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1 Introduction

Inverter series is an off-line power system that has a step wave output. It provides output load with a reliable source. It has the following functions:
1.1 50/60Hz Automatic Frequency Selection:

The output frequency will automatically match the input frequency (50 or 60Hz).

1.2 LCD+LED display:

In addition to the LED display outside, you also intuitive real-time display of machine status via the LCD screen can. 
1.3 Cold start (DC start):

The machine is equipped with DC start function to turn on the UPS without input source.

1.4 Auto srart:
After an automatic stop at the end of backup time (low batteries), the machine will automatically turn itself back on when mains power is restored and it will start re-charging its battery.
1.5 Output circuit protects:

The machine will be protected when output is shorted (only for bat mode).
This manual contains block diagram, principle of operation, and troubleshooting. 

2 Block Diagram

The Block diagram of Inverter series (refer to Figure S-1) is divided into the following parts:

2.1 Main Relay (MAIN-RY):

Main Relay to switch the machine between line mode and battery mode.
2.2 Charger:

The charge circuit is fly-back topology .The acceptable Constant Current Charger  Voltage is 14.3Vdc ±2% (1.2K) and 28.6Vdc ±2%(2.4K),the acceptable Floating Charge Voltage is 13.7Vdc ±2% (1.2K) and 27.0Vdc ±2%(2.4K).
2.3 Inverter Circuit：
The inverter circuit is based on a full-bridge circuitry.

2.4 CPU  (MC9S08JL16)：
The Central Process Unit.
2.5 MCU Power：
Battery voltage flyback converter the MCU power, fan power and IC power. 
2.6 Batteries:

Act as a power supply source while the unit is on battery mode. Larger capacity battery can be connected to obtain a longer discharge time
2.7 Interface Circuit:

The machine display device contains three-LED and one LCD.

2.8 Line Sense:

The MCU detect the mains by input voltage and frequency signals converted from the amplifier.
2.9 Battery voltage Sense:

Detecting the battery voltage through the resistor divider detection.
2.10  Load Sense:
Via CT1AX to sampling load current signal.
2.11  Output Sense:
AC power into a DC voltage through the rectifier bridge, then resistor divider detection.  
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Figure S-1     Block Diagram

3 Circuit Analysis
3.1 Control Power Circuit
        The control power (+12V 、+5V and +VCC) comes from the following sources (Figure S-2).

3.1.1 Start without input AC power (Cold start):
A “Cold start “is described as follows:
a. When “ON/OFF” switch (SW) is pressed, positive battery current flows through SW charge C1 and make Q2、Q5 in “on” state. When the voltage of C13 is higher than 8.5V, UC3845 begins to work.
b. At the same time, the battery voltage is transferred by U2 to get a MAIN-SW signal. When MCU receives this signal, it will start the machine.
c. The output of UC3845 will be used to drive Q7. Q7, TX2, D1, D3 form a fly back topology to generate control power, +12V for the machine working. The U7（78L05） is for +5V generating, U3 is for +Vcc generating.

Note: the energy used to maintain control power is taken from battery.

d. When switch (SW) is locked, the +Vcc control power will maintain supply voltage for UC3845 (U4) in steadily.
e. When “ON/OFF” switch (SW) is in “off” state, MCU will send a “SD” signal to pull down the first pin of UC3845 (U4), and then its output is forbidden. Accordingly, the control power will disappear and the unit will stop working.
3.1.2 Start with input AC power (AC start):

a. When Utility connected is ok, the machine will generate an “AC-START” signal(Figure S-3). And “AC-START” makes Q1、Q2、Q5 is in on state. MCU can get its supply voltage instantly.

b. The logic is same as cold start.

3.1.3 Shutdown with input AC power
      Disconnect utility firstly, and then make the switch in “off” state.
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Figure S-2 Control Power Circuit
[image: image2.png]Py

P

§I

- o A,
e e i —

e [ I . S
B pET(
e s

Y S i





Figure S-3 AC-START Circuit
3.2 Battery Charger
The charge circuit is fly-back topology ,the charger is described as follows: (Figure S-4)
a. Rectify bridge BR1, choke L2, Capacitor C20, transformer TX4, mosfet Q24、Q25, diode D13 are power components(formed fly-back topology)  used for charge battery. 
b. Battery voltage is detected and feed-backed by U2 (LM431) circuit and charger voltage is adjusted through U10 (3843). According to battery voltage, MCU change the “CHG.OFF”  status to adjusting charge current. When the battery voltage is  lower than 14.2V/28.6V, the “CHG.OFF” status is output low, the charger mode is full charger mode, the max charge current is 20/10A.When the battery voltage is higher than 14.2V/28.6V, the “CHG.OFF” status is input high impedance, the charger mode go in floating mode, so the charger voltage keep on 13.7V/27.0V.
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Figure S-4    Charger Control Circuit

3.3  Line and Zero-Crossing Detection

Please refer Figure S-5
3.3.1 Line Detection

The input voltage is fully rectified and generates a signal. The signal will be sent to pin 20 of CPU. By monitoring this rectified sinusoidal voltage, the CPU can identify if the utility is normal or abnormal. There are two methods to evaluate if line voltage is abnormal. 

a. Waveform detection:
If breakout occurs, the CPU is able to immediately detect it and transfers to battery mode. The waveform detection has a short response time.

b. RMS value detection:

CPU calculates input RMS value every cycle. If RMS value is not in acceptable range for 3 cycles, UPS will transfer to battery mode. Compared to waveform detection, although it will take longer response time, the RMS value can be accurately detected. 
3.3.2  Zero Crossing Detection

This signal “ZERO-C” is used for judging utility phase and its frequency. When utility frequency is out of the specification, the unit will transfer to battery mode.
The Zero Crossing signal is generated by the following conditions:
a. The signal of I/P-V is full-bridge rectified waveform from line input. The voltage of Pin 7 of IC358 drive Q4 (2222ALT1) on or off.

b. The Zero Crossing signal comes from the collector of Q4 and goes through MCU pin 27. 
[image: image4.png]



Figure S-5   Line and Zero Crossing Detecting Circuit
3.4  Inverter Operation
The inverter circuit is based on a push-pull topology and full bridge topology. In battery mode, three main signals “INV1”, “INV2” and “CON-OFF”  enable push- pull to convert battery energy to AC energy. The Q1, Q2, Q3, Q4, Q5, Q7, TX1 are power components formed push-pull topology, we call it “converter” (Figure S-7). The Q9~Q16 are power components formed full bridge topology, we call it “inverter” (Figure S-6). These push-pull transistors are turned on and off alternately to transfer DC voltage of battery to an HVDC voltage(BUS), and then inverter transistors are turned on and off alternately to generate a stable 230VAC output.
Refer to the Inverter circuit diagram.The duty cycles of “TOP.DIS1”, “TOP.DIS2”, “DIS1”, “DIS2”  signals are controlled by returned signal of output voltage to get a stable output. The duty cycles of PUSH and PULL(Figure S-8) signals are controlled by returned signal of BUS to get a stable BUS voltage.
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Figure S-6 Inverter Circuit
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Figure S-7 Converter Circuit
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         Figure S-8 PWM control circuit
3.5 Relay Circuit

Figure S-9 is the relay circuit. 

The RY1 and RY2 (main relay) is used to switch between line and battery modes. When the unit is changing from line to battery mode, “MAIN-RLY” is set to HI to turn on Q1AP(2222ALT) and activates RY1 and RY2. Alternatively, if the unit is changing from line mode to battery mode, “MAIN-RLY”  is set to LOW and turn off Q1AP,this causes RY1 and RY2 to be OFF and return to its normal state. 
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Figure S-9 is the relay circuit
3.6  Load Detection Circuit
Load detection circuit is shown on Figure S-10. The output current is detected by current transformer CT1AX.  It lowers 1000 /3times of output current for CPU detection. The current signal generated from CT1AX  and R2AX to convert to a voltage signal (0~5 Volts),then CPU can receive output current value of the machine.
a. At line mode: The current value multiplies output voltage to get output VA value.

b. At battery mode: Because the power factor of step wave is approximately equal            to 1, the current value multiplies 230V output voltage to get output Watt value.
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Figure S-10   Load Detection Circuit

3.7  The Fan drive circuit
          Figure S-11 is the fan drive circuit, when the machine is working ,“FAN.ON”  is set to HI to turn on the FAN, machines have fan detection function，When the fan is abnormal，MCU by detecting "FAN.CLK" signal abnormal and buzzer continuously sounding.
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Figure S-11   The Fan drive circuit
3.8 Microprocessor(CPU) Control Circuit 

The CPU is supplied by +5V power supply to pin7 with ground pin at pin3. An extra oscillation circuitry consisting of C2BH, C50, and crystal XL1BH is connected to pin4 &5. The INVERTER series is using MC68HC908JL16CSPE CPU. The pin definition is listed below(Figure S-12):

	PIN
	FUNCTION

	Pin1
	MAIN-SW

	Pin2
	CHG.OFF

	Pin3
	GND-S

	Pin4
	OSC1

	Pin5
	OSC2

	Pin6
	MAIN-RY

	Pin7
	+5V

	Pin8
	CON-OFF

	Pin9
	INV1

	Pin10
	INV2

	Pin11
	LED.DATA

	Pin12
	LOAD

	Pin13
	RXD

	Pin14
	TXD

	Pin15
	PFC-CNTL

	Pin16
	Buzzer

	Pin17
	BAT

	Pin18
	O/P-RY

	Pin19
	O/P-V

	Pin20
	I/P-V

	Pin21
	FAN.ON

	Pin22
	BST-RLY

	Pin23
	TEMP

	Pin24
	STS-SW

	Pin25
	LED.CLK

	Pin26
	BUCK-RLY

	Pin27
	ZERO-C

	Pin28
	LED.END

	Pin29
	FAN.CLK

	Pin30
	IRQ/RESET

	Pin31
	SD

	Pin32
	VOLTAGE MODEL DETDTION
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Figure S-12      CPU Control Circuit

4 Troubleshooting

WARNING

a. Troubleshooting can be done by qualified engineer or technician only.

b.  Use isolated AC source for your oscilloscope to prevent floating voltage problem between UPS chassis ground and system reference ground.

c. Before opening the cover, turn off the main switch and unplug the input power cord, And make sure the battery is disconnected.
d. Because hazardous voltage may remain in the DC capacitors, wait for at least 5 minutes after turning off the machine and disconnecting the power cord before open its cover.

e. plug in the input power cord before you reconnect the connectors of battery to prevent unwanted sparks.

       Suggestions for repair

a. Set up one workbench for repairing, and prepare the instrument as below: one good fan, one DC power adapter with battery connector and One accurate enough multimeter.

b.  One soldering iron with temperature control is recommended. The max. iron temperature should be less than 450℃. It will be possible to damage components with too high temperature.

c. Do not put PCBA directly on the table when repairing, and stand up PCBA with one underprop for insulation.
d. Before repairing, disconnect DC power or battery, and discharge the capacitance by turning on the switch, not by shorting the battery wire.

e. It is very helpful to find the problem of failure PCBA by comparison with one good PCBA.
f. Before replacing component, make sure the new component is OK! After replacing, it is recommended strongly to check the resistance of the component again by comparison with one good PCBA.
g. After replacing, the failure component should be collected and throw away separately. Do not mix with good component.
Please follow the steps below when you want to repair a problematic unit:
4.1 Visual inspection

This is the first step to check the unit after opening its cover. Be sure to do the visual inspection because it can help you to identify most problems. Major items that should be checked are listed below:
a. Are there any connectors or terminals loose?

b. Are there any components burn-out or discolored?

c. Especially the power components on the heat sink?

d. Are there any capacitors broken or leakage? 
Check all the components listed above and replace which is abnormal.

4.2 Troubleshooting flowchart

To prevent from hurting yourself and damaging the UPS, be sure to obey the sequences of flowchart listed below.
4.2.1 Battery mode examination (please refer to Figure W-1)
Procedure:

1. Replace batteries by DC power supply and turn on it. Check if there is current limit phenomenon for DC power supply.

2.  One or more MOSFETs (Q1,Q2,Q3,Q4,Q5,Q7) is D-S short. Check and replace it. 

3.  Check if both buzzer beeps and LED flash for once.

4.  Check if buzzer continue beep.
5.  Check if output voltage is normal.

6.  Check if CPU is shorted. 

7. Replace the CPU.

8.  Check MCU detects feet under the battery mode is normal waveform, amplitude, frequency.

9.  Replace PCB.

10. Check the related circuit.

11. Check if FAN is broken or lock.

12. Replace the FAN.

13. Check if inverter mosfets (Q9,Q10,Q11,Q12,Q13,Q14,Q15,Q16) is broken .
14. Replace the inverter mosfets.
15. Check if +5Vdc on CPU pin 7 is normal.

16. Check if clock signals on CPU pin4 and 5 are correct.
17. Replace the CPU.

18. Replace abnormal crystal XL1BH.

19. Check if batteries is broken.

20. Replace the batteries .
21. Check if Q5 (KSP2907A), Q2 (2222ALT) is normal.

22. Replace Q5 and Q2.

23. Check if UC3845(U4) is broken.

24. Replace UC3845(U4).

25. Check if Q7 mosfet is broken.
26. Replace Q7.

27. Check if 78L05(U7) is broken.

28. Replace 78L05(U7).
4.2.2 Line mode examination (please refer to Figure W-2)
If battery mode examination is OK, then do the line mode examination as below. 

1.  Plug in input power cord at right voltage range.
2.  Check if machine on line mode.

3.  Check if Floating Charge Voltage is normal.

4.  Check if charger mosfets(Q24,Q25) is broken.
5.  Replace charger mosfets.

6.  Check the related circuit.
7.  Check if I/P breaker trips.

8.  Push the breaker pole.
9.  Check if RY1 and RY2 RELAY is broken.
10. Replace RY1 and RY2.
11. Check if I/P-V and ZERO-C signals on CPU pin14 and 32 are correct.

12. Replace MCU.

13. Check if IC358(U1BG) is broken.
14. Replace IC358(U1BG).

15. Check the other part of the Line Sence circuit.
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Figure W-1 Battery Mode Examination Flowchart
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Figure W-2 Line Mode Examination Flowchart
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