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1)  PURPOSE OF THE MANUAL
The purpose of this manual is to give useful information on LG-60 repairing to authorized Service Centre. This manual must only be used by qualified technicians to avoid running risks of serious damages to persons or objects. It is better to read and understand the contents of this manual before repairing work. Repairing a machine means opening it up to gain access to the parts inside after removing some of the safety guards. For this reason there are certain precautions to be taken, other than those for just using it for plasma, aimed at avoiding being 
Harmed by contact with:
- Live parts; 

- moving parts; 

- Parts with elevated temperatures.
WARNING! : Always unplug from the socket before handling parts inside the machine, as switching on the switch does not prevent danger of being electrocuted. Always wait for about five minutes before working on the inside parts, as some of the capacitors may still be charged at a high voltage. 
No way will WTL SPA be responsible for damages, direct and/or indirect, suffered by persons or things due to a careless reading or negligence to putting into practice what described in this manual. Always use original spare parts supplied by factory.
The matters in this manual have been organized into a successive logic gradually leading the operator into gaining a working knowledge of the general characteristics of the machine, thus greatly helping damaged component identification (see chapter 2). Repairs consist in identifying the damaged part and replacing it only for the parts listed at chapter 3. At chapter 4 you’ll find a list with all the necessary instruments for making the correct diagnosis and repairing. At chapter 5 you’ll read how to find out the faulty component. In case you are not able to solve the problem by following the instructions given in this book, the machine must be sent back to factory for repairing. 

    Should you have any doubt or problem when repairing the equipment, you can contact factory SPA at any time: we’ll be glad to help you (see chapter 8). The rights of translation, copy and partial or total modification in any way (including copies, film and microfilm) are not allowed without written authorization from factory SPA.
2) MACHINE DESCRIPTION

   The CUT 60 plasmas are based on inverter technology. By using a high frequency intermediate section it is possible to use a transformer considerably smaller in size and weight than standard machines. There are other important advantages in using this system, such as greater efficiency and improved Figure 2.2 (for the power source) block diagram shows the working principle of the above machine
	1、Power switch
	11、Thermal

	2、EMC
	12、Hall sensor

	3、Rectifier
	13、IGBT driver

	4、Soft Start
	14、Auxiliary Transformer

	5、Main capacitor
	15、FAN

	6、Half -bridge inverter
	16、Control PCB

	7、Main transformer
	17、Front panel

	8、FRD
	18、Safety capacitor


	9、Inductance
	19、Pilot arc

	10、Current Transformer
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Figure 2.1

We are also giving you two side views showing the component position in respect to the number given on the block diagram (see picture 2.2)                                                                                                                                                                                                       
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Figure 2.2
1：Power switch: This has the simple task of switching the machine on and off and is located on the back panel. 
2：EMC: In order to pass the EMI we use an EMC filter interposes between the AC sources.
3：Primary rectifier: The rectifier is a high voltage diode three Phase bridge, rectifying the voltage from the mains, achieving a single-direction value. 
4：Soft Start: These are simple components required for initially charging the electrolytic capacitors. In fact, an uncharged capacitor at the initial moment of the charge transient has the effect of a real short-circuit with very high currents. Apart from damaging the capacitors themselves, this could also damage the primary bridge where the entire current is in transit. The PTC has been custom-built into the feed circuit in order to limit this current, so that the load current will be kept to tolerate values. These PTC are short-circuited by the relay at point 3 after a certain time and the machine is then ready to work 

5：Main Capacitor: There are also electrolytic capacitors levelling the voltage from the primary rectifier. Other capacitors are required for eliminating any high frequency harmonics and to reduce interferences with the other components. 
6：Half-bridge inverter: Continuous voltage is converted by an inverter into a square wave at a frequency of about 20 kHz 
7：Main transformer: The transformer supplies a lower voltage to its secondary terminals necessary for plasma. It also provides the needed electric insulation between the main power supply and the plasma circuit, as requested by the standards.   
8:  Secondary rectifier circuit and snubber: the square wave voltage given from the inverter is rectified by a fast diode bridge with snubber circuit. 

9：Inductance: the purpose of this device is to level the current inside the plasma circuit in order to have a continuous value at high frequencies. 
10：Current Transformer: The transformer allows to checking the peak current of    

    Primary witch is used to provide OVER current signal for control board. 
11：Thermal: On the secondary diodes heat sink there’s a thermostatic protection (adjusted at 75 °C), and on the IGBT heat sink there’s a thermostatic protection.
12：Hall sensor: the transducer allows current control and measurement, giving an output value proportional to the plasma current needed for the adjustment. 
13：IGBT driver: provide driver signal for IGBT. 
14：Auxiliary Transformer: provide power for control board.
15：FAN: The fan is necessary to cool down the machine internal parts. 
16：Control PCB: The PCB implement all the machine functions set from the operator through the front panel. 
17：Front panel: Adjust the plasma current and display the active alarms.
18：Safety capacitor：It plays a role for explosion proof capacitor and Filtering role

19：Pilot arc PCB: The PCB is used to output with control pilot arc current.  
3) Introduction of working principle
(1) working principle(LG-60)
                                    Figure 3.1

(2) Explosion drawing(LG-60)
Figure 3.2
(3) Component listing(CUT 60)
	No 
	Code 
	Title 
	Quantity 

	1 
	8.253.020 
	Handle 
	1 

	2 
	8.301.634 
	Cover 
	1 

	3 
	7.202.123 
	fuse （longer） 
	1 

	4 
	7.202.029 
	fuse outlet 
	1 

	5 
	7.731.266-E 
	LG control transformer 
	1 

	6 
	5.496.908-B 
	AC 380V EMC PCB 
	1 

	7 
	6.271.800 
	EMC inductance 
	1 

	8 
	8.062.634 
	PCB assembly board 
	1 

	9 
	5.496.903-D 
	LG-60 control board 
	1 

	10 
	8.050.634 
	side cover (left) 
	2 

	11 
	7.253.009-B 
	Solenoid valves 
	1 

	12 
	7.253.400 
	water and oil separator 
	1 

	13 
	7.624.270 
	three way tin-in 
	2 

	14 
	7.232.637 
	gas valve switch 
	1 

	15 
	5.496.907-B 
	LG-60I front PCB 
	1 

	16 
	　 
	toggle switch 
	1 

	17 
	7.304.050 
	pressure meter 
	1 

	18 
	8.306.634 
	front blanking plate 
	1 

	19 
	7.458.320-R 
	knob 
	1 

	20 
	7.667.001 
	Isolation board
	1 

	21 
	8.065.634 
	front output panel 
	1 

	22 
	7.152.316 
	output connector 
	1 

	23 
	8.068.099 
	rear panel 
	2 

	24 
	6.271.634 
	inductance 
	1 

	25 
	5.496.204 
	HF absorb PCB 
	1 

	26 
	8.055.634 
	bottom plate 
	1 

	27 
	6.185.634 
	main transformer 
	1 

	28 
	8.123.990 
	transformer assembly board 
	1 

	29 
	7.720.030 
	fan 
	1 

	30 
	8.122.634 
	fan assembly board 
	1 

	31 
	8.462.634 
	rear panel gas-in connector 
	1 

	32 
	8.307.634 
	rear blanking plate 
	1 

	33 
	7.155.001 
	cable fixed clamp 
	1 

	34 
	7.555.311 
	EU standard cable 
	3.55 

	35 
	7.232.020 
	 rotary switch 
	1 

	A PART 
	
	　 
	　 

	A--1 
	8.422.029 
	IGBT heat sink(1) 
	1 

	A--2 
	8.422.029-C 
	IGBT heat sink(2) 
	1 

	A--3 
	8.746.029-B 
	heat sink assembly box 
	1 

	A--4 
	7.425.641 
	IKW40N120T2(K40T1202)
	6 

	A--5 
	7.231.275 
	thermostat 
	2 

	A--6 
	5.496.906-B 
	LG-60I inverter board 
	1 

	A--7 
	8.306.262 
	isolate board 
	1 

	B PART 
	　 
	　 
	　 

	B--1 
	8.145.202 
	inverter circuit assembly box outlet 
	1 

	B--2 
	9.066.670-G 
	ZX7-315 input rectifier board 
	1 

	B--3 
	7.411.311 
	rectifier 
	2 

	B--4 
	8.424.029 
	rectifier heat sink 
	1 

	B--5 
	7.461.215-B 
	capacitor 
	6 

	C PART 
	　 
	　 
	　 

	C--1 
	8.423.634 
	FRD heat sink 
	1 

	C--2 
	7.425.634 
	IGBT
	2 

	C--3 
	5.496.902-D 
	LG-60 pilot arc PCB 
	1 

	C--4 
	7.321.101 
	hall 
	2 

	C--5 
	8.751.060 
	FRD isolation board 
	1 

	C--6 
	5.496.904-B 
	LG-60I FRD absorb PCB 
	1 

	C--7 
	7.421.540 
	FRD(DSEI2*101-12A)
	1 

	C--8 
	7.445.321 
	resistor 
	2 


Figure 3.3
(4) System chart (CUT-60)


Figure 3.4
4). TROUBLESHOOTING & REPAIR SECTION








Figure 4.1


LED1: Power display

LED2: Over-temperature or over-current alarm.

LED3: tip or electrode and short circuit alarm, press the torch before switch on the machine.

LED4: Work display.
A-1: turn on the power, but power light is not on.
Solution:



Figure 4.2 
A-2: Turn on the power, but no gas flow
Solution:
1：Check the cable connected to the gas valve.
2：Check the gas circuit on the main control board (9.066.903-D). 


Figure4.3
3：Replace the main control PCB 
4、Check the barometer air pressure is normal, check valve working voltage, if the normal, the valve, check whether gas path jams
5、If still does not work, replace the gas valve 
Figure 4.4
A-3：Gas flow is normal, but pilot arc strength change together with the potentiometer
Solution：
1：Check the cutting gun and see whether there is problem 

2：Check the “OFF OFF ON” position on the switch socket as picture show (“OFF OFF ON”) is cutting condition, “ON ON ON” is debugging condition) 


Figure 4.5
A-4: Gas flow is normal, but there is no pilot arc
Solution:

1：If gas flow continues, check the switch whether is on “test” condition, if not, turns to it on “RUN” condition.

2：Check whether there is miss assembly of swirl ring on the cutting gun if so, please assembly it in right way. 

4：If there is still no arc out, press the gun switch and measure whether there is unload voltage on “WV” socket.(the unload voltage is 295V)
Figure 4.6
5：If there is unload voltage, check whether the pilot arc signal wire is disconnected.

6：If connect wire is normal, check if there is high voltage between the G、E pin of the T1 and T2. The normal indication is that: 1s after press the gun switch, there is +15V voltage between the G、E pin, consist 10S, then off, if there is no high voltage or less than 15V, change the drive chip (TC4420) 


Figure 4.7
7：If the high voltage is normal, Find three points G, C & E, then use the multimeter to test the G & E or C & E points if conduct through; if so, change IGBT, the procedure as below instructions.

Figure 4.8
8：Change pilot arc PCB (9.066.902-D), the procedure as below Instructions
A-5: No unload voltage
Solution:
1：Cut off the input power, Take the picture “Fig 3.11” as ref, please use the multimeter to test the N & P points which on the PCB, Check N & P points if conduct through, if yes, 
  Change the FRD. The procedure as below instructions
Figure 4.9
2：If not, check if the main inverter IGBT if broken, if so, changes IGBT, the 
Procedure as below instructions

Figure 4.10
3：If the main inverter IGBT is not broken, then turn off the strong power(remove “DC+”, “DC-”,“Tr” ), check if the IGBT drive wave(between the G、E) is Right, the right +15V pulse waveform as below:



Figure 4.11
4：If the waveform is wrong, check the output signal of pin 11 and 14 on the chip 
SG3525 on the control PCB, if right, then we are sure that the drive chip (TC4420) on the inverter PCB (9.066.906-A) is broken, change TC 4420, if not, then change SG3525

Figure 4.12
Figure 4.13
5: change PCB 9.066.904-B; 9.066.906-A; 9.066.903-D
A-6 the fan does not work  
Solution:

1：If the fan is barricaded by something, if so, check and Put off. 
2：Check of the relay (K3) on the control board is work, if 
Not, change the relay. 

3：Change the fan 

4：Change the control board 9.066.903-D


Figure 4.14
A-7 LED2 light on
Solution:

1：If LED2 light still on, check the pin 7 of U203 on the control PCB, if there is +15V, then it is OC alarm, check and repair the control circuit and inverter PCB, if there is -15V, then it 
is OT alarm, let fan go on working and then Recover.

Figure 4.15
A-8 LED3 blinking
1: If TIP/GUN red light blinking, then there is improper assembly of cutting gun, re-assembly tip electrode polar and protect back. 

A-9 LED3 light on 

Check the gas pressure and check the gas circuit.
A-10 there is no-load voltage but no arc output when presses the torch.

Resolution:

  1、 Check the drive cable between control board and main board. 
  2、 Put the red switch on the following position,1-down,2-down,3-up(on),which     

     Means normal status


Figure 4.16
3、 Unstable or improper connection between the torch and power system.  
 4、 Test whether the IGBT of pilot arc is good.

 5、 Check the part of main board.

A-11 there is pilot arc output but can not be transferred to cutting arc when press the torch and contact the work piece.
Resolution:
 1、 Unstable connection between the earth cable and work piece. 
 2、 Keep proper distance between the torch and work piece. 


Figure 4.17
3、 Check the test cable between control board and main board.


Figure 4.18
A-12 the output is too low or unstable or inadequate.
Resolution:

 1、Check all input and output connection cables.

 2、Make sure that work cable has a proper connection to a clean and dry area of work piece. 

 3、Make sure the correct input voltage according to the nameplate.

 4、Keep proper distance between the torch and work piece.

 5、Check the part of main board.
A-13 the pilot arc is hard to ignite and easy to go out.
Resolution:

 1、 Change the tip, electrode or torch cap which may be worn. 

 2、The air pressure is too high and adjust it to 75PSI/5.2BAR.

 3、Check the main board and control board.

A-14 Output is restricted and can not be controlled.

Resolution:

 1、 Check all input and output connection cables. 

 2、 Make sure that work cable has a proper connection to a clean and dry area of work piece.
 3、Check the part of main board.

A-15 the quality of cutting is not so good
Resolution:

 1、 Adjust the proper cutting current according to the thickness and material of work piece. 
 2、The speed of cutting is too quick.

 3、Clean the surface of work piece.

4、Change the tip, electrode and cap.

5、Keep proper distance between the torch and work piece.

5)．TESTIN PROCEDURE
(1)Control board testing 
1.Introduction of control circuit（CUT 60）

Figure 5.1
 View of control board (CUT-60)

2. Photo of control board(CUT-60)

Figure 5.3

	power1
	Connected with control transformer to provide power for control board.
	1-2(blue-black)
	AC 21.5V,

	
	
	2-3(blue-black)
	AC 21.5V.

	DRIVE
	Connected with main board to provide drive signal for discrete IGBT.

	1(purple)
	+15V

	
	
	2(blue)
	OUTA

	
	
	3(black)
	OUTB

	
	
	4(gray)
	OUTB

	
	
	5(yellow)
	OUTB

	
	
	6(white)
	OC

	
	
	7(red)
	GND.

	MB
	MB--Connected with panel board to communicate.

	GUN
	Connected with the torch to provide signal of gun.

	power2
	Connected with control transformer to provide power for control board.
	1-2(blue-blue)
	AC22V

	QF
	Connected with main board to provide power source for the gas valve and the outside photo coupler circuits.

	OT&PRE
	1-2 Connected with the Thermostats to provide over-temperature signal of IGBT for MCU. 3-4 Connected with the pressure switch to test the input gas pressure.

	OT
	Connected with the temperature switch to provide over-temperature signal of FRD for MCU. 


	GUN test
	GUN test-- Connected with the torch to provide signal of tip and electrode.

	OUTPOWER
	Connected with pilot arc board to provide power (+24v) to pilot arc board and get +15v form it. 
	1(red)
	+24V

	
	
	2(white)
	+15V

	
	
	3(blue)
	AGND.

	WV
	Connected with the output to sample voltage signal.
	1(red)
	”+”

	
	
	3(yellow)
	”-”.

	Short circuit-
	 Connected with pilot arc board to sample the Short circuit signal of tip and work piece.

	  D&T

	Connected with pilot arc board to provide drive signal for pilot IGBT (pin3-4) and provide signal of pilot arc transfer to cutting arc for MCU (pin1-2).

	 WA
	Connected with HALL sensor to sample current signal. 
	1(red)
	+15V

	
	
	2(white)
	-15V

	
	
	3(yellow)
	Iis-In

	
	
	4(gray)
	GND

	FAN
	Supply the fan.

	HVin
	Connected with rectifier board provide signal of soft starter.

	SWITCH
	SWITCH--To select test or normal status


3. Testing
[image: image2.jpg]\_J° ‘ 'A'W"

E%g m". e "2@ =

Wmmm:l‘





 

Figure 5.6


Figure 5.7


       Figure 5.8

(2) Introduction of main circuit
 Circuit of EMC

Figure 5.9

Figure 5.10
EMC PCB
 Figure 5.11
 L1、2、3 IN-- AC380V input，L1、2、3OUT--AC380V OUT 

Circuit of INPUT Rectifier circuit of Half -bridge Inverter


Figure 5.14
· J1-- Connected with DC+ of Inverter board. 
· J2-- Connected with DC- of Inverter board. 
· J3-- Connected with main transformer. 

· ST-- Connected with “HVIN” of Control board. 
Main circuit of Half -bridge Inverter


Figure 5.15
· DC+-- Connected with DC+ of 

 Rectifier board
· DC- -- Connected with DC+ of 

Rectifier board
· Tr- -- Connected with main transformer. 

Figure 5.16
 Pilot arc board



Figure 5.18
 Figure 5.19
· POWER3 -- Connected with control transformer to provide power for pilot arc board.
· J1-- Connected with output Connector and J2 of pilot arc board. 
· Pilot current -- Connected with HALL sensor to sample current signal. 1_+15V，2_-15V，3_Iis-In，4_GND.

· J2-- Connected with J1of pilot arc board and J3 of output rectifier board. 

· Pilot arc-- Connected with the torch to provide Pilot current.
Output rectifier

Figure 5.20

Figure 5.21
PCB of Output rectifier
[image: image3.png]



Figure 5.22
· J1、J2 --Connected with main transformer output.

IGBT TEST 

1. The invert of IGBT 
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Figure 5.23
2. Preparation of test IGBT:

· 1、We must Switch off the machine 

· 2、After 5 minutes we  can test .

· 3、Turn the rotary switch to test diode. 

· 4、keep 3 seconds when we test every step.

· 5、If the result we test as similar as the following picture .We can say the IGBT is good. Otherwise there are some IGBT damaged.

    IGBT Test (G-C)                                  IGBT Test (G-E)
 IGBT Test (C-E)                               IGBT Test (C-G)

IGBT Test (E-G)                               IGBT Test (E-C)
Figure 5.24
3. Solutions when the invert IGBT is damaged.
· 1、 Check the circuit of IGBT driver may be there are some components damaged. 

· 2、Remove IGBT one by one and test as Figure 5.24.

· 3、After we Remove the damaged IGBT. Check the IGBT drive wave (between the G、E) as same as Figure 5.25
· 4、If not ,we must Replace Components of driver circuit(Figure 5.26). 

· 5、Replace IC TC 4420(Figure 5.26). 

· 6、 If the wave is ok .Replace the damaged IGBT.


Figure 5.25

Figure 5.26
4. The Pilot arc of IGBT

Figure 5.27
5. Preparation of test IGBT:
· 1、We must Switch off the machine 

· 2、After 5 minutes we can test .

· 3、Turn the rotary switch to test diode. 

· 4、keep 3 seconds when we test every step.

· 5、If the result we test as similar as the following picture .We can say the IGBT is good. Otherwise there are some IGBT damaged.

IGBT Test (C-G)                         IGBT Test (E-C)

IGBT Test (E-G)                           IGBT Test (G-E)
IGBT Test (G-C)                           IGBT Test (C-E)
Figure 5.28
· 6. Solutions when the invert IGBT is damaged.
· 1、 Check the circuit of IGBT driver may be there are some components damaged. 

· 2、Remove IGBT one by one and test as Figure 5.28
· 3、After we Remove the damaged IGBT. Check the IGBT drive (between the G、E) 

· 4、If not ,we must Replace Components of driver circuit(Figure 5.29). 

· 5、Replace IC TC 4420(Figure 5.29). 


Figure 5.29
3 FRD TEST 
1. Location of FRD

[image: image5.jpg]£
0
[~
g

C—100A-SP3 _a

0001




Figure 5.30
2. Preparation of test FRD

· 1、We must Switch off the machine 

· 2、After 5 minutes we can test .

· 3、Turn the rotary switch to test diode. 

· 4、keep 3 seconds when we test every step.

· 5、If the result we test as similar as Figure 5.31.We can say the FRD is good. Otherwise maybe some FRD are damaged.
· 6、Replace the damaged FRD.

FRD Test (K-A)                                        FRD Test (A-K)
                              
FRD Test (K-A)                                   FRD Test (A-K)









Figure 5.31
6) WARRANTY CONDITIONS
We remind you that factory Spa does not repair under warranty damages caused by: 

- Repairing attempts carried out by unauthorized personnel by factory to repair and service its products; 

- Improper use; 

- Connection to incompatible devices; 

- Unauthorized additional modifications of the machine; 

- Use of any instruments not complying with the ones indicated at chapter 4; 

- Repairing procedure different from those given in this “Service Manual”; 

7) TECHNICAL DATA
	Input voltage 
	380~415V

	Max input current  
	14.75A

	Adjustment range 
	20~60A

	Plasma current X=60%（t=40℃）
	60A

	Plasma current X=100%（t=40℃）
	46A

	Working voltage 
	88V~104V

	Protection class
	IP23S

	Standards
	IEC60974-1


8) REQUEST FOR TECHNICAL ASSISTANCE PROCEDURE
Operators with difficulties in identifying faulty parts to be replaced should contact factory Technical Assistance Service. 
G
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C





G





�





�





E











G  C  E





E





5





3





3





2





2





1





1





G  C  E





Figure 5.17








Figure 5.11








� Figure 5.13








Current to set the cutting current
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Figure 5.2
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4. Check the control panel is damaged, whether there is a device, a short circuit is damaged
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1．Check the input power





2．If the fan does not work at the same time, change the fuse (3A)





3．Check the power Supply cable on the front panel
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Figure 5.12








Off, off, on





R717: by adjusting it to make the voltage of U204-Pin5 about 3.65V at unload state.








R394: by adjusting it to make the voltage of Pin25 of MCU is 1.25V when the output voltage is 100V.








IMAX: by adjusting it to make the pre-setting maximum current accord with the actual current. 








Select switch to set run (normal work) or set (gas test) status





Air plasma cutting Show air pressure











