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OF ELECTRODE WIRE 

Abstract. In this paper, the basic requirements for the electric-drive of mechanism of pulsed wire feed, and the 
benefits of using a special Brushless Direct Current electric-drive are described. For phase commutation of electric-
drive applies a specially designed, half-bridge circuit to regulate the strength of the current phase of the stator wind-
ings. This allows increasing the speed braking, reduce energy consumption and reduce the surface temperature of the 
Brushless Direct Current drive. 

Keywords: welding, surfacing, feed mechanism, inertia, decelerating of BLDC electric drive, power consumption 

В. А. Лебедев, В. В. Рымша, доктора техн. наук, 
И. В. Лендел 

ВЕНТИЛЬНЫЙ ЭЛЕКТРОПРИВОД В МЕХАНИЗМЕ ИМПУЛЬСНОЙ 
ПОДАЧИ ЭЛЕКТРОДНОЙ ПРОВОЛОКИ 

Аннотация. Сформулированы основные требования к приводу механизма импульсной подачи электродной 
проволоки, описано преимущества использования специального вентильного электропривода. Для коммутации 
фаз вентильного электропривода, применяется специально разработанная полумостовая схема, позволяющая 
регулировать ток фазных обмоток статора. Это позволяет достичь повышения скорости торможения, 
снизить потребление электроэнергии и температуру поверхности применяемого электропривода.  
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ВЕНТИЛЬНИЙ ЕЛЕКТРОПРИВОД В МЕХАНІЗМІ ІМПУЛЬСНОЇ 
ПОДАЧІ ЕЛЕКТРОДНОГО ДРОТУ 

Анотациія. Сформульовані основні вимоги до приводу механізму імпульсної подачі електродного дроту, 
описано переваги використання спеціального вентильного електроприводу. Для комутації фаз вентильного 
електроприводу застосовується спеціально розроблена, напівмостова схема, що дозволяє регулювати струм 
фазних обмоток статора. Це дає можливість підвищити швидкість гальмування, знизити споживання 
електроенергії та температуру поверхні застосовуваного електроприводу. 
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Introduction 
The drive composed of a collector DC elec-

tric motor and worm reduction gear has been the 
most widely used in semi-automatic and auto-
matic welding and surfacing in shielding gases 
and wire feed at a constant rate. Experience of 
application of such machines as a drive in orga-
nizing the pulse electrode wire feed (PEWF) has 
a negative result. 

The requirements for the mechanism of 
pulse electrode wire feed (MPEWF). 

The advantages of electric drive with 
Brushless Direct Current electric motor 
(BLDC motor). 
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The works [1 – 7] show that to provide the 
controlled electrode metal transfer and improve 
the complex of service characteristics, MPEWF 
drive must meet the following requirements: 

1. Adjust the pulse feed frequency in the 
range of not less than 1 – 60 Hz [2]. 

2. Regulate the pulse feed pitch in the range 
of not less than 0,5 – 3 mm [8, 9]. 

3. Regulate PEWF pulse duty factor of not 
less than 2 times [2]. 

4. Provide repeatability of feed pitch value. 
5. Possess low weight and size characteris-

tics. 
After making the review of the possible 

variants  of  drives  for  the  realization  of  pulse  
electrode wire feed and taking into account the 
requirements for service characteristics of such 
type  of  drive,  the  BLDC  motor  was  selected,  
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which is one of the most challenging types of 
drives for today [10]. 

According to [11, 12], BLDC motor has the 
following advantages: 

• Simple design. 
• High maintainability. 
• Absence of mechanical commutator.  
• High weight and size characteristics.  
• High reliability. 
•  High  efficiency  factor  in  a  wide  range  of  

rotation frequencies. 
• Electronic control of electrical and me-

chanical characteristics, mode of operation, and 
etc. 

Block diagram and deceleration mode of 
BLDC electric drive. 

In Ukraine in designing and manufacture of 
BLDC electric drives the PJSC “Plant of Electri-
cal Equipment” (Nikolayev) is involved. Together 
with the specialists of this enterprise, taking 
BLDC drive VREP-57-0,05 as a prototype, the 
drive “Impulse 2 PM -80” was designed and man-
ufactured for organizing of PEWF. 

As compared to the prototype BLDC drive 
VREP-57-0,05 the drive “Impulse 2 PM-80” is 
characterized by improved dynamic characteris-
tics, the new special software and interface. 

Like the prototype, the designed BLDC mo-
tor combines electromechanical transducer 
(EMT) with passive gear rotor, salient pole sta-
tor and concentrated coils of its windings, which 
by means of electronic control circuit (ECC) 
generally composed of transistor inverter, speed 
and current controllers and distributor of pulses 
on phases and other devices, is connected to DC 
voltage source (VS) (Fig. 1). 

 
Fig. 1. Block diagram of BLDC electric drive 

Basing on the specifics of MPEWF drive, 
the main operation mode of BLDC motor is 
intermittent one. Obtaining the necessary inertia 
force of electrode metal drop predetermines 
dynamic characteristics of the motor. The value 
of inertia force of the drop depends to a greater 
extent on the rate of deceleration of the elec-
trode  wire;  therefore,  the  achieving  of  the  min-
imum deceleration time is one of the key stages 
in designing BLDC electric drive for MPEWF. 

The realization of maximum deceleration 
rate is connected with a need in organizing the 
magnetic biasing of magnetic system and main-
taining of decelerating current phase. 

The deceleration of BLDC motor is realized 
during exciting of phase at the area of decreas-
ing of magnetic conductivity λ (Fig. 2), i.e. 
when  the  rotor  rotates  in  the  direction  of  mis-
matched  position  of  poles  of  stator  and  rotor.  
When the current it is passing through the phase 
at Θtor area (Fig. 2) the negative electromagnetic 
moment is created, the value of which, and 
hence the intensity of deceleration depend on 
the value of current it [13]. 

 
Fig. 2. Phase current in deceleration 

of BLDC motor 

For  commutation  of  BLDC  motor  phases  
half-bridge circuit is used (Fig. 3, a), which al-
lows adjusting the current using 3 modes: “P1”, 
“P2” and “P0”. The number of the mode corre-
sponds to the number of transistors switched on 
in the circuit. In the “P2” mode (Fig. 3, b) both 
transistors  VT1  and  VT2  are  switched  on.  The  
path of current passing under the voltage ap-
plied to the power source voltage phase Ud is 
shown in a dashed line. In the “P0” mode 
(Fig. 3, d) both transistors are switched off. This 
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mode is applied for the rapid drop of phase cur-
rent to the power source (Fig. 3, d, the contour 
of current drop is shown in a dashed line). 

 
     a          b 

 
    c               d 

Fig. 3. Circuit of current control (a), and modes 
of operation of BLDC motor phase at two 

switched on transistors “Р2” (b), one transistor 
“Р1” (c), at both switched off “Р0” (d) 
In the “P1” mode (Fig. 3, c) only one of the 

transistors VT1 or VT2 is switched on. As well 
as the mode “P0” it is applied for the drop of 
phase current. However, the current induced by 
EMF of self-induction, is closed through the 
switched-on transistor VT2 and diode VD2. The 
difference  between  the  modes  “P1”  and  “P0”  
consists in the fact that drop of current in the 
mode “P1” occurs much slower, than in the 
mode “P0”. 

To realize the maximum deceleration rate in 
the initial area for magnetization of the mag-
netic system (area 1 in Fig. 2) of BLDC motor 
the “P2” mode is used. Here the phase current 
grows rapidly to the required value and the en-
ergy from the power source is transferred to 
BLDC motor and converted into the magnetic 
field power of the motor. As far as at the area of 
decreasing magnetic conductivity the polarity of 
induced EMF of rotation coincides with the po-
larity of the supplied voltage Ud, then during 
passing of phase current in the mode “P2” 
BLDC motor is switched to deceleration mode 
using an opposition circuit. The mode “P0” is 

used for rapid drop of decelerating phase current 
at the end of its commutation cycle (area 3 in 
Fig. 2). At the area 2 (Fig. 2) maintaining of the 
required phase current is occurred to provide the 
necessary decelerating intensity of BLDC mo-
tor. Here maintaining of current phase is possi-
ble in several ways, the most efficient of which 
is alternation of the modes “P0-P1”. In addition, 
the mode of dynamic decelerating is replaced by 
recuperation mode and magnetization of the 
magnetic system BLDC motor occurs due to the 
induced electromotive force of rotation in the 
mode “P1” which eliminates power consump-
tion from the power source [13]. 

All this allows to achieve not only the sig-
nificant reduction of deceleration time to 1,2 ms, 
but also to reduce power consumption on average 
by 30 % and temperature of BLDC motor surface 
on average by 20 % as compared to other possi-
ble variants of deceleration organizing. 

The technical data of the designed BLDC 
drive are given in Table 1.  Exterior  view  of  
BLDC drive is shown on Fig.4. 
1. Technical data of the designed BLDC drive 

Number of poles of stator, ZS 8 

Number of poles of rotor, ZR 6 

Number of phases, m 4 

Outer size of stator (mm), d 50 
Inner diameter of stator (mm), DSi 25,5 
Air gap (mm), δ 0,13 
Number of windings of coil of stator 
phase, wФ 40(30) 

Length of stator package (mm), lδ 30 
Inertia moment of rotor (kg·cm2) Jrot 0,0662 
Rated voltage (V),  Urated 24 
Deceleration time (ms), tdcl 1,2 
Maximum deceleration current (A), 
Idcl 

3,9 

Temperature surface of BLDC elec-
tric drive, not more (°С), Т 65 

Minimum rotation frequency (min-1), 
nmin 

8,48 

Maximum rotation frequency (min-1), 
nmax 

485 

Frequency of pulse feed (Hz), f 1 – 60 
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  a                                   b 

Fig. 4. BLDC drive for PEWF: 
a – BLDC motor; b – control unit 

Conclusions 
1. Basing on the analysis of the existing 

MPEWF drives and considering their drawbacks 
during tests and industrial operation, the de-
tailed requirements were formulated which must 
be considered in designing of new MPEWF. 

2. Due to a number of obvious advantages 
of BLDC electric drive, to organize PEWF and 
reduce inertia of the drive, its weight and size 
characteristics, the reduction gear is not used in 
the drive and the torque required for electrode 
wire feed is released directly from the motor 
shaft. 

3. To achieve the maximum quickres-
ponse, the operation modes of electric circuit of 
the control unit, responsible for regulating the 
phase current during decelerating of BLDC mo-
tor, were determined, which allowed the 
achievement of deceleration time of 1,2 ms and 
also decrease of power consumption on average 
by 30 %. 
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