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A DESIGN OF A FURNACE FOR MELTING REFRACTORY 

METALS USING A PLASMA JET HEAT SOURCE 

TUE MELTING OT REFRACTORY METALS: 
HISTORICAL BACKGROUND 

Refractory metal meltIng is a recent link in the 

chain of man's endeavor for control of metal properties. 

Shards indicate this chain stretches back to prehistoric 

times (25, p. 3-4). To achieve product control, metall- 

urgy has sought the following: 1. greater cleanliness- 

freedom from slag, 2. the elimination of unwanted 

elements from metal, 3. elimination of gaseous inclusions 

oxides such those of nitrogen, 4. the ability to 

control metal composition, 5. the ability to cast new 

shapes (18). In pursuit of these objectives, man has 

developed skills which have enabled him to convert more 

and more ores into metals. 

The melting of refractory metals is an outgrowth of 

that of reactive metals. The commercial melting of the 

latter in turn developed partly from atmospheric electric 

furnace techniques. These were developed in pursuit of 

special property steels around 1910 (16, p. 45). 

Electricity and vacuum have predominated in the 

development of refractory metal melting. Among the 

earliest furnaces of the consumable electrode vacuum arc 
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melting type now used for reactive and refractory metals 

was Robert flare's experimental furnace of 1839. In it, 

platinum was melted, and calcium carbide, graphite, and 

metallic calcium produced (8, p. 1). E. A. Colby in 1890 

developed a laboratory prototype of the vacuum induction 

furnaces now used industrially (5, p. 2). 

From these beginnings, reta1s of greater reactivity 
and refractoriness have been melted with greater refine- 

ment ana control. The first vacuum melting on a mercan- 

tile scale was done in erany under W. E. Rohn about 1916. 

He used vacuum low frequency induction furnaces with 5 to 

io mm Hg absolute pressure and 8600 lbs capacity (5, p. 3). 

Dr. ilheim Kroll developed the cold crucible knelting of 

the reactive metal titanium in 1939 (3, p. 3). By 1952, 

zirconium allow ingots up to 600 lbs were being double 

melted under reduced pressure at the Ti. S. Bureau of nes 

ixperìment Station in Albany, Oregon. The Kroll process, 

as developed under his guidaice at the station, was 

employed. Yearly U. S. titaniuì production exceeded 7000 

tons by 1955 (9, p. 6), ano 1J lb heats were common. 

Beginning around 1934, experiments wae performed to 

explore melting caused by electrons striking the target 

anode in a vacuum tube. From this originally inconcenient 

melting phenomenon , cominerical electron bombardment 

furnaces have evolved (26, p. 222). These in 1961 melted 

thousands of pounds of refractory metal weekly at 
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pressures less than 0.1 micron Hg. Lw pressure facil- 

itates work metal devolatilization, which removes impur- 

ities. The degree of melt devolatilization varies with 

the work metal but exceeds that possible by vaccum arc or 

vacuum induction at comparable furnace throughput rates 

(26, p' 235). 

The vacuum induction furnace has been much usoc 1o' 

reactive metal melts. It has been used little if any 

industrially for refractory metals owing to crucible 

contamination of the melt. Experimental attempts to use 

vacuum induction witii water cooled crucibles have shown 

prohibitive energy losses. Iesearch efforts of the last 

10 years directed at correcting such fu1ts by iaeans of 

crucible compartmentation and elevation of coil above the 

crucible hold promise but are still in the laboratory 

stages co oir best knowledge (5, p. 40)(t), p. 5). 

Thousands ol pounds of refractory metal weekly are 

melted in vacuum arc Lurnaces. These together with 

electron bombardment furnaces now melt nearly al]. 

commercial refractory metal in the United States. A 

scemaacic chart of purity ranges attainable by various 

processes, and schematic drawings of furnace types used 

in the refractory meta1s industry are shown in figures 1, 

2, and 3 following. Figure 7 in the appendix represents 

the scheme oL a vacuua induction furnace such as is used 

f or reactive metal melting on a production scale. 
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OBJECT IVES 

The purpose of this thesis Is to design an experimen- 

tal furnace employing the plasma jet as a heat source. 

Prospective uses are the high purity melting, shaping, 

and sintering of refractory metals and metalLoids. A 

secondary objectìve is a design which minor alteration 

can render suitable for other operations using electricity 

and controlled atmosphere or vacuum. Vacuum arc melting 

is an example. 

The subject furnace is intended to be an exploratory 

model for possible pilot plant operations. Its size has 

been decided on the bases of industrial practice, 

flexibility, cleanability1 and economy. 

The ratios of surface to volume, it is felt, should 

sufficiently approximate those of industrial furnaces 

as to give extrapolation value to operational data from 

this model. 

Sufficient size is desired to allow set-up flex- 

ibility. An example would be flexibility with regard to 

work product mold and mold control apparatus installable 

in (and removable from) the furnace. 

A furnace too large for bench disassembly should be 

large enough to provide cleaning access to inside surfaces 

while still assembled. 

Economy dictates an upper limit to furnace size. 



THE PLASMA TORCH 

History 

What is now known as the plasma jet was, we believe, 

originated by the German acoustical physicist H. Gerdien 

in the l920s. It has been under development in the United 

States at the Knolls Research Laboratories of the General 

Electric Company, at the Giannini Laboratories at Santa 

Ana, California, and at the Thermal Dynamics Laboratories 

at Lebanon, New Hampshire during the 1950s (l2)(30). 

Arrangement and Operation 

Figure 4 on page 9 shows the scheme of the plasma 

torch circuit for transfer of arc to an anode external 

to the torch. Figure 5 on page lO shows the schematic 

construction of the F40 torch produced by Thermal Dynamics 

Corporation of Lebanon, New Hampshire. The main body is a 

water cooled cylinder formed into a nozzle at its right 

end in Figure 5. The nozzle (anodic) surrounds and 

extends beyond a rod cathode lying along the axis of the 

main body as shown. 

Between cathode and nozzle is struck a pilot arc. 

Compressed gas introduced opposite the nozzle end of the 

cylinder absorbs heat from the arc, and tends to stretch 

it beyond the nozzle. When this extended arc is brought 
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near a grounded conductor, nearly full current flows 

from the torch cathode to ground. From the gas and the 

arc in the nozzle is formed the effluent plasma. The 

latter is characterized by high velocities up to 50,000 

f ps, and temperatures up to 60,000?. It is used 

industrially for cutting metals like copper and applying 

refractory coatings. 

General specifications of the torch and equipment 

about which subject furnace is designed are in Thermal 

Dynamics Corporation Quotation # 25-293, reproduced in 

the appendix. 

Physical Principles 

The general meaning of plasma is anything molded or 

formed. As used in this article, plasma means ionized 

gas. A spark plasma contains only electrons and ions 

of the air. An arc develops when anode material enters 

the plasma. The temperature of a plasma may be raised 

slightly by increase in the speed of electron travel 

within it; also by the number of electrons travelling. 

That is, the plasma temperature may be raised by increase 

in the voltage or current. Such energy input, however, 

ordinarily produces greater heat rather than an elevation 

of the temperature. For temperature to be raised, 

levels of kinetic energy must be raised by increase in 
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the incidence of molecular or atomic collision. To 

increase particle collision in a plasma its density must 

be increased. Plasma density in turn is a function of 

ambient pressure. The plasma torch creates a region of 

high temperature by means of high ambient pressure. 

High ambient pressure about the plasma is caused 

by 2 phenomena; thermal pinch effect, and magnetic pinch 

effect. 

Thermal pinch effect is caused by the gas passing 

through the torch. The gas forms a sleeve about the arc, 

cooling its surface. Since cooling lowers ionization, 

and hence conductivity, the current tends to concentrate 

in the hotter central regions of the plasma, and to make 

these regions accordingly hotter. 

The magnetic pinch effect develops when the current 

density in the center of the arc reaches a great enough 

value. At this value, the magnetic fields of ion and 

electron streams moving in the same direction behave like 

magnetic fields of parallel conductors, and combine in a 

Faraday effect. Thus is additional squeeze exerted on 

the plasma to give it yet higher temperature (12). 

Characteristics and Use 

Salient characteristics of the plasma jet are the 

high temperatures and high velocities remarked earlier. 
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Achievement of velocIty as low as 200 fps by special 

nozzling is claimed. A cost of such low velocity is 

corresponding reduction in torch efficiency. Plasma 

temperatures as low as 500F are reported. 

The jet operating cost is said to be approximately 

1/2 that of an oxygen flame with heat transfer rate 6 

times as great (30). Of the power supplied to the torch, 

60 to 85% is reported transferred to the gas. Cominer- 

daily available torch sizes range from 20 to 5000 kw. 

Diatomic gases such as hydrogen and nitrogen have been 

found more effective for heat transfer than argon or 

helium as well as 10 timos as cheap.1 

Listed in Table I, page 14, are data on typical 

transferred arc plasma jet performance. Also listed 

are comparable data on the electric arc. 

Main uses of the torch at present are the cutting of 

metals such as aluminum and copper, the coating of less 

refractory surfaces with such metals as tungsten, and 

the provision of high gas velocities in wind tunnels. 

Scaminon, Lawrence W., Sales Manager, Thermal Dynamics 
Corporation. Letter. Lebanon, New Hampshire. April 
26, 1960 



TABLE I 

PLASMA JET AND ELECTRIC ARC PERFORMANCE DATA (31) 

Typical Plasma Jet Performance 
With Arc Transferred to Work 

DC Power Input (300v) 50 kw 
% Input Power to Gas 85 % 
Heat Loss to Torch 15 % 
Nitrogen Gas Flow 230 scfh 
Flame Temperature 40,000 F 
Maximum Heat Transfer Rate 

from Flame 29,000 B/Sq ft - sec 
Gas Velocity 2400 f ps 
Operating Pressure vacuum to 200 atm 
Operating Cost $/106 B Leaving Source* 

$13.90 

Some Characteristics of the High 
Intensity Open Arc 

Temperature 6000 F to 10,000 F 
Maximum Heat Transfer Rate 

15000 B/sq ft - sec 
Gas Velocity i - 100 fps 
Operating Pressure vacuum to 200 atm 
Operating Cost $/106 B Leaving Source* 

$5.90 

*based on electrical cost 2Ç/kw-hr, fuel 
cost O.001ÇVB 

NOTE: Sources are Bulletin CiOl and correspondence of Thermal Dynamics 
Corporation in addition to reference cited. 

I-J 
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CONSIDERATIONS ON THE USE OF PLASMA JET FOR 
FURNACE MELTING 

The following paragraphs attempt to describe advant- 

ages, disadvantages, and possibilities of the plasma jet 

as a melting tool for furnace use. The paragraph headings 

represent aspects of the jet or of present melting methods 

which we consider of likely interest in relation to the 

use of the jet for melting. 

Pro s sure 

An advantage of plasma melting at one atmosphere is 

that inert gas plasma enables a clean heat to be run on 

alloys without differential vaporization of their 

components. Such is seldom the case when vacuum is used. 

For example, melting tantalum-chromium combinations in 

vacuum can evaporate much chromium from the melt while 

all the tantalum (of lower vapor pressure) is retained. 

Tempera turo 

Melting and related processes for which the usual 

electric arc temperature of about 8000F might be barely 

adequate could receive necessary temperature readily 

from the plasma torch, to which 20,000F is routine. 

Techniques appear possible based on metal vaporization 
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from the ore followed by condensation in cleaner form (12). 

Safety 

Plasma offers some promise of forming materials 

with less hazard than do existing techniques. In the 

vacuum arc-melting industry several accidents have 

occurred owing to the explosion of anodic water cooled 

crucibles which held the melt produced by the fusion of 

the work metal cathode. United States Bureau of Mines 

Report of Investigation No. 5749 montions 7 fatalities 

from explosions in 4 years between 1954 and 1957 (33, p. 2). 

An incidence of 1 accident in 1000 heats, and 1 fatality 

in 10,000 heats Is reported. Electron bombardment melting 

installations typically employ high voltage. The conse- 

quence is an elaborate safety interlock system and/or 
danger. The absence of need for high vacuum removes the 

implosion risk when melting by plasma. 

Misc e]. lany 

Noble gas plasmas offer high temperature atmospheres 

as pure as the supply gas at 15 psia pressure. Since 

vacuum arc melting and electron bombardment, principle 

means for end-melting refractory metals2, both employ 
iince our sources indicate little commercial molting of 
refractory metal by induction, it is not here discussed. 
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pressures under 30 microns absolute, plasma may reduce 

expenditure for vacuum equipment in future operations. 

In vacuum arc melting tue work is customarily trans- 

f erred from consumable electrode to water cooled crucible 

to refractory mold. By fusiag the work directly into 

the mold, melting by plasma can bypass the heat loss to 

the crucible in the vacuum arc process. 

The high thrust of the plasma torch may well be 

used to coat forms with gas-borne particles as is now 

done commerically for thin coatings.3 Coatings have been 

made for practical use up to 1/2 inch in thickness. 

Successive coatings might be layered on expendable molds 

to produce forms similar to castings. Such a method would 

appear to hold special promise for forms which do not have 

to be of theoretical metal density. 

Economy 

Plasma does not appear to offer any pronounced 

savings in capital equipment costs per unit of work pro- 

cessed at the present time (31, p.2). High pressure cool- 

ing water is required by the torch. Electron bombardment 

melting requires large vacuum pumps, high voltage systems to 

3 One commercial coater is the Avco Corporation of 
WI linington, Massachusetts. 



yield typical drop of 12000 volts emitter to target, and 

typical absolute pressure of 0.005 microns. Vacuum arc 

melting requires smaller vacuum pumps, and uses high 

amperage with low voltage. Representative values are 20 

microns absolute ambient furnace pressure, 30 volts 

between electrodes, and 9000 amperes. 

Since capital equipment is constantly changing we 

attempt no comparison of equipment costs between differ- 

ent melting systems. In both electron beam melting and 

arc melting of refractory metals, the consumption of 

electricity is of minor importance. Both methods have 

frequent recourse to superheating of the molten poo]. to 
4 

yield a clean homogeneous product. Thermal Dynamics 

Corporation estimates from 25 to 32% of energy input to the 

torch will reach the work metal to melt same when fed 

under the nozzle. 

c*stacle to Use of the Torch for 
Static Melting 

Basic to the plasma jet is the high velocity gas 

stream out the torch nozzle. Ordinary gas velocities 

are about 1800 f pg. Reduction in effluent velocity by 

nozzle modification has to date been costly in terms of 

Baroch, E. F., Wali Chang Corporation. Letter. Albany, 
Oregon. December 19, 1961. 
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power. Gas velocity may be disadvantageous for static 

molting. It may cause splatter of the melt. 

Consideration of the aspects noted foregoing leads 

us to believe that at least in relation to pressure, 

temperature, and coatings, plasma can contribute to the 

melting art. Whether its disadvantages will defeat the 

application of plasma to industrial melting and casting 

of refractory metals in the next decade seems to us 

doubtful. That plasma will eventually be employed for 

some variety of forming metals and metalloids seems to 

us certain. 
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PhuP0b OUTLINE O1' 8UCCES8IVE DEVELOPMENT STMÌES 

Likely successive operations with subject furnace 

we conceive to be divisible into three stages: 

1. establishment of operational paraiaeters. 

Practical values of voltage, current, and gas velocity 

for example, would be sought with the work fed laterally 

between the mold and the torch. The direction of feed 

would be normal (or nearly so) to the vertical axis of 

the torch pointed downward into the mold. Such a 

program phase, i.e. exploring the system from torch 

nozzle down, would amount to testing use of the torch as 

an instrument for conventional static melting. 

2. development oX techniques for producing built- 

up shapes by successive coatings from the torch. This 

phase of operations would try the torch as a coating 

instrument (a) using particles of coating material fed 

into the gas stream before the latter issues from the 

torch, i.e. exploration of the system from the nozzle 

up; and (b) repeating the basic arrangement described 

under (a) but for coating rather than for melting proper. 

Under the (b) program, work would be coated on a surface 

at high velocity rather than flowed into a mold at lower 

velocity. 

3. enlargement investigations. Depending on the 
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fincings of phases (a) and (b) , information on possibili- 

ties and effects of enlargement might be sought. We 

mean by enlargement not only torch enlargement, but 

multiple torch arrangements, opposed jets, and innova- 

tions directed toward greater melt capacity. We have 

found little related information in the literature. 
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FURNACE DESIGN 

All major components of the furnace are shown 

assembled in Figure 6. Circled numbers on this assembly 

drawing refer to the initial page numbers of relevant 

sub-drawings. The sub-drawings are either sub-assembly 

drawings or detail drawings. The discussion of design 

of components follows substantially the order of the 

drawings. The design has followed American Institute of 

Steel Contruction specifications and the practice of the 

industry in regard to structural safety factors. 

Ample space exists for installation of a pressure 

safety valve in the body of the furnace against the 

possibility of pressure over atmospheric during operation. 

Its location should be determined on location of the 

furnace. The latter has been designed for safe operation 

between pressures of O psia and 22 psia. Thermal 

Dynamics Corporation reports that their use of enclosed 

torches has been at pressures at or below atmospheric. 

Subheads that follow show related drawing page numbers. 

The shell has been designed for use with the TAC-200 

torch of Thermal Dynamics Corporation of Lebanon, New 

Hampshire. Rollable ladders such as Patent Scaffolding 

Company's steel 5 step 30 inch unit or Kits' model 350 

can be used for access to the furnace interior from below. 
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The Furnace Shell (33) 

The shell includes a water wall, a 10 inch diameter 

feed access, a 10 inch diameter sight and service port, 

and a 4 inch diameter evacuation port. It is intended 

that work material be fed into the furnace and under the 

vertically mounted torch through the feed access. The 

sight and service port is for observation into the furnace, 

for cleaning, adjustment, and mold placement. The shell 

is designed to withstand full vacuum with intramural 

water pressure of 75 psig. Thickness of inner and outer 

walls conforms to ASME pressure vessel code specifications 

of 1957 for these pressures. 

The Top (35) 

The top is an aluminum-bronze water cooled vessel 

which may be bolted to the upper flange of the shell from 

which it is separated by the torch insulator, a inicarta 

ring. Four holes on 25 inch bolt circle in the top are 

i inch in diameter to allow for sleeve insulation on 3/4 

inch bolts or alignment rods. The gland in the center 

of the vessel is to receive the torch holder. The torch 

holder adjusters adjust the elevation of the torch holder 

installed in the top. Vessel plates, shells, and welds 

conform to design practice of local refractory metal 
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industry. Thicknesses meet ASME pressure vessel code 

specifications. Welds are specified in accordance with 

the code where surface access makes possible welds on 

both sides of joints. 

The Bottom (38) 

The description following will be clarified by care 

in distinguishing between the terms bottom support 

assembly, bottom stay assembly, and furnace stand. 

The furnace bottom is bolted directly to the upper 

end of the bottom support assembly. It is attached to 

the lower end of the bottom support assembly by means of 

the bottom stay assembly. A pneumatic hoist raises the 

support assembly so as to two-block the bottom on the 

lower flange of the furnace shell, thus closing the 

furnace. Lowering of the hoist allows the bottom to drop 

to its lowered position; it can then be rotated from under 

the furnace stand for purposes of loading or unloading of 

casting molds or other apparatus to go into the furnace. 

When equipment is to be placed in the furnace, it is 

positioned on the bottom plate. The latter is then swung 

under the furnace shell. The barrel bolt fixed to the 

bottom plate is thrust between the vertical rods of the 

bottom aligner. Actuation of the hoist then drives the 

assembly upward to close the furnace. Destaco brand or 
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equivalent toggle clamps bolted to the under side of the 

top flange of the furnace stand are used to secure the 

bottom in the closed position. Reverse procedure would 

be f oliowed to unload the furnace. 

The use of a class 2 fit sleeve joint at one pole 

and adjustable stays at opposite pole on the bottom 

diameter is intended to provide adjustment in 2 degrees of 

freedom. The objective is a tight seal of the bottom 

O-ring against the lower flange of the furnace shell. 

Many industrial furnaces keep the bottom stationary, 

and raise and lower the upper portion of the furnace. 

Such is conceded to be simpler mechanically than the 

arrangement shown. The latter was adopted in order to 

avoid movement of the torch, which must be carefully 

adjusted for proper operation. 

Torch Installation Components (39) 

The torch installation components are 2: the torch 

holder, and the torch aligner. The latter is essentially 

a jig to hold the torch vertical in the former. The 

holder is a water walled vessel like the furnace top. It 

is inserted in a central gland in the latter, and the 

torch holder adjusters which are part of the furnace top 

assembly regulate torch elevation by adjusting elevation 

of the torch holder. The torch may be removed from the 
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holder by release of the toggle clamp on the rim of the 

holder, and removal of the aligner. Just as its aligner 

rims secure the torch against horizontal movement or 

tipping, the clamp is to prevent vertical movement of 

the torch. It presses on the top of the aligner which 

fits over the barrel of the torch. 

Wor Feed (43) 

Likely the easiest way to translate bars to be 

melted in a sealed enclosure is to lower them vertically.5 

The work feed in this design is horizontal rather than 

vertical because the torch is mounted vertically. We 

believe this virtually requires a work feed nearly 

horizontal if there are to be water walls adjacent the 

torch, and if the work is to be fed close under the torch 

nozzle. The torch is vertical so that thermal gas 

current may somewhat counteract the effluent velocity 

from the torch. 

Other requirements are that the feed material be 

protected from contamination when melted, that it complete 

the circuit electrically (when transferred arc is used), 

that the feed drive linkage be direct, simple, and 

accessible for cleaning. Also sufficient feed capacity 

"Bars" refers to bar stock press formed from powdered 
metal then sintered; available industrially in many 
diameters and lengths. 
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must be provided. 

Protection from contamination is attempted by 

enclosure of the feed within the melting chamber. Note 

attachment of the feed tube to the feed access flange. 

See Figure 6 , and the drawing Feed Tube and Cart. The 

current transferred from the torch to the feed rod should 

travel from feed rod to feed block to #4 weld cables to 

inner end of feed rig to water lead to outer end of feed 

rig, thence via contact block to ground. This circuit is 

traceable from the drawing Feed Rig Assembly-Elevation. 

The same drawing shows the drive linkage. The drive 

shaft moving the feed block bears at each end on flanged 

cartridges. Rotation of the shaft by electric motor and 

gear reducer outside the furnace turns the 3/4 thread 

against like threads on the feed block. Since the latter 

is prevented from rotation by the 3/8 copper pipe water 

lead, it translates. Translation of the feed block must 

move the feed rod through the insulated hole in the inner 

end of the feed rig assembly. When cleaning or loading 

is required, the feed rig assembly is withdrawn from the 

shell endwise by means of the feed rig dray assembly. 

See drawing so titled. Water and electric ground lines 

to the feed rig support flange are flexible so that the 

feed rig may be withdrawn without other disconnection 

than that of toggle clamps located on outboard end of 



Leed tube. 

Heat capacity of about 5 cubic inches is expected 

from the outfit described. Further feed details are 

shown in drawings immediately following those mentioned 

in the comment on feed design. 

The Furnace Stand (52) 

The stand was designed to meet standards of safe 
structural practice as described ïn the manual of the 
American Institute of Steel Construction. 

The elevation of the stand aims to provide for 6 fi- 

3 in. headroom beneath a mezzanine surrounding the 

furnace. To avoid the need of too many support columns, 

6 in. depth of mezzanine beams is assumed. Such provision 

should permit spacing of mezzanine columns approximately 

lo ft apart assuming 100 psf live load. At the same time 

it is desired to have furnace feed far enough above the 

uiezzanine floor for servicing and loading. Sight open- 

inge must be enough above the platform so that a man can 

sit on a stool thereon and sight into the furnace without 

discomfort. Prom the centerlines of sight and feed 

openings to the platforúi top 34 in. is used assuming 

1/4 in. raised pattern floor plates on the beawwor. 

Excessive height is avoided for reasons of cost and 

convenience of installation inside a building. 
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As mentioned earlier, a removable bottom was decided 

upon primarily to avoid undue disturbance of the plasma 

torch installed In the top. This requires the lowered 

bottom to be low enough Xor reasonable ease of loading 

from floor yet high enough not to require excessive travel 

for closure. Since only staall experiontal oastings are 

contemplated, it is felt that 52 inches above ground for 

the lowered bottom Is tolerable. Should it be found 

advisable to lower the low point of bottom travel, such 

can be readily accomplished by use of a longer hoist on 

a pit surface under floor level in same location as is 

the hoist shown. 

Sight and feed opening centerlines are 20 in. from 

top of support stand. The top of the furnace shell is 

29 1/2 in. above the stand top and 42 1/2 in. above 

mezzanine. The torch and its leads are thus accessible 
to standers on the surrounding mezzanine. 

The columns supporting the furnace are not syinmetri- 

cally arranged in plan. The offset of the column shown 

to left is to allow the bottom plate to be swung out from 

under the furnace when supported by either of the columns 

shown to right. Columns are specified heavy to allow not 

only for uneven load division, but also for moment action 

by the bottom on the column to which it is rigged. 
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DRAWINGS AND ANCILLARY MATERIAL 

Arrangement of Drawings 

Assembly drawings precede subasseinblies which in 

turn precede detail drawings in the description of each 

portion of the furnace. Drawings applicable to several 

different parts of the furnace assembly follow the groups 

of drawings related to individual furnace components. 

The last drawing, O-Ring Data, is an example. Next ahead 

of the first drawing, Figure 6, are general notes which 

apply to the drawings. Next after the drawings is a list 

of abbreviations and symbols. This list omits items 

widely used, such as O. D. to represent outside diameter. 

The order of entry by components is as follows: 

1. the furnace assembly - Figure 6 

2. drawings of the furnace shell, the furnace top, 

and the furnace bottom; 

3. components for installation of the plasma torch 

in the top, 

4. drawings related to feed of work metal under the 

torch to melt the former, 

5. the stand supporting the furnace proper, and 

attachments to the stand; 

6. miscellany. 
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General Notes 

All furnace joints to be vacuum tight; test 10 pounds 
air and soap. 

Grind exposed steel welds rough enough to take paint. 

All jointed shells to be joined where possible by double 
butt joint. Single butt joint where assembly makes 
double butt joint impossible. 

Use high temperature braze on copper where weld not 
specified and assembly does not necessitate low 
temperature braze. 

All dimensions shown on drawings are as finished unless 
specified otherwise. 

Furnace design contemplates use of Patent Scaffolding 
Company's 5 step rollable safety ladder or Kits Inc. 

model no. 350, or the equivalent for access to furnace 

from below. 

Abbreviations are used more extersively on the drawings 

than in the text owing to space limitations. 

Other general notes are on the drawings. 

Where not otherwise specified, steel refers to ASTM 
A-7 quality, except that for pipe or tube STM A-106 
Grade B is intended. 

Aluminum-bronze SB169D (ASME pressure vessel code) is 
intended where copper plates and shells are indicated 
and not specified otherwise. For copper pipe and tubing, 
use a standard industrial tube or pipe in the thickness 
indicated 
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ABBREVIATIONS AND SYMBOLS 

attachment attachint. 

bottom aligner b. a. 

barrel bolt b. b. 

bottom bot. 

bronze brz 

bearing bear. 

brazed brzed. 

clearance clear. 

casters cstrs. 

column col. 

deep ap 

details detis 

furnace fc 

flange fige. 

gland gid. 

feed rig F. R. 

long 1g. 

inboard inbd. 

indicated indic. 

round rd 

straight Str. 

surface sfce. 

support supt. 



B IBLIOGRAPHY 

1. American Institute of Steel Construction. Steel 
construction: A manual for architects, engineers, and 
fabricators of buildings and other steel structures. 
5th ed. New York, 1947. 432 p. 

2. American Society of Mechanical Engineers. ASME boiler 
and pressure vessel code. Section 8. Rules for 
construction of unfired pressure vessels. 1959 ed. 
New York, 1959. 212 p. 

3. Arc cutting process simplified non-ferrous fabrica- 
tion. Iron Age 176:112-113. Oct. 20, 1955. 

4. Bostick, Winston H. Plasmoids. Scientific American 
197:87-94. Oct. 1957. 

5. Britton, Wallace E. et al. Vacuum melting. Philadel- 
phia, Frank D. Jacobs, 1957. 136 p. 

6. Compton, K. T. Theory of the electric arc. Physical 
Review 21:266-291. 1923. 

7. Doremus, C. . Robert Hare's electric furnace. 
Transactions of the Electrochemical Society 13:347- 
358. 1908. 

8. Electrochemical Society, Inc. Arcs in inert atmos- 
pheres and vacuum. New York, Wiley, 1956. 188 p. 

9. Electrochemical Society, Inc. Vacuum metallurgy. 
Columbus, 1955. 213 p. 

10. Fabrication of high temperature materials. Engineer- 
ing 187:652. 1959. 

li. Facaros, G. N., D. R. Carnahan and L. M. Bianchi. 
Skull furnace design and application. In: Transactions 
of the 5th National Symposium on Vacuum Technology. 
New York, Pergamon, 1958. p. 168-174. 

12. Giannini, Gabriel M. The plasma jet. Scientific 
American 197:80-88. Aug. 1957. 

13. Harrison, E. R. and R. H. Dawton. Apparatus for 
producing plasma beams. Journal of Electronics and 
Control 5:29-32. July 1958. 



62 

14. Laurson, Philip Gustave aid William Junkin Cox. 
Mechanics of materials. 2d ed. New York, Wiley, 
1947. 422 p. 

15. Linde starts torch service. Chemical aud Engieeriig 
News 36:50-51. Dec. 15, l98. 

16. Lytle, Charles W. and Arthur F. Gould. Manufacturing 
equipment and processes. 3d ed. Scranton, Inter- 
national Textbook, 1951. 759 p. 

17. Marks, La. S. (ed) Mechanical engineers' handbook. 
4th ed. New York, 1941. 2274 p. 

18. Mooxe, James H. Vacuum induction ielting. In: 

Transactions of the 3d National Symposium on Vacuum 
Technology. New York, Pergamon, 1956. p. 202-203. 

19. Oberg, Erik and 7. D. Jones. Machinery's handbook. 
New York, Industrial Press, 1948. 1911 j. 

20. Osborn, A. B. 7kW plasma jet for laboratory use. 
Journal -2 Scientific Instruiüents 36:3I7-3i. 1959. 

21. Plasma arc tames tough metals. Steel 143:78-79. 
Dec. 22, 1958. 

22. PlasHAa arc torch. Metal Progress 75:108-109. 
Feb. 1959. 

23. Post, Richard F. Controlled fusion research-an 
application of the physics of high temperature 
plasmas. Reviews of Modern Physics 28:338-362. 1956. 

24. Reid, J. W. The plasma jet: Research at 25,000 F. 
Machine Design 30:22-24. Feb. 6, 1958. 

25. Siseo, Frank T. Modern metallurgy for engineers. 
2d ed. New York, Pitman, 148. 499 p. 

26. Smith, Hugh R., Jr. Electron bombardment ¡e1ting 
techniques. In: Vacuum reta11urgy, edited by Rointan 
F. Bunshah. New York, Reinhold, 1958. p. 221-235. 

27. Smith, H. R., Jr., C. d'A. Hunt and C. W. Hanks. 

Electron bombarthent nelting- a high vacuui technique 
applied to metallurgy. In: Transactions o the 5th 

National Symposium on Vacuum Technology. New York, 
Pergamon, 1958. p. 164-167. 



28. Squeezed arc packs higher temperatures. Chemical 
Week 83:27-30. Dec. 13, 1958. 

29. Stokes, C. S., W. W. Knipe and L. A. Streng. Heat 
transfer rates of an argon plasma jet. Journal of 
Electrochemical Society 107:35-37. 1960. 

30. Thorpe, Merle L. Some recent advances in high 
temperature technology the plasma jet and its 
applications. Paper presented at The American 
Institute of Chemical Engineers, Wilmington 
Delaware, Mar. 31, 1959. 

31. Thorpe, Merle L. The plasma jet and its uses. 
Research/Development 11:5-15. Jan. 1960. 

32. Twice as hot as tile sun. Chemical and Engineering 
News 35:28. Mar. 25, 1957. 

33. Understanding the behavior of plasmas. Engineering 
187:465. 1959. 

34. Wood, Floyd W. and R. R. Lowery. Discharge behavior 
in vacuum arc melting. Washington, U S. Dept. of 
the Interior, Bureau of Mines, 1961. 32 p. (Bureau 
of Mines Report of Investigations No. 5749) 



APPENDIX 



ve 

idwheel for 
Lting crucible 

pump 

Fig. 7 -SCH4E OF A VACUUM INDUCTION FURNACE (5,p.12) 



65 
THERMAL DYNAMICS CORPORATION 
Lebanon, New Hampshire 

Plasma Flame System Quotation #25-294 

ITEM QUANTITY DESCRIPTION PRICE 

i i Integrated Plasma Flame Cutting Torch 
Package to be used for controlled 
atmosphere melting consisting of the 
items listed below and as described 
in attached Bulletin C-101: $3,450.00 

a. i - 200 KW, TAC-200 Plasma 
Flame Cutting Torch with torch mounting 
bracket for installation on any 
conventional oxy-fuel torch holder and 
including three (3) cutting tips- Ti, 
T4, and T5, along with two (2) tip 
holders and one (1) retaining nut. 

b. i - Cutter control console, 115 
volts, AC, 60 cycle, single phase, for 
controlling the proper sequencing of 
arc-stop, cutting power and flow of 
plasma gas. 

ce i - Gas control box, providing on-off 
and mixing of plasma gas, flowmeters and 
flowmeter adjustment of gas flow rate. 

d. 1 - Remote operator's control 
station providing for remote on-off 
of the plasma cutter. 

e. 1 - Complete set of interconnection 
power and plasma gas leads between the 
torch, cutter control console, gas 
control box, power source, regulators, 
remote operator's station and water 
circulating pump. 

2- 1 50 KW Special Plasma Flame Power Source, 
230/460 volt, 3 phase. 60 cycle, 
rectifier unit providing for remotely 
controlled on-off of power, thermal 
overload protection for trans±oriners 
and selenium stacks, auxilliary 110 volt, 
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ITEM QUANTITY DESCRIPTION PRICE 

AC, 60 cycle, power for the cutter 
console, operation with tapped 
reactor power control, adjustable in 
10 kilowatt increments, provision 
to be made for high frequency 
protection and primary on-off 
control of the secondary power 
circuit. $2,460.00 

3 1 kf-20 Pump-motor-heat exchanger 
to circulate distilled water through 
torch--used to avoid mineral build- 
up which may reduce nozzle life 
(See Bulletin 131). $ 920.00 

4 1 Two stage argon regulator $ 66.50 

5 1. Two stage hydrogen regulator $ 66.50 

One day of consulting and operator training is 
included in the price of the equipment. Consultants 
travel and expense to be paid by purchaser (Estimated to 
be $550). 

All items shipped via your instructions FOB Lebanon, 
N.H. with the exception of the power supply, Item 2 
which is shipped Yc Appleton, Wisconsin, and Item 3 
which is shipped FC New Haven, Connecticut. 

TERMS: 1/2% ten days, Iet 30 days. 

Quotation considered firm for 30 days only. 

DELIVERY: Complete system shipped 4 - 5 weeks. 


