P 800 Series ON-LINE UPS                                                                              SERVICE MANUAL

Service manual
P800  PLUS Series ON-LINE UPS
	5000VA

	6000VA

	7500VA

	10000VA

	15000VA
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IMPORTANT

1. Please read the manual carefully before doing maintenance.

2. For safety, please operate it strictly according to the instructions in the manual. Never do any test or maintenance without instruction.

WARNING
(For Qualified Service Engineer Only)
1. Check if the input source is normal before operation.

2. Do not take a risk in danger by touching some connections and components when power is on, because there may exist dangerous voltage.

3. Please turn off the Master power switch on UPS rear side and disconnect the input power cables before removing the terminal block cover.
4. When Mains available, there is AC voltage even though the DC power switch is off.

5. There may still exist high voltage in DC capacitor after power is off, so you are required to wait for at least 5 minutes after UPS is switched off before moving on next step.
CAUTION
1. Always check if all the hardware parts including cables, connectors and screws are fasten, then a view check to the discolored or burnt components inside UPS is a must.

2. DO NOT short-circuit the internal batteries!

3. In order to avoid a temporary spike produced by battery charger when you reconnect the battery connector, it’s better to power on the UPS first.

4. Verify the polarity of the battery and the tightness of all screws and connectors are required before

UPS be restarted.
Chapter 1: Introduction
1. Introduction
P 800 Series UPS bases on true on-line double conversion design, which avoids kinds of interference from Mains. The output of the UPS is stable, low-THD pure sine wave, with stronPoint below: 
■ True on-line double conversion design

■ Power protection
■ Sine wave pulse width modulation

■ IGBT inverter design

■ Wide input voltage and frequency windows

■ Pure sine wave output with less than 3% THD

■ Expandable backup time

■ Generator compatible

■ Load/Battery power meter display

■ Overload, on-line, battery status LED/LCD

■ Advanced Battery Management

■ Automatically charging in UPS off mode

■ Zero transfer time on AC mode to/from battery mode

■ AC mode to/from bypass mode

■ Smart RS-232 communication port

■ Optional SNMP card

■ Power capacity：5000VA-10000VA

■ Working mode：On-line, singe phase in and single phase out 

■ Application：Workstation, net server, Computer room, Storage application
On-Line UPS provides adjustable input/output characteristics which enhance its flexibility as well as performance.

These adjustments may be carried out on customer’s site by a skillful technician who has adequate

training on electronics, He/She must have experience on using Multi-meter, Variable transformer, and

Dual-track AC/DC converter etc..

If you have any further question concerning these procedures, please contact us for advice.

2. Tools Required

1. Multi-meter: Digital Type

2. Oscilloscope: Dual channel, 60MHz or higher with two 10*1 high impedance probes.

3. Current Meter: Digital

4. Frequency Meter: Digital

5. Screw Driver: Flat-type, Cross-type

6. long-nose plier, wire cutter

7. Isolation Transformer, to use with Oscilloscope
8. Cement resistor or 100W incandescence lamp used for discharge test of BUS electrolysis capacitor 
9. Lamp for discharge
Chapter 2: System Description
Aim to let you know more about our P 800 Series ON-LINE UPS, we provide you the block diagrams and main design ideas here:  
1. System diagram 
There are mainly three main parts to perform the ON-LINE UPS FUNCTIONS, they are AC to
DC Converter (Rectifier), Battery Bank and DC to AC Inverter as shown in Figure 1-1 below:[image: image26.png]Input
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The figure above shows that Rectifier converts the mains into DC power and then supplies DC power

to Inverter, as well to the Charger to charge the batteries in the UPS.

In normal operation status, the Rectifier supplies power to Inverter, whenever the mains fails, the battery bank will power the Inverter and provide pure sine wave output to the Load. 

The static switch is used to switch between bypass mode and inverter modes and there is zero transfer time between the AC mode and the battery mode.

2. Generally speaking, there are three operation modes with three respective block diagram below:

2.1 UPS runs on AC inverter mode
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When UPS runs normally, after high-frequency harmonic noise in utility power is filtered by the input filter, on one hand, utility power charges battery bank via inverter and keeps battery power on full voltage level. On the other hand, utility power is converted into DC power via the rectifier and then converted into pure sine wave via inverter, finally power is transmitted to user’s equipment via the static switch and the filter.
2.2 UPS runs on battery inverter mode
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When utility fails, the Battery bank will instantly back up the power to the Inverter and power the load uninterruptedly, the Load actually will not be affected by utility fails due to the zero transfer time. The

Battery bank will steadily keep its output to the Load without being affected by the Battery bank’s voltage level, only the back-up time will be decreased in according to the decrease of the discharging current. The back-up time is subject to Ampere Hour (AH) or battery capacity.
2.3 UPS runs on bypass mode
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Whenever there is unexpected fail or carrying overload, for a fully designed UPS, it must be capable to detect by its Auto-detect circuit device and instantly transfer to bypass (AC Line) by Static Transfer Switch without any interruption, the load will be supplied by bypass mode. And it will turn to inverter mode when UPS get back to normal condition.
UPS will run on bypass mode only in the following conditions:
a. Not startup UPS but connect utility to UPS
b. Overload

c. Inverter fault 

d. In the course of UPS slow startup by pressing “ON” button for 20 seconds

e. After turning off the UPS by pressing the ‘OFF” button 

f. Over-temperature protection
3. Explanation of main parts in the block
The P 800 Series ON-LINE UPS is a highly acclaimed reliable and intelligent designed UPS. The main features are such as:

(1) Rectifier: A Full-Bridge type rectifier to perform the filtering.

(2) Charger: The Charger Board is of Flyback-Type.

(3) Battery bank: The battery capacity will be pertinently matched to the various models accordingly.

(4) Inverter: The device of Inverter is of PWM 20KHz Full-Bridge design with an Ultra Super

Isolated Transformer added.

(5) STS (Static Transfer Switch): It is functioned by both Relay and TRIAC together.

To provide users the most considerate and convenience, there is a double display system design both LCD and LED, which can indicate comprehensive UPS operation mode status in case users are not available with software application.

4. Technical Specification
	Model 
	P 5.0
	P 6.0
	P 7,5.0
	P 10.0
	P 15.0

	Capacity
	5000VA
	6000VA
	7500VA
	10000VA
	15000VA

	AC input                                                                             

	Voltage range
	176~264VAC

	Frequency
	50 or 60Hz ±5%

	Phase 
	Single phase

	AC output                                                                                

	Voltage
	230V

	Voltage Regulation
	±1%

	Frequency
	50 or 60Hz (Converted by a jumper on PCB board inside UPS, not changed by users)

	Frequency stability
	±0.5% (battery inverter mode)

	Output waveform
	Standard sine wave

	Power factor
	0.8

	THD
	<3%(linear load)

	Dynamic performance
	Voltage variation≤4%（100% load or cutoff）

	Battery

	Type
	Lead acid maintenance-free battery

	Voltage
	192VDC

	Charge time
	90% capacity after being charged for 8 hours

	Alarm

	Utility fail
	The buzzer beeps once every 4 seconds

	Battery low voltage
	Low voltage LED keeps lighting and the buzz beeps once per second

	Over load
	Overload LED keeps lighting and the buzz keeps long beeping

	UPS abnormal
	Fault LED keeps lighting and the buzz keeps long beeping

	Environment

	Temperature
	0~40℃

	Humidity
	20%~90% (non-condensing)

	Noise
	＜58dB（one meter from the cabinet）

	Size

	Output type
	Terminal block

	Net weight(no battery):kg
	65 (no battery)/  105 (with battery)
	69(no battery)/  109 (with battery)
	105
	115
	135

	Dimension: W×D×H (mm)
	230*580*700
	305*590*870 

	Others

	Efficiency
	＞85%

	Transfer time
	Zero 

	Communication interface
	Rs232 with monitoring software


5. Inner structure
5.1 For P 5.0 & P 6.0
5.1.1 Entire view
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5.1.2 Front panel and rear side
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5.1.3 Inner structure 1
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5.1.4 Inner structure 2
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5.1.5 Connection diagram
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5.2 For P 7,5. & P 10.0 & P 15.0

5.2.1 Entire view
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5.2.2 Front panel and rear side
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5.2.3 Inner structure 1
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5.2.4 Inner structure 2
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5.2.5 Connection diagram
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Chapter 3: Circuit Diagram

1. Main control board
1.1 Main control board PCB


[image: image15.png]0=
o .mmm
Ao
[ 5o 0%

WavA-t ver2n
(]

2 J ,
b T e





1.2 Main control board picture


[image: image16]
1.3 Main control board protection and DC voltage detecting circuit

1.4 Function of signals
	PCB name
	Connector (pin)
	Function

	Main control board


	CN2(Pin1-pin3)
	Inverter output voltage feedback

	
	CN3 (P 8.0-12.0)
	Bypass SCR control output

	
	CN4
	——

	
	CN5
	Input of output current feedback (from CT1)

	
	CN6
	——

	
	CN7
	——

	
	CN8
	24VDC  (To relay on bypass control board)

	
	CN9
	Input/output voltage sample (pin2 is the common pin, its value is 19VAC when the AC is 220VAC.

	
	CN10
	LED display (to led indicator board)

	
	CN11
	Not available (but can use for dry contact output

	
	CN12
	218VDC (from charger)

	
	CN13
	To startup board 

	
	CN14
	To IGBT(SPWM output)

	
	CN15
	Input of temperature switch signal

	
	CN15-1
	SCR output to CN15-1

	
	CN15-2
	BYPASS utility input to SCR

	
	CN15-3
	System neutral wire (CN2-Pin3)

	
	CN16
	18VDC (to switch board)

	
	CN17
	Inverter over-current feedback input (From AC CT)

	
	CN19
	24V,12V，Software shutdown

	
	CN20
	Input/output frequency sampling (to interface board)


1.5 Function of jumpers
JP3: Close the inverter and protect output voltage over or low.
JP4: Limit the load current
JP5: Control the temperature
JP6: Frequency option
JP20: Control the static switch
1.6 Important testing items on main control board 
1. CN12=218VDC (from charger board)
2. TP20→TP19=24VDC

3. TP6→TP19=12VDC (adjustable by VR4)
4. CN8=24VDC
5. (U16) Pin 7 →(U16)Pin1，triangle wave circuit output (Figure 1.6-1)
6. TP1→TP19, Step sine wave circuit (Figure 1.6-2)
7. (U26) PIN5→TP19, (U30) PIN5→TP19, driving preceding SPWM wave (Figure 1.6-3)
8. TP12→TP19, TP16→TP13, TP17→TP14, TP18→TP11, driving posterior SPWM wave output (Figure 1.6-4)
9. (U7) P2 →P10 (CN2 white wire), use for adjust the 5V norm power.
Triangle wave circuit output (U16) Pin 7, (U16) Pin1, Pin 7conect to probe), F=10.5KHZ, Voltage extent=7V.

        
Step sine wave circuit（TP1—TP19, TP1 connect to probe）, Voltage extent =7.00V, T=20ms, F=50HZ


Driving preceding SPWM wave (U26/PIN5→TP19, U30/PIN5→TP19, PIN5 connect to probe）, Voltage extent=13.1V



Driving posterior SPWM wave output（TP12-TP19，TP16-TP13，TP17-TP14，TP18-TP11, the front is connected to probe）, Voltage extent=32.6V, about 10.4V by multimeter


1.7 Testing data and defination on main control board 
	No.
	Testing Item
	Signal value
	Defination

	1
	TP1
	
	Step sine wave (TP1—TP19)

	2
	TP2
	——
	——

	3
	TP3
	——
	——

	4
	TP4
	——
	——

	5
	TP5
	0V
	DC ground

	6
	TP6
	12VDC

（by multimeter）
	Pin1 output of U28 /LM317 


	7
	TP7
	——
	——

	8
	TP8
	
	SPWM driving DC power supply (Q19/Q23,Q20/Q24）

	9
	TP9
	
	SPWM driving DC power supply (Q21/Q25)

	10
	TP10
	
	SPWM driving DC power supply (Q22/Q26)

	11
	TP11
	
	Re. voltage of TP18 

	12
	TP12
	About-10.40VDC (normally -10.V) by multimeter
	SPWM output （CN14-Pin8, TP12-TP19）, namely Pin8-Pin7 of CN14

	13
	TP13
	
	Re. voltage of TP16 

	14
	TP14
	
	Re. voltage of TP17 

	15
	TP15
	——
	——

	16
	TP16
	About -10.40VDC（normally -10V）
	SPWM output（CN14-Pin4, TP16-TP13）, namely Pin4-Pin3 of CN14

	17
	TP17
	About -10.45VDC（normally 10V）
	SPWM output（CN14-Pin1, TP17-TP14）, namely Pin1-Pin2 of CN14 

	18
	TP18
	About -10.45VDC（normally 10V）
	SPWM output（CN14-Pin5, TP18-TP11）, namely Pin5-Pin6 of CN14

	19
	TP19
	DC re. ground
	Re. voltage of TP12 

	20
	TP20
	24VDC
	 Pin3 input of U28 /LM317 


1.8 Function of adjustors 
	PCB name
	Adjustor
	Function

	Main control board


	VR1
	Inverter output voltage

	
	VR2
	Synchronization adjusting

	
	VR3
	Inverter output frequency

	
	VR4
	12V norm voltage

	
	VR5
	Balance point adjusting


2. Charger board
2. 1 Charger board PCB
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2. 2 Charger board picture


[image: image18]
2. 3 Charger board circuit
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2. 4 Function of signals
	PCB name
	Connector (pin)
	Function

	Charger board
	CN501
	Utility input

	
	CN502
	To switch board (24VDC)

	
	CN503
	12VDC (to LED display board)

	
	CN504
	12VDC (to fan)

	
	CN505
	218VDC（to main control board）

	
	P501/P502
	Rectifier voltage input

	
	P503/P504
	To BAT-

	
	P505/P506
	To BAT+ (218VDC)

	
	P507/P508
	To (30U/450V) AC capacitor


2.5 Function of adjustors

	PCB name
	Adjustor
	Function

	Charger board
	VR501
	Charge voltage



	
	VR502
	Charge current


3. Interface board

3.1 Interface board PCB
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3.2 Interface board picture



3.3 Interface board circuit


3.4 Function of signals

	PCB name
	Connector(pin)
	Function

	Interface board
	CN1
	24V,12VD,etc. (From main control board ) 

	
	CN2
	LCD display  (To display board)

	
	CN3
	Frequency display  (From main control board)

	
	CN4
	Input/Output Vol. Display (Pin2 is common pin) from main control board

	
	CN5
	LCD display board


3.5 Function of adjustors

	PCB name
	Adjustor
	Function

	Interface board
	VR1
	Inverter output voltage display

	
	VR2
	Utility input voltage display

	
	VR3
	5V norm power supply


4. LED display board

4.1 LED display board PCB
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4.2 LED display board picture

  
4.3 LED display board circuit

4. 4 Function of signals 
	PCB name
	Connector (pin)
	Function

	LED display board
	CN1(Pin1-pin2)
	12VDC (From charge board)

	
	CN2
	LED display (From main control board)

	
	CN3
	transmit fault message to LCD display board (like BYPASS,FAULT,PAGE)

	
	CN4
	From LED board, as turn on/off function


4.5 Function of adjustors

	PCB name
	Adjustor
	Function

	LED display board
	VR1
	Battery voltage percentage display

	
	VR2
	Load percentage display


Chapter 4: Important Circuit Analysis
In order to provide you sufficient information for your service or maintenance, we add this part of important circuit analysis.
1. Rectifier circuit analysis

When the utility input switch is on, the single phase non-controllable rectifier circuit goes to work and produce 311VDC output (220VAC rated input). See Figure 4.1.
2. Switch circuit (Soft startup circuit) analysis


In order to limit the charge current of the BUS capacitor during the startup of the rectifier of the UPS, a 7ohm/30W cement resistor is connected in series to the positive output terminal of the rectifier. Two relays (RLY101 and RLY102) are connected in parallel on the two ends of the resistor. Before the inverter is turned on, RLY102 on the soft startup board closes and provides DC input to the charge board. When the UPS inverter starts up, RLY101 closes and provides the allowable maximum current of the power circuit. See figure 2 above.
3. Charger circuit analysis

3.1The function of charge board

3.1.1 When the utility is normal, the buck DC conversion circuit built of SG3525 PWM component is used to:  

1). To power the battery

2). To provide the operation power for the main control board and auxiliary DC supply for the subsystem boards.


The utility input to charge board through CN501 and transformed by transformer TX501 and rectified to 12V and 24V DC auxiliary power supply and Vcc. The Vcc follows the utility and is about 15VDC when utility is normal. C501, UA7812 and C502 constitute the three terminals regulated power supply. The input is 24VDC and the output is 12VDC, which separately power the small DC fan (CN504) and display panel (CN503). On the other hand, the 24VDC supply is delivered to the CN101 of the switch board to control the relay RLY102. The output of the 3&4 pins of the TX501 is turned to DC power of about ±12V through half-wave rectify process and supplied to the 8&5 pins of the TLP250. Pls. see Figure 3.3.1 above.
3.1.2 When the utility is abnormal, SG3525 is shut down by the utility peak detection protection circuit of the charge board and the unit is switched to battery supply mode.

3.1.3 The electrical circuit of the charge board (Fig 3.1.3 below)
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The charge circuit is the buck DC/DC converter consisted of SG3525(U502) PWM component. 
The relationship of the input/output voltage is as following:

Uoutout=Uinput*Ton/T

Hereof, T is the duration of PWM pulse, Ton/T is the duty ratio of the pulse. Its output voltage U can be kept constant by the adjustment of the duty ratio.


4. Turn on/off circuit analysis


4.1 Function: the circuit is used to turn on and turn off the inverter.
4.2 The theory: When press the startup button SW3, the 220VDC signal is divided into two lines, one is sent to pin8 through pin7 of the relay after voltage division process by R23 and then it is used to provide the bias supply to Q1 and Q2. The other is sent to the base pole of Q1 after the current limiting voltage division process of R6, R1 and R15 to turn on Q1 and Q2. The purpose is to pull down pin 8 voltage of RLY1 to low level. The relay is closed. Then 220VDC is sent to pin1 of CN4, say pin5 of CN13 of the main control board. The operation current and DC auxiliary power supply of the main control board is set up, the inverter starts up. VD1 of the circuit forms a self lock circuit. When press the button switch SW2, Q1 base level is pulled down to zero and the RLY1 contact discharge. The main control board stop and the inverter is closed. Pls. see Figure 4.4 above.
5. Inverter circuit analysis
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The inverter power device of P 5.0-P 15.0 Series ON-LINE UPS is IGBT module (Figure 4.5.1 above). Q1&Q4 are half bridge and Q2&Q3 are half bridge. To apply PWM pulse drive to the base pole of them, the above and bottom half bridges will be turned on for the output of modified sine wave. Finally we can get standard sine wave output after it’s filtered by the low pass filter (consisted of the leak inductor of the transformer and high- frequency-pass filter capacitor). 
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6. Inverter circuit analysis

6.1 Function description
6.1.1 Provide drive and protection signals for quad channel drive auxiliary power supply, quad channel IGBT of IGBT single phase full bridge.
6.1.2 Provide UPS inner measurement conversion of analog measurement and switch status .
6.1.3 Provide detection and protection of over-load, short circuit, self boost and fault alarm. by the feedback of inverter output voltage and current.
6.2 Construction: main board/interface board

6.3 Analysis of main board of the control system
6.3.1 IC list of the main board control circuit
	Part number
	Specification
	Defination

	U1
	LM324
	Four-amplifier

	U2
	CD4051
	Eight in/One out analog switch

	U3
	CD4066
	Four transfer logic gate

	U4
	LM324
	Four-amplifier

	U5
	CD4029
	Pre-settable and invertible counter

	U6
	CD4013
	Dual D trigger (with reset function)

	U7
	HA17555
	Precision counter/timer

	U8
	LM339
	With four comparators inside

	U9
	UC3845
	PWM component

	U10
	LM339
	With four comparators inside

	U11
	CD4538
	Dual precision single stable state trigger 

	U12
	CD4049
	Six buffer inverter/converter

	U13
	CD4013
	Dual D trigger (with reset function)

	U14
	LM339
	With four comparators inside 

	U15
	HA17555
	Precision counter/timer

	U16
	TL072
	Amplifier

	U17
	CD4071
	With four logic “or’ gate (two input)

	U18
	LM324
	Four-amplifier

	U19
	CD4518
	Dual BCD synchronization sum counter 

	U20
	CD4030
	Four Logic “NA” gate

	U21
	HA17458
	Low noise amplifier

	U22
	UC3845
	PWM component

	U23
	CD4066
	Four transfer logic gate

	U24
	HA17339
	With four comparators inside

	U25
	LM339
	With four comparators inside

	U26
	CD40107
	Dual 2 input A&N buffer gate/driver

	U27
	CD4049
	Six buffer inverter/converter

	U28
	LM317
	3 ends regulator

	U29
	LM324
	Four amplifier

	U30
	CD40107
	Dual 2 input A&N buffer gate/driver

	U31/32/33/34
	TLP250
	Photoelectrical coupler

	U35
	LM339
	With four comparator inside

	U36
	CD4093
	Four Schmidt trigger (2 input ports)


6.3.2 DC auxiliary power supply of main board
The DC auxiliary power supplies include:

The bias power supply to the power device in the half bridge drive circuit of the inverter

12V and 5V power supplies for individual control circuits

12V power supply for SNMP card
18V power supply for the relay RLY010 on the switch board


As the Figure 6.3.2, the PWM circuit of U22 is the real switch mode power supply circuit, its operation theory is briefly introduced here: 220V DC is input from CN13.5 and current limited and voltage divided by R216 to delivered to pin7 of UC3845 (U22) by C83 coupled. DZ4 is used to keep the Vcc on 15V, Then the internal oscillate component will deliver output with the frequency 1/ (Rt *Ct). Pin2 is the input terminal of voltage feedback, its value combines with the compensation of pin1 to change the pulse width of pin6 to adjust the voltage output. Pin3 is the current detection terminal and R217 is the current sample resistor. R195/C99, R170/C98 is the filter circuit designed to prevent the pulse interference when light load. 

The 18V signal control level of pin6 of UC 3845 will turn on Q14 and the output will go to pin2 of T4. The attenuation damp circuit, constituted of R228, R227, C114 and D83, is used to limit the peak interferences of the collector of Q14. The DC signal of Pin1 of T4（TX083-3）is from CN13.5 and coupled by RT1 and R232/C11. Then T4 will begin oscillation operation to deliver 12V（TP8→TP13，TP9 → TP14，TP10 → TP11），18V，24V DC auxiliary power supply by rectify process. 18V is supplied to the control power supply of the relay of the switch board. 24V power is to provide 12V main control board power supply through regulation of 3 ends regulator.

6.3.3 Utility/inverter amplitude synchronization detection and PWM pulse generate circuit.

1. Analysis of utility/inverter amplitude detection and utility synchronization signal generation circuit


The utility signal (about 20VAC) is sent to the differential amplifier consisted of 12/13/14pins through voltage division of R6 and clamping of D4/D3. The output utility synchronization track signals on pin 14 are divided into two channels: one line is sent to pin4 of U10A, and U10A, U10B and U10C consist of a precision detector. The detector draw the positive half wave amplitude and negative wave amplitude of the utility from D38 and D39. C54 is the sample and retain capacitor. When the utility is normal, the output of pin 13 of U10 is high level. The other synchronization signal is sent to 555 PWM conversion circuit through U3. When the utility amplitude is over limit, U10D output low level and shut down U3D. The synchronization signal of utility is interrupted. 
2. PWM pulse generate circuit
When pin5 of U7(555 integrated) receives the synchronization track control signals of utility, the PWM conversion consisted of U7 begin to work. Its oscillation frequency is f=1.443/(R62+VR3+2R63)*C36, and 1/2 division frequency, its high frequency pulse output is sent to pin6 of U16, integrated by the integrator and deliver high frequency sawtooth wave from pin7 and make preparation for the modulation:



The output of U6 is also sent to the enable pin2 of U19(CD4518) and deliver the trigger pulse signals to pin 15 of the rise trigger terminal of U5 through the double BCD conversion circuit. Then the U5 is to work.(Figure 6.3.3-2-3). U5 (CD4029) is a pre-settable, reversible counter. The Figure 6.3.3-2-2 is the explanation of the functions of its pins. 




When 12V high level is applied to pin9 (B/D) of U5, the binary counting begins. The real value table is as the fig 5-14. The output of CD4029 is sent to 9, 10 and 11 input control terminals of U2(CD4051). If Q4 output is high level, then U6A(CD4013) trigger is reset and its same phase output terminal Q will output low level. The low level is sent to pin10 of U5. U5 will begin minus counting. 

	Q4
	Q3
	Q2
	Q1
	Decimal

	0
	0
	0
	1
	1

	0
	0
	1
	0
	2

	0
	0
	1
	1
	3

	0
	1
	0
	0
	4

	0
	1
	0
	1
	5

	0
	1
	1
	0
	6

	0
	1
	1
	1
	7

	1
	0
	0
	0
	8





CD4051 is a one/eight analog switch component and fig. 5-15 is the explanation of its pins. A pulse width adjustable step sine wave is output from pin3 of U2. The step sine wave is converted into standard sine wave signals through 2nd order low pass filter circuit consisted of U29A (voltage track element) buffer and U29B. See figure below:


Reference sine wave is sent to the differential amplified circuit consisted of U29C. The other input of the circuit is the static inverter voltage signals and sent to U25 through pin8 of the circuit. Compared with the high frequency sawtooth and regulated to PWM square wave. The high frequency sawtooth from pin7 of U16 is sent to pin5 and pin7 of U25 directly. There is also one line is sent to pin2 of U16 and then sent to pin8 and pin11 of U25 after reverse operation to drive the above and bottom bridge arm. See diagram below:

3. Protection circuit/utility voltage and frequency sample circuit

The over load short circuit protection (CN5), anti-strike current protection (CN17), over temperature protection (CN15), battery low voltage protection (CN13) and dry contact alarm (CN11) 

For this part, pls. see the Chapter 3 main board part for your reference.

Chapter 5: Trouble Shooting Guide
1. LCD&LED indicators instructions

2.  Pay attention 
2.1 Before maintenance, please check carefully the machine’s appearance to verify if there is any damage of smash, waterishlogged by human or natural disaster, or it’s due to bad electrical performance.
2.2 Before maintenance, please ask your clients for the machine’s using time, loading condition, application environment, the electric power supply condition in using district, the details when UPS is damaged etc.. If your customer complains that there is arc lighting, fume and the main switch used for protection will shut down when turning on the UPS. In this condition, we should not turn on the UPS but recheck it so as to avoid increasing the fault.
2.3 Discuss the checking result and fault condition after UPS startup with your customer and identify who should be responsible for the machine’s damage.

2.4 Go through component to check if there is any obvious damage mark, such as capacitor blowout, MOSFET/IGBT explodes, power resistor burn out etc., and confirm the connection of PCB board is qualified or not.

2.5 Firstly confirm the DC capacitors have been discharged to zero Voltage if it needs to replace PCB for maintenance.

2.6 Shaking connection cables to see if there is loosing condition, if yes, make sure to firmly screw the wiring terminals.

2.7 After finishing maintenance, provide the UPS to your customer for rechecking and testing and remember to make records this service.
3. Fault parts judgment 

3.1 Brief introduction 
P 800 series UPS is a typical small and medium size low frequency ON-LINE UPS, whose structure you can find in the preceding chapters. When utility is normal, if you close the input switch, the unit will go to bypass mode automatically and the utility will directly power the load and charge the battery bank by charger. When press “ON” button, UPS starts to work and it will turn to inverter mode automatically from bypass mode after 20s, the utility powers the charger and the charger produce an output for the main control board during startup, thus the UPS can cold-starts by battery bank, and can also be started up by utility (without battery). We can use these features during maintenance. If DC cold-start is normal but utility startup is abnormal, we can judge the fault may be on main board, charger board, switch board or rectifier module and we can check these boards firstly.

3.2 Analysis of general failures

3.2.1 When utility is normal, the bypass indicator lights up and it’s not available when turn on the UPS: There is no power on main board, usually we can judge that the main board or charger board is damaged. If charger board is damaged, the battery is in the low-voltage status or damaged. 

3.2.2 UPS works normally on battery inverter mode, but when UPS turns to utility inverter mode, there is abnormal noise in transformer and the inverter is protected and shut down finally: 
It is probably due to damage of dual-SCR on the main control board. Before replace main board, please confirm that the DC capacitors have been discharged to zero voltage.  

3.2.3 Fault indicator lights up, buzzer keeps beeping, UPS runs on bypass mode: 
Press “ON” button, UPS will alarm for long time because for fault after 10s, it means the fault is caused by the damage of feedback circuit, In this condition, we can judge the fault is due to the main control board damage but not the charger board or IGBT damage. The reason is: if charger board is damaged, the main control board has no power supply for the buzzer and the buzzer will not alarm. If IGBT is damaged, once you press the “ON” button, the main control board can check out the fault at once and the buzzer will alarm at once without 10s interval. 

3.2.4 When start up the new machine, the preceding input switch breaks off:

It may be caused by the main switch (breaker) which is not accord with relative electric specification or with creepage protection function. In addition, when we look for the fault, the load condition is also the important point, so you need to communicate with the customers to know the details of UPS operation with load.
3.3 The failure analysis table
	No. 
	Fault condition 
	Fault description 
	Fault analysis

	1
	Utility input failure
	Utility Connection is abnormal  
	Main switch on UPS rear side broken or utility fuse burnt  

	2
	
Display failure
	UPS runs normally, but no display, no back light in LCD 
	LCD is broken, or the connection on interface board is not good. Check and replace it.

	
	
	When utility in, line indicator doesn’t light up.
	Replace charger board

	3
	
UPS startup

failure
	UPS has no response when star up UPS by utility
	Startup board or charger board or main control board damaged will cause fault. Replace them

	
	
	UPS warning at once and fault indicator lights up by utility startup UPS  
	Main control board or IGBT module damaged,. Replacing them. 

	
	
	UPS startup leads to input switch breaks off.
	Breaker damaged, or not meet with specification. For example, customer’s input switch is creepage protection switch. Replace them.

	
	
	Main switch on UPS rear side breaks off when turning on UPS. 
	Breaker or rectifier module damaged. Replace them.

	
	
	When UPS starts to work and it will turn to inverter mode automatically from bypass mode after 20s, there is much noise from transformer.
	SCR damaged and replace main control board.

	4
	
 transfer
failure  
	Inverter transfer to 
 bypass failure
	Bypass board damaged, or bypass control circuit on main control board damaged. Replace them  

	
	
	Utility mode can not transfer to 
battery mode normally, for example: UPS shuts down at once when utility off.
	Battery or the breaker on battery box damaged. 

	
	
	Battery mode can not transfer to utility mode normally, batteries keep discharging till charged to low voltage protection and UPS will shut down.
	charger board damaged, or utility input d fault (for example, input breaker) 

	5
	failure
 of carrying load
	UPS can not support load
	main control board damaged or CT damaged

	
	
	UPS can not carry full load 
	main control board damaged 

	6
	Input voltage failure
	UPS input voltage over high or 
lower  
	main control board damaged 


4. Procedure of handling faults in detail

4.1 The procedure for DC start-up failure 

4.2 The process for startup failure alarming and turn to bypass output 

Chapter 6:Procedures of Replacing PCB and Component
When you find out the damaged PCB or other parts by the procedure above, please follow listed flows below to replace the relative parts:

Check and replacement steps:
1. Please make sure to cut off AC input power.
2. Turn off all UPS switches.
3. Please disconnect battery positive and negative cables.
4. After turn off all switches, UPS will discharge DC bus capacitors automatically, please make sure to wait for more than 5 minutes.
5. Please make sure if DC fuse of IGBT Module has been taken off.
6. Replace the damaged PCB or other parts.
7. After replacing PCB or other parts, please double check to make sure:

A. Correct parts are applied to the unit.

B. All the cables are correctly connected firmly.
8. Please follow below listed Procedures of Final UPS test to test the unit completely.

Chapter 7:Procedures of Final UPS test
Whenever replace or maintain PCB or IGBT parts of UPS, it is required to follow below steps to do final test.
Check and replacement steps:
1. Please make sure if AC input power has been cut off.
2. Please remove DC fuse of IGB Module.
3. Please connect positive and negative of Battery cables.
4. Turn on the main switch on rear panel.
5. Turn on INV. ON/OFF switch on front panel, and then use Oscilloscope to measure if voltage wave is normal or not. Please see below listed photo chart for your reference. (Because it does not connect with DC Fuse, UPS Fault Led will be lighted up and buzzer will beep continuously, 20 seconds after unit is started. This is normal situation.) Please Turn on UPS again and measure if these four waves are normal.

6. Please use testing tools as DC fuse (To use this tool can offer current limitation protection. It can also avoid UPS burn which is caused by IGBT damaged or wrong connection. Please pay attention to see if 5A fuse is normal.)

7. Turn on INV. ON/ OFF switch. UPS will run normally under Inverter mode.

8. Turn on AC input power, Line LED on front panel will light up, and UPS is under utility power mode, which means everything runs all right.

9. Turn off main switch and Inv. ON /OFF switch.

10. Please connect DC fuse first and then remove tool (Resistor for test) to avoid damage from

electric stunning.

11. Please follow user’s manual to run UPS unit and see if everything works normally.
Chapter 8:Procedures of Replace Battery
Check and replacement steps:
1. Please turn off all switches (Main switch and INV. ON/OFF switch).

2. Remove the screws to open the cover for ups.

3. Disconnect and remove the connected wires of batteries.

4. Remove the battery holder.

5. Replace batteries.

6. Follow steps 3 and 4 inversely and notice the battery polarity. Use digital meter to check battery bank voltage after the connection has been finished. 
7. Battery cable is connected between UPS and battery polarity. Follow User’s Manual operation procedure to start up UPS.

8. Please cut-off AC utility power and check if back-up time is normal. 

NOTE:

1. Don’t touch the inner components when you open the cover

2. Don’t leave anything inside of UPS.
3. Don’t forget to install all parts inside or screws when you re-install the UPS after you finish the replacement.
4. Don’t forget to double check all the connections inside UPS.

5. Make sure all the connection and screws are fixed firmly.

Chapter 9:Spare Parts List
P 4.0
	Item No.
	Part name
	Description
	Qty.

	1
	Bypass board
	P800S-3
	1

	2
	Switch board
	P800S-1 4K
	1

	3
	LED display board
	PCB8101-001/192V 110V
	1

	4
	Charger board
	P800S-5A 192V/P806
	1

	5
	Interface board
	PCB8101-002
	1

	6
	Main control board
	P800S-6
	1

	7
	LCD
	ZCM1602DSL (Positive, 5V, 2 rows,16 characters, 12:00 green color)
	1

	8
	Rectifier bridge
	MDS75A-800V 80*40*28 75A 800V Three phase IXYS
	1

	9
	IGBT
	CM100DY-12H 100A 600V, 2 units
	2

	10
	Electrolysis capacitor
	2200UF 400V M Φ50*106 ALS530A BHC 
	2

	11
	Ceramic tube fuse
	Fast 660GH32 32A/660VAC 46*17.5mm 
	1


P 6.0

	Item No.
	Part name
	Description
	Qty.

	1
	Bypass board
	P800S-3
	1

	2
	Switch board
	P800S-1 6K
	1

	3
	LED display board
	PCB8101-001/192V 110V
	1

	4
	Charger board
	P800S-5A 192V/P806
	1

	5
	Interface board
	PCB8101-002
	1

	6
	Main control board
	P800S-6
	1

	7
	LCD
	ZCM1602DSL (Positive, 5V, 2 rows,16 characters, 12:00 green color)
	1

	8
	Rectifier bridge
	MDS75A-800V 80*40*28 75A 800V Three phase IXYS
	1

	9
	IGBT
	BSM150GB60DLC 180A 600V, 1unit 
	2

	10
	Electrolysis capacitor
	3300UF 400V M Φ63.5*105 85℃ALS530A BHC
	2

	11
	Ceramic tube fuse
	Fast 660GH63 63A/660VAC 46*17.5mm
	1


P 8.0

	Item No.
	Part name
	Description
	Qty.

	1
	Bypass board
	P800S-3
	1

	2
	Switch board
	P800S-1 6K
	1

	3
	LED display board
	PCB8101-001/192V 110V
	1

	4
	Charger board
	P800S-5A 192V/P806
	1

	5
	Interface board
	PCB8101-002
	1

	6
	Main control board
	M30KVA-1/192V
	1

	7
	LCD
	ZCM1602DSL (Positive, 5V, 2 rows,16 characters, 12:00 green color)
	1

	8
	SCR
	SKKT57-16 TO-240AA 95A 1600V SEMIKRON
	1

	9
	Rectifier bridge
	MDC100-8 TO-240AA 3PIN 100A 800V IXYS
	3

	10
	IGBT
	BSM150GB60DLC 180A 600V, 1unit
	2

	11
	Electrolysis capacitor
	3900UF 400V M Φ65*115 ALS530A BHC
	2

	12
	Ceramic tube fuse
	Fast 660GH100 100A/660VAC 46*17.5mm
	1


P 10.0/12.0

	Item No.
	Part name
	Description
	Qty.

	1
	Bypass board
	P800S-3
	1

	2
	Switch board
	P800S-1 6K
	1

	3
	LED display board
	PCB8101-001/192V 110V
	1

	4
	Charger board
	P800S-5A 192V/P806
	1

	5
	Interface board
	PCB8101-002
	1

	6
	Main control board
	M30KVA-1/192V
	1

	7
	LCD
	ZCM1602DSL (Positive, 5V, 2 rows,16 characters, 12:00 green color)
	1

	8
	SCR
	SKKT57-16 TO-240AA 95A 1600V SEMIKRON
	1

	9
	Rectifier bridge
	MDC100-8 TO-240AA 3PIN 100A 800V IXYS
	3

	10
	IGBT
	BSM200GB60DLC 200A 600V 1unit EUPEC
	2

	11
	Electrolysis capacitor
	4700UF 400V M Φ76*110 85℃ NCC
	2

	12
	Ceramic tube fuse
	Fast 660GH100 100A/660VAC 46*17.5mm
	1
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Figure 1.6-1





Figure 1.6-2
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+





BAT-





BAT+





N





L





-BUS





+BUS





DC/DC





Figure 4.1 Rectifier circuit
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Figure 4.4 Turn on/off circuit








Figure 3.1.4 SG3525 








Figure 3.1.3





Figure 4.5.1 IGBT module circuit








Figure 4.5.2 low-frequency-pass filter








Figure 6.3.2 auxiliary power supply
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Figure 6.3.3-2-2








Figure 6.3.3-2-1
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Figure 6.3.3-2-3 PWM producing circuit
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