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ABSTRACT

A high-power inverter spot welding power supply with 20kHz switching frequency is developed; secondary
rectification uses a full wave rectifying circuit of single-coil and double inductors, double tubes, which can
effectively improve the switching frequency with the existing device. The integrated high frequency
transformer is designed which can effectively decrease various factors that affect the output power, then
increase the output current. The power of inverter spot welding power supply approaches 90kVA.
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1. INTRODUCTION

Spot welding is widely used in the area of
automobile and aircraft manufacturing industry.
The core part of the spot welding is power supply,
inverter spot welding power source is the product
that developed in the mid 1980s, which possess the
characteristic of energy saving, small volume,
lightweight, fast response etc, which is considered
as the most potential resistance welding power
source.

Modern inverter power develops towards the
direction of high frequency, low voltage, and large
current. The inverter frequency for current inverter
resistance welding power source mainly lies
between 1k~6.5kHz [1], literature [2] even bring
the inverter frequency to 10 kHz. Inverter
frequency’s improvement will greatly decrease the
volume for transformer, and the integrated
transformer is made, which can make the
integration of soldering turret and transformer
become possible, and increases the advantages like
control precision etc, which can further highlight
the advantages like energy saving, small volume,
lightweight, fast response etc. However, due to the
factors like the spot welding machine’s high output
power (dozens to hundreds, thousands volt-
ampere), large current (thousands of ampere), low
voltage (only a few volts), it’s difficult to transform
the alternating current to direct current, and rectify
especially in the circumstance of high frequency,
high power. That’s one of the reasons why domestic
researchers do not apply the high frequency inverter
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technology in the spot welding machine [2].
Literature [5] also shows the inverter frequency
cannot be raised randomly when we adopt the
center tapped rectifier mode of current double coil,
and double tubes, otherwise, the power source
might not work properly.

The inverter spot welding power source designed
in this paper adopt the autonomous integrated high
frequency transformer, the transformer raises the
inverter frequency to 20 kHz by using the single
coil, double inductor, double tubes, full wave
rectifying circuit. The output direct current can
reach more than 12000A.

2. DESIGN FOR POWER CIRCUIT

The power circuit is shown in figure 1; circuit
breaker, Q1 is the control switch for main circuit.
Capacitance, C5~C7 absorbs the peak power for
high voltage of power grid, which ensures the
safety of the rectification model BR1. Trip 380V,
alternating current goes through the BR1
rectification, capacitance C1 ~ C4 filtering, get
about 540V direct current. C1, C2 plays the role of
low frequency filter, C3, C4 plays the role of
filtering. Electric resistance R1, R2 is the
equalizing resistance for C1~C4, which play a role
of bleeder resistor. Power switch tube is IGBT,
which transforms the 540VDC into 20kHz
alternating current square wave through the
alternate breakover of V1, V4 and V2, V3. C5, C6

are the protect capacitances for IGBTs.
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Figure 1 Power Circuit for Inverter Spot Welding Power Source
Currently, the secondary rectification for inverter «L1
welding machine transformer adopt the center I
tapped rectifier of double coil, and double tubes,
and high power rectifier diode. The secondary \/ T =
rectification for inverter spot welding power source D1
in this paper adopts rectifying circuit of single-coil, o

double inductor, double tubes, and full wave.
Schematic diagram is shown in figure 2. The
current doubler rectifier of secondary transformer
only possess one set of coil, no center tap, and
alternating current for each half cycle is conducted
through only one diode. The back pressure that
diode bear is the same as the secondary voltage of
transformer, which is a kind of rectifying circuit
that suitable for low, medium voltage and in the
condition of large output current. The author use
this kind of circuit to make the inverter spot
welding power source of 20kHz switching
frequency, 4V voltage, 300A current in the early
days. In order to further confirm whether this kind
of rectifying circuit is suitable for high frequency,
high power inverter spot welding power source, the
author made the inverter of 20kHz switching
frequency, power 40kVA, and the inverter’s
floating voltage of maxima duty cycle 5.14V[7]
lately. The research work of this paper is to
maintain the switching frequency 20kHz, upgrade
the power to 90kVA through the use of the new
integrated high frequency transformer coordinate
the rectifying circuit and further promote the power
density.
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Figure 2 Rectifying Circuit Schematic Diagram of
Single-coil, Double Inductor Double Tubes, and Full
Wave

THE DESIGN FOR INTEGRATED HIGH
FREQUENCY TRANSFORMER

3.

3.1 The factors that affect output current

1) Sin effect [3] is the phenomenon that effective
sectional area for guide line reduced and actual
electric resistance increases when the wire goes
through the alternating current. The higher the
alternate frequency is, the more obvious this
phenomenon is. Penetration depth, A is often used
to characterize the function degree for skin effect; it
indicates the radial depths that the alternating
current can reach along the guide line. A varies
with the alternate frequency for electric current, f,
magnetic conductivity of guide line, p, and the
electric conductivity, v, the relationship is presented

as following:
(2 [
opy  \ Auy

Obviously, due to the existence of skin effect, the
first and second winding diameter of transformer

A

(1)
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should be less than two times penetration depth.
When the sectional area that guide line request is
larger than the maxima effective diameter that
decided by the penetration depth, the parallel
winding of stranded conductor of minor diameter is
adopted, which can effectively decrease the
negative impact that caused by skin effect.

2) Proximity effect is more severe than skin
effect; when the electric current passes the adjacent
guide line, which will produce the adjustable
magnetic field and cause the eddy current, eddy
current interact with the electric current, which
cause the electric current converge on the contact
surface of the two conductor, and the magnitude of
eddy current increase along with the increase of the
coil layers according to the index law. The higher
frequency is, the effect is more obvious. Due to the
existence of the proximity effect, the first and
second times winding of transformer should reduce
the layers of winding, and use the staggered
winding. The coiling of minor diameter or the slice
of thin thickness can also reduce the loss.

3) The leakage reactance of the transformer
mainly consists of two parts, which is the leakage
inductance of the first and second side windings.
The leakage inductance of transformer essentially is
a linear reactance, which is the same as the payload,
and restricts the electric power output power.
Leakage inductance of high frequency transformer
is the important factor that affects the regular work
for inverter circuit, transformer of small leakage
inductance should be designed, core material, shape
and dimension should be appropriately selected,
and realize by reduce the distance between the first
and second winding, the ratio of copper and iron,
width to thickness ratio, the ratio of turn to turn
distance and coil diameter and other methods [3].

4) Another factor that restricts the output power
is the alternating current transmission line of
transformer secondary. For the link of the
transformer secondary and diode transmit the
alternating current when it works, and this link must
keep certain length according to the packaging
characteristic of the inverter power source. The
distributed inductance of this link will restrict the
large output current, the higher the switching
frequency of inverter is, and the alternating current
impedance of the distributed inductance is larger,
and the impact on the electric current is more
serious [5].

3.2 Transformer Design
High frequency spot welding transformer differ
from the arc welding transformer, its characters
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mainly consists of low secondary voltage, large
electric current, low duty cycle, discontinuous
work. The frequency of the transformer is 20 kHz,
the rectifying circuit in diagram 2 is used, and no
center tap exists in transformer secondary side in
this paper. This paper designed the transformer of
90kVA capacity, 20% duty cycle.

3.2.1 The Selection of the Core Material
Currently, the common or the high frequency
materials of promising application prospect are
ferrite and amorphous materials (crystallite). The
past and current high frequency transformer of
inverter mostly uses ferrite core. Amorphous
materials possess high saturation magnetic
induction, Bs, which is three times of ferrite while
compared with ferrite; the same capacity of core
output power is two times greater than ferrite,
strong overloading resistance, less loss, which is
1/2~1/5 of ferrite, and high permeability, which is
ten times greater than ferrite, exciting power is low,
curie temperature is 470
ferrite, and possess the advantages like good
thermal stability. Especially when it is used for
20~50 kHz, it can replace the ferrite, and silicon
steel [3]. The amorphous material is used to make
core in this paper.

3.2.2 Core Structure

The core structure is design as the flat type,
which refers to the flat transformer structure, and
according to the above factors that affect the output
power. The orthographic view of magnetic core for
transformer is shown in figure 3. Transformer
wraps insulating plate of 1.5mm, the following data
contain the thickness of the insulating plate. The
core width, W=84mm, the work section height for
core, h=7mm, the window height for core,
Hw=8mm, core length, L=181mm, the window
length for core, Lw=173mm, core height,
H=33mm. This kind of flat structure reduces the
guide line that expose outside the magnetic circuit,
which is helpful for decreasing the leakage flux. In
order to decrease the distributed inductance that
aroused by guide line, only one layer of primary
coil is twined around the iron core, therefore the
result for the design is to increase the length of
magnetic core, and decrease the height of the
magnetic core. Only one-turn coil is twined around
the iron core, it warps the primary coil, which aims
to decrease the leakage inductance of the
transformer. Within the limitation of this way of
winding, despite the length increase of the iron
core, the width for this turn of secondary coil
increase along with the increase of iron core, this
kind of design can decrease the distributed

°C, which is three ti
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inductance that aroused by guide line, its principle

Meanwhile, this structure’s heat dissipation is better

is similar to the flat transmission line[4]. than common transformer.
[ =N _
= = -
Lw
L
E

Figure 3 Orthographic Views for Transformer Magnetic Core

3.2.3 Valid core Sectional Area
U, = KSBN, f x10™* 2
U, is the voltage of primary coil in the formula
(unit: V); K is the waveform factor. Square wave
take 4; S is the effective sectional area (unit: cm2);
B is the working magnetic flux density (unit: T); N1
is the number of turns for primary coil, N;=34; fis

the working frequency (unit: Hz).

The known saturation magnetic induction
Bs=1.25T, it can get B=0.8T, primary voltage
U,=513V, the maxima duty cycle is 0.8, the number
of turns for secondary coil, N,=1, working
frequency, f=20kHz. The calculation S=2.947cm2
according to the formula. It’s important to note that
the transformation ratio is 34:1, which is the
68:1while compare with the common transformer.

3.2.4 The Transformer winding

Secondary current for transformer is designed
according to the 12000A specification; the electric
current 2683 is converted according to 20% duty
cycle, primary current is converted as 79, the
current density for guide line, JI=6A/mm2, guide
line section is 13.2mm2. Due to the cooling
condition of the secondary guide line is good, the
electric density of guide line, J2=9A/mm2, the
section of guide line is 298mmz2. The primary side
of the uses strands of varnished wire to be parallel
winded to decrease the skin effect. In order to
decrease the leakage inductance of transformer, and
the distributed inductance and proximity effect
caused by guide line of the coil, layers of 1 mm thin
copper coil is made into secondary side.
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3.3 Design of the Integrated High Frequency
Transformer

The transformer plus rectifier is used to be called
the integrated transformer. The rectifier selected 14
common cathode schottky rectifier models of 600A,
45V. The radiator is cooled by water, and combines
the designed transformer to form the integrated high
frequency transformer [4]. The specific structure is
shown in figure 4, as shown in the diagram: 1,
transformer core; N,, secondary coil of transformer;
Ni, primary coil of transformer; A, B, output
terminal of motherboard for the transformer
secondary coil. 2 Cool down the water cooled heat
sink of the transformer; 3, rectifier tube; 4, Cool
down the water cooled heat sink of the rectifier
tube. The transformer core is firmly stuck between
the two transformer’s water cooled heat sink, the
cooling condition is good. Both ends of secondary
coil, N, are separately press on the water cooled
heat sink 2 and between the motherboard A, B for
the transformer secondary coil, and connect the
anode of rectifier tube 3, rectifier tube 3 uses
common cathode double diode, the heating panel is
installed on the water cooled heat sink 4 of he
transformer, and 4 is the common cathode. This
design and the assemblage greatly improve the
cooling condition for components. One end of
Water cooled heat sink 4 directly extract the power
output end, but the motherboard A, B go through
the amorphous magnetic core L, and the secondary
rectifying inductance, and another output end is
formed by the joint of the copper plate.
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Figure 4 The integrated high frequency transformer

4. TEST ANALYSES

The above-mentioned technical measures are
adopted; the small size inverter spot welding power
source with 20 kHz switching frequency is made.
High frequency transformer weights 1.2kg, the

is 330x300x350(mm), the input voltage is three
phase 380V; the full bridge inverter is used; the
transformation ratio for transformer is 34:1; 14
pairs of rectifier tubes; the power approaches
90kVA. The voltage waveform of transformer input
while welding after the match of electric holder is
shown in figure 5, the effective value for output

volume for integrated transformer is
220x181x109(mm), the overall size for the power  voltage is 13.19V.
0 00w 3 £ 97758 5004  Stop § H .00V

\

/

b
\ /\ /\ \ \ l\\ /J

*\

RMS(1 ): 13.19V |

Figure 5 The output voltage waveform of transformer

Owing to the limited condition, the power output
power is converted by the measurement of electric
current of the transformer original end. The
measurement model of the transformer original end
is CHG-1000, the measured resistance value that
jointed by the input end is 24Q, and the voltage of
the measured resistance 1V represents the electric
current for transformer original end 41.7A, the
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transformation ratio is 34: 1, rectifying circuit is
the current double rectifier, therefore the voltage of
the measured resistance 1V represents the final
output current, 2833A. The low carbon steel is
welded, the electric current of the transformer
original end is shown in figure 6, the effective value
of the welding current is 4.317V, the converted
output current is 12230A.
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Figure 6 The electric current for the transformer original end (low carbon steel)

5. CONCLUSIONS

(1) The copper loss of the rectifying circuit is low
that designed in this paper, and the fabrication
process is simple, which is more suitable for work
as the secondary side rectifying circuit of the high
frequency inverter spot welding power source while
compared with the center tapped rectifying circuit
of double coils.

(2) The flat integrated high frequency
transformer that designed in this paper, which can
decrease the skin effect, proximity effect, leakage
reactance and the output impedance effectively.
Therefore, the output current can be increased, and
further decrease the volume for inverter power as
well, the power density is promoted.

(3) Under the condition of 20 kHz switching
frequency, the power of inverter spot welding
power supply can be further improved.
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