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Abstract 
Welding monitoring systems measure welding parameters (current, 

voltage, and gas flow rate), and evaluate the quality of final welded beads 

in real time.  In determining the quality of beads, finding the welding start 

and stop time for each bead is very important.  This paper designed a 

circuit, which measures welding voltage and arc current, and proposed a 

hardwired evaluation method in determining arc start and stop time by 

using the measured welding voltage and arc current.  The proposed 

method functions well under a retrial of welding setup, and evaluated 

accurate arc period. From experiments, the method evaluated at the 

accuracy of more than 90% for voltage and more than 98% for current 

against voltage and current command from the welding machine used. 
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1. Introduction 

Gas metal arc welding (GMAW) is widely used in industry because of its high 

metal deposition rate, flexibility and low cost [1]. It is attractive for high-

productivity manufacturing applications and is well suited to automatic or 

robotic welding [1, 2]. 

Welding, depending on processes, has profound impact on final product’s 

quality, productivity, and production cost.  The welding involves metal heating, 

melting, fusioning, clotting and cooling at a narrow area within a short time.  

Any malfunction in welding process can cause various defects in welded spots, 

and threaten the quality and durability of products because of the defects [3]. 

Due to developments in IT technology, there are increasing demands for systems 

capable of performing in real time in the industry [4-5]. Nowadays welding 

quality monitoring systems that predict defects on welded spots in real-time has 

become an essential tool for a working operator to decide the quality of welding 

process, rather than check the quality after finishing a whole welding process.  

In order to evaluate the quality of welded beads in real-time, the characteristics 

of the processed welding operation should be analyzed.  To do the analysis, 

process parameters for welding processes should be determined.  According to 

recent research results, the parameters are welding current, arc voltage, arc light, 

welding sound, welding temperature, and gas flow-rate[6-9].In previous studies, 

we analyzed welding conditions and beads qualities by using welding voltage 

and current signals processed in real time [10-13].  

Figure 1(a) shows arc voltage and welding current waveform while welding, 

where field noise is filtered out. Setup time(Ts) is the time interval between wire 

feeding and arc generation after starting a welding process, depicted in Figure 2.  

During the setup time, welding machines generate a predefined high voltage, and 

the setup period varies between welding trials. Welding period (Tw) is the time 

interval between start and finish of welding, and arc period(Ta) is the time 

between arcing. In real-time monitoring systems, the accuracy of measured arc 

period(Ta),during which a bead is formed, is very important in measuring 

average arc voltage and welding current, which in turn are used in evaluating the 

quality of welding. 

So far, the monitoring systems has been using two different methods in detecting 

arc start and stop time, used to measure arc period.  One is using teaching 

commands(arc ON/OFF signal from teaching pendant of welding robot) which is 

transferred through triggering signal of external digital I/O of the robot.  The 

other method is to generate a trigger signal when the arc current reaches a 

predefined level(Iref), and is processed by software. 

Teaching command method[14], shown in Figure 1(b) and denoted as ‘case 1’, 

produces welding period(Tw) that is not the arc period, because it uses arc 

ON/OFF command from teaching pendant.  Since setup time(Ts) is included in 
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the welding period(Tw), the arc period(Ta) is determined by extracting a 

predefined fixed setup-time value at the welding start/stop time of the welding 

period(Tw), in monitoring systems. Even when there was several retrial of arc 

setup, this method does not have any way of changing the setup time but to use 

the predefined fixed value. 

Trigger signal method [14], also shown in Figure 1(b) and denoted as ‘case 2’, 

recognizes one bead as two beads when a protrude signal, shown in Figure 1(a), 

is presented in the welding current signal.  To prevent this problem, monitoring 

systems use hold time (Th) as shown in Figure 1(b), which is a preset time done 

by software, that should be maintained after a variation of welding current.  In 

this method, when the time interval between beads is shorter than the hold time, 

the monitoring systems recognize the two beads as a one, as in Case 2 of Figure 

1(b). 

In welding monitoring systems that evaluate welding quality in real-time by 

measuring arc voltage, welding current, and gas flow rate, dependable estimation 

of arc start and stop time for each bead is the most important factor for an 

accurate evaluation of average arc voltage and welding current. This paper, 

therefore, designed a circuit for measuring arc voltage and welding current, 

which is to be used for real-time welding quality monitoring systems, and 

proposed a hard-wired evaluation method that measures arc period more 

accurately and reliably. Also it proposes an alternative to the problems of the 

above two methods, which is being used most widely in the industry. 

 

Figure1 (a): An arc Voltage and Welding Current of a Welding Process. (b) ARC Period 

Evaluation of Existing Methods. 
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2. ARC Period Detection Method 

In order to initiate a welding, the welding machine generates a high voltage 

(usually 50~70[V]) during the setup time after initial resting status with low 

voltage, shown in Figure 2.  The high voltage status is maintained until the 

welding rod touches the parent material. The arc voltage, the voltage after the 

touching, is sustained according to the arc voltage setting of the machine 

(usually 10~30[V]), during normal welding process. The welding current is the 

electrical current that flows from the rod to the parent material while arcing, and 

it is usually in the range of 80[A] to 500[A]. 

 

Figure 2: Arc Start with Setup Time 

For arc period detection, the teaching command method uses arc voltage 

waveform where teaching command is closely related.  The trigger signal 

method uses welding current information to determine the arc period.  In this 

paper, however, arc voltage and welding current information are used in 

complementary manner to improve the robustness of arc period evaluation. 

Figure 3 shows the block diagram of the proposed detection method, where 

Arcing Detection Circuit is included besides usual signal conditioning circuit for 

arc voltage and welding current measurement.  The function of Arcing 

Detection Circuit is to implement the state diagram of Figure 4, and help to 

increase the robustness of arc period evaluation. 

Arcing Detection Circuit generates arc period signal(Ta), using the two welding 

parameter(arc voltage and welding current) and S  signal, which is used as an 

input to Switching Circuit(NPN transistor).  The arc period Ta is logical ‘OR’ of 

the two comparator outputs, which are the result of comparison VOUT with Vref 

and I OUT   with Iref. S  signal is used to let VOUT to go zero forcibly when IOUT is 

less than Iref, this can be happened during setup time(Ts) and retry time(Tr) as 

well as initial start-up period. When 1 (high)S  , Switching Circuit pulls down 

VOUT to go zero. When 0 (low)S  , Switching Circuit becomes OFF state and the 

input signal is passed over to the output, meaning the output of the previous 

stage becomes VOUT.  While arcing action continues, VOUT and IOUT must have 

values that are larger than the reference values(Vref and Iref), and the output of 

‘OR’ gate(Ta signal) should go to logical ‘1’ state.  The logical ‘OR’ ensures to 

produce proper Ta signal even when one of the arcing signal(VOUT and IOUT) falls 
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below the reference signal(Vref and Iref) by accident, which can be happen due to 

noises in the floor. 

 

Figure 3: Proposed Signal Processing Circuit for Arc Period Detection. 

Figure 4 shows state transition diagram of Arc Detection Circuit, where the 

circuit operates between two states (Idling and Welding state). The detection 

circuit starts with Idling state, and remains the state while welding current is 

low(IC=0). The detection circuit goes to Welding state when welding current 

goes high(IC=1). In Welding state, two abnormal conditions might happen due to 

field noise in the working place, VC=0 while IC=1 and IC=0 whileVC=1. But, 

since these two conditions are kind of happening that cannot occur in normal 

condition, the state should not be changed, remains in Welding state. This 

counterplan in Arc Detection Circuit increases the robustness of arc period 

detection algorithm. 

 

Figure 4: State Transition of Arc Detection Circuit 
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3. Experiments 

In order to evaluate the operations of the proposed arc period detection method, 

the circuit shown in Figure 3 is implemented and tested for a real-world welding 

signal.  The circuit operates at the rated voltage of DC5[V], and it can handle 

maximum arc voltage of 100 Vrms and welding current of 500 Arms. 

Arc voltage(VARC) and welding current(IWELD) signal, generated from voltage and 

current sensors of welding machine, are scaled downappropriately and have 

voltages between 0~5V at the outputs of the low-pass filters(LPF).  The filters 

remove welding noise presented in VARC and IWELD signal, the cutoff frequency of 

each filter is 25 [Hz].  The comparators are implemented using OPA2244, and 

Switching Circuitis using NSS60201LT1G (NPN transistor) due to its low 

saturation voltage(VCE(sat)). 

Figure5 shows arc voltage(VARC) and welding current(IWELD) signal from P-350 

welding machine of DAIHEN, which is in a welding robot MH-6 of YASKWA.  

Thesignals are oscilloscope outputs when welding is done for two beads at atime 

interval of 1 second, under the welding setup condition of arc voltage 18[V] and 

welding current 180[A].  From the signal, one can see that there was a welding 

retrial after a setup time in the second bead. 

Figure 6(a) shows arc voltage(VMON) and welding current(IMON) which are 

mathematically scaled-up in monitoring system to compensate thescaled-down 

done in the attenuators of the proposed detection circuit.  Figure 6(b) shows the 

arc period signal(Ta) when the above signals are processed by using Teaching 

Command method, discussed in Section I.  In the figure, welding period Tw, 

which stems from ON/OFF teaching command of welding robot, and arc period 

Tafor each bead are shown.  The arc period signal Ta is evaluated by extracting 

a predefinedsetup time(200 [msec]) from the welding period signal Tw.Since 

there is a retrial in the second bead, the time spent for the second setup is about 

two times that of the predefined setup time(200 msec).  This means that the arc 

period evaluated by this method becomesnot accurate at all. As a result, 

evaluated welding parameters such as average arc voltage, current, and gas flow-

rate become unreliable. 

Figure 7(a) shows arc voltage(VOUT) and welding current(IOUT) when the arc 

voltage(VARC) and welding current(IWELD) signal of Figure 5 is process by using 

the proposed method, shown in Figure 3.  The resulting arc period Tasignal 

detected by the method is shown in Figure 7(b).  Every setup time shown in 

Figure 5 is omitted in the output signal(VOUT,IOUT, andTa).  The waveform of 
aT

signal shows that the proposed circuit detects arc period properly even when 

there was one retrial during the setup of second bead. 

To test the robustness of the proposed method, an artificial protrude is fabricated 

inIWELDsignal of Figure 5, shown in Figure 8, and the signal is fed into SPICE 

International Journal of Pure and Applied Mathematics Special Issue

442



simulation of the proposed circuit shown in Figure 3.  Even for this case, the 

evaluated arc period signal is all the same. 

 

Figure 5: Arc Voltage and Weldingcurrent Waveform used for the Experiments 

 

Figure 6: Arc Period Evaluation using Teaching Command Method. (a) arc Voltage and 

Welding current (b) Evaluated arc Period 

 

Figure 7: Arc Period Evaluation using Method.(a) arc Voltage and Welding Current (b) 

Evaluated arc Period. 
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Figure 8: Arc Voltage and Welding Current Waveform used for Simulations 

Table 1: Comparisons of Evaluated Average Voltage and Current 

Parameter 

Method 

Average output 

Voltage[V] (error) Current[A] (error) 

Teaching 

 Command 
26.6 (47.8%) 155.2 (13.8%) 

Proposed 19.5 (8.30%) 181.9 (1.05%) 

The average voltage and current forarc period Ta2of each evaluation method, 

Teaching Command and Proposed method, is shown in Table 1.The welding 

machine setup value was 18 [V] and 180 [A].The percent error is calculated 

from Equation 1. 
welder input average output

error 100 [%]
welder input


  (1) 

In Teaching Command method, arc period having several welding retrials tend 

to have more error in average voltage and currentevaluation.  This tendency 

becomes more severe when the arc period is small. The table shows that any 

‘Good’ welded bead might be classified as ‘Not Good’ if not a proper evaluation 

method is used.  For the proposed method, however, the error is about 8.3% 

(voltage) and 1.05%(current), which is accurate enough for welding workers to 

decide the welding quality quite dependably. 

4. Conclusions 

Welding monitoring systemsare widely used in welding industry to evaluate the 

quality of final welded beads in real time.  To evaluate the welding quality 

reliably, accurate measurement of arc period is very important.  This paper 

proposesa simple hard-wired accurate method for the arc period measurement as 

well as circuits for signal conditioning of arc voltage and current. From 

experiments, the arc start and stop signal(Ta) was shown to be accurate and error-

free even under anextra welding retrial and severe noise condition.The proposed 

technique shows91%(voltage) and 99%(current) accuracy when average voltage 

and current are evaluated using the measured arc period.This method can be 

implemented using cheap hardware parts, other than software implementing 
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complex algorithm or teaching command requiring extra hardware modulesfor 

interfacing.  The proposed method can be used in real-time monitoring systems 

which require fast and accurate parameter measurements. 
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