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1．Introduction

Brazing has long since been used as a technique for 

joining metals̶a technique indispensable for our life-

styles. Even in today’s manufacturing industry, where 

many operations are carried out automatically using ma-

chines, brazing, both mechanized and automated, contin-

ues to be an indispensable technique.

Brazing furnaces, special devices used for brazing, also 

have a long history. These furnaces are used to manufac-

ture products that require various types of brazing, such 

as aluminum brazing, copper brazing, and nickel brazing.

In today’s manufacturing, where brazing materials are 

diversifying and products are becoming more and more 

complex, vacuum brazing furnaces account for a large 

percentage of brazing furnaces, since these furnaces meet 

the need to perform brazing without undermining the 

quality of such materials.

Environmental issues, including the depletion of energy 

resources, are being hotly debated in recent years, impos-

ing demanding requirements 

on manufacturing industries. 

In addition to these environ-

mental issues, manufacturers 

are also faced with the need to 

reduce manufacturing costs. 

Consequently, with a view to 

covering the needed produc-

tion with smaller investment 

amounts ,  manufac tur ers 

often make investments in 

specialized and large-sized 

manufacturing devices rather 

than owning a large number 

of multi-purpose devices in 

order to improve production 

capacity, and to manufacture 

products in company factories instead of outsourcing their 

production. For these reasons, investments continue to be 

made in specialized brazing devices.

Brazing devices include various types of furnaces, such 

as vacuum brazing furnaces, atmosphere brazing furnac-

es, multi-chamber furnaces, and single chamber furnaces. 

In this report, we will focus on vacuum brazing furnaces 

with multiple chambers, which are suited to the special-

ized manufacturing of a single type of product and meet 

the demands of recent manufacturing industries.

2．Vacuum Brazing Technology

A vacuum refers to a pressure lower than the atmo-

spheric pressure. A vacuum brazing furnace is a device 

designed to braze materials of the same or different types 

by heating and melting fi ller metals at vacuum pressures. 

This brazing technology has various advantages, as shown 

in Table 1. Among the number of advantages provided by 

vacuum heat treatment, in this article we will focus only 
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Characteristics of 
vacuum processing

Effects on brazing Effects

1．Heating without 
oxidation

Brazing possible without using fl uxes（Anti-oxidation）
・Shortening of manufacturing processes
・Improvement in working environment
・Increase in degree of freedom in product design

・Improvement in product quality
・Cost reduction

Decrease in wear and tear of product tools
2．Vaporization of oil 

and grease
Possible to remove oil adhering to sample materials
No need for cleaning processe

・Improvement in product quality
・Cost reduction

3．Vaporization of 
alloy elements

Melt separation of brazing materials
・Brazing defect

Solutions provided by carrier 
gas method

Removal of oxide fi lm ・Improvement in product quality
4．Discharge of solid 

solution gases
Degassing effects
・Improvement in joint strength
・Improvement in treatment atmosphere

・Improvement in product quality

5．Radiation heating Uniform heating of products
・Minimizing heat deformation

・Improvement in product quality
・Increase in yields

6．Overall heating Possible to treat products of complex shapes
・Easy to automate processes
・Improvements in working environment

・Improvement in product quality
・Cost reduction

Table 1　Advantages of the Carrier Gas Method
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on those related to brazing. Major advantages include 

cost reduction and product quality improvement brought 

about by the shortening of treatment time and the stream-

lining of the treatment process. However, in order to uti-

lize of these advantages, it is necessary to understand the 

characteristics of product materials and brazing materials 

and to maintain appropriate conditions for brazing.

One of the most important points about brazing is the 

selection of brazing materials. Although pure metals are 

sometimes used for brazing, most brazing materials are 

alloys of several different metals. A wide variety of braz-

ing alloys are being developed, from those designed to in-

crease the strength of joints and the corrosion resistance 

of materials, to those designed to achieve the same joint 

quality with less expensive materials.

Another important point about brazing is the preven-

tion of melt separation of the brazing materials. The basic 

cause of melt separation is the difference in melting points 

of alloy elements. If metals A and B contained in an alloy 

differ in melting points, metal A, which has a lower melting 

point, melts fi rst, forming a joint before metal B, which has 

a higher melting point, starts melting, causing the latter to 

solidify without forming the joint. This melt separation of 

materials weakens the joint strength and results in a poorer 

appearances of products compared with normal brazing.

Vacuum brazing involves other problems as well, such 

as changes in alloy composition caused by the vaporiza-

tion of substances with high vapor pressures2), such as 

the chromium content of stainless steel. However, it is 

possible to prevent these changes by using the carrier gas 

method. While many of ULVAC’s vacuum heat treatment 

furnaces use low vacuum atmospheres, the carrier gas 

method provides a means of treating metals in an impu-

rity atmosphere equivalent to treatment in a high vacuum 

atmosphere.

The carrier gas method is a method designed to treat 

materials by making inert gases fl ow through a vacuum 

chamber while evacuating air. Treatment pressures are 

maintained in most cases between 10 Pa and 1,000 Pa. 

Figure 1 summarizes the characteristics of the carrier gas 

method3).

 1)  The method makes it possible to create atmospheres 

equivalent to high vacuums without using high vacu-

um evacuation pumps.

  Treatment using a gas with a purity of 99.99% at un-

der 100 Pa reduces the absolute pressure of impuri-

ties to approximately 1× 10-2 Pa.

 2)  Since the method does not use oil diffusion pumps, 

there is no risk of refl ux of diffusion oil, which may 

contaminate the vacuum chamber.

  The method also simplifies maintenance, reducing 

costs required for facility investment and manage-

ment.

 3)  The method treats materials in a low vacuum, and un-

like high vacuum treatment, it prevents the vaporiza-

tion of alloy elements, thereby reducing changes in 

the alloy composition and preventing surface rough-

ness in brazed products.

 4)  The method makes it possible to substitute impurity 

molecules absorbed into the surface of products 

and structures within the furnace with carrier gas 

molecules and remove impurities. It is possible to 

decrease the concentration of the substances that are 

substituted and removed when discharging them to-

gether with gases.

It is not completely impossible to use the carrier gas 

method with brazing materials that are purported to be 

made exclusively for high vacuum treatment, although 

Carrier gas

Vacuum chamber

Heat generator

Product

Gases discharged from 
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Figure 1　Carrier Gas Method
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the method is not necessarily superior to other brazing 

methods in such cases. It is important to choose an appro-

priate treatment method based on the shapes and quality 

of products and the characteristics of brazing materials as 

well as careful sampling.

We will now explain the treatment processes generally 

used in brazing. Figure 2 shows a heat treatment process 

generally used in brazing. There are a number of tech-

niques, such as aluminum brazing and copper brazing, 

which differ in temperature and other brazing conditions, 

but the basic concepts are the same. First of all, T1 is the 

process by which the temperature is raised from the start 

of heating through temperature t1 to temperature t2. This 

process removes moisture, oil, and binder components 

mixed into the brazing material if brazing paste is used. 

Insufficient treatment during this process may not only 

cause defects such as the oxidation of brazing materi-

als, but also have negative effects on structures within 

the furnace. In order to shorten the treatment time, it is 

necessary to raise the temperature quickly. However, the 

temperature is sometimes maintained at a certain level 

for a certain period of time to suffi ciently remove binder 

components.

Process T2 is called the heat balancing process, which 

ensures uniform temperature distribution across different 

parts of a product at a temperature lower than the solid 

phase temperature of brazing materials. Variations in the 

temperature of a product during brazing cause defects as 

a result of the melt separation and running of brazing ma-

terials. Therefore, it is necessary to maintain the soaking 

temperature for the minimum period of time required to 

ensure uniform temperature distribution. T3 is the pro-

cess by which the temperature is raised from the soaking 

temperature to the temperature required for brazing. If 

the temperature is raised too slowly during this process, 

it may cause melt separation of the brazing materials. 

Therefore the temperature needs to be raised at the fast-

est speed possible.

T4 is the brazing process. The brazing temperature 

must be maintained for the minimum period of time re-

quired to melt the brazing materials and to form the joint. 

Maintaining the brazing temperature for too long causes 

the brazing materials to run, resulting in a defective prod-

uct. Therefore, products must be heated properly and 

treated for an appropriate period of time so that all braz-

ing materials will melt uniformly.

T5 and subsequent processes are cooling processes. 

Since forced cooling is not ordinarily performed until 

brazing materials have solidifi ed, products are allowed to 

cool gradually in the chamber (in a single chamber fur-

nace) or in the heating chamber (in a multi-chamber fur-

nace) in order to avoid giving a shock to the melted mate-

rials. Processes T6 and T7 are cooling processes after the 

solidifi cation of brazing materials. However, since forced 

cooling from an extremely high temperature generates 

thermal stress and causes fractures in products of certain 

shapes, products are cooled gradually until they reach 

a given temperature. If they reach a temperature where 

forced cooling forced cooling no longer cause problems, 

cooling gases are let into the furnace to cool them until 

they reach a temperature where exposure to the air does 

not cause discoloration or oxidation.

3．Characteristics of Vacuum Brazing Furnaces

Treatment with a vacuum brazing furnace requires the 

processes presented in the preceding section. In order to 

understand the characteristics of vacuum brazing furnaces, 

it is necessary to examine not only the heating and cooling 

processes, but also the evacuation process in detail.

The evacuation process does not involve any serious 

problems when treating a single batch of products. How-

ever, there is a manufacturing quota for each period pre-

determined at manufacturing sites, and the treatment time 

is usually set in accordance with this predetermined quo-

ta. To treat products within a fi xed treatment time, short-

ening evacuation time becomes of crucial importance. 

Since antioxidants are not generally used in vacuum braz-

ing, brazing products without properly removing moisture 
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Figure 2　Brazing Processes
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and oxygen from the vacuum chamber atmosphere and 

products causes oxidation of brazing materials, which in 

turn may result in defective products. To prevent this, it 

is necessary to raise the vacuum level suffi ciently before 

heating products and to eliminate moisture before raising 

the temperature to the level required to remove binder 

components.

The selection of vacuum pumps assumes great impor-

tance for these reasons. A combination of oil-sealed rotary 

vacuum pumps and mechanical booster pumps is often 

used for evacuation in recent low vacuum atmosphere 

brazing furnaces using the carrier gas method, while the 

same combination plus oil diffusion vacuum pumps are 

used in furnaces, such as aluminum brazing furnaces, 

that require high vacuum atmospheres. Even when using 

carrier gases for treatment, there is a need to reduce the 

partial pressures of impure gases inside the furnace dur-

ing the initial evacuation before heating̶i.e. to evacuate 

air until the partial pressures reach levels lower than the 

treatment pressure with carrier gases. We need to careful-

ly examine the moisture and gases contained in products 

for treatment, the size of vacuum chambers and the treat-

ment time in order to choose a combination of vacuum 

pumps that meet the necessary requirements.

As mentioned in the preceding section, brazing quality 

is affected by the temperature distribution inside products 

during the heating process. In a vacuum furnace, heat is 

transmitted by radiation.5) Although it takes longer for 

the temperature of the heat generator within the furnace 

to be transmitted to products by radiation compared with 

air convection heating, radiation heating has a greater ad-

vantage in terms of heat uniformity. Accordingly, vacuum 

brazing is less likely than other brazing methods to cause 

fractures and deformations in brazed products, even if no 

preventive measures are taken. However, radiation heat-

ing causes the temperature of the parts of products facing 

the heat generator to rise more quickly than the tempera-

ture of the parts hidden from the generator. Therefore, 

the treatment time needs to be set by measuring the dis-

tribution of temperatures on the surface of products and 

by examining which parts the temperature rises more 

slowly in and how long it takes to suffi ciently heat these 

parts.

During the cooling process, in many cases cooling gas-

es are used for forced cooling after brazing materials have 

solidifi ed to form the joint. However, the important point 

is not just to cool products quickly, but to choose a cool-

ing process suited to the shape and characteristics of the 

products. Cooling gases used for brazing include hydro-

gen, helium, nitrogen, and argon. In terms of cooling per-

formance, hydrogen gas is best suited to brazing, but the 

use of hydrogen gas requires great caution since it has 

a risk of explosion. While helium is superior in cooling 

performance next to hydrogen, it is very expensive and is 

not suited for practical use in factories. For these reasons, 

nitrogen gas is used most often as the cooling agent. How-

ever, nitrogen gas causes nitridation of some products, 

such as those containing titan, and in such cases, argon 

gas is normally used for cooling. Argon, which is inferior 

to nitrogen in terms of cooling performance and is also 

more expensive, is seldom used in cases where nitrogen 

does not cause any such problems.4)

While vacuum brazing furnaces have the advantages 

shown in Table 1, they also require careful maintenance. 

If vacuum pumps are incapable of performing their proper 

functions in the treatment of products, unnecessary sub-

stances may be carried into vacuum chambers, causing 

negative effects on structures within the chambers where 

subsequent processes are performed. Air leaks and water 

leaks also cause coloration of products. If a water leak 

occurs inside a furnace, it takes at least a whole day to 

repair the damage and restore the original state. Failures 

occur in these furnaces just as in other manufacturing ma-

chines. In order to avoid failures as much as possible and 

to maintain the sophisticated vacuum brazing technology, 

it is necessary to perform checks and maintenance on a 

Single chamber furnace Multi-chamber furnace

Characteristic ・Small space for installation

・Devices are inexpensive

・ Simple structure because of 

lack of conveyor systems

・High productivity

・Excels in energy saving performance

・Does not cool heating chamber 

　and heat cooling chamber: very effi cient

・Prolongs useful life of furnace structure

Table 2　Characteristics of Single Chamber Furnaces and Multi-Chamber Furnaces
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regular basis.

4．Types of Vacuum Brazing Furnaces

Vacuum brazing furnaces are classifi ed by their forms 

into different types, such as vertical furnaces, horizontal 

furnaces, single chamber furnaces, and multi-chamber 

furnaces. Table 2 shows the characteristics of both multi-

chamber furnaces and single chamber furnaces. Single 

chamber furnaces have the advantage that the devices 

and the space required for their installation are small, 

since they use a single chamber for all processes from the 

loading of products, heating, cooling through to unload-

ing. However, since these furnaces are incapable of treat-

ing products other than those that have been loaded, they 

cannot produce a large amount of products per unit time.

Other than the number of chambers, brazing furnaces 

are also classified in terms of processing pressures. 

Vacuum furnaces are generally classified into high vac-

uum furnaces and low vacuum furnaces, depending on 

whether they use treatment pressures below or above 10-2 

Pa. Their essential difference lies in the type of evacuation 

system used: Low vacuum furnaces mainly use a combi-

nation of mechanical booster pumps and oil-sealed rotary 

pumps, while high vacuum furnaces use high vacuum 

evacuation pumps, such as oil diffusion pumps, in addition 

to the combination of mechanical booster pumps and oil-

sealed rotary pumps.

Figure 3 shows the composition of a typical ULVAC 

high temperature vacuum brazing furnace with fi ve cham-

bers. It is comprised of a pre-heating chamber, a soaking 

chamber, a brazing chamber, a cooling chamber and a gas 

cooling chamber. Atmospheres in different chambers are 

separated from each other by doors called sluice valves 

designed to treat products without exposing chambers 

other than the pre-heating and gas cooling chambers to 

the air. Unlike single chamber furnaces, this furnace does 

not require the heating chamber to be cooled every time 

products are loaded, thereby improving energy effi ciency. 

With this chamber arrangement, pre-heating (removal 

of moisture, oil, and binders), soaking, brazing, cooling 

and forced cooling are performed in separate chambers, 

so the treatment process that takes the longest time 

determines the cycle time for loading products into the 

furnace. This furnace achieves a large increase in produc-

tion per unit time compared to single chamber furnaces, 

and so is suited to the mass production of products of the 

same shape. Since multi-chamber furnaces use separate 

chambers for different treatment processes, each cham-

ber can be designed to have a structure best suited to its 

proper treatment process.

A multi-chamber furnace has a conveyance mechanism 

outside that carries products from the unloading chamber 

to the loading chamber, which makes it possible to load 

products directly to and from sample carts.

Thin-type chambers are used for vacuum brazing in 

both single and multi-chamber furnaces. Thin-type cham-

bers are designed to make it easier for products to receive 

radiation heat directly from the heat generator and to 

increase their temperature sensitivity so as to eliminate 

redundant time required for the raising of temperature. 

They are also designed to improve brazing quality by en-

hancing the heat uniformity of products.

As has already been mentioned, brazing quality is af-

fected not only by heat uniformity during brazing, but also 

by temperature parameters related to heating and cool-

ing. The temperature parameters of products are often 

measured in order to examine treatment conditions and 

to track down the causes of defects in brazing. Thus, the 

measurement of temperature parameters is essential in 

examining and improving treatment processes. A single 

chamber furnace designed to enable a thermocouple to 

be inserted into the furnace wall allows the measurement 

of temperatures from heating through to cooling. With 

a multi-chamber furnace, in which products are moved 

from one chamber to another as treatment proceeds, it 

is impossible to measure temperatures using a thermo-

couple inserted through the furnace wall. Accordingly, 

a memor y-type temperature measurement system is 

required for multi-chamber furnaces. This system is fre-

quently used for vacuum heat treatment furnaces with 

multiple chambers and is designed to measure and record 

temperatures by moving within the furnace along with 
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Figure 3　 Structure of a Typical High-Temperature Vacuum 
Brazing Furnace with Five Chambers
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the products being treated. Many multi-chamber vacuum 

brazing furnaces are designed to incorporate this system.

Brazing furnaces differ not only in the number of cham-

bers, but also in their structures, which differ depending on 

the type of products to be treated: i.e. whether they are made 

of aluminum or copper. In the following sections, we will 

briefl y describe the characteristics of aluminum, copper, and 

nickel brazing furnaces often used in vacuum brazing.

4.1　Aluminum Vacuum Brazing Furnaces
Figure 4 presents a typical structure for an aluminum 

vacuum brazing furnace and Figure 5 is a picture of an 

aluminum vacuum brazing furnace. Since aluminum vac-

uum brazing is markedly different in brazing conditions 

from other types of brazing, the structure of the furnace 

is also different. Therefore, furnaces used for aluminum 

brazing cannot be substituted for vacuum furnaces used 

for other types of brazing. The treatment temperature 

required for aluminum brazing is normally around 600℃ , 

and brazing is performed in a high vacuum atmosphere, 

at a level of 10-3 Pa, using oil diffusion vacuum pumps. 

Brazing material contains magnesium6) in order to re-

move the oxides that cause problems in brazing and to 

prevent oxidation of the brazing material. There are traps 

in a number of places, including the evacuation pipes, 

to collect this magnesium in order to prevent it from ad-

hering to furnace walls and flowing into the evacuation 

system during brazing. However, not all chambers are 

provided with this mechanism: the pre-heating chamber 

is equipped with an oil trap system designed to collect 

cleaning oil removed from products, while the chambers 

after the soaking chamber where magnesium might spat-

ter all have these magnesium traps. In aluminum brazing, 

there is no need to decrease the temperature of products 

down to the room temperature. Therefore, products are 

removed from the furnace after brazing, with the air in 

the removing chamber being replaced with outside air.

If brazing conditions are not satisfi ed, aluminum braz-

ing is likely to cause product defects due to insufficient 

melting or running of brazing materials, or excessive 

growth of alloy layers. Accordingly, aluminum brazing fur-

naces need periodic maintenance, including the cleaning 

of magnesium and oil adhering to interior walls.

Aluminum vacuum brazing furnaces have a long history. 

These furnaces have been used for the manufacturing of 

heat exchangers for automobiles and electric appliances 

ever since the aluminum brazing process was invented. 

Brazing with vacuum furnaces, which does not use fl uxes, 

is an environmentally friendly technology that can also 

reduce running costs. For these reasons, it has attracted 

public attention and is used for various purposes. In recent 

years, however, the Nocolock brazing method, which does 

not use fl uxes or vacuum atmospheres, is used more often 

than vacuum brazing. Since the Nocolock brazing method 

does not require vacuum atmospheres, only a limited 

number of manufacturers are making new investments in 

vacuum brazing furnaces specializing in aluminum these 

days. In recent years the use of vacuum brazing furnaces 

is limited to the manufacture of products that require high 

levels of purity (ones that are not suited to treatment in the 

air or cause brazing defects if treated in air), which makes 

these furnaces all the more irreplaceable.

4.2　Copper Vacuum Brazing Furnaces
Compared with the aluminum brazing furnaces de-

scribed in the preceding section, vacuum brazing furnaces 

account for a particularly large percentage of copper braz-

ing furnaces. Copper brazing is used for the manufacture 
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of stainless steel, machine parts made of copper, and heat 

exchangers.

Copper brazing is normally performed at temperatures 

between 900℃ and 1050℃ and at pressures between 10-2 

Pa and 100 Pa. Besides copper alloys, pure copper is used 

as brazing material. Pure copper has no risk of causing 

melt separation and has a high wettability with product 

materials such as stainless steel. Sheet materials and wire 

materials are also used as brazing materials, along with a 

method for mixing powdered material with a paste called 

the binder and applying it to products. Unlike aluminum 

brazing, copper brazing has no risk of causing magne-

sium to adhere to interior walls. However, cleaning oil and 

other substances adhering to products may be degreased 

by heating inside the furnace and subsequently enter 

vacuum pumps or remain within the furnace, reducing 

the evacuation performance or having negative effects on 

the vacuum level and other conditions of the atmosphere 

within the furnace. While using vacuum brazing furnaces 

eliminates the degreasing/cleaning process, a mechanism 

needs to be created for properly collecting and eliminat-

ing grease removed within the furnace. As shown in Fig-

ure 3 in Section 3, the pre-heating chamber of this type of 

brazing furnace has a trap designed to collect grease.

4.3　Nickel Vacuum Brazing Furnaces
Figure 6 shows a photo of a high-temperature vacuum 

brazing furnace. Nickel brazing is often used for the braz-

ing of stainless steel products. Compared with other braz-

ing materials, nickel brazing material is more resistant to 

high temperatures and also has a higher resistance to cor-

rosion and oxidation. For these reasons, nickel brazing is 

widely used for the manufacture of products used at high 

temperatures, such as gas turbine engines for aircrafts 

and, more recently, EGR coolers for automobiles.

Nickel brazing is performed most often at high tem-

peratures around 1000℃ to 1200℃ and in vacuum atmo-

spheres between 10-2 Pa and 60 Pa. Nickel brazing mate-

rials are most often provided in powder form and used 

mixed with binders. Therefore, binder components that 

have been heated and removed from products sometimes 

cause damage to brazing furnaces. What is most likely to 

be affected is not the interior of heated furnaces, but vac-

uum pipes and vacuum pumps where binder components 

adhere, causing a decline in the evacuation performance 

and a deterioration in vacuum atmospheres. Binder com-

ponents need to be collected to prevent them from enter-

ing evacuation systems.

Nickel brazing and copper brazing are classified as 

high-temperature brazing and use heating mechanisms 

designed to heat materials to high temperatures, around 

1200℃. Since, unlike aluminum brazing, products will 

oxidate if they are cooled at atmospheric pressures, they 

need to be allowed or forced to cool in a vacuum atmo-

sphere or gas atmosphere within the furnace until the 

temperature falls to around 100℃, before taking them 

out of the furnace. In these respects, nickel and copper 

brazing furnaces differ greatly from aluminum brazing 

furnaces.

Powdered brazing materials as well as amorphous foil 

brazing materials have been developed for nickel brazing. 

However these materials are expensive, and powdered 

materials mixed with paste are most often used.

5．Problems with Brazing Furnaces

Due to rises in materials prices in recent years, brazing 

material manufacturers are developing varieties of braz-

ing materials that are cheaper and have greater, or at least 

equally dependable, joint strength or corrosion resistance 

compared with existing materials, causing the variety of 

brazing materials to increase. As requirements imposed 

on manufacturing industries become more demanding 

than ever, manufacturing devices themselves need to 

satisfy more demanding standards. It is possible to treat 

products using most of the newly developed brazing ma-

terials without making substantive changes to the basic 

structure of vacuum brazing furnaces, if treatment condi-

Figure 6　High-Temperature Vacuum Brazing Furnace
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tions are properly examined. However, the ease of use and 

maintenance regardless of the characteristics of brazing 

materials or products to be treated need to be ensured. In 

order to meet these requirements, the following problems 

must be solved.

As new brazing materials are developed and more 

improvements are made, varieties of binders are also 

developed to be used by being mixed with metal powder. 

These new brazing materials are likely to have effects 

on processes that are not affected by existing treatment 

methods. Nevertheless, many of the newly developed 

brazing materials, including binders, are kept confi dential 

as industrial secrets of their manufacturers. Devices like 

vacuum brazing furnaces are normally operated 24 hours 

a day, and since it is diffi cult to maintain furnaces while 

they are being operated, a mechanism designed to collect 

binders based on the accurate analysis of their character-

istics and to easily remove binder oil thus collected needs 

to be developed. Research and development are being 

conducted with regard to this binder-oil trap mechanism, 

and further improvements will be made in the near future.

Improvements in the performance of devices are re-

quired in order to meet the needs to reduce running costs 

and to save energy. These requirements are becoming 

more and more demanding, however. In recent years, 

those engaged in the development of devices are required 

to make improvements in after-sale services as much as 

improvements in the functions of separate devices.

Due to the dramatic improvements in the performance 

of control devices for manufacturing machines, most of 

these machines are operated automatically, excluding 

some special operations. There are machines designed to 

take in program patterns for treating products automati-

cally, with only a few people monitoring them on manufac-

turing lines. Since production lines are being automated 

in increasing numbers, the controllability and reliability of 

machines need to be improved.

(This article was originally published in “Light Metal 

Welding,” Vol. 46 (2008), No.12, issued by the Japan Light 

Metal Welding and Construction Association.)
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