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介绍 
手工焊接系统主要有两种类型: 

1. 可调温度电阻焊接系统, 
和 

2. 固定温度感应焊接系统.

每种类型都有优点和缺点。现在，第三种类型的
焊接系统 
出现了： 

3. 可调温度的感应式焊接.

这项新技术是METCAL品牌专利产品GT系列手工
焊接解决方案的基础，该解决方案结合了可调温
度和感应加热技术的优点。它提供了同比更卓越
的手工焊接性能。 

可调温度感应焊接系统

电阻焊接是指由电流通过电阻材料加热和熔化焊料
的技术. 

当电流通过高电阻率材料时，就会产生热量。热量
取决于电流的大小和材料的电阻。 

典型可调温度电阻焊接系统的主要部件包括加热元
件、温度传感器、微处理器控制电源主机和烙铁头
（图1）. 

加热元件通常由高电阻率金属制成，如镍铬或铁铬
金属合金。加热元件位置由焊接性能测试结果所确
定，并随系统设计而变化. 

Figure 1: Resistive Soldering System

在一些系统中，加热元件被设计集成到烙铁头内
部靠近焊点的地方. 在另一些系统中，加热体和
烙铁头是分体式设计，且距离焊点较远。 

 

温度由位于加热元件和焊接点之间的温度传感器
控制。微处理器分析温度传感器反馈的温度，并
将其与操作员设定的温度进行比较. 通过控制流
过加热元件的电流来控制温度偏差。 

 

烙铁头通常采用高等级铜芯，以实现最大的导热
性。铜芯随后被镀上合金，以保护铜芯免受焊接
过程中遇到的恶劣条件的影响。烙铁头有数百种
不同的尺寸、形状和冶金成分。正确的烙铁头的
选择是系统性能的重要组成部分，取决于所期望
的焊接应用。 

Advantages of adjustable-temperature 
resistive soldering systems are:

1.  Adjustable temperature, and
2.  Good performance for small to medium
 loads.

Disadvantages of these systems can 
include:

1.  Temperature overshoot,
2.  Calibration requirement to maintain  

temperature setpoint accuracy, and
3.  Lower performance for medium to

large loads.
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Resistive soldering refers to a technology
used to heat and melt solder by passing
an electrical current through an electrically 
resistive material.

When electrical current passes through a 
material resistant to the flow of electrons, 
heat is generated. The amount of heat 
produced is dependent upon the amount of 
current and the resistance of the material 
that the current encounters.

The main components of typical adjustable-
temperature resistive soldering systems
include the heating element, temperature
sensor, microprocessor-controlled power 
supply, and soldering tip (Figure 1). 

The heating element is commonly made of
resistive metals such as nickel-chrome or
iron-chrome metallic alloys. The location of
the heating element in the system has been
shown through testing to affect soldering 
performance and varies with system design.

In some systems, the heater is designed into
a cartridge and integrated with and near the 
soldering tip. In other systems, the heater is
designed to be separate and further from
the tip.

Temperature is controlled by means of a
temperature sensor located between the 
heating element and the soldering point.

The microprocessor analyzes the temperature
reported by the temperature sensor and
compares  i t  to  the des i red set  po int  
temperature controlled by the operator. 
The temperature difference is used to control
the current supplied to the heating element.

Soldering tips are typically constructed with 
a high-grade copper core for maximum 
heat conductivity. The copper core is then
plated with an alloy to protect the core
from the severe conditions encountered
during the soldering process. Soldering tips
are available in hundreds of different sizes,
shapes, and metallurgic compositions.
Proper tip selection is an essential part of
system performance and depends upon the
intended soldering application.

可调温度电阻焊接系统的优点是:

1. 可调温度, 以及
2. 对于中小型焊点有良好的焊接效果。

缺点是: 

1. 温度过冲,
2. 需定期校验来保证温度精度, 以及
3. 对于中大型焊点的焊接效果较差。

固定温度感应式焊接系统
感应焊接是指一种通过将交流电通过线圈，在
由铁磁性材料制成的物体周围产生交变磁场，
从而加热和熔化焊料的技术。

铁磁性材料，如铁、镍、钴及其合金，在磁场中
极易磁化。磁化时，原子的南北极与磁场方向一
致（图2）。当被交流电磁化时，原子的北极和
南极会随着外加交流电的频率改变方向。 

当铁磁性物体置于磁场中时，两种类型的能量损
失以热的形式出现: 

1. 磁滞损耗，以及
2. 涡流损耗.

当对铁磁性材料施加交变磁场时，会产生涡流
损耗。由于铁磁性材料也是导电的，因此所施
加的磁场在材料内产生感应电流。这些感应电
流在材料表面形成漩涡或涡流，因此被称为涡
流（图3）。反过来，这些涡流电流产生的损耗
称为涡流损耗，等于（I2R），其中（I）是电
流，（R）是材料的电阻。涡流损耗产生的热量
与铁磁材料的电阻和流经的电流成正比。 

 

涡流主要在材料表面流动。这种独特的现象称为趋
肤效应。趋肤效应是交流电在导电材料中分布的趋
势，使得电流密度在导体表面附近最大。 

material such that the current density
is largest near the surface of the conductor.

The current density decreases exponentially 
with greater depths toward the center of
the material. The skin depth—the depth at
which the current density reaches approximately 
37% of its value at the surface—is dependent
upon the frequency of the alternating current. 
At high frequencies, the skin depth becomes
much smaller. For example, at 60 Hz in
copper, the skin depth is about 8.5 mm, and
at 1 GHz the skin depth is about 2 μm .  
Because of the skin effect, the surface of the
ferromagnetic object heats up first.

Both hysteresis and eddy current losses
result in heating due to friction between 
molecules that are moving rapidly. However, 
eddy current losses are usually the main
source of heat in induction heating systems.
Both hysteresis and eddy current losses 
depend on the frequency of the applied
alternating current. At higher frequencies,
more heat is generated.

It is important to note that ferromagnetic 
materials lose their magnetic properties
when heated above a specific temperature 
called the Curie point (also called Curie
temperature, T

C
). Curie temperature is a 

characteristic of the chemical composition 
of the material and is different for each 
ferromagnetic substance. For example, T

C

of pure iron is about 770oC (1418oF) and T
C

of pure nickel is about 360oC (680oF).

The Curie point phenomenon is responsible 
for  the f ixed-temperature feature of  
fixed-temperature inductive soldering 
systems. As magnetic properties are lost, 
the ferromagnetic material stops heating.
Therefore, maximum temperature is controlled 
by the Curie point of the ferromagnetic 
alloy heater.

The main components of typical fixed-
temperature inductive soldering systems
include the conductive coil, alloy heater, 
micro-contro l led  power  supply ,  and
soldering tip (Figure 4). 
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Current passing through the conductive
coil creates the magnetic field around the 
ferromagnetic alloy heater.

The working temperature of the alloy heater
is dependent upon its metallurgic composition
(Curie point). Once the heater’s Curie point is
reached, the heater’s magnetic property is
lost and current can no longer flow, allowing
the heater to cool. With cooling, the heater’s 
magnetic property returns, and the heating 
process begins again. This heating/cooling
cycle is happening in the range of microseconds
and repeats continuously to regulate temperature. 
This self-regulating heating process is sometimes
called SmartHeat® technology.

The micro-control led power supply in 
f ixed-temperature inductive soldering
systems provides power to the system and 
temperature monitoring for the operator.

Like resistive soldering, tips for fixed-
temperature inductive systems are available
in hundreds of different sizes, shapes, and 
metallurgic compositions. Tips are designed
to be integrated with the inductive heater in
a cartridge assembly.

Proper tip/cartridge selection is an essential
part of system performance and depends
upon the intended soldering application.

Advantages of fixed-temperature inductive 
soldering systems are:

1.  Fast heating,
2.  Fast recovery, and
3.  No thermal resistance.

Disadvantages of fixed-temperature inductive 
soldering systems are:

1.  Changing temperature requires changing
the heating element (cartridge), and

2.  Better suited for medium to large loads.
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Figure 4: Inductive Soldering System

Induction soldering refers to a technology
used to heat and melt solder by passing an 
alternating current through a coil to generate
an alternating magnetic field around an 
object made of ferromagnetic material.

Ferromagnetic materials, such as iron, 
nickel, cobalt, and their alloys are highly 
susceptible to becoming magnetized when 
in the presence of a magnetic field. When 
magnetized, the north and south poles of 
the atoms a l ign to point  in  the same
direction as the magnetic field (Figure 2).
When magnetized by alternating current,

the atomic north and south poles alternate
direction with the frequency of the applied
alternating current.

When a ferromagnetic object is placed in a 
magnetic field, two types of energy losses
occur in the form of heat:

1.  Hysteresis losses, and
2.  Eddy current losses.

Eddy current losses are created when an 
alternating magnetic field is applied to a
ferromagnetic material. Since the ferromagnetic 
material is also electrically conductive, the
applied magnetic field induces an electrical
current within the material. These circulating 
electrical currents flow in swirls or eddies on
the surface of the material, hence the name
eddy currents (Figure 3). In turn, these eddy 
currents produce a loss called eddy current 
loss, equal to (I2R), where (I) is the value of
the current, and (R) is the resistance of the
material. The heat generated by eddy current
losses is proportional to the resistance of
the ferromagnetic material and the current 
applied to the system. 

Eddy currents flow mainly on the surface of 
the material. This unique phenomenon is 
known as the skin effect. The skin effect is
the tendency of an alternating current to
become distributed within a conductive

电流密度随着材料中心深度的增加呈指数下降。趋
肤深度——电流密度达到表面电流密度值约37%的
深度，取决于交流电的频率。

在高频下，趋肤深度变得更小。例如，铜在60 Hz
时，趋肤深度约为8.5 mm，在1 GHz时，趋肤深
度约为2μm。由于趋肤效应，铁磁性物体的表面
首先加热。由于快速移动的分子之间的摩擦，磁
滞和涡流损耗都会导致加热。然而，涡流损耗通
常是感应加热系统的主要热源。 

磁滞损耗和涡流损耗均取决于所施加交流电的频
率。频率越高，产生的热量越多。需要注意的
是，铁磁性材料在加热到高于被称为居里点（也
称为居里温度，TC）的特定温度时会失去其磁
性。居里温度是材料化学成分的一个特征，每种
铁磁性物质的居里温度都不同。例如，纯铁的TC
约为770℃（1418℉），纯镍的TC约为360℃
（680℉）。 

居里点现象是固定温度感应焊接系统之所以固定
温度的原因。当磁性丧失时，铁磁性材料停止加
热。因此，最高温度由铁磁合金加热元件的居里
点控制。

典型的固定温度感应焊接系统的主要部件包括导
电感线圈、合金加热元件、微处理器控制电源主
机和烙铁头（图4）。 

5

通过导电线圈的电流在铁磁合金加热器周围产生
磁场。

合金加热元件的工作温度取决于其冶金成分（居
里点）。一旦达到加热元件的居里点，加热元件
的磁性就会丧失，电流就不再流动，从而使加热
元件冷却。冷却后，加热元件的磁性恢复，加热
过程再次开始。此加热/冷却循环在微秒时间内发
生并不断重复调节温度。这种自动调节的加热过
程称为SmartHeat®技术。

固定温度感应焊接系统中的微处理器控制电源主机
为加热元件提供自我调节的电源。不需要操作员进
行温度监测。

像电阻焊接一样，固定温度感应焊接系统的烙铁头
有数百种不同的尺寸、形状和冶金成分。加热元器
件与烙铁头是一体式集成设计。 

正确的烙铁头选择是系统性能的重要组成部分，
取决于所期望的焊接应用。

Advantages of fixed-temperature inductive 
soldering systems are:

1.  Fast heating,
2.  Fast recovery, and
3.  No thermal resistance.

Disadvantages of fixed-temperature inductive 
soldering systems are:

1.  Changing temperature requires changing
the heating element (cartridge), and

2.  Better suited for medium to large loads.
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Induction soldering refers to a technology
used to heat and melt solder by passing an 
alternating current through a coil to generate
an alternating magnetic field around an 
object made of ferromagnetic material.

Ferromagnetic materials, such as iron, 
nickel, cobalt, and their alloys are highly 
susceptible to becoming magnetized when 
in the presence of a magnetic field. When 
magnetized, the north and south poles of 
the atoms a l ign to point  in  the same
direction as the magnetic field (Figure 2).
When magnetized by alternating current,

the atomic north and south poles alternate
direction with the frequency of the applied
alternating current.

When a ferromagnetic object is placed in a 
magnetic field, two types of energy losses
occur in the form of heat:

1.  Hysteresis losses, and
2.  Eddy current losses.

Eddy current losses are created when an 
alternating magnetic field is applied to a
ferromagnetic material. Since the ferromagnetic 
material is also electrically conductive, the
applied magnetic field induces an electrical
current within the material. These circulating 
electrical currents flow in swirls or eddies on
the surface of the material, hence the name
eddy currents (Figure 3). In turn, these eddy 
currents produce a loss called eddy current 
loss, equal to (I2R), where (I) is the value of
the current, and (R) is the resistance of the
material. The heat generated by eddy current
losses is proportional to the resistance of
the ferromagnetic material and the current 
applied to the system. 

Eddy currents flow mainly on the surface of 
the material. This unique phenomenon is 
known as the skin effect. The skin effect is
the tendency of an alternating current to
become distributed within a conductive

material such that the current density
is largest near the surface of the conductor.

The current density decreases exponentially 
with greater depths toward the center of
the material. The skin depth—the depth at
which the current density reaches approximately 
37% of its value at the surface—is dependent
upon the frequency of the alternating current. 
At high frequencies, the skin depth becomes
much smaller. For example, at 60 Hz in
copper, the skin depth is about 8.5 mm, and
at 1 GHz the skin depth is about 2 μm .  
Because of the skin effect, the surface of the
ferromagnetic object heats up first.

Both hysteresis and eddy current losses
result in heating due to friction between 
molecules that are moving rapidly. However, 
eddy current losses are usually the main
source of heat in induction heating systems.
Both hysteresis and eddy current losses 
depend on the frequency of the applied
alternating current. At higher frequencies,
more heat is generated.

It is important to note that ferromagnetic 
materials lose their magnetic properties
when heated above a specific temperature 
called the Curie point (also called Curie
temperature, T

C
). Curie temperature is a 

characteristic of the chemical composition 
of the material and is different for each 
ferromagnetic substance. For example, T

C

of pure iron is about 770oC (1418oF) and T
C

of pure nickel is about 360oC (680oF).

The Curie point phenomenon is responsible 
for  the f ixed-temperature feature of  
fixed-temperature inductive soldering 
systems. As magnetic properties are lost, 
the ferromagnetic material stops heating.
Therefore, maximum temperature is controlled 
by the Curie point of the ferromagnetic 
alloy heater.

The main components of typical fixed-
temperature inductive soldering systems
include the conductive coil, alloy heater, 
micro-contro l led  power  supply ,  and
soldering tip (Figure 4). 

可调温度感应焊接系统 

METCAL™ GT系列手工焊接系统，拥有专利1 设
计, 最大限度地发挥感应焊接技术的优势，并具
有精确温度控制的优势。

METCAL™ GT 焊接系统主要包含电感线圈, 合金
加热元件, 温度传感器, 微控制PID反馈至微处理器
控制电源主机, 以及烙铁头(图 5).

GT系统利用磁滞和涡流损耗引起的感应快速加
热。然而，GT系统的设计使得它们不会受到居里
温度的限制。使用的合金加热元件具有极高的居
里温度，其居里温度高到无法达到居里点。 

控制器将交流电调节到极高频率（约465 kHz）。
在这些高频率下，趋肤效应将趋肤深度限制在
0.002英寸左右。在这个趋肤深度，对热能流动的
阻力非常小。热量在这些系统中高效流动。 

METCAL™ GT系列手工焊接系统通过专利2设
计的硬件及元件系统来控制和管理烙铁头温
度。  

温度传感器与微控制器的比例积分-微分（PID）
反馈回路一起，实现连续调制的温度控制。烙铁头
温度可以通过精确管理流过加热元件的交流电进行
精密控制，以获得最佳性能。GT系统允许操作员
创建烙铁头预热及升温曲线，以获得最佳焊接结
果。 

METCAL™ GT系列手工焊接系统配有各种形状的
烙铁头. 正确的烙铁头选择是系统性能的重要组成
部分，取决于所期望的焊接应用。

可调温度感应焊接系统的优点是： 

1. 快速回温,
2. 高热性能,
3. 无热阻,
4. 高效, 以及
5. 易于温度控制.
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Current passing through the conductive
coil creates the magnetic field around the 
ferromagnetic alloy heater.

The working temperature of the alloy heater
is dependent upon its metallurgic composition
(Curie point). Once the heater’s Curie point is
reached, the heater’s magnetic property is
lost and current can no longer flow, allowing
the heater to cool. With cooling, the heater’s 
magnetic property returns, and the heating 
process begins again. This heating/cooling
cycle is happening in the range of microseconds
and repeats continuously to regulate temperature. 
This self-regulating heating process is sometimes
called SmartHeat® technology.

The micro-control led power supply in 
f ixed-temperature inductive soldering
systems provides power to the system and 
temperature monitoring for the operator.

Like resistive soldering, tips for fixed-
temperature inductive systems are available
in hundreds of different sizes, shapes, and 
metallurgic compositions. Tips are designed
to be integrated with the inductive heater in
a cartridge assembly.

Proper tip/cartridge selection is an essential
part of system performance and depends
upon the intended soldering application.

固定温度感应焊接系统的优点是： 

1. 快速升温, 
2. 快速回温, 以及
3. 无热阻

固定温度感应焊接系统的缺点是：

1. 改变温度需要更换加热元器件（烙铁头）。

1Reference Patent No. US 10,176,220 B2 & US 10,645,817 B1

2Reference Patent No. US 10,751,823 B2 & US 10,751,822 B2
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结论
METCAL™ GT系列可调温度感应焊接系统:

• 由于感应加热技术固有的优越热性能，更
快、更灵敏，从而产生更高质量的焊点和最
佳热性能。

• 一体式烙铁头设计，几乎没有热阻。

• 精密温度控制硬件和软件采用专利2设计，
实现一流的温度控制。

有关METCAL™ GT120和METCAL™ GT90 可调温
度感应焊接系统的更多信息, 请访问metcal.com. 

1有关性能测试的更多信息，请参阅题为“焊接系统中使用的感应与电阻加热技术–性能比较”的白皮书。

2参考专利号US 10751823 B2和US 10751822 

系统性能 
通过目视检查升温时间、停留时间、回温时间和
焊接量（关键性能指标定义见附录A），我们可
以看到高性能焊接系统可提供卓越的焊接量和一
致的焊接质量。测试1表明手工焊接系统取决于
以下三个因素:

1. 使用的加热技术，
2. 使用的烙铁头, 以及
3. 系统功率.

尽管功率对手工焊接系统的性能起着重要作用，
但所采用的加热技术以及选择的烙铁头是否正确
起着更重要的作用。 

使用一体式设计烙铁头优于分体式设计烙铁头，
这是因为根据设计，一体式设计烙铁头将加热元
件与焊接点集成在一起。加热元件离焊接点越
近，焊接点加热得越快。 

由于其相应技术固有的热阻和热响应性的差异，
感应技术优于电阻技术。METCAL™ GT系列可
调温度感应焊接系统整体表现出超出同类更佳的
性能。 

感应式与电阻式手工焊接系统
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Contact Us

美国 

United States
10800 Valley View St.
Cypress, CA 90630
电话: +1 714 799 9910
邮箱: na-custcare@okinternational.com

欧洲 

邮箱: europe-orders@okinternational.com

英国 
Eagle Close, Chandlers Ford
Hampshire, SO53 4NF
电话: +44 (0) 23 8048 9100
邮箱: europe@okinternational.com

德国 
电话: +49 (0) 3222 109 1900
邮箱: d-info@okinternational.com

法国 
电话: +33 (0) 1 76 71 04 03
邮箱: fr-info@okinternational.com
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