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FOREWORD

This report summarizes the unclassified results of a survey of 1965 shipments
of industrial heating equipment conducted by the U. S. Department of Commerce
for defense mobilization purposes. All known manufacturers of industrial heat-
ing equipment were surveyed, resulting in 296 establishment reports. The sur-
vey was conducted by the Metalworking Equipment Division, Business and
Defense Services Administration.

Data collected by similar surveys in 1958 and 1960 are included for compara-
tive purposes.

In addition to-data collected by these surveys, ‘the analysis of industry struc-
ture, cost structure, prices, and foreign trade is based on Bureau of Census and
Department of Labor data, as well as on data collected by personal visits to
selected manufacturing establishments representing a cross section of the in-
dustry. Technological information included was gathered from trade publica-
tions and from interviews with both manufacturers and users of industrial
heating equipment.

The report was prepared by Robert A. Ricciuti and Robert B. Grant.

Rodney L. Borum
Administrator
Business & Defense Services Administration
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THE INDUSTRIAL HEATING

EQUIPMENT INDUSTRY

Introduction

Many industries are dependent upon the scientific appli-
cation and control of heat to change the physical and
metallurgical characteristics of materials. This science has
evolved to a point where it is essential to the economy and
defense of the nation; without it, metals could not be
melted, their inner structure could not be altered, and pro-
tective coatings could not be applied. The industrial heat-
ing equipment industry, through research in methods and
equipment, has developed a technology to meet the de-
mands of American industry, and has often shown the
way to more profitable operations through the scientific
control and application of heat.

With the expanded use of exotic metals and new applica-
tions for conventional metals new and different problems
have arisen at a more accelerated rate than in previous
periods. New equipment must constantly be designed and
redesigned to meet these new requirements. The exotic
metals now being used in missile and aircraft production
require newer and different heat treating procedures. Not
only do the end products made of these new metals re-
quire the industrial heating equipment industry to develop
new and different equipment for the proper heat treatment
of the items, but also the processing of these new raw
materials into usable shapes requires an advanced tech-
nology in melting and hot forming equipment and methods.
Even in the use of conventional metals in military and
defense items there is an entirely new level of requirements
on the industrial heating equipment industry.

The new critical factor is extreme flexibility in design
and engineering and the ability to quickly provide new
types of equipment and installations. Thus, while the in-
dustrial heating equipment industry still has the same essen-
tiality, the capability and flexibility of the manufacturers
of industrial heating equipment is far more important
than in any previous mobilization period.

Summary

In 1965 the value of shipments of industrial heating
equipment amounted to a record $514 million, an increase
of 32 percent over the estimated $382 million shipped in
1964 and 67 percent over 1960 shipments of $302 million.

Production increases have been exceptional in the most
recent years with more than three-fourths of the five-year
gain occurring in 1964 and 1965. Although part of the in-
crease in value was due to increases in prices, which rose
six percent from 1963 to 1965 following a period of stability
from 1960 through 1962, the increase in output of indus-
trial heating equipment from 1960 to 1965 with adjustment
for price changes was close to 57 percent; from 1963 to
1965, 44 percent. With an average annual increase of 9.4
percent during the 1960-1965 period (based on constant
dollars), shipments of industrial heating equipment ex-
ceeded the 4.7 percent average annual growth rate of the
Gross National Product, and the 6.7 percent average
annual growth of the durable goods industries combined
for the same five year period.
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The level of activity in the industrial heating equipment
industry is largely dependent upon the investment expendi-
tures of the durable goods manufacturing segment of the
economy, notably the primary metal industries, motor
vehicles and other transportation equipment, ordnance
and machinery industries. Total expenditures for plant
and equipment by the entire durable goods manufacturing
sector increased 45 percent from 1963 to 1965; shipments
of industrial heating equipment (rising from a smaller
relative base) increased 66.2 percent. For a number of years
industrial heating equipment shipments have averaged 4.0
to 4.6 percent of all plant and equipment expenditures for
durable goods manufacture. A stimulus to the industrial
heating equipment industry in the past two or three years
has been the relatively large investment programs for
modernization in the metal processing and metal fabricat-
ing industries, especially the ferrous metal group, which
have made necessary the expenditure of large sums for new
heating equipment. The up-to-date heat treating tech-
niques for the more conventional metals and alloys, and
the development and use of “newer” metals requiring
sophisticated heating equipment have stimulated sales of
industrial heating equipment.

The major portion of the increase in industrial heating
equipment production was achieved through the fuller use
of existing production capacity. The industry, which was
operating at about 65 percent of capacity in 1960, reports
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that in 1965 it was operating at 85 to 90 percent of capacity.
New entries and expanded production facilities in the in-
dustry are estimated to have amounted to about a
25 percent increase in capacity over the entire five-year
period. Demand for industrial heating equipment continues
to increase; net new orders (current dollars) in 1966 were
more than 21 percent greater than 1965 net new orders.
The industry’s backlog of unfilled orders has been steadily
rising for the past three years and averaged about 10
months as of December 1966, according to data collected
by the Industrial Heating Equipment Association.

Improvements in applied technologies both internal and
external to the industrial heating equipment industry have
strongly affected the economies of production and utiliza-
tion of industrial heating equipment. Technical innova-
tions have shifted demand from one type of industrial
heating equipment to another rather than changing the
overall relationship of industrial heating equipment to the
durable goods sector. The resulting variations in growth
rates for different products and product classes have
significant impact on individual firms in this industry
where firms tend to specialize in rather marrow product
lines. The BDSA survey indicates that two hundred and
twenty five (three-fourths) of the establishments manu-
facture fewer than four specific types of equipment. Of
these, one hundred and eighteen firms, make only one
particular type of product.

THE INDUSTRY AND ITS PRODUCTS

Scope of Industry

The industrial heating equipment industry as referred to
in this report is defined as including establishments engaged
in the manufacture of any production items used for the
melting, refining and heat processing of ferrous and non-
ferrous metals and certain non-metallic materials and
heat-treatment of products made from them; also engi-
neering firms which design industrial heating equipment.
Included in the term industrial heating equipment are
furnaces, ovens, heaters, heating machines, kilns, induction
and dielectric apparatus, industrial combustion equip-
ment, and accessories for all the foregoing; also included
are auxiliary equipment such as quenching apparatus,
atmosphere generators, heat exchangers, and washers.
Excluded are processing equipment for food: kilns for
cement, brick, clay, tile, grain, fertilizer, and wood; coke
ovens, tanks for melting glass, steam and hot water boilers
and their accessories, prime power equipment, comfort
heating equipment, and oil, chemical and petro-chemical
processing equipment. This definition is somewhat broader
than that used by the Bureau of the Census in the Census
of Manufactures for industry 3567, Industrial Furnaces and
Ovens, under the Standard Industrial Classification (SIC)
system. The latter classifies an establishment in a particu-
lar industry according to the value of production of its
specific primary product or products; hence, the SIC 3567
may not cover those manufacturers of industrial heating
equipment which on this basis could be classified in some
other SIC industry, nor does it include engineering firms
which are not manufacturing establishments.

Metal melting, refining, and holding furnaces

Melting is the first step in processing through which
almost all metals must pass before being in their usable
form. These processes range from smelting in huge blast
furnaces to melting in miniature crucibles which are often
designed to use the type of fuel most available at the plant
location. This fuel may be solid, liquid, a gas, or electricity.

Hot Forming, Forging, Rolling, Piercing, and
Extruding Heating Equipment

Equipment used for hot forming, forging, rolling, pierc-
ing and extruding of metals and non-metallic substances

is basic to industry. This equipment ranges in size from
large billet and slab reheating furnaces used in steel mills
turning out hundreds of tons of steel per hour, to low-
temperature ovens used for heating plastic sheet that is
formed under very high pressures. Practically all of it is
custom equipment engineered to suit a specific purpose.
Many of today’s materials require not only very special
heating equipment prior to forming by any one of several
methods, but, also may require very special atmospheres
or a vacuum.

Heat Processing and Metal Treating Equipment

Heat processing and metal treating furnaces and related
equipment are the machines which “form” and alter the
micro structure and change metallurgical properties of
metals, as other machines form or shape metals to change
their outward appearance.

Heat treating is essential to give metal parts the charac-
teristics needed to withstand the environment to which
they will be exposed under continuous operation. The size
and shape of parts, density, physical properties, and type
of metal or alloy to be processed determine the individual
heating and cooling cycles used and the equipment
required.

Ovens

Ovens are used for drying, dehydrating, curing, heat
treating, and stress relieving. They are generally designed
for operating only at temperatures up about 1200° F. Heat
may be derived from steam, electricity, or the combustion
of fuel oil or gas. The transfer of heat energy may be
accomplished by convection from circulating hot air, by
radiation, or by a combination of both.

Induction Heating Equipment

Induction heating is accomplished when alternating
electrical current is passed through a coil creating a mag-
netic field which induces a current in a metal placed within
that field. These induced currents cause a temperature rise
in the metal which can be accurately controlled for desired
operations.

Induction heating is applicable in metal melting, hot
forming and forging, and heat processing and treating.
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Each application calls for different type furnaces, but all
operate on the same basic heating principle.

Dielectric Equipment

Dielectric heating is a precise, high speed, heating process
for drying, curing or preheating non-metallic material for
a variety of requirements. Any material which is a non-
conductor of electricity can be heated dielectrically by
using it as the dielectric component of a simple capacitor
arrangement. The heating occurs simultaneously through-
out the mass and drying takes place essentially from the
inside out, permitting processing at extremely rapid rates.

Auxiliary Industrial Heating Equipment

This section comprises a wide variety of standard equip-
ment such as washers, quenching apparatus, calciners, etc.,
which are generally utilized in connection with industrial
heating processes.

Combustion Equipment

Combustion equipment includes systems and system
components required to convey, measure, control, mix and
burn the fuel and air or oxygen required for the production
of usable heat in industrial processes. This equipment can
be used for combustion of both gas and oil and is adaptable
for a variety of heat applications.

Atmosphere Generators

These units produce hydrogen, nitrogen, carbon mon-
oxide, lithium gas, and other such gaseous substances
which are used to provide the proper atmosphere in the
interior of furnaces to prevent such undesirable effects
as scaling, pitting, discoloration, and decarburization of
the metal. For example, if metal parts are heat treated in a
normal atmosphere, the gases present in the air can create
a scaling condition on the surface of the metal. These un-
desirable effects are eliminated by substituting a suitable
atmosphere in the furnace chambers.

Table 1.—Industry Shipments, by Categories, 1958, 1960, 1965
[In thousands of dollars]

Item 1965 1960 1958
Grapdtotal =: . .. ... . . __soscihsees hissetnootiedy. o e b o 514,078 302,390 238,955
Cupolasandblast furnaces. Loadiin i Dabdas st L c 66,549 n.s.a. n.s.a.
Molten metal melting, refining, and holding furnaces (excluding blast furnaces
ancraupolas)stetal haess Fe b s o ihese b Sroieies L SRS e 58,924 211913 22,909
Electric (@xceptindlichon)ai~ o _giilong Do suminl . et U 15,222 5,628 10,205
BOIIOUS: 5 cosvonys oo Siviaite s Boglo i WOOERGRS. 12,557 4,446 9,507
SO T R R R s L g T 2,665 1,182 698
B Y 15,003 5,497 6,069
BOTTOUS. ry bt b Bt B o e g o oo . e 5,710 n.s.a. n.s.a.
N R O O et i 9,293 n.s.a. n.s.a.
INGOCHOWS IR U sals:  SUVORe Bacd Wi IRUINRT | s 24,713 7,478 4,446
R TR R R e S A A S R 17,875 n.s.a. n.s.a.
DG 5 N rtahts se il et A i SO e o, e 6,838 n.s.a. n.s.a.
Vaocuumpies 9600 S0 sl sl el sl bl 4w ad ke 3,986 2,510 2,189
ERPRARS s e i e Sl T e o R by 3,092 1,774 n.s.a.
NOErrous S Pus S ST INGR et S CRenT. e 894 736 n.s.a.
Hot forming, forging, rolling, piercing, and extruding heating equipment, total_ 33 108 17,668 18,804
Elactiic (Excapt IaUCHON) o o o e dmigbey corft 876 n.s.a. n.s.a.
PUelSReelTLs iy G0N OSSRy B dNSIis SR, . e 28,570 n.s.a. n.s.a.
RERREES B s o R T s e GT e TR e 23,742 14,433 15,859
PIETIEPPOIS IY N By SRR EID DA ST R BN TRl TR T 4 828 n.s.a. n.s.a.
faduebhatsiniss oty sine Sl ol Aoidi i anpiad¥ys  TSRTE R 3,662 2,596 2,407
e T R N e e S e e e SRR T TR 2,301 1,609 1,752
WNONserfous. . DG a NTENSNE SO R SRR 1,361 987 655

Shipments in 1965

Two major product categories, metal melting equipment
($125 million) and heat processing and metal treating
equipment ($159 million) accounted for more than half of
the $514 million total of shipments of industrial heating
equipment in 1965. Shipments by product category and
product are summarized below. (The dollar values for 1965
shipments compared with 1960 and 1958 are presented in
Table I).

Metal Melting, Holding, and Refining Furnaces

Shipments of metal melting, holding, and refining fur-
naces, except blast furnaces and cupolas, amounted to
$58.9 million in 1965 or almost three times greater than
1960 shipments of $21.1 million. They accounted for 12
percent of 1965 total shipments of industrial heating equip-
ment as compared to 7 percent in 1960.

Shipments of blast furnaces and cupolas amounted to

$66.5 million in 1965. No comparable data are available
for previous years.

Induction furnaces made the most significant percentage
gain during the 1960-1965 period with 1965 shipments of
$24.7 million, compared to $7.5 million in 1960. They now
account for 42 percent of all the metal melting, holding,
and refining furnaces (excluding blast furnaces and cupolas)
as compared with 36 percent in 1960.

While 1965 shipments of electric furnaces (other than
induction) amounted to $15.2 million as compared to $5.6
million in 1960, their share of the metal melting furnace
market decreased only fractionally from 27 percent in 1960
to approximately 26 percent in 1965.

Shipments of fuel fired furnaces increased to $15.0
million in 1965 from $5.5 million in 1960, but their 20 per-
cent share of the metal melting furnace market also
remained virtually unchanged.

Shipments of vacuum furnaces, both electric and fuel

o R e S e T S T R M e R A A T B S S i L R S i o B S e S RO SN B

Item 1965 1960 1958
Heat processing and metal treating equipment, total . ________________________ 159,118 131,871 95,877
Electric (except induction) 24,687 22,915 =2 957
BRIIANE - g b e 18,381 19,873 10,354
NON Terrous: "22% 108 TR Vuse 3 6,306 3,042 ;
RuebiFirgdinayg 4 00 G080 sl dmone 05 magyi hosgawpt. - - - i 72,947 65,166 56,656
B N e Y e i 62,480 58,220 47,090
MON-FEPOUNOGL! 20080 o0V 0180 Jduofnaigps 0 T 10,467 6,946 9,566
Joduglen: Jeices brp srlocmeene tuadd oo lissotms o cocomaoon oo 15,780 13,580 10,436
i S St abovmpirpafiraciu & (1 R, o g R L RN 0 1, 13,290 9,682 7,410
Non-ferrous. .. .. ... o688 dt e siipaids e o0 0L e GG 2,490 3,898 3,026
VACHUM s v oo o bale et o o BB o s IR 9,641 2,674 1,262
Laboratory furnaces. . ____ . bust sesoee® Loisipiiael 0 e gt 3,521 3,763 n.s.a.
Bath:type furnaces.. ... ... .- “@svssese Co wipess sy e L DB SIS 3175 1,908 1,384
Heating equipment without furnace chambers___________________________ 665 1,087 142
Glass and ceramiciequipment i sacis o e il oo amm ot Lo G 17,383 17,355 9,771
Cellulose processing eqiupment.’ (205 1= B =0 Do Iag i o e 1,415 198 n.s.a.
Miscellaneous metal processing and heating equipment_________________ 9,904 3,221 3,969
Industrial processoyens,stelal:: L dtyas D0 sl Baivgases - i 0 59,179 35,968 32,576
AT A U S ., (e T SRS B e s 11,940 8,245 6,736
Foeitfipeastal Vd Ve 191 DNt ) SRR RN e L TR e 45,735 25,853 24,664
Stéam hyisnmoo 2o _etaenuidy et an | vl bap el e 0L Rttt s 1,504 1,870 1,180
Dielectric heating eaMIDBIENT orvoitic sumb bt T it itdis = 6 1 RN 7,268 3,005 2:521
Auxiliary industrial heating equipment________________________________________ 33,826 n.s.a. n.s.a.
Components
Combustion equipment. . 1" soadbin SR L L B ol E NG 40,330 21,721 15,277
Atmosphere gas generators and control equipment:
Gasgenerators.... ... . TR T e e 6,980 5,366 4,115
Control equUinMBBL. . ouuiiivdet o oy SRSty URRLE  IOEHTT 1,365
Regenerative and recuperative heat exchangers__________________________ 3,978 n.s.a. n.s.a.
Replacement and repair parts sold separately________________________________ 43,453 45,209 24,283
Costiaf sub-concHnNg iy foiiirn 1.0 G attmimieins MG sl ol 26,808 n.s.a. n.s.a.

n.a. Not separately available.
Source: BDSA surveys.



Induction brazing unit for exotic metal combinations

fired, amounted to $4.0 million in 1965, decreasing to
seven percent of the metal melting furnace market com-
pared with 1960 shipments of $2.5 million which were 12
percent of the 1960 market.

Hot Forming, Forging, Piercing, Rolling, and Extruding
Equipment

In 1965, the value of shipments of heating equipment
used for hot forming, forging, piercing, rolling, and metal
extruding processes amounted to $33.1 million, an increase
of 85 percent over shipments of $17.7 million in 1960.
Despite this gain, shipments by this segment of the industry
have not grown as rapidly as shipments of industrial
heating equipment as a whole.

Because this type equipment is incorporated with forg-
ing presses, rolling mills, and extruding equipment, the
greater part is field erected (69 percent in 1965).

The breakdown by type of heat source for this equip-
ment has changed little since 1960. Eighty-five percent of
equipment shipped in 1965 was fuel fired, 13 percent was
induction, and 2 percent was electric other than induction.
High temperature requirements normally make the use of
electricity uneconomical, thus the high degree of usage of
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fuel fired equipment. However, induction equipment does
offer some advantages and is becoming more widely used
for heating steel slabs before rolling, and in certain hot
forming operations.

Heat Processing and Metal Treating Equipment

Shipments of heat processing and metal treating equip-
ment were valued at $159.1 million in 1965, a 21 percent
increase over 1960 shipments of $131.9 million. This seg-
ment of the industry, while accounting for the largest per-
centage of total industry shipments, has not shown the
same high growth rate as other segments. In terms of value,
shipments by this segment accounted for 31 percent of the
total industry in 1965 compared to 44 percent in 1960.

Value of shipments of fuel fired equipment amounted
to $72.9 million, or 46 percent of the entire group, as com-
pared to $65.2 million or, 49 percent, in 1960. Shipments
of electric equipment other than induction type were
valued at $24.7 million, 16 percent of the entire group, a
slight drop from their 17 percent of market share in 1960
when shipments amounted to $22.9 million. Shipments of
induction equipment increased from $13.6 million in 1960
to $15.8 million in 1965; the market share for this equip-
ment as a percent of the entire group remained at approxi-
mately 10 percent. Vacuum equipment showed the greatest
increase with 1965 shipments amounting to $9.6 million as
compared with $2.7 million in 1960 and its market share
increased from 2.9 percent in 1960 to 6 percent in 1965.

Glass and ceramic processing equipment, cellulose
equipment, bath type furnaces, laboratory furnaces and
miscellaneous heat processing and metal treating equip-
ment accounted for the remaining 23 percent of the value
of shipments in this group.

Industrial Process Ovens

Shipments of industrial process ovens were valued at
$59.2 million in 1965, an increase.of about 65 percent over
the $36.0 million shipped in 1960.

In 1965 and in 1960 industrial process oven shipments
accounted for 12 percent of total shipments of industrial
heating equipment.

Fuel fired ovens accounted for $45.7 million, or 77 per-
cent of total 1965 oven shipments, as compared with $25.9
million in 1960 when shipments accounted for 72 percent.
Shipments of electric ovens amounted to $12.0 million,
as compared with $8.2 million in 1960, and shipments of
steam ovens amounted to $1.5 million compared to $1.9
million in 1960.

Dielectric Heating Equipment

Dielectric heating equipment continued to account for
only a small share of the total market for industrial heating
equipment. In 1965, shipments of $7.3 million represent-
ed 1.4 percent of the total market as compared with 1960
shipments of $3.0 million, which represented 1 percent
of the total market.

Auxiliary Industrial Heating Equipment

Shipments of auxiliary industrial heating equipment
amounted to $33.8 million in 1965 or 6.7 percent of total
shipments of industrial heating equipment in that year.
No comparable data are available for previous years but
this segment of the industry has probably grown at the
same rate as the entire industry since its products are
complementary to industrial heating equipment.

Components

Shipments of industrial heating equipment components
such as combustion equipment, atmosphere gas generator
and control equipment, and heat exchangers amounted to
$52.7 million in 1965. Shipments of combustion equip-
ment, amounted to $40.3 million; atmosphere gas genera-
tors and control equipment, $8.3 million, and heat
exchanger shipments, $4.0 million.

Replacement and Repair Parts

Total shipments of replacement and repair parts sold
separately from original equipment amounted to $43.5
million, in 1965. This was a decline of 3.8 percent from 1960
shipments of $45.2 million. Industry sources state that
with large scale modernization programs under way, and
with the technological improvements in industrial heating
equipment, users tended to replace entire units rather than
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repair existing ones, and therefore the decline in shipments
of replacement and repair parts ig not surprising.

Industry Strycture
Size of Establishments

Although the scope of the ipndustrial heating equip-
ment industry as used in this Teport is somewhat broader
than that under the Standard Industrial Classification
system, the structure of the industry is reasonably indi-
cated by Bureau of Census data for SIC industry 3567
Industrial Furnaces and Ovens, [p 1965, according t(;
the BDSA survey, there were 296 establishments in
the industry, with estimated employment of 15,851
persons and value of shipmentg amounting to $514
million; in 1958 there were 201 establishments with
total employment of 10,288 persons and having value
of shipments amounting to apoyt $205 million. A
comparison of the distribution of establishments by size
of employment shows an increage in the predominance
of smaller establishments. In 1958 55 percent of the
total number of establishments employed less than 20
persons; in 1965, 60 percent employed less than 20
persons. Chart 2 shows the Percentage distribution of

establishments by employment gize in 1965
with 1958, : s clad

10-19 20-49 50-99 100-249  250-499 500-999
EMPLOYMENT SIZE CATEGORIES

Source: BDSA survey and Bureau of Census data.
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Source: BDSA survey and Bureau of Census data.

Chart 3 shows the percent of shipments attributable
to the various size classes of establishments. While the
number of shops is weighted heavily toward smaller
establishments, in 1963 the twelve largest establishments
with 42 percent of total employment accounted for 49
percent of the entire industry value of shipments, similar
to the situation in 1958. Between 1958 and 1963, while
the number of establishments with 19 or fewer employ-
ees increased from 56 percent to 62 percent of the total,
their proportion of total shipments decreased from 8
percent to 7 percent. Since 1958, however, the number
of medium and large firms has increased relative to
the smaller shops. The contribution made by the small
firms to industry shipments has continued to decline to
about 6 percent of the total in 1965. The relative num-
ber of firms with 20 to 250 employees has increased,
and their contribution to industry shipments has also
increased from approximately 41 percent in 1958 to
44 percent in 1965. The 12 largest firms have increased
their share of the market for industrial heating equip-
ment, accounting for 54 percent of total industry pro-
duction in 1965.

The reasons for the structural changes in the industry
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since 1963 are many. As a result of the high level of demand
for industrial heating equipment, many of the smaller
firms have grown into the next larger size category with-
out a corresponding number of small new enterprises
entering the industry. The majority of small establishments
specialize in small, standard, and relatively unsophisticated
heating equipment and components. The products ex-
periencing the most rapid growth from 1963 to 1965 have
been those highly sophisticated types of equipment,
especially the metal melting types, which are produced
almost entirely by the larger establishments.

Cost Structure and Prices

Although production costs have risen, the general cost
structure for firms in the industrial heating equipment in-
dustry shown in Chart 4 has remained fairly stable for a
number of years. While the modern nature and increased
sophistication of the final products of the industry are the
results of technical advances, there generally have not been
corresponding innovation and technical improvement in
the method of manufacturing industrial heating equipment.
The methods of producing a furnace or oven in 1966 are
almost identical to those of the late 1930’s. In the area of

product standardization and its resulting mechanization
and mass production techniques, little progress had been
made. In 1963, according to Bureau of Census data, 51 per-
cent of the value of industrial heating equipment ship-
ments was directly attributable to the costs of materials,
parts, supplies, energies and fuels, and contract work. This
has been a fairly consistent ratio for a long number of
years. Labor costs accounted for about 28 percent of the
1963 value of shipments as they did formerly. Because of
the nature of this industry, there is little expectation for any
radical labor-saving innovations in this area. The relation-
ship of labor costs and material costs to total costs and
prices is likely to remain fairly constant.

Prices of industrial heating equipment are very closely
related to the costs of purchased material and labor costs.
To a large extent, the “value added” by the industrial heat-
ing equipment firms is in the area of engineering and assem-
bly functions and few of the components and materials
incorporated in their final product are produced by the
industry. Thus increases in materials and components costs
are usually directly reflected in prices of heating equipment.

In recent years and particularly in 1966, the industry has
been faced with rising prices of three of its main materials:
refractories,which account for 10 to 35 percent of total costs
of furnace installations; instrumentation and control units
for heat treating furnaces, which account for 5 to 15 per-
cent of the total equipment cost; and copper components,
an important item in electric industrial heating equipment.
Labor costs also have risen as a result of increased overtime
work and a higher wage rate.

Prices of industrial heating equipment, relatively stable
from 1960 through 1962 have shown an upward trend since
1962, with the rate of increase being more rapid in 1965
and 1966 than in previous years. The Bureau of Labor
Statistics (BLS) wholesale price index series for the indus-
trial process furnaces and ovens group rose from 108.8
(1957-59 =100) in 1962 to 121.3 in 1966, total increase of
11.8 percent; percent increases in the annual averages for
successive years in this period were 1.8, 1.5, 2.8, and 4.5
respectively. According to the BLS subgroup indexes, the
largest price increases were in motor generator induction
heaters, which have been faced with rising costs for the elec-
trical materials which constitute a major portion of the
materials used in their production.

Technology

The art of heat application as an industrial manufactur-
ing technique has advanced so rapidly that today’s innova-
tions are tomorrow’s basic processes. After a long history
of gradual technological evolution, there have been in the
last few years a sudden and widespread acceptance of new
techniques and a highly accelerated replacement of tradi-
tional methods by new or alternate processes.

In metal melting, the basic oxygen furnace (BOF) is
melting more steel at less cost than the open hearth process.
Electric arc melting of steel is developing to meet the chal-

lenge of the BOF process. Induction melting in foundries
in some instances has proven better and less costly than
cupola melting, and gives a dividend of no air pollution.
Electric arc melting of ductile and malleable iron in foun-
dries is also successfully challenging the cupola process.
In rolling, extruding, forging, and forming, the methods
and volume of production are now far less restricted by
heat equipment limitations and capabilities. The present
technology of heat treating, atmosphere control, and com-
bustion engineering has developed to such a point that
many companies engaged in the use of these processes must
reassess the techniques they are currently using and make
decisions based on advantages to be gained from the more
recent developments.

Some of the more recent developments in industrial
heating equipment and their advantages to modern indus-
try are mentioned and discussed below:

Metal melting, holding, and refining equipment

Steel making methods have been changing radically and
no one technique has been unaffected by developments in
industrial heating equipment. Often improved techniques
have been dictated by competition from other methods.

Chart 4.— Cost factors in value of
industry shipments, 1963
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Source: 1963 Census of Manufactures.



Beginning with the blast furnace, the primary step in
steel making, fuel injection systems have cut coke require-
ments 25 percent and dynamic controls measure furnace
conditions, anticipate changes and automatically make
adjustments to produce desired results.

The oxygen furnace is perhaps the most significant de-
velopment in recent years and each year accounts for a
larger percentage of steel production. However, electric
arc furnaces, constantly being improved, are becoming
more competitive with even the basic oxygen process. The
traditional open hearth process can be improved by con-
version to a dual melting system, whereby a furnace is
split in two sections each of which is operated separately;
the gases from metal being refined in one section preheat
the scrap in another. With this method a charge is heated
in 4-5 minutes as opposed to 45 minutes in conventional
open hearth furnaces.

Improvements in electric arc furnaces are causing steel
makers to consider this equipment for making low carbon
steel whereas formerly they were used almost exclusively
for alloy steel. Increased power capabilities, relatively low

Atmosphere gas generator

capital cost, and the ability to produce carbon, alloy, and
stainless steel all have contributed to increased use of
electric arc furnaces.

Vacuum steel making techniques are becoming more
sophisticated and have many advantages. Vacuum arc-
furnace degassing provides for lower tapping temperatures
which result in longer refractory life in both the furnace
and the ladle; shorter furnace time results in increased
furnace output; ability to charge larger amounts of alloy
scrap permit higher alloy melts and better yields.

The vacuum steel making technique is expected to be-
come increasingly popular as the demand for special steels
of the properties produced by vacuum degassing increase
to meet the advanced metallurgical requirements of all
metalworking industries. While the cost per ton of vacuum
degassed steel is relatively high at the present time, con-
tinued research by furnace builders, together with increased
production to meet increased demands will result in cost
reductions.

As in steel making, technological developments in iron
melting methods have revolutionized that industry. Never

before has the foundryman benefitted to such an extent by
developments in melting techniques. With the induction
furnace becoming competitive with and offering advan-
tages over the cupolas and with the electric arc furnace
becoming more and more competitive with both methods,
foundries can choose a method of melting tailored to fit
their metallurgical and production requirements. Perhaps
the most significant development in this field in recent
years has been the widespread acceptance of the induction
furnace which formerly was generally restricted to non-
ferrous work. Induction melting enables accurate tem-
perature control, faster and more uniform melting, higher
yields, and an added dividend of less air pollution. The
advantages and economies of induction melting, not only
in iron foundries, but also in non-ferrous foundries, are
such that continued developments are tending to making
this process also more competitive for foundry melting.

Electric arc melting of iron is challenging the induction
furnace method and proponents claim it can surpass
induction melting in many areas.

Despite the rapid advances of electric induction and
electric arc melting furnaces, cupola melting is expected to
continue to be the leading method for melting, particularly
in large foundries. Since it is a continuous melting furnace,
whereas induction and arc are batch types, once control is
achieved it provides for a constant and uniform melt. Com-
puterized controls of charging and melting processes enable
closer control of these operations and result in more re-
fined melts; also developments such as down draft cupolas
to combat air pollution will contribute to the cupola
furnace holding its position.

Hot Forming, Forging, Rolling, Piercing and Extruding
Heating Equipment

Developments of industrial heating equipment for hot
forming, forging, and extruding have enabled producers of
both ferrous and nonferrous items to manufacture better
products at less cost.

Requirements for slab reheating furnaces have developed
to such an extent that furnaces are designed for a specific
Jjob rather than being produced in standard types. Undesir-
able skid marks and water cooling problems are being pre-
vented by using top fired furnaces. Control of scale, desir-
able in some instances and undesirable in others, is now
possible. Computers are being utilized to solve design
problems and to predict temperature variations. Conven-
tional furnaces such as roller hearth and walking beam
furnaces are being redesigned to meet specific needs when
newer alternatives fail to solve particular problems.

Induction furnaces also contribute to advances in tech-
nology in this area. Induction heating offers advantages of
controlled heat penetration, and less waste by reducing
scale. Further economies are realized in that there is uni-
form heating throughout the entire workpiece, lower energy
consumption, application of power only when desired, and
reduced heat loss in moving the workpiece from furnace to

mill. Certain disadvantages are encountered. for example a
single system may not be suitable to a wide range of sizes,
and cost of electrical energy may be high, but when other
savings are considered they may outweigh the disadvan-
tages thus making induction heating the most economical
method.

Heat Processing and Metal Treating Equipment

More and more attention is being paid to getting the
most out of metals by heating treating, and continuing
demands are being placed on equipment builders for
sophisticated equipment. Self-generating atmosphere fur-
naces for deep drawn steels, rapid plate quenching, and
high speed heating for galvanizing lines are examples
of some of the recent developments in heat treating
equipment.

Vacuum treating of steel is becoming more acceptable to
industry. Once used solely for heat treating titanium and
other exotic metals as the only method suitable, new de-
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