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Chapter I Overview
1.1
Name and Model Definition of Product
1.1.1
Product Name
The product name is defined as: three-phase high-voltage power supply for the electrical precipitator.
1.1.2
Implementation Standards
Crystal Brake Pipe Controlled High-Voltage Source for Electrostatic Precipitator (JB/T 9688-2007)
1.1.3
Model and Meaning of Product
The model and meaning of the product are shown as follows:
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Note ①: In the structural form of the rectifier transformer, some letters have the following meanings:
Vacant: High-impedance transformer, with the DC high voltage introduced from the side;
CD: Low-impedance transformer, with the DC high voltage introduced from the side.
SG: High-impedance transformer, with the DC high voltage vertically introduced upward.
SD: Low-impedance transformer, with the DC high voltage vertically introduced upward.
Note ②: The rated output DC voltage is the average value, and the recommended rated values of the series spectrum are 72, 80, 90 and 100 (kV)
Note ③: The rated output DC current is the average value, and the recommended rated values of the series spectrum are 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6 and 2.0(A)
1.2
Purposes and Application Scope of Product
This product is the three-phase full wave high-voltage silicon rectifier high-voltage power supply, which is matched with the main body of the electrostatic precipitator. It can be used for dedusting, fog removal, tar removal, dehydration and other purposes. The specific application scope is shown as follows:
△ Electric power: Dedusting of the boiler flue gas in the thermal power plant;
△ Metallurgy: Dedusting and raw material recovery of smelting of all kinds of the metals;
△ Building material: Dust removal, material recovery, dust source suppression, etc. in the industrial processes such as cement, etc.;
△ Petrochemical: Separation of the water and impurities in the crude oil, and dedusting, fog removal and raw material recovery of all kinds of the raw materials in the acid and plastic industries;
△ Light industry: Alkali recovery in the papermaking process, and dust removal in the textile industry;
△ Others: Air purification of all kinds of the industrial processes, such as the oil and fume removal in the catering service industry.
1.3
Main Characteristics of Product
For the three-phase high -voltage power supply for the electrical precipitator manufactured by out company, the HVC-ZC32 three-phase power supply intelligent controller newly developed by our company is taken as the core, and the integrated module design scheme is adopted, to make the product have the characteristics of simple structure, reliable performance, simple debugging, etc. The main characteristics of products are:
△ The 32-bit microprocessor with ARM7 core is selected as the central processing unit, which can collect the relevant data in real time and calculate the electric field parameters and spark parameters quickly, to accurately control the trigger angle of the thyristor. It is provided with the advantages of fast response, accurate control and high reliability.
△ 240×128 highlight blue screen LCD is selected for the information display, all the information display and advanced guided key-press program in Chinese make the human-computer interface very clear and easy to operate. It can be designed to display in the multiple national languages as per the needs of the export projects.
△The advanced control program has the multiple operation modes, and the corresponding operation mode can be selected as per the application requirements for different industries and various working conditions in the site, to achieve the optimal operation effect of the electric precipitator. The flashover of different intensities can be automatically distinguished and the corresponding control can be made through the dynamic spark tracking detection technology, to restore the voltage of the electric field after the flashover as soon as possible, and improve the dust collection efficiency. The electric precipitator can operate stably for a long time with the perfect and reliable protection function.
△ The photoelectric isolation technology and switching power supply technology are adopted, the circuit board is designed and manufactured through the advanced surface mount (SMT) process, and the product is provided with the advantages such as superior quality, high reliability, strong anti-interference, etc. At the same time, the controller is mounted on the door panel, which is provided with the advantages of compact structure, convenient operation, etc.
△ The fault shutdown logging program, can record the running parameters and time when the last failure occurs, which provides the great convenience for the fault handling. At the same time, the registration management is adopted for the intelligent controller, which provides the best after-sales service for the users.
△ The powerful communication networking function, can realize the seamless communication with our or third-party DCS system. There are two communication modes: RS485 and 4-20mA. The function of communication is optional, please explain when ordering. For relevant working principles, please refer to the "Working Principles of Communication Circuits" on Page 8.
Chapter II  Main Technical Performance and Technical Parameters
2.1
Main Technical Parameters
2.1.1
Input and Output Parameters
For the input and output technical parameters of the three-phase high-voltage power supply for common series products of three-phase high-voltage power supply, refer to Attached Table 3
2.1.2
Output Regulation Range
Output current regulation range: 0-100% rated value.
Output voltage regulation range: 0-100% rated value.
2.1.3
Voltage Regulation Mode
For thyristor voltage regulation, the conduction angle adjustment range is 0-179°.
2.1.4
Operation Mode
100% rated output current: continuous.
2.1.5
Efficiency and Power Factors
Efficiency≥95%; power factor≥0.95.
2.2
Service Conditions of Product
①
The altitude does not exceed 1000 m. If the altitude is higher than 1000 m, the rated value shall be corrected accordingly as per the relevant standards and specially indicated in ordering.
②
For the high-voltage control cabinet, the ambient temperature is -10~+40℃; For the rectifier transformer, the ambient temperature shall not be higher than +40℃ and not lower than the specified condensation point temperature for the transformer oil.
③
The maximum relative humidity of the air is 90% (equivalent to the air temperature of 20±5℃).
④
There are no violent vibration and impact, and the vertical inclination does not exceed 5%.
⑤
There is no conductive explosive dust, or gas or vapor that corrodes metals and destroys insulation at the operation location.
⑥
The continuous fluctuation range of the input AC voltage does not exceed the rated value by ±10%;
⑦
The frequency fluctuation range of the input AC voltage does not exceed ±2%;
2.3
Functions and Characteristics of Product
2.3.1
Control Functions
The product has a variety of control modes, which can be selected by the user under different working conditions.
△ Manual control
△ Automatic control (spark tracking method, constant voltage or current or constant conduction angle control modes, etc.)
△ Remote control
Other control modes (such as intermittent power supply control, critical spark control, constant spark rate control, back corona detection control, etc.) can be provided as per the user's requirements.
2.3.2
Fault Detection Protection Function
The equipment has the following protection functions. When any fault occurs to the equipment during operation, the fault type will be displayed on the controller, the audible alarm will be given, and the power supply of the main circuit will be automatically cut off.
△ Primary overcurrent protection
△ Load short-circuit protection
△ Load open-circuit protection
△ Temperature sensor disconnection protection
△ Hazardous oil temperature protection
△ SCR short circuit protection
△ Three-phase unbalance protection
△ External fault protection (passive contact provided by other equipment)
2.3.3
Flashover Control Function
HVC-ZC32 intelligent controller has two modes of hardware and software to detect the flashover sign at the same time. In particular, its software dynamic spark tracking detection technology can automatically calculate the number of waves that the thyristor shall be closed as per the flashing energy of the electric field. In this way, when the electric field does not appear, the electric field can obtain the maximum average voltage, thereby improving the dust removal efficiency.
2.3.4
Display Function of Fault Display and Running Parameters
Chinese character display screen is arranged in the panel of the intelligent controller, which can display the operation parameters such as primary voltage, primary current, secondary voltage, secondary current, transformer oil temperature, conduction angle, spark rate, control mode, etc. When the tripping occurs due to the system fault or the system fault is self-detected, the fault cause shall be displayed.
2.3.5
Automatic Recovery Function
When the procedures of the controller cannot be carried out due to the external interference or the factors such as sudden drop in power supply voltage, etc., the single-chip machine system is automatically reset within the preset time, to return to the operating status before interference.
Notes:
1. The LCD display of the primary voltmeter and intelligent controller on the cabinet door is corresponding. It represents the line voltage between the two phases after thyristor voltage regulation. The line voltage between any two phases can be detected by switching the universal change-over switch on the cabinet door.
2. The current of the actual line of Phase B is displayed with the primary ammeter on the cabinet door.
3. The secondary current and secondary voltage sampled from the rectifier transformer are the current and voltage after superposition of the three-phase step-up rectifier, and the actual electrical current and voltage of the electrostatic precipitator.
Chapter III  Main Structure and Working Principles
3.1
Structures and Overall Dimensions of Product
The three-phase high-voltage power supply for the complete set of electrical precipitator is usually composed of high-voltage control cabinet, rectifier transformer and damping resistor. If the user selects the outdoor (high-voltage side outlet type) rectifier transformer, it can be equipped with the high-voltage isolating switch cabinet as per the user's requirements, which shall be indicated during ordering.
3.1.1
High-Voltage Control Cabinet
The high-voltage control cabinet is composed of standard cold-formed steel frame structure, with the unified overall dimensions 2.2 m (Height) × 0.6 (Width) × 0.6 (Depth). The color of cabinet frame is GSB G51001-94 B11 [light sea (iron) blue], and the color of door panel is GSB G51001-94 G10 (aircraft gray). The line incoming and outgoing modes include two optional forms of line incoming and outgoing at the bottom and line incoming at the top (busbar) and line outgoing at the bottom. If any, the special requirements for the overall dimensions and color shall be indicated during ordering.
For the appearance of the high-voltage control cabinet, see Attached Figure 3.
3.1.2
Rectifier Transformer
The rectifier transformer is of the oil-immersed self-cooled type, including the AC booster and high-voltage silicon stack rectifier.
As per the national standard recommended series spectrum, in combination of the selection habits of the user, the rated output DC current of the rectifier transformer is defined as eleven common grades, including 0.3A, 0.4A, 0.5A, 0.6A, 0.8A, 1.0A, 1.2A, 1.4A, 1.6A, 1.8A and 2.0A; The rated output DC voltage is defined as four common grades of 72KV, 80KV, 90KV and 100KV.
The rated current and voltage specifications except that in the above series spectrum can be provided by our company as per the user's requirements.
The structure type of commonly used rectifier transformers is high-impedance rectifier transformer, with two types of high-voltage side outline (outdoor) and top line (outdoor).
For the outline dimensional drawing of the rectifier transformer, see Attached Figure 4.
3.1.3
Damping Resistor
The damping resistor is connected in series between the high-voltage output end of the rectifier transformer and the electric field of the precipitator, being the protective element in the high-voltage power circuit system, which plays important roles in limiting the flashover impulse current, absorbing the high-order harmonic and protecting the control circuit during operation.
For the outdoor side line outgoing rectifier transformer equipped with the high-voltage isolating switch cabinet, the damping resistor is usually mounted in the switch cabinet.
For the resistance and power of the damping resistance, refer to the parameter list of the main components of the main circuit (Attached Table 2).
3.1.4
High-Voltage Isolating Switch and Switch Cabinet
The high-voltage incoming line end of the electric field of the precipitator shall be connected to the high-voltage output of the rectifier transformer with the high-voltage isolating switch or the high-voltage incoming line end of the electric field shall be grounded, to ensure the personnel safety during maintenance of the electrostatic precipitator.
The high-voltage isolating switch cabinet is generally used in conjunction with the outdoor rectifier transformer, and is placed between the rectifier and the incubator, and the high-voltage protective cover flange for the side outlet type rectifier transformer is butted to the switch cabinet inlet flange. The high-voltage line incoming and outgoing direction of the high-voltage isolating switch cabinet and the connection-disconnection operation direction of the high-voltage isolation switch shall be determined by the users as per the site layout.
For the outline drawing of the high-voltage isolating switch cabinet and high voltage safety grounding cylinder, see Attached Figures 5 and 6.
3.2
Working Principles of Main Circuit
Three-phase AC 380V 50 Hz power supplies 111, 121 and 131 enter the main AC contactor KM1 through the molded case circuit breaker QF1. The output of KM1 is respectively connected to the three groups of thyristors connected in parallel in the reverse and forward directions for the phase-shift voltage regulation, and connected to the primary side input terminals XA, XB and XC of the step-up silicon rectifier transformer; After the three sets of high voltage windings on the secondary side are boosted and rectified respectively, they are connected in series to form a negative high-voltage line, and the output is supplied to the electrostatic precipitator through the damping resistor. The secondary voltage and secondary current sampling signal of the transformer is feedback to the HVC-ZC32 intelligent controller, through automatic judgment and analysis with a controller, the three-phase thyristor conduction angle is calculated to control the output voltage of the rectifier transformer, forming a closed-loop automatic pressure regulation system. The functions of other major devices in the circuit are as follows,
Main contactor KM1: controlling the connection or disconnection of the main circuit.
AC voltmeter PV1: indicating the AC line voltage inputted through the rectifier transformer, also known as primary voltage.
DC ammeter PA1: indicating the Phase-B AC current inputted through the rectifier transformer, also known as primary current.
DC voltmeter PV2: indicating the DC voltage output from the equipment, also known as secondary voltage.
DC ammeter PA2: indicating the DC current output from the equipment, also known as secondary current.
Resistor R1-3 and capacitor C1-3: forming a resistance capacitance absorption circuit, absorbing over-voltage and protecting the thyristor.
Varistor RV1-9: absorbing the surge over-voltage.
Damping resistor R7: acting as a buffer for the spark discharge current, and dampening the parasitic oscillation caused due to the LC distribution parameters in the high-voltage output circuit.
Resistor R5: Sampling high voltage, and reducing resistance.
Current transformer TA1-3: Providing the primary current isolation signal for the controller.
For the detailed electric schematic diagram, refer to Attached Figure 2; for the parameters of main components, refer to Attached Table 2.
3.3
Working Principles of Control Circuit
The control circuit is control circuit HVC-ZC32 three-phase power supply intelligent controller, ZCHB32B power module, ZCHB33A trigger module, ZCHB34A remote control module (optional), etc.
The HVC-ZC32 three-phase power supply intelligent controller is the control core, with a built-in 32-bit microprocessor. As per various signals input, it controls the conduction angle of the thyristor after data processing, to obtain the optimal current and voltage in the electric field.
The ZCHB32B power module is mainly used to complete the transformation of all kinds of power supplies, providing suitable power supply to the HVC-ZC32 three-phase power supply intelligent controller and the ZCHB33A trigger module. at the same time, complete isolation and transformation of the safety interlocking signal, the voltage-dropping vibrating signal and KM contact signal; and in addition, carry out isolation, amplification and drive to the KM control signal output from the controller and the fault alarm signal, to make it meet the external control circuit requirements.
The ZCHB33A trigger module is used to control the conduction angle of the thyristor as per the instruction issued from the intelligent controller; at the same time, collect the three ways of digital input signals and four ways of analog signals, and transmit to the intelligent controller.
Main control power switch QF2: 5A 3P air switch, being the main power switch of the control circuit.
Power control switch SA1: electric button switch mounted on the door panel, being the main power connection and disconnection control switch of the control circuit.
For the detailed electric schematic diagram, refer to Attached Figure 2; for the parameters of general components, refer to Attached Table 1.
3.4
Working Principles of Auxiliary Circuits
Lighting in the cabinet: The Phase C power supply 161 of the AC power supply is connected to the energy-saving lamp and to the N line via the 1A fuse FU3 and the door control switch QS2, to from a working circuit. When the inner door panel is opened, QS2 is connected, and the lamp in the cabinet is turned on.
Cooling blower: the Phase C power supply 161 of the AC power supply is connected to the blowers FAN1 and FAN2 and to the N line via the 1A fuses FU1 and FU2, to form a working circuit.
For the detailed electric schematic diagram, refer to Attached Figure 2.
3.5
Working Principles of Communication Circuits
The RS485 communication mode is serial busbar communication, for which the Modbus communication protocol is followed and the RVSP2×1.0 shielded twisted-pair cable is adopted, to connect the microprocessor in the controller to DCS (or monitoring background). For the DCS software, only the contents of the relevant address are read or rewritten, to easily obtain the relevant operating parameters and achieve remote control. If our monitoring software is selected, this communication mode shall be adopted.
The RS485 communication mode is the most common serial communication interface on site at present, through which data exchange can be directly carried out to PLC and DCS of any major brand in the world. The operation data and control parameters of each high-voltage power can either be directly uploaded to the DCS upper computer with the Modbus communication protocol, or the high-voltage data of several electric fields can be integrated into the PLC of the low-pressure control system first, the table of parameters is adopted to upload to the host computer through the communication interface of PLC (Ethernet or MODBUS). All the high-voltage equipment is indirectly managed, regulated and controlled with the host computer through the PLC.
RS485 communication can also be converted into the Ethernet mode for the data communication through the external RS485-TCP/IP converter produced by our company.
The 4-20 mA communication mode is the communication interface specifically set for third-party monitoring software (DCS). DCS or background shall provide the following interface circuits for all the high-voltage control cabinets:
a. Three channels of digital input contacts: "ready remote control", "high-voltage operation" and "fault alarm" signals respectively. For the passive contact signal provided by us, and the withstand voltages are: the DC voltage is not greater than 48V, and the AC voltage is not greater than 250V; The withstand currents are: the DC current is not greater than 0.3 A, and the AC current is not greater than 1 A; The ready remote control contact line numbers include RDY1 and RDY2, the high-voltage operation contact line numbers include RUN1 and RUN2, and the fault alarm contact line numbers include ALM1 and ALM2.
b. Two channels of 4-20 mA input contacts: "secondary voltage" and "secondary current" signals respectively. For the 4-20 mA signal provided by us, the maximum output voltage is DC10V, so the current sampling resistor at the DCS input interface shall not be greater than 500Ω. 4-20 mA corresponds to 0 to the rated value for secondary voltage and secondary current respectively. The line numbers for the secondary voltage contacts include VSO+ and VSO-; the line numbers for the secondary current contacts include ISO+ and ISO-.
c. One channel of 4-20 mA output signal: being the main contactor control and voltage regulation two-in-one signal, called as “remote control” signal, with the line numbers of REM+ and REM-. Our current sampling resistance is 500 Ω, so the maximum output voltage of the 4-20 mA output signal is not less than 10 V. 4 mA current is output in standby mode, 5 mA current is output A when the main contactor needs to be activated, and our device receives a 5mA signal to control the main contactor to pull in, at this time, the "High-voltage operation" signal changes from "open" to "closed". The current value is continuously increased, the conduction angle is gradually increased, and the voltage and current in the electric field are increased accordingly. 20 mA corresponds to 179° conduction angle. When it is required to disconnect the main contactor, simply drop the current signal to 4 mA, and the intelligent controller controls the main contactor to disconnect after receiving the "current signal drops to 4 mA", at this time, the "High-voltage operation" signal changes from closed to open, and returns to the remote standby state.
Chapter IV  Mounting and Application of Equipment
4.1
Inspection and Mounting of Equipment
4.1.1
Inspection and Mounting of Rectifier Transformer
4.1.1.1
General Requirements
① After the rectifier transformer is transported to the mounting location, it shall be checked whether the porcelain bushing is damaged or whether there is any phenomenon of oil leakage in the sealing part.
② Two symmetrical hooks are provided on the left and right sides of the rectifier transformer box, which are used to lift or hoist the whole transformer, and the hanging rings on the box cover are specially used to lift the core body (note: they cannot be used for lifting of the whole transformer). The angle between the cabinet and the vertical line not exceed 30% during lifting. If the conditions cannot be met, a special intermediate crossbeam can be used to lift the transformer.
4.1.1.2
Inspection of Core Lifting
① In case of collision and other accidents during the transportation of the equipment, or when any abnormity is found in the appearance inspection after the equipment is delivered to the site, and the inspection of core lifting shall be carried out to the rectifier transformer. However, it must be carried out in the relatively dry climate conditions, and the inspection of core lifting cannot be carried out in rainy days. The oil discharged during core lifting inspection shall be sealed in a clean container, and the storage time shall be as short as possible, to avoid moisture and reduce the insulation strength.
② The main items in core lifting inspection of the rectifier transformer include:
a.
To check whether the coil is bruised and the silicon stack board is cracked.
b.
To check whether the high-voltage porcelain insulator is damaged, whether all the components and fasteners are loosened, etc. Any abnormality found shall be handled in time.
c.
The iron core is reliably grounded, and only one point is grounded. If the core-piercing screw is provided, its insulation resistance to the iron core shall be measured with a 2500V megameter, and the resistance value shall be greater than 1000 MΩ.
d.
The insulation resistance of the rectifier transformer can be measured with a 1000V/2500V megohmmeter (the secondary voltage/current sampling plate is not connected) as shown in the following:
	Measurement Object
	High-Voltage Output to Ground
	Current Sampling to the High-Voltage Output
	Voltage Sampling to the High-Voltage Output

	Resistor (MΩ)
	＞2500
	Reverse ＞ 2500
	Forward ＜ 0.5
	＝78

	Measurement Object
	High-Voltage Output to the Low-Voltage End
	Low-Voltage End to Ground
	

	Resistor (MΩ)
	＞2500
	＞1000
	


③ Precautions in inspection of the suspended core of the transformer:
The core shall generally be lifted in fine weather in a clean place without dust and moisture (the relative humidity shall be not greater than 75%, and the core lifting time shall be shortened as much as possible, so as to avoid moisture or pollution and reduce the insulation.
a. Before core lifting, the oil drain valve under the lower part of the transformer box shall be unscrewed, and about 80 kg transformer oil is released. Attention shall be paid to protect the transformer oil from pollution.
b. Attention shall be paid to the balance of the gravity center of the body during lifting, the monitoring personnel shall be assigned at the four corners of the oil tank to prevent the body from colliding with the cabinet to avoid damage.
c. Before the core of the body is lifted, for the side output type, the small cover plate shall be opened first, a hand is out into the oil barrel, and the lead wire between the high-voltage output and the connecting end of the porcelain insulator is disconnected with a wrench before lifting. The lifting core shall be restored after inspection.
d. When the body is lifted and placed in the air, its continuous time shall not exceed the following provisions from the time when it contacts the external air:
In dry air (with the air relative humidity not greater than 65%): ≤3 hours.
In moist air (with the air relative humidity not greater than 75%): ≤1 hour.
④ If conditions permit, the breakdown voltage of the transformer oil shall be measured, and the oil sample shall be taken from the oil drain valve. At this time, the oil temperature shall not be lower than +5℃. For the transformer oil, the withstand voltage testing must be made, and the instantaneous average breakdown voltage of 5 times shall be greater than 35kV/2.5 mm. If the breakdown voltage of the oil lower than the required value, it can be used after the cause is found and the problem is solved. In addition, if it is necessary to supplement oil, the oil of the same brand shall be filled as much as possible. If the oils of different brands are used, they must be mixed after the chemical analysis. After the core lifting of the rectifier transformer, it is generally required to stand for 24 hours before the power-on testing, so as to avoid high-voltage discharge to air bubbles. 4.1.1.3 The induction withstand voltage and externally applied high-voltage testing has been made to the rectifier transformer before delivery. The induction withstand voltage and externally applied high-voltage testing is not carried out on site because usually the testing conditions are not available. The externally applied high voltage testing is really necessary, the high-voltage pack wiring on the silicon stack board must be short-circuited, the high-voltage measurement resistor and current feedback lead shall be disconnected, the oil shall be re-filled, the withstand voltage shall be applied to ground from the wiring terminal of the high-voltage porcelain insulator after standing for 24 hours. Otherwise, the externally applied high voltage testing cannot be carried out.
4.1.2
Mounting of Equipment
4.1.2.1 When the rectifier transformer is lifted, the wire cables with the diameter of 20~25 mm shall be used to hook on the hanging rings of the rectifier transformer box for listing; if a hook is used for lifting, the diameter of the hook shall be less than or equal to 30 mm to avoid crushing the radiator fin.
4.1.2.2 When the rectifier transformer is mounted in the isolation chamber, the distance to the wall shall be kept as greater than one meter.
4.1.2.3 The high-voltage control cabinet must be fixed with the anchor bolts as per the outline drawing of installation.
4.1.2.4 The wiring is carried out as per Attached Figure 1. 380V AC power supply and N line must be provided for the incoming line of the power supply.
4.1.2.5 As per the related regulations on low-voltage power distribution, the copper core cables or other applicable cables are selected to connect to the power supply, the high-voltage control cabinet and the rectifier transformer. For the incoming cable of N line, the multi-strand copper conductor greater than 2.5 mm2 is adopted. For the current and voltage feedback signal lead, RVVP3×1.5 mm2 shielded cable shall be adopted, and one terminal of the metal shielding layer shall be reliably grounded at the control cabinet side. For the rectifier transformer oil temperature sensor signal lead, RVVP3×1.5 mm2 shielded cable shall be adopted, and one terminal of the metal shielding layer shall be reliably grounded at the control cabinet side. When the equipment communicates with the PLC or the host computer through RS485, the RVSP2×1.0 mm2 shielded twisted-pair cable is adopted. When the equipment communicates with the PLC or the host computer through 4-20 mA current, two DJYPVP3×2×1.0 mm2 communication cables of the computer are adopted.
4.1.2.6 The grounding terminal of the rectifier transformer is connected to the grounding busbar of load anode, and the multi-strand copper conductors greater than 16 mm2 are adopted.
4.1.2.7 The grounding terminal of the high-voltage control cabinet, grounding terminal of the rectifier transformer and the grounding terminal of the load casing must be grounded very reliably, and the grounding resistance must not be greater than 2.0 Ω. To avoid the interference, the grounding terminal of the secondary current and voltage sampling resistor on the rectifier transformer shall be connected reliably and then connected to the grounding terminal of the low-voltage porcelain bottle of the transformer. And the grounding terminal of low-voltage porcelain bottle and grounding terminal on the rectifier transformer shell must be connected with copper core multi-strand flexible wire greater than 16 mm2. The sampling signal must be connected to the high-voltage control cabinet through the shielded line, and cannot be replaced with the ordinary control cables. The shielded wire shall be generally grounded at a single end of the high voltage control cabinet side. The grounding terminals of the high-voltage control cabinet, rectifier transformer and loads (such as positive pole of the electric precipitator) shall be connected together and grounded at the same position.
4.1.2.8 The equipment wiring shall conform to the relevant national regulations for high- and low-voltage wiring.
4.1.2.9 To avoid the interference, when the cables are arranged, the power cables, the signal cables and the communication cables shall be arranged separately to avoid the overlap and interference with each other.
4.2
Simulation Debugging of Equipment
4.2.1
Fictitious Load Testing of High-voltage Control Cabinet
In order to ensure the safe and reliable equipment, three power cables for the high-voltage control cabinet and the rectifier transformer must be disconnected before the equipment is operated again after initial operation and maintenance. Three incandescent bulbs with the power not less than 100 W are connected as star-shaped load, which is connected to the line outgoing end of the high-voltage control cabinet. The step-up testing shall be carried out in the manual operation mode to ensure that the trigger of the six-way thyristor is normal, and then the rectifier transformer can be connected to run with load.
4.2.2
Equipment Fault Alarm Testing
4.2.2.1 Oil temperature alarm: The rectifier transformer is equipped with a dedicated oil temperature sensor. When the oil temperature of the rectifier transformer reaches 85°C, the intelligent controller sends out the tripping signal and sends an alarm. The oil temperature standard exceeding fault of the rectifier transformer is shown on the display screen of the intelligent controller.
4.2.2.2 Not-in-place high-voltage output alarm: After the rectifier transformer, high-voltage control cabinet and load meter are mounted, the in-place high-voltage output switch of the rectifier transformer must be interlocked with the start operation of the high-voltage control cabinet to ensure safe power supply. If the output of the rectifier transformer is not connected to the load meter, the high-voltage operation will not be started. The intelligent controller issues a fault alarm, indicating that the safety interlocking is not in place.
4.2.2.3 Load open-circuit/short-circuit protection: When the high-voltage output of the rectifier transformer is open, the intelligent controller will detect the load open-circuit fault and control the secondary voltage not exceed the rated value. If the fault is not eliminated after 20 seconds, it will trip and alarm, indicating the open-circuit fault of load. In the same way, when the high-voltage output of the rectifier transformer is short circuited, the intelligent controller will detect a short-circuit fault of the load and control the secondary current not exceed the rated value. If the failure is not eliminated after 20 seconds, it will trip and alarm, indicating the short-circuit fault of load.
4.3
Application of Equipment
4.3.1 Inspection and Adjustment before First Starting
a. The power supply of the high-voltage control cabinet is disconnected;
b. Check if the controller plug is reliably connected;
c. Check if all the cables are correct and reliable;
d. Check if the fuses are good without looseness;
e. The insulation of the load (electric field of the electric precipitator) shall be measured with a 2500V megohmmeter, and usually the resistance value shall be greater than 100 MΩ.
f. The sampling resistor of the secondary current and voltage shall be measured with a multimeter, to determine whether is conform to the requirements. For the standard secondary current sampling resistor for the equipment of all the specifications, refer to Attached Table 2. The secondary voltage sampling resistor shall be 7.8 KΩ.
4.3.2 Local Start of Equipment:
The control power automatic switch QF2 in the high-voltage control cabinet is turned on, and the power control switch SA1 is turned to the "Connection" position. The power-on self-testing procedures are implemented through the HVC-ZC32 three-phase power supply intelligent controller, and the welcome message interface is lit up and displayed on the "Control Mode Selection" interface. The shutdown recording interface is entered after the operating personnel press the "This Cabinet" button, and the system enters the initial standby interface after the "OK" button is pressed. If the "Auto" button is pressed as this time, the automatic control main contactor KM1 of the intelligent controller will be engaged, and then the voltage will rise slowly, and operate near a set limit value after reaching it. The system will enter the manual standby screen after the "Manual" button is pressed, and at this time, the desired operation shall be selected as per the menu. After the main contactor KM1 is engaged, the "High-voltage operation" red light will be on, and the system enters the high-voltage operation state.
Notes: After the "Auto" button or "Start" button in the manual state is pressed, if the intelligent controller sends a fault alarm and prompts “safety interlocking not in place”, it indicates that the high-voltage isolating switch is not set to the “Operating” state. At this time, the equipment cannot be started, and another try shall be made after the position of the high-voltage isolation switch is confirmed.
4.3.3 Local Stop of Equipment:
After the "Stop" button is pressed, the output voltage will be reduced to zero through the intelligent controller, then the main contactor KM1 is released, and the main circuit is disconnected. At this time, the "High-Voltage Operation" red light goes out, and then the power control switch SA1 is turned to the "Disconnection" position.
4.3.4 Equipment Remote Control I (the 4-20 mA communication is adopted):
The control power automatic switch QF2 in the high-voltage control cabinet is turned on, and the power control switch SA1 is turned to the "Connection" position. The power-on self-testing procedures are implemented through the HVC-ZC32 three-phase power supply intelligent controller, and the welcome message interface is lit up and displayed on the "Control Mode Selection" interface. The shutdown recording interface is entered after the operating personnel press the "Remote" button, and the system enters the initial standby interface after the "OK" button is pressed. At this time, the remote control signal is controlled through the third-party DCS, that is to control the main contactor KM1 to engage or release, and carry out adjustment of the electric field voltage. For the detailed control principles, refer to the "Working Principles of Communication Circuits" on Page 8 of the instructions.
4.3.5 Equipment Remote Control II (the RS485 communication is adopted):
The control power automatic switch QF2 in the high-voltage control cabinet is turned on, and the power control switch SA1 is turned to the "Connection" position. The power-on self-testing procedures are implemented through the HVC-ZC32 three-phase power supply intelligent controller, and the welcome message interface is lit up and displayed on the "Control Mode Selection" interface. The shutdown recording interface is entered after the operating personnel press the "This Cabinet" button, and the system enters the initial standby interface after the "OK" button is pressed. At this time, the contents of the relevant memory address of the intelligent controller can be modified with the DCS system through the serial communication, to realize the corresponding control. For the detailed control principles, refer to the "Working Principles of Communication Circuits" on Page 8 of the instructions.
4.3.6 Operating Instructions of the Intelligent Controller
For the HVC-ZC32 Type three-phase power supply intelligent controller, 240x128 highlight LCD and four membrane buttons are equipped as the human-computer dialogue window. For the four buttons, except that the reset button is the fixed button, the other three buttons are the mobile buttons. The current function is determined through the guided button program. The operating personnel shall only operate as per the tips on the LCD display screen, which is very intuitive and simple.
4.3.7 Fault Tripping Alarm:
When the following faults occur, the HVC-ZC32 three-phase power supply intelligent controller judges the fault through the program, controls the main contactor KM1 to release, disconnects the main circuit, and prompts the fault cause with Chinese characters on the display screen. The main faults include: Electric field short-circuit fault, load open-circuit fault, primary current overcurrent fault, excessive oil temperature of the rectifier transformer, oil temperature sensor fault, safety interlock not in place, etc. The "OK" button is pressed to stop the alarm, to return to the initial standby interface.
4.4
Precautions for Equipment Application
4.4.1 To prevent operating over-voltage, the high-voltage isolating switch cannot be converted or the direct switching-off is not allowed when the equipment is operated.
4.4.2 For the connecting lines for the current and voltage feedback signals between the rectifier transformer and the high-voltage control cabinet, the metal-shielded line must be adopted, to prevent interference.
4.4.3 During the operation of the equipment, it is not allowed to enter the high-voltage isolation room.
Chapter V  Analysis and Treatment of the Common Faults in the Equipment Operation
	Phenomena of Abnormities and Fault
	Cause Analysis
	Treatment Method

	1. Fault characteristics: The primary voltage is very low, the primary current is high, the secondary voltage is close to zero, and the secondary current is very high.
	(1) The high-voltage isolating switch is grounded, and the safety interlock switch is damaged or wrongly wired, resulting in no alarm;
(2) The short circuit to ground is caused due to breakdown of the high-voltage cable or insulation damage and breakdown of the terminal connector of the terminal connector;
(3) The short circuit between the corona pole and the dust collector pole is caused due to serious ash accumulation in the dust hopper of the electric field.
(4) Short circuit is caused due to disconnection of the corona line;
(5) Short circuit to ground is caused due to damage of the rotating porcelain shaft of the corona pole vibrating device and the serious dust deposit in the porcelain shaft box;
(6) The damping resistor at the top of the electric field falls off and is grounded;
(7) Short circuit is caused due to metal foreign matters between different poles;
(8) Short circuit to ground is caused due to damage of the high-voltage insulator or the condensation and ash on the inner wall of the quartz bushing;
(9) The dust unloader fails, and short-circuit between the two poles is caused due to full dust of the dust hopper.
	(1) Shut off the power, inspect the safety interlocking control line, and confirm the safety interlock, and then place the high-voltage isolating switch at the location of the electric field;
(2) To handle and replace the cable or terminal connector;
(3) To fully discharge the accumulated dust in the dust hopper;
(4) To stop the boiler, and deal with the disconnection;
(5) To replace the rotating porcelain shaft or remove the accumulated dust;
(6) To restore or replace the damping resistor;
(7) To shut down the boiler, and dispose and clean out the foreign objects;
(8) To replace the damaged insulator, clean out the deposited dust, switch on the heating device or improve the heating temperature;
(9) To repair the dust unloader, and completely discharge the accumulated dust in the dust hopper.

	2. Fault characteristics: The primary voltage is low, the primary current is close to zero, the secondary voltage is very high, and the secondary current is zero.
	(1) The high-voltage isolation switch blade is not in place;
(2) The damping resistor at the top of the electric field burns out.
	(1) The high-voltage isolation gate is placed at the location of the electric field;
(2) To replace the damping resistor.

	3. Fault characteristics: the primary voltage is normal, the primary current is low, the secondary voltage is low, and the secondary current is significantly reduced.
	(1) The corona pole vibrating cycle is too long, resulting in serious dust accumulation on the pole line and corona closure;
(2) The vibrating force of the corona pole is insufficient;
(3) The corona line vibrating device fails;
(4) The smoke concentration at the entrance of the electric field is too high;
(5) The specific resistance of the dust is too large, resulting in back corona (the secondary current is too high or too low).
	(1) To adjust the vibrating cycle;
(2) To handle and improve the vibrating system;
(3) To handle the fault or shut down the boiler to deal with the sticking of hammer head, etc.;
(4) The combustion and pulverization can adjusted through the boiler;
(5) The coal type shall be changed or the quenching and tempering treatment shall be carried out for the flue gas.

	4. Fault characteristics: the primary voltage is low, the primary current is low, the secondary voltage is low, and the secondary current is low with the significant fluctuation. The high-voltage silicon rectifier transformer has abnormal noise, which increases with the increase of the current, and the oil temperature increases.
	(1) Phase lack fault;
(2) Thyristor trigger pulse circuit fault;
(3) Partial thyristor is broken down, short-circuited or open-circuited, which causes partial excitation operation.
	(1) The phase lack cause shall be found and treated, and the light bulb can be used as a fictitious load for inspection;
(2) To replace HVC-ZC32 Type three-phase power supply intelligent controller or ZCHB33A trigger module;
(3) To replace the damaged thyristor.

	5. Fault characteristics: the primary voltage is normal, the primary current is normal, the secondary voltage or secondary current pointer gaugeheads have no display, but the intelligent controller displays normally.
	The secondary voltage or secondary current pointer gaugehead is damaged.
	To replace the faulty gaugehead.

	6. Fault characteristics: When the "Start" button is pressed, “short circuit of electric field ” or “open circuit of load” is displayed on the intelligent controller, and at the same time, the voltage reading between phases at the output terminal shall be measured with a multimeter in the AC 750V AC voltage range to determine whether the voltage is as high as the power voltage.
	(1) The resistance capacitance absorption capacitors C1, C2 and C3 or resistance capacitance absorption resistors R1, R2 and R3 are damaged;
(2) The varistors RV4, RV5 and RV6 absorbing overvoltage surge are damaged;
(3) Partial thyristor is broken down and short-circuited.
	To replace the fault component.


Chapter VI  Maintenance of Equipment
6.1
The high-voltage control cabinet and the rectifier transformer are cleaned and wiped regularly as per the environmental conditions, to keep the interior of the high-voltage control cabinet and the rectifier transformer casing clean.
6.2
If the desiccant of the rectifier transformer changes color, it shall be restored or replaced in time.
6.3
One transformer oil test shall be carried out once a year, with the breakdown voltage not less than 35 KV/2.5 mm. Otherwise, the oil shall be filtered again or replaced with new oil, and the withstand voltage value of the new oil shall be greater than 45 KV/2.5 mm.
6.4
The grounding resistance shall be measured once a year, and its value shall not be greater than 2.0Ω.
Chapter VII Completeness and Spare Parts of Product
7.1
One three-phase high-voltage control cabinet, and one voltage/current sampling plate of the transformer;
7.2
One three-phase high-voltage rectifier transformer, and one damping resistor;
7.3
One copy of operating instructions for the three-phase high-voltage power supply for the electrical precipitator;
7.4
One ex-factory compliance certificate of the product.
Chapter VIII  Packaging, Transport, Unpacking and Inspection, Equipment Damage Responsibility and Warranty Period
8.1
The manufacturer must pack the equipment in good condition as per the national regulations before delivery. The manufacturer shall be responsible for the damage to the equipment during transportation due to improper packaging.
8.2
After the delivery of the equipment, the unpacking inspection shall be carried out in time. The specific inspection contents are shown as follows:
8.2.1 Whether appearance of the equipment and the internal components are damaged.
8.2.2 Whether the mounting of internal components and selection of appliances meet the design requirements.
8.2.3 Whether there are phenomena such as loosening, falling off, etc. to the conductor joints.
8.2.4 Whether the random accessories and instant data are consistent to the list provided.
8.3
If the equipment delivered is inconsistent with the order (the equipment is missing or the specifications and model are incorrect), the manufacturer shall replace the unconditionally and quickly.
8.4
If the equipment is lost or damaged due to negligence of the transportation department, in principle, the manufacturer shall meet the production first, and the cause is jointly identified, the responsible party shall bear the loss.
8.5
After the delivery of the equipment, all the responsibilities for equipment shortage and damage caused due to poor use and storage shall be borne by the user.
8.6
The warranty period of the equipment is 12 months from the starting date of mounting and debugging or 18 months from the delivery date of the equipment, and lifetime maintenance is ensured for the product.
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Table 1: Table of Parameters of General Components for Three-Phase High-Voltage Power Supply for Electrical Precipitator
	No.
	Component Code
	Name
	Specifications and Model
	Remarks

	1
	FU1
	Lighting Power Fuse
	RT18-32X/1.0A
	With Base

	2
	FU2
	Cooling Blower Power Fuse
	RT18-32X/1.0A
	With Base

	3
	FU3
	Cooling Blower Power Fuse
	RT18-32X/1.0A
	With Base

	4
	QF2
	Control Power Automatic Switch
	DZ47-60 C6A/3P
	

	5
	HL1
	Power Indicator Light
	AC 380V
	Green

	6
	HL2
	High-Voltage Operation Indicator Light
	AC 24V
	Red

	7
	HL3
	Energy-Saving Lamp in the Cabinet
	AC220V 7W 
	

	8
	HA1
	Fault Alarm Buzzer
	NFM1-22/FS AC24V
	Yellow

	9
	SA1
	Main Control Power Switch
	NP2-BG21
	

	10
	SA2
	Primary Voltage Commutation Switch
	LW5D-16YH3/3
	

	11
	PV1
	Primary Voltmeter
	6L2-450V
	

	12
	PV2
	Secondary Voltmeter
	6C2-0.1MA-100KV
	

	13
	R1
	Resistance Capacitance Absorption Resistor
	RX20-50W-20Ω
	

	14
	R2
	Resistance Capacitance Absorption Resistor
	RX20-50W-20Ω
	

	15
	R3
	Resistance Capacitance Absorption Resistor
	RX20-50W-20Ω
	

	16
	RV1
	Phase A Input Voltage Dependent Resistor
	MYT20-910V/5KA
	

	17
	RV2
	Phase B Input Voltage Dependent Resistor
	MYT20-910V/5KA
	

	18
	RV3
	Phase C Input Voltage Dependent Resistor
	MYT20-910V/5KA
	

	19
	RV4
	Phase A SCR Voltage Dependent Resistor
	MYT20-910V/5KA
	

	20
	RV5
	Phase B SCR Voltage Dependent Resistor
	MYT20-910V/5KA
	

	21
	RV6
	Phase C SCR Voltage Dependent Resistor
	MYT20-910V/5KA
	

	22
	RV7
	Phase A Output Voltage Dependent Resistor
	MYT20-910V/5KA
	

	23
	RV8
	Phase B Output Voltage Dependent Resistor
	MYT20-910V/5KA
	

	24
	RV9
	Phase C Output Voltage Dependent Resistor
	MYT20-910V/5KA
	

	25
	QS2
	Door Control Switch
	YBLX-JW2/11H/W1
	

	26
	FAN1
	Axial Flow Blower
	AC220V
	

	27
	FAN2
	Axial Flow Blower
	AC220V
	

	28
	U1
	Three-Phase Power Supply Intelligent Controller
	HVC-ZC32
	Self-Made

	29
	U2
	Power Module
	ZCHB32B
	Self-Made

	30
	U3
	Trigger Module
	ZCHB33A
	Self-Made

	31
	U4
	Remote Control Module
	ZCHB34A
	Self-Made

	
	
	
	
	

	
	
	
	
	


Table 2: Table of Parameters for Main Components of Main Circuit for Three-Phase High-Voltage Power Supply for Electrical Precipitator
	Appliance Name and Specifications
Equipment Model
	Air Circuit Breaker QF1
	AC Contactor KM1
	Thyristor V1~V6
KP Series
	Capacitor
C1~C3

CJ48B

-500V
	Current Transformer
TA1~TA3

BH-0.66
	AC Ammeter
PA1

6L2-A
	DC Ammeter
PA2

6C2-0.1MA
	Damping Resistor
R7
	Secondary Current Sampling Resistor

	A/KV
	A
	A
	A
	uf
	A
	A
	MA
	W/KΩ
	W/Ω

	0.3/90
	63S/50
	50
	100
	0.47
	75/5
	75/5
	500
	500/2
	20/20

	0.4/90
	63S/63
	63
	100
	0.47
	75/5
	75/5
	500
	500/2
	20/15

	0.5/90
	100S/80
	80
	200
	0.47
	100/5
	100/5
	750
	1200/1
	20/12

	0.6/90
	100S/100
	100
	200
	0.47
	100/5
	100/5
	750
	1200/1
	20/10

	0.7/90
	225S/125
	125
	200
	0.47
	150/5
	150/5
	1000
	1200/1
	30/8.6

	0.8/90
	225S/125
	125
	200
	0.47
	150/5
	150/5
	1000
	1200/1
	30/7.5

	1.0/90
	225S/160
	160
	300
	0.47
	200/5
	200/5
	1200
	2800/700
	30/6

	1.1/90
	225S/160
	160
	300
	0.47
	200/5
	200/5
	1500
	2800/700
	30/5.5

	1.2/90
	225S/180
	200
	300
	0.47
	200/5
	200/5
	1500
	2800/700
	30/5

	1.5/90
	225S/225
	250
	500
	1.0
	250/5
	250/5
	2000
	2800/700
	50/4

	1.6/90
	400S/250
	250
	500
	1.0
	250/5
	250/5
	2000
	2800/700
	50/3.75

	1.8/90
	400S/315
	315
	500
	1.0
	300/5
	300/5
	2500
	3000/500
	50/3.4

	2.0/90
	400S/315
	315
	500
	1.0
	300/5
	300/5
	2500
	3000/500
	50/3


Table 3: Common Specification Capacity Table of Three-Phase High-Voltage Power Supply for the Electrical Precipitator
	Equipment Specifications
	AC Input Voltage
	AC Input Current
	AC Input Power
	DC Output Voltage
	DC Output Current
	DC Output Power

	A/KV
	V
	A
	KVA
	V
	A
	KV

	0.3/90
	380
	43
	28.3
	90
	0.3
	27

	0.4/90
	380
	58
	38.17
	90
	0.4
	36

	0.5/90
	380
	72
	47.39
	90
	0.5
	45

	0.6/90
	380
	86
	56.6
	90
	0.6
	54

	0.7/90
	380
	101
	66.47
	90
	0.7
	63

	0.8/90
	380
	115
	75.69
	90
	0.8
	72

	1.0/90
	380
	144
	94.78
	90
	1.0
	90

	1.1/90
	380
	158
	104
	90
	1.1
	99

	1.2/90
	380
	173
	113.86
	90
	1.2
	108

	1.5/90
	380
	216
	142.16
	90
	1.5
	135

	1.6/90
	380
	230
	151.38
	90
	1.6
	144

	1.8/90
	380
	259
	170.46
	90
	1.8
	162

	2.0/90
	380
	288
	189.55
	90
	2.0
	180
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