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TechnologyAn Overview of Equipment Designs 
for the Heat Treatment of Fasteners  by Daniel H. Herring

   The heat treatment of fasteners can be done in a variety of industrial furnaces 
and ovens, which are available in a myriad of shapes and sizes. Some are designed 
to run a wide range of diverse products; others dedicated to running one particular 
component part. Similarly, the processes run in them can also be quite diverse, 
ranging from annealing to hardening to tempering; some furnaces must have the 
flexibility to run almost anything; others are focused on a single process applica-
tion. Some of the more common types and the applications for the heat treatment 
of fasteners will be discussed here.

Heat treatment systems for fasteners must all have one thing in common – flex-
ibility; the capability to produce large or small quantities of fasteners “on demand”. 
It is not uncommon to see production lots as small as 4.5 kg (10 lbs.) and as large 
as 4535 kg (10,000 lbs.) or more. The most common heat treatments for fasteners 
involve hardening and case hardening (carbonitriding and carburizing) followed by 
tempering. Case depths are shallow, typically 0.0038 – 0.038 mm (0.0015” to 0.015”). 
Quench media runs the gambit from brine, water, polymer, oil, and molten salt de-
pending on engineering requirements.

The characteristics of various types of furnaces and ovens are outlined below so 
as to provide general guidelines for their use. Normal operating temperatures (Table 
1), common applications performed in each type of furnace (Table 2) and the type 
of atmosphere run (Table 3) are examples of the information needed to help deter-
mine if a particular furnace style is appropriate for a given product.

Table 11 Typical Furnace Operating Temperature Ranges  表11、熱處理爐典型操作溫度範圍

Furnace Style 爐體樣式 Typical Operating Range , °C (°F) 
典型操作範圍, °C (°F)

Box 箱式 205 – 1175 (400 – 2150)

Pit 坑式 120 – 1090 (250 – 2000)

Mechanized Box (Integral Quench)
機械化箱式（整體淬火）

760 – 980 (1400 – 1800)

Bell 鐘罩式 400 – 1040 (750 – 1900)

Salt Bath 鹽浴式 205 – 1315 (400 – 2400)

Gantry 活頂門式 790 – 980 (1400 – 1800)

Tip-Up 端部翻起式 595 – 980 (1100 – 1800)

Carbottom 台車車底式 425 – 1205 (800 – 2200)

Mesh Belt Conveyor Furnace (with or without support 
rollers, open chamber of muffle style)
網帶輸送式（有或無支撐滾輪，馬弗隔燄開放爐膛）

205 – 1175 (400 – 2150)

Mesh Belt Conveyor Furnace (Ceramic Belt) 
網帶輸送式（陶瓷皮帶）

205 – 1315 (400 – 2400)

Inclined (Humpback) Conveyor Furnace
前傾（隆起）輸送式

540 – 1175 (1000 – 2150)

Cast Link Conveyor Furnace
鑄鐵鏈接輸送式

540 – 955 (1000 – 1750)

Roller Hearth Furnace 滾輪底式 425 – 1010 (800 – 1850)

Pusher Furnace 推進桿式 845 – 1010 (1550 – 1850)

Walking Beam 步進樑式 955 – 1290 (1750 – 2350)

Rotary Drum 旋轉桶槽式 790 – 955 (1450 – 1750)

Rotary Hearth 轉底式 790 – 925 (1450 – 1700)

Shaker Hearth Furnace 振底式 845 – 1010 (1550 – 1850)

Monorail 單軌式 790 – 955 (1450 – 1750)

Tube Annealing Furnace 管式退火 760 - 1150 (1400 – 2100)

Screw Conveyor 螺旋輸送式 675 – 955 (1250 – 1750)

Chain Conveyor 鍊式輸送帶 675 – 955 (1250 – 1750)

Forge Furnace 鍛造式 870 – 1315 (1600 – 2400)

緊固件熱處理所使用的加熱及處

理爐，其形狀和大小種類繁多。有些為

多樣產品廣泛應用而設計，其他則專為

某種特定零組件而開發。同樣的，熱處

理爐內操作的處理種類也相當多，從退

火、硬化到回火；有些爐體具有高度的

靈活度，能夠操作各種熱處理加工製

程，其他則專門應用於單一處理。本文將

討論緊固件熱處理較為常見的類型及其

應用。

所有緊固件熱處理系統必定都有

一個共同點―「靈活度」，即是「因應

需求」加工產出大批量或小批量的緊

固件。小批量如4.5公斤(10磅)，大批量
如4,535公斤(10,000磅)或更大批量的
生產並非罕見。最常見的緊固件熱處理

製程涉及硬化和表面硬化(碳氮共滲和
滲碳），之後就是回火。表面硬化層的

深度很淺，通常是0.0038~0.038毫米
(0.0015“~0.015＂)。淬火介質視工程要
求而定，可以是鹽水、水、聚合物、油，

以及熔融鹽類。

以下概略敘述不同類型處理爐特

性，以便提供一般性的使用原則。正常

的操作溫度(表1)，各類型熱處理爐常見
的應用(表2)以及爐體內運作氣氛(表3)，
諸如此類的資訊都有助於決定某種爐體

型式是否適合指定產品所需。

注意事項：

a. 最常見的爐內氣氛為空氣。對於某些如
回火的低溫操作來說，材料表面的最終

條件必須能夠容忍輕微程度的氧化。鋁

合金的固溶熱處理和老化操作是另一

個例子，其中緊密附著已經存在的氧化

層讓處理可在空氣中進行。

b. 氬氣和氦氣是真實的惰性氣體。在一定
條件下，氮氣可能導致表面產生化學反

應，例如在980℃(1,800℉)以上的溫度
加工不銹鋼可能導致表面累積氮氣。氫

氣具高度還原性，在某些特定合金(例如
鈦、鉭)可能導致氫脆化。

緊固件熱處理設備 
設計概觀 



Table 21Common Applications of Heat Treating Furnaces 表2 1、熱處理爐常見應用

Furnace Style
爐體樣式

Application Use
應用

Bell  
鐘罩式

Aging, Bluing, Hardening, Nitriding, Solution Heat Treatment, Stress Relieving, Tempering
老化，燒藍，硬化，滲氮，固溶處理，消除應力，回火

Box
箱式

Aging, Annealing, Carburizing, Hardening, Malleabilizing, Normalizing, Solution Heat Treatment, Stress Relieving, Tempering 
老化，退火，滲碳，硬化，鍛鑄冶金化，正火，固溶處理，消除應力，回火

Car Bottom
台車車底式

Annealing, Carburizing, Hardening, Homogenizing, Malleabilizing, Normalizing, Spheroidizing, Stress Relieving, Tempering
退火，滲碳，硬化，均質，鍛鑄冶金化，正火，球化，消除應力，回火

Cloverleaf
三葉草式

Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Normalizing, Tempering
退火，碳修復，碳氮共滲，滲碳，硬化，正火，回火

Continuous Slab
連續板式

Carburizing, Homogenizing, Solution Heat Treatment
滲碳，均質化，固溶熱處理

Conveyor
輸送式

Austempering, Annealing, Brazing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Homogenizing, Spheroidizing, 
Tempering
等溫淬火，退火，釬焊，碳修復，碳氮共滲，滲碳，硬化，均質，球化，回火

Electron Beam 
電子束衝擊式

Hardening (surface)
硬化(表面)

Elevator Hearth
爐室升高式

Aging, Annealing, Hardening, Malleabilizing, Solution Heat Treatment, Stress Relieving, Tempering
老化，退火，淬火，可鍛鑄冶金化，固溶處理，消除應力，回火

Fluidized Bed
流化床式

Carbonitriding, Carburizing, Hardening, Nitriding, Nitrocarburizing, Steam Treating, Tempering
碳氮共滲，滲碳，硬化，滲氮，氮碳共滲，蒸汽處理，回火

Humpback 
前傾(隆起背)輸送
式

Annealing, Brazing, Hardening, Stress Relieving, Sintering
退火，釬焊，硬化，應力消除，燒結

Induction
感應式

Hardening, Tempering
硬化，回火

Integral Quench 
整體淬火式

Austenitizing, Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Nitrocarburizing, Normalizing, Stress 
Relieving, Tempering
奧氏體化，退火，碳修復，碳氮共滲，滲碳，淬火，氮碳共滲，正火，消除應力，回火

Ion
離子式

Carbonitriding, Carburizing, Nitriding, Nitrocarburizing
碳氮共滲，滲碳，滲氮，氮碳共滲

Laser
激光式

Annealing
退火

Monorail
單軌式

Annealing, Hardening, Normalizing, Stress Relieving, Tempering
退火，退火，正火，消除應力，回火

Pit
坑式

Annealing, Bluing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Homogenizing, Nitrocarburizing, Nitriding, 
Normalizing, Solution Heat Treatment, Steam Treating, Stress Relieving, Tempering
退火，發藍，碳修復，碳氮共滲，滲碳，硬化，均質，氮碳共滲，滲氮，正火，固溶熱處理，蒸汽處理，消除應力，回火

Pusher
推進桿式

Annealing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Malleabilizing, Metallizing, Nitrocarburizing, Normalizing, 
Solution Heat Treatment, Sintering, Spheroidizing, Stress Relieving, Tempering
退火，碳修復，碳氮共滲，滲碳，淬火，鍛鑄冶金化，金屬化，氮碳共滲，正火，固溶熱處理，燒結，球化退火，消除應力，回火

Quartz Tube
石英管式

Hardening, Sintering
硬化，燒結

Resistance 
Heating
電阻加熱式

Aging, Annealing, Carbonitriding, Hardening, Normalizing, Stress Relieving
老化，退火，碳氮共滲，硬化，正火，應力消除

Roller Hearth
滾輪底式

Bluing, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Malleabilizing, Normalizing, Solution Heat Treatment, 
Spheroidizing, Stress Relieving, Tempering
燒藍，碳修復，碳氮共滲，滲碳，硬化，鍛鑄冶金化，正火，固溶熱處理，球化，消除應力，回火

Rotating Finger
指狀旋轉式

Annealing, Hardening, Normalizing, Stress Relieving, Tempering
退火，硬化，正火，消除應力，回火

Rotary Hearth
轉底式

Annealing, Austempering, Carbon Restoration, Carbonitriding, Carburizing, Hardening, Tempering
退火，等溫淬火，碳修復，碳氮共滲，滲碳，硬化，回火

Salt Bath
鹽浴式

Austempering, Carbonitriding, Carburizing, Hardening, Malleabilizing, Martempering, Nitrocarburizing, Normalizing, Tempering
等溫淬火，碳氮共滲，滲碳，硬化，鍛鑄冶金化，分級淬火，氮碳共滲，正火，回火

Screw Conveyor
螺旋輸送式

Annealing, Hardening, Stress Relieving, Tempering
退火，硬化，消除應力，回火

Shaker Hearth
振底式爐

Annealing, Carbonitriding, Carburizing, Hardening, Normalizing, Stress Relieving, Tempering
退火，碳氮共滲，滲碳，硬化，正火，消除應力，回火

Split
分叉式

Annealing, Stress Relieving
退火，應力消除

Tip-Up
端部翻起式

Annealing, Hardening, Malleabilizing, Normalizing, Spheroidizing, Stress Relieving, Tempering
退火，硬化，鍛鑄冶金化，正火，球化，消除應力，回火

Vacuum
真空式

Annealing, Brazing, Carbon Deposition, Carbonitriding, Carburizing, Degassing, Hardening, Nitrocarburizing, Normalizing, Solution 
Heat Treatment, Sintering, Stress Relieving, Tempering
退火，釬焊，積碳，碳氮共滲，滲碳，脫氣，淬火，氮碳共滲，正火，固溶熱處理，燒結，消除應力，回火

Walking Beam
步進樑式

Annealing, Hardening, Normalizing, Sintering, Stress Relieving, Tempering
退火，硬化，正火，燒結，消除應力，回火
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Table 31 Common Types of Furnace Atmospheres  表3 1、爐體氣氛常見類型

Type 類型
Chemical 
Symbol
化學符號

Remarks
備註

Air a 空氣a N2 + O2
Air is approximately 79% nitrogen, 20.5% oxygen.
空氣約是79％的氮氣，20.5％的氧氣

Argon b 氬b Ar Argon is an inert gas. 氬是一種惰性氣體

Alcohols 醇 C6H6, C7H8

Atmosphere created by the decomposition of benzene or 
toluene dripped into a hot furnace.
爐內氣氛以滴入分解的苯或甲苯的方式製造。

Blended Atmospheres
混合氣體

Mixtures of various gases including nitrogen (0 - 100%) 
and hydrogen (0 - 100%) blends, and so-called “wet＂ 
atmospheres, that is high dew point nitrogen or hydrogen 
mixed with dry gas.
各種氣體的混合物，包括氮氣(0 - 100％)和氫氣(0 - 100％)的
共混物，以及所謂的“濕＂的氣氛，也就是與乾燥氣體混合
的高露點氮氣或氫氣。

Carbon Dioxide 二氧化碳 CO2

Carbon Monoxide
一氧化碳

CO

Custom Blends
客製混合氣體

Alcohols, Combinations of N2 + Other Gases.
醇，以及N2+其他氣體的組合

Generated Atmospheres d

製造生成氣氛d
Endothermic, Exothermic, Dissociated Ammonia.
吸熱，放熱，分解的氨

Helium b 氦b He Helium is considered an inert gas.  
氦被認為是一種惰性氣體

Hydrocarbons
碳氫化合物

CH4, C3H8, 
C4H10

Typically Methane (CH4), Propane (C3H8), Butane C4H10).
典型來說，甲烷(CH 4)、丙烷(C 3 H 8)、丁烷(C 4 H 10)

Hydrogen b 氫b H2

Nitrogen b 氮b N2

Oxygen 氧氣 O2

Products of combustion c

燃燒產品c

A mixture of a hydrocarbon fuel gas and air whose 
composition is dependent on the air/gas ratio.
碳氫化合燃氣和空氣的組合物，其成份由空氣/燃氣比例決定

Steam 蒸汽 H20
Promotes a stable oxide layer on the part surface.
促進零部件表面氧化層的穩定

Sulfur Dioxide 二氧化硫 SO2 Used for processing magnesium alloys. 用於鎂合金的加工

Synthetic Atmospheres e 
合成的氣氛e Nitrogen/Methanol. 氮/甲醇

Vacuum f 真空f Vacuum is the absence of an atmosphere. 真空不存在任何氣氛

Notes:
The most common furnace atmosphere is air. For certain low temperature operations 

such as tempering, the final condition of the material’s surface must be able to tolerate 
a slight degree of oxidation. Solution heat treatment and aging operations on aluminum 
alloys is another example where the tightly adherent oxide layer already present allows 
for processing in air. 

Argon and helium are true inert gases. Nitrogen may be reactive to the surface 
under certain conditions (e.g. processing of stainless steels above 980 °C (1800 °F) can 
result in nitrogen pickup on the surface). Hydrogen is highly reducing but can lead to 
embrittlement in certain alloys (e.g., titanium, tantalum). 

The products of combustion are often utilized as a furnace atmosphere for box style 
furnaces, carbottom furnaces, tip-up furnaces and many other designs. Depending on 
the resultant composition and the tolerance of the steel to surface oxidation, this atmo-
sphere is often sufficient. Fasteners are typically not heat treated in this type of atmo-
sphere.

Generated atmospheres produce combinations of gases of specific composition 
and are prepared on site by use of gas generators that are designed for this purpose. 
The “feed” stock (i.e., the hydrocarbon fuel gas) in combination with air creates the 
atmosphere. The feedstock is typically natural gas, propane or butane. Endothermic 

c. 箱式爐，台車車底式爐，端部翻起式爐
和許多其它設計常常將燃燒產物作為

爐體氣氛。根據產出物組成以及鋼材

表面氧化的公差，這種類型的氣氛通常

足夠用來做熱處理。但是緊固件通常

不以這種類型的氣氛做熱處理。

d. 製造生成的氣氛是特定成份氣體的組
合，因此可利用氣體產生機依所需氣氛

在現場製備。這些“進料＂材料(即碳氫
化合燃氣)加上空氣，共同製作出氣氛。
該原料通常是天然氣，丙烷或丁烷。吸

熱氣體是緊固件硬化和表面硬化最常

使用的爐氣氛。

e. 合成氣氛是那些由氮氣和醇組合製備
的氣氛。若有某些預防措施，這種氣氛

可用於緊固件熱處理(例如避免表面脫
碳)

f. 真空可以被認為是不存在有氣氛。真
空熱處理和所有其他形式的熱處理之

間一個主要的差別是不存在有表面反

應，或者對表面反應不加以精確的控

制。在許多情況，熱處理工序一開始就

進行真空化，以確保在引入另一種氣氛

之前，先行清除爐內環境的氧氣。放置

在爐內的蒸餾器通常利用這種作法。

真空爐經常在部份壓力下進行熱處理

工序。氬、氫和氮是最常見的部份壓力

氣體，因此選擇這些氣體要特別留意，

務必考慮到安全性，對於處理中所用物

質的反應性，最後才是成本。許多材料

在真空操作處理的工作溫度和壓力狀

況下，其自身元素可能揮發，也就是說，

自部件表面離開。部份壓力系統的設計

即是在防止這種情況發生，藉由整合

考量「壓力-溫度-時間」，將易於揮發的
合金物質的揮發程度減少到最低。

在操作過程中，某些熱處理爐的保護性氣氛

安全使用量，在很大程度上取決於：

●爐體的類型和大小；

●是否設有門和(或)遮簾；

●環境(尤其是風的輸送)；

●大小、荷載、朝向，以及加工處理的性質；

●所牽涉的冶金工藝。

在所有的情況下，爐體製造商的建

議必須遵循，因為他們在設計這些設備

時都已考量這些因素。記住，引入可燃爐

內氣氛之前，自爐內清除空氣準備引入氣

氛的時候，爐室中含氧量必須降低到1％
以下。這相當於至少數值為(5.0)的(表4)爐
體氣氛體積變化百分比。
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gas is one of the most common furnace atmospheres for the 
hardening and case hardening of fasteners.

Synthetic atmospheres are those produced from combinations 
of nitrogen and alcohols. This atmosphere can be used for 
fastener heat treatment with certain precautions (e.g., avoidance 
of surface decarburization)

Vacuum can be thought of as the absence of an atmosphere. 
A principal difference between vacuum heat-treating and all 
other forms of heat treatment is the absence of, or the precise 
control over, surface reactions.  In many instances a vacuum 
purge is utilized at the onset of a heat treatment process and 
designed to ensure the removal of oxygen from the furnace 
environment prior to introduction of another type of atmosphere. 
Retorts placed inside furnaces often utilize this practice. Vacuum 
furnaces often perform their heat treatment processes under 
partial pressure. Argon, hydrogen, and nitrogen are the most 
common partial pressure gases and their selection must be 
carefully made taking into account safety, reactivity with the 
materials being processed and cost. Many of the materials run 
in vacuum are processed at temperatures and pressures at 
which individual elements can volatilize, that is, leave the part 
surface. Partial pressure systems are designed to prevent this 
from happening by establishing a combination of pressure-
temperature-time that minimizes the vaporization of the more 
volatile alloy constituents.

During operation, the volume of protective atmosphere 
required for safe use in a particular heat-treating furnace 
depends to a great extent on the: 
• Type and size of furnace; 

• Presence or absence of doors and/or curtains;

• Environment (especially drafts); 

• Size, loading, orientation, and nature of the work being processed; 

• Metallurgical process involved.

In all cases, the manufacturer’s recommendations should 
be followed since they have taken these factors into account 
during the design of the equipment. Remember that to purge air 
out of a furnace prior to introduction of a combustible furnace 
atmosphere requires achieving an oxygen content in the chamber 
of below 1% prior to the introduction of the atmosphere. This 
corresponds to a minimum of five (5) volume changes of the 
chamber (Table 4).

Table 41  Effect of Volume Changes on Percent Initial Gas or Mixture 
Remaining  
表41、量變對於初始氣體或剩餘混合氣體百分比的影響

Furnace Styles
In broad based terms, furnaces and ovens can be divided 

into three basic types: batch, continuous and special purpose 
(Table 5). Batch units tend to process large workloads 
running for long periods of time. In a batch unit the work 
charge is typically stationary so that interaction with the 
furnace atmosphere is often considered to be in near 
equilibrium conditions. By contrast, the movement of the 
workload in some manner during processing characterizes 
continuous furnaces and the atmosphere surrounding the 
workload can change dramatically as a function of the 
position of the work charge.

Table 5 Types of Batch and Continuous Furnaces and Ovens
表5、批次式和連續式加熱爐的類型

Furnace Style [a] 爐體樣式 [a]

BATCH
批次式

CONTINUOUS
連續式

SPECIAL 
PURPOSE
特殊用途

Box (Fig. 1)
箱式 (圖1)

Mesh belt conveyor 
(Fig. 3)
網式輸送帶 (圖3)

Tube
管線

Pit 
坑式

Inclined humpback 
conveyor
前傾隆起式輸送帶

Screw conveyor
螺旋式輸送帶

Integral guench (Fig. 
2)
整體淬火式 (圖2)

Cast link belt (Fig. 4) 
鑄鐵鏈接輸送帶 (圖4)

Chain conveyor
鏈條輸送帶

Bell furnaces
鐘罩式

Roller hearth (Fig. 5)
滾輪底爐 (圖5)

Slab and billet 
heating;
板坯和方坯加熱

Elevator hearth
升高底爐

Pusher
推進桿

Forge
鍛造

Gantry
活頂門式

Walking beam
推進桿

Kilns
鍛造

Salt bath
鹽浴式

Rotary drum (Fig. 6)
旋轉桶槽 (圖6)

Split (wrap around)
分叉(環繞)

Tip-Up 
端部翻起式

Rotary (Ring) hearth
旋轉（環式）底爐

Deep freeze 
(cryogenic)
深度冷凝(低溫)

Carbottom
台車車底式

Shaker hearth (Fig. 7)
振底式爐 (圖7)

Dip tanks
浸漬槽

Horizontal vacuum 
(Fig. 8)
水平式真空爐 (圖8)

Monorail
單軌式

Notes:
The designs most appropriate for fastener heat treatment are shown in 
bold print.

爐體樣式

在廣泛的基礎上，熱處理爐可以分為三種基本類型：批次

式、連續式、特殊用途式(表5)。批次式處理單元通常工作件數
量大，操作時間長。批次處理的工件一般而言是靜止不動，爐

內氣氛交相作用通常可以說是幾近平衡狀態。對照之下，連續

式的特徵是工作件在處理加工過程中以某種方式的移動，並且

工作件周圍的氣氛可能因應工作件增加而有鉅大的改變。

注意事項：[a]最適合緊固件熱處理的設計以粗體字顯示。
No. of Volume Changes

量變
% of Initial Gas Remaining in Vessel

容器中剩餘的初始氣體(％)

0.1 90.48

0.2 81.87

0.3 74.08

0.5 60.65

1.0 36.79

2.0 13.53

3.0 4.98

4.0 1.83

5.0 0.67



(a) 

(a) 

(b) 

(a) (b) 
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Figure 1 Box Style Furnace 
(a) Typical Furnace Installation
(Photograph Courtesy of JL Becker, a Gasbarre Furnace Group Company)
(b) Cross Sectional View  (Photograph Courtesy of SECO/WARWICK Corporation)

(a) 

(a) 

(a) 

(a) 

(b) 

(b) 

(b) 

(b) 

Figure 2 Mechanized Box (Integral Quench) Style Furnace 
(a) Typical Furnace Installation
(Photograph Courtesy of JL Becker, a Gasbarre Furnace Group Company)
(b) Cross Sectional View (Photograph Courtesy of ASM International) 

Figure 3 Mesh Belt Conveyor Furnace 
(a) Typical Furnace Installation (Photograph Courtesy of Williams Industrial Service, Inc.)
(b) Cross Sectional View – Furnace & Quench Tank
(Photograph Courtesy of SECO/WARWICK Corporation)

Figure 4 Cast Link Belt Furnace 

(a) Typical Furnace Installation (Photograph Courtesy of Surface Combustion, Inc.)
(b) Cross Sectional View – Quench End

Figure 5 Roller Hearth Furnace
(a) Typical Furnace Installation (Photograph Courtesy of SECO/WARWICK Corporation)
(b) Cross Sectional View (Photograph Courtesy of SECO/WARWICK Corporation)

Figure 6 Rotary Drum Furnace 
(a) Typical Furnace Installation (Photograph Courtesy of SECO/WARWICK Corporation)
(b) Cross Sectional View (Photograph Courtesy of SECO/WARWICK Corporation)

Figure 7 Shaker Hearth Furnace 
(a) Typical Furnace Installation (Photograph Courtesy of DF Industries)
(b) Cross Sectional View (Photograph Courtesy of SECO/WARWICK Corporation)

Figure 8 Horizontal Vacuum Furnace
(a) Typical Furnace Installation (Photograph Courtesy of Solar Atmospheres Inc.)
(b) Cross Sectional View (Photograph Courtesy of Solar Atmospheres Inc.)

圖1 箱式爐
(a)典型爐體安裝(JL Becker 燒結爐公司提供) (b)剖面圖 (SECO/Warwick 公司提供)

圖2 機械化箱式(整體淬火)爐
(a)典型爐體安裝 (JL Becker 燒結爐公司提供) (b)剖面圖 (ASM國際公司提供)

圖3 網帶輸送式爐
(a)爐體安裝典型 (Williams Industrial Service 公司提供)
(b)剖面圖 - 熱處理爐及淬火槽 (SECO/Warwick 公司提供)

圖4 鑄鐵鏈接輸送式爐
(a)典型爐體安裝 (Surface Combustion, Inc. 公司提供) (b)剖面圖 - 淬火端

圖5 滾輪底爐
(a)典型爐體安裝 (SECO/Warwick 公司提供) (b)剖面圖 (SECO/Warwick 公司提供)

圖6 旋轉桶槽爐
(a)典型爐體安裝 (SECO/Warwick 公司提供) (b)剖面圖 (SECO/Warwick 公司提供)

圖7 振式底爐
(a)典型爐體安裝 (DF Industries 公司提供) (b)剖面圖 (SECO/Warwick 公司提供)

圖8 水平式真空爐
(a)典型爐體安裝 (Solar Atmosphere Inc. 公司提供)
(b)剖面圖 (Solar Atmosphere Inc. 公司提供)

Final Thoughts
The proper selection of heat treatment equipment must be 

done in conjunction with the original equipment manufactur-
er. For his part, the purchaser must have a clear understand-
ing of his application requirements, productivity needs and 
the capabilities and limitations of his personnel in addition to 
many other considerations. The OEM supplier must be able 
to provide guidance and offer solutions to meet the needs 
presented.

結語

選用適當的熱處理設備必須由採購與原始設備製造商買

賣雙方共同進行。就公司的採購人員而言，必須清楚了解公司

的應用需求、產能需求、操作人員的能力和限制，以及許多其他

的因素。至於作為OEM供應商的賣方，必須能夠提供指導，並
提供解決方案，以滿足買方所提出的需求。

(b) 

(b) (a) 
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