree of
rectification of said rectifying circuit in response to actuation of said
switch means.

25. In a plasma arc torch system including an electrical power
source, a torch body having an electrode and a nozzle assembly
circumscribing said electrode at a fixed distance therefrom, a fault
detect circuit means including a circuit connected to said nozzle
assembly and ground for sensing a short circuit between said nozzle
assembly and said electrode and disabling said power source in response
to a short detected thereby; and a disabling mechanism comprising:

a cable connected to said torch body, a main electrical conductor
within said cable connected at one end to said electrode and at its other
end to said power source; and

sensing means within said cable in electrical contact with said
nozzle assembly detecting a puncture of the cable sufficient to contact
said main conductor and in response to said contact actuating said fault
detect circuit means to disable said power source.
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plasme orc b orch sgstem
26. The \dntertoeel of claim 25 wherein said sensing

means includes a continuous, electrically conductive shield
embedded in said cable and circumscribing said main conduc-
tor and extending the length of said cable; and

a drain lead in electrical contact with said shield and
said nozzle assembly, said sensing means actuated when any
electrically conductive object punctures said shield and
contacts said main conductor to establish a short circuit
between said electrode and said nozzle to actuate said fault
detect circuit means.

27. The plasma arc torch system of claim 26 wherein
said cable has a generally cylindrical outer jacket of an
insulating, pliable plastic material; said shield comprises
a metal foil embedded in said jacket; said drain lead com-
prises a bare wire extending the length of said cable and in
contact with said foil; said main conductor contained in an
insulated, plastic coating so that said outer jacket must be
initially pierced and said coating must Dbe subscquently
punctured by an electrically conductive object extending
therebetween before said sensing means is actuated.

28. The plasma arc torch system of claim 26 wherein
said torch body includes a pilot arc contact wire in elecc-
trical contact with said nozzle assembly and said drain
lead, a pilot arc switch, a pilot arc lead connected to said
fault detect circuit means and said pilot arc switch and
said pilot arc contact wire, a main power switch between
said electrode and said power source, said fault detect cir-
cuit means actuated when said pilot arc switch and said main
power switch are activated to establish a pilot arc between
said nozzle assembly and said electrode and a predetermined
voltage measured relative to said pilot arc lead is exceeded
for a given time period, said electrode is a cathode, said
workpiece represents ground potential, said power source
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supplies a d.c. voltage of about 250-350 volts to said elec-
trode, said pilot arc switch connected to said ground poten-
tial and said predetermined value is the voltage scnsed be-
tween said pilot arc lecad relative to said ground potential
and said predetermined value is not less than about 66 volts
and not more than about 250 volts.
26

29. The plasma arc torch system of claimx%%'wherein
said nozzle assembly includes a generally cylindrical nozzle
sleeve member within said torch body and a cup shaped tip
member adapted to be threadingly secured to said nozzle
body, said drain lead affixed as a pilot arc wire contact to
said nozzle sleeve body member;

said torch further includes a continuity lead within
said torch body, a continuous circuit source of electrical
power connected to said continuity lead, said cup shaped tip
member when properly fastened to said body establishing an
electrical connection therethrough from said continuity lead
to said drain lead and continuity circuit means measuring
continuity between said continuity lead and said pilot arc
wire contact so that in response to a lack of continuity
therebetwecen said main power source is disabled.

30. The plasma arc torch system of claim 29 wherein
said nozzle sleeve member has an annular contact ring por-
tion protruding from the torch body with an internally
threaded central opening and a generally flat face surface,
and a cylindrical base portion extending from the opposite
side of said ring portion and fixedly secured within said
torch body, said ring portion having an electrically insu-
lated segment formed therein and a groove within said insu-
lated segment, said continuity lead in the form of a conti-
nuity spring wire contact extending within said groove and
protruding beyond said face of said base portion when said
nozzle assembly is in an unassembled position, and
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said nozzle cup shaped tip member having an annular
contact base surface and an externally threaded sleeve ex-
tending from said contact sgurface and adapted to be
threadingly engaged with said internally threaded central
opening of said nozzle sleeve member whereby said contact
base surface seats against said flat face surface and moves
said continuity spring wire contact within said groove when
said cup shaped tip is properly secured to said nozzle body
member, thereby establishing continuity for measurement by
said continuity circuit means.

31l. The plasma arc torch system of claim 30 further
including a gas conduit within said torch body, a gas dis-
tributor block in fluid communication at one end with the
outlet of said gas conduit and positioned within said cylin-
drical base portion of said nozzle slecve member, an insu-
lating annular seating ring member between said gas distrib-
utor and said ring portion of said nozzle sleeve member
electrically isolating said gas distributor from said nozzle
sleeve member, said gas distributor having a base with an
internally threaded opening adjacent said ring portion;

said electrode having a cylindrical body portion with a
rounded cend, an annular shoulder at one end of said cylin-
drical body portion and an extcrnally thrcaded end extending
from said shoulder, said externally thrcaded end of said
electrode threadingly engaged with said internally threaded
opening of said gas distributor;

said cup shaped nozzle tip member internally configured
to closely match said cylindrical body portion of said elec-
trode to define an electrode spark space therebetween, said
space gradually decreasing to a minimum spark distance at a
point generally adjacent said rtounded end of said elec-
trode's cylindrical body portion and having a nozzle orifice
centrally positioned therein;
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said insulating seating ring having gas passages in
fluid communication with said electrode spark space; said
gas distributor block having gas passages in communication
with said gas conduit and a space between said gas distribu-
tor block and said cylindrical base portion of said nozzle
sleeve member whereby an ionizable gas is injected through
said orifice.

32, The plasma arc torch system of claim 31 further
including a gas cooling cup circumscribing a portion of said
nozzle cup shaped tip member and scaling means to secure
said cup to said torch body;

said ring portion of seid nozzle sleeve member having
at least one gas passage in fluid communication with a space
between said cooling cup and said nozzle cup shaped tip mem-
ber whereby a portion of the gas leaving said gas conduit is
directed against said nozzle cup shaped tip mcmber for fo-
cusing gas into the cut zone of the work for removing melted
metal while also incidentally cooling said nozzle cup shaped
tip member.

33. The plasma arc torch system of claim 25 further
including

rectifying means to generate a series of d.c. electri-
cal pulses applied to said eclectrode;

switch means to initiate a pilot arc between said noz-
zle and said electrode during start-up of said torch system
which is transferred to said workpiece as a plasma arc dur-
ing normal operation of said plasma arc torch system;

triggering means to vary the phase angle and current of
said pulses from one value when said pilot arc is estab-
lished to a second value when said plasma arc is estab-
lished;
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means to sense the current in each electrical pulse
during the formation of a pilot arc end in response to a
pulse excceding a predetermined current value, at the moment
said pilot arc is transferred to said plasma arc, to actuate
said triggering means to reduce the phase angle of said pi-
lot arc pulses.

34. The plasma arc torch system of claim 33 wherein
said rectifier means which gencrate said electrical pulses
includes a three-phase a.c. power supply, a transformer as-
sociated with each of said phases and a rectifying bridge
circuit including controlled rectifiers, the input of said
rectifying circuit being connected to the secondary circuit
of said transformer and the output of said rectif{ying cir-
cuit providing direct operating voltage between said elec-
trode and said workpiece;

said triggering means including means to control the
degree of rectification of said rectifying circuit in re-
sponse to actuation of said switch means; and

further including stabilizing means to sustain said
plasma arc when said sensing means actuates said triggering

means to reduce the phase angle of said pilot arc pulses.

35. The plasma arc torch system of claim 34 wherein
said stabilizing means includes a capacitor in series with a
diode for charging thercof and a resistor in parallel with
said diode for discharging said capacitor, said capacitor of
sufficient size to provide sufficient current to sustain
said pilot arc {for about 12 milliseconds, and said trigger-
ing means to vary the phase angle retards the rectification
of said electrical pulses in said plasma arc mode by about
25°,
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36. The plasma arc torch system of claim 29 further
including

rectifying means to generate a series of d.c. electri-
cal pulses applied to said electrode;

switch means to initiate a pilot arc between said noz-
zle and said electrode during start-up of said torch system
which is transferred to said workpiece as a plasma arc dur-
ing normal operation of said plasma arc torch system;

triggering means to vary the phase angle and current of
said pulses from one value when said pilot arc is estab-
lished to a second value when said plasma arc is estab-
lished;

means to sense the current in each electrical pulse
during the formation of a pilot arc and in response to a
pulse exceeding a predetermined current value, at the moment
said pilot arc is transferred to said plasma arc, to actuate
said triggering means to reduce the phase angle of said pi-
lot arc pulses.

37. The plasma arc torch system of claim 36 wherein
said rectifier means which generate said electrical pulses
includes a threc-phase a.c. power supply, a transformer as-
sociated with each of said phases and a rectifying bridge
circuit including controlled rectifiers, the input of said
rectifying circuit being connected to the secondary circuit
of said transformer and the output of said rectifying cir-
cuit providing direct operating voltage between said elec-
trode and said workpiecce;

said triggering means including means to control the
degree of rectification of said rectifying circuit in re-
sponse to actuation of said switch means; and

further including stabilizing means to sustain said
plasma 2rc when said sensing means actuates said triggering
means to reduce the phase angle of said pilot arc pulses.
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38. The plasma arc torch system of claim 37 wherein
said stabilizing means includes a capacitor in serier with a
diode for charging thercof and a resistor in parallel with
said diode for discharging said capacitor, said capacitor of
sufficient size to provide sufficient current to sustain
said pilot arc for about 12 milliseconds, and said trigger-
ing means to vary the phase angle retards the rectification
of said electrical pulses in the phase angle plasma arc mode
by about 25°.

39. A plasma arc torch system for effecting various
processes on a metal workpiece comprising

an eclectrical power source;

a gas supply source for generating a plasma;

a torch body including an electrode connected to said
main power source and a nozzle assembly circumscribing said
electrode;

fault detect circuit means for sensing a short circuit
between said nozzle assembly and said electrode and dis-
abling said power source in response thereto;

a pilot arc contact wire in electrical contact with
said nozzle assembly, a pilot arc switch, a pilot arc lead
connected to said fault detect circuit means and said pilot
arc switch, a pilot arc lead connected to said fault detect
circuit means and said pilot arc switch, a main power switch
between said electrode and said power source, said fault
detect circuit means actuated when said pilot arc switch and
said main power switch are actuated to establish a pilot arc
between said nozzle assembly and said electrode a predeter-
mined voltage measure relative to said pilot arc lead is
exceeded;

said nozzle assembly includes a gererally cylindrical
nozzle sleeve member within said torch body and a cup shaped
tip member adapted to be threadingly secured to said nozzle
body, as a pilot arc wire contact;
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a continuity lead within said torch body, a continuous
circuit source of electrical power connected to said conti-
nuity lead, said cup shaped tip member when properly fas-
tened to said body establishing an elgsﬁ&}cal conpection

arc contac<t v re

therethrough from said continuity lead to said

and continuity circuit means measuring continuity between
said continuity lead and said pilot arc wire contact so that
in response to a lack of continuity therebetween said main
power source is disabled whereby said torch is rendered safe
at all times.

40. 7The plasma arc torch system of claim 39 wherein
said nozzle sleecve member has an annular contact ring por-
tion protruding from the torch body with an internally
threaded central opening and a generally flat face surface,
and a cylindrical base portion extending from the opposite
side of said ring portion and fixedly secured within said
torch body, said ring portion having an electrically insu-
lated segment formed therein and a groove within said insu-
lated segment, said continuity lead in the form of a conti-
nuity spring wire contact extending within said groove and
protruding beyond said face of said base portion when said
nozzle assembly is in an unassembled position, and

said nozzle cup shaped tip member having an annular
contact base surface and an externally threaded sleeve ex-
tencding from said contact surface and adapted to be
threadingly engage) with said internally threaded central
opening of said nozzle sleeve member whereby said contact
base surface scats against said flat face surface and moves
said continuity spring wire contact within said groove when
said cup shaped tip is properly secured to said nozzle body
member, thereby establishing continuity for measurement by
said continuity circuit means.
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41. The plasma arc torch system of claim 40 further
including

rectifying means to generate a series of d.c. electri-
cal pulses applied to said electrode;

switch means to initiate a pilot arc between said noz-
zle and said electrode during start-up of said torch system
which is transferred to said workpiece as a2 plasma arc dur-
ing normal operation of said plasma arc torch system;

triggering means to vary the frequency and current of
said pulses from one value when said pilot arc is estab-
lished to a second value when said plasma arc is estab-
lished;

means to sense the current in each electrical pulse
during the formation of a pilot arc and in responsc to a
pulse exceeding a predetermined current value, at the moment
said pilot arc is transferred to said plasma arc, to actuate
said triggering means to reduce the phase angle of said pi-
lot arc pulses; and

stabilizing means to sustain said plasma arc when said
sensing means actuates said triggering means to rTeduce the
phase angle of said pilot arc pulses.

42. The plasma arc torch system of claim 41 wherein
said rectifier means which generate said electrical pulses
includes a threc-phase a.c. power supply, a transformer as-
sociated with each of said phases and a rectifying bridge
circuit including controlled rectifiers, the inputvbf said
rectifying circuit being connected to the secondary circuit
of said transformer and the output of said rectifying cir-
cuit providing direct operating voltage between said elec-
trode and said workpiece;

said triggering means including means to control the
degree of rectification of said rectifying circuit in re-

sponse to actuation of said switch mecans; and
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stabilizing means includes a capacitor in series with a
diode for charging thereof and a resistor in parallel with
said diode for discharging said capacitor, said capacitor of
sufficient size to provide sufficient current to sustain
said pilot arc for about 12 milliseconds.

43. A plasma arc torch system for ecffecting various
processes on a metal workpiece comprising

an electrical power source;

a gas supply source for generating a plasma;

a torch body including an electrode connected to said
main power source and a nozzle assembly circumscribing said
electrode;

fault detect circuit means for sensing a short circuit
between said nozzle assembly and said electrode and dis-
abling said power source in response thereto;

rectifying mcans to generate a scries of d.c. electri-
cal pulses applied to said electrode;

switch means to initiate a pilot arc betwcen said noz-
zle and said electrode during start-up of said torch system
which is transferred to said workpicce as a plasma arc dur-
ing normal operation of said plasma arc torch system;

triggering means to vary the phasc angle and current of
said pulses from one value when said pilot arc is estab-
lished to a sccond value when said plasma arc is ecstab-
lished;

means to sensc the current in each electrical pulse
during the formation of a pilot arc and in response to a
pulse exceeding a predetermined current value, at the moment
said pilot arc is transferred to said plasma arc, to actuate
said triggering means to reduce the phase angle of said pi-
lot arc pilses.
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44, The plasma arc torch system of claim 43 further
including stabilizing means to sustain said pl.sma arc when
said sensing means actuates said triggering means to reduce
the phase angle of said pilot arc pulses.

45. The plasma arc torch system of claim 44 wherein
said rectifier means which gencrate said electrical pulses
includes a three-phase a.c. power supply, a transformer as-
sociated with each of said phases and a rectifying bridge
circuit including controlled rectifiers, the input of said
rectifying circuit being connected to the secondary circuit
of said transformer and the output c¢f said rectifying cir-
cuit providing direct operating voltage between said elec-
trode and said workpiece;

said triggering means including means to control the
degree of rectification of said rectifying circuit in re-
sponse to actuation of said switch means.

46. The plasma arc torch system of claim 45 wherein
said stabilizing means includes a capacitor .n series with a
diode for charging thercof and a resistor in parallel with
said diode for discharging said capacitor, said capacitor of
sufficient size to provide sufficient current to sustain
said pilot arc for about 12 milliseconds.

47. The plasma arc torch system of claim 46 wherein
said triggering means to vary the phase angle retards the
rectification of said electrical pulses in the phase angle
plasma arc mode by about 25°.
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48, The plasma arc torch system of claim 44 wherein said rectifier
means which generate said electrical pulses includes a three-phase a.c.
power supply, a transformer associated with each of said phases and a
rectifying bridge circuit including controlled rectifiers, the input of
said rectifying circuit being connected to the secondary circuit of said
transformer and the output of said rectifying circuit providing direct
operating voltage between said electrode and said workpiece;

said triggering means including means to control the degree of
rectification of said rectifying circuit in response to actuation of said
switch means.

49. A plasma arc torch system substantially as hereinbefore
described with reference to the drawings.

DATED this THIRTEENTH day of JUNE 1991

The Lincoln Electric Company

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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