Operating Instructions of High-Frequency High-Voltage Power Supply for Electrostatic Precipitator

Operating Instructions of High-Frequency High-Voltage Power Supply for Electrostatic Precipitator

[image: image3.jpg]


       至 诚 环 保
ZhiCheng EP
High-Frequency High-Voltage Rectifier Equipment for Precipitator
Operating Instructions
Fujian Longyan Zhicheng Environmental Co., Ltd. 
Safety Instructions
This equipment belongs to high-voltage equipment, and there is a risk of electric shock due to improper operation.
In power transmission and outage operation of the equipment and daily maintenance, the protective gloves must be worn.
Attention! Before mounting, debugging, parameter setting, maintenance and operation of high-frequency power supply, please read the instructions completely and carefully. At the same time, in order to avoid electric shock, please strictly abide by the provisions in the instructions. Only professional technical personnel can open, operate or repair this equipment;
The equipment has high-voltage power during operation. In order to ensure equipment and personal safety, please abide by the following provisions:
1. In the process of debugging and maintenance of the equipment, it must be operated as per the specifications, and it is strictly prohibited to plug and unplug the plug-in connector with electricity.
2. When the equipment is operated, any components cannot be disassembled or touched, otherwise electric shock will be caused.
3. During the operation of the equipment, it is strictly prohibited to switch the high-voltage isolating switch with electricity.
4. There is high voltage in the high-frequency transformer, isolating switch cabinet, incubator and electrostatic precipitator. Please do not enter them during operation, otherwise it will cause electric shock.
Our company will not be responsible for the personal injury caused due to incorrect mounting and use of this equipment.
Correct Use:
1. In order to ensure the equipment and personal safety, the electrostatic precipitator must be equipped with the grounding system in strict accordance with the national standards or industrial standards. The plant power grid ground, high voltage control cabinet ground, rectifier transformer ground and the electrostatic precipitator anode shall be connected together and then grounded at the same point. The control cabinet shell, transformer shell and body shell shall be reliable connected and connected with the grounding terminal. The grounding resistor shall be measured at least once a year, to ensure that the grounding resistance of the system is less than 2Ω.
2. Before the equipment is formally put into operation, the high-voltage safety interlock, operating procedures, high voltage risk warning signs must be improved.
All Rights Reserved:
1. All the copyrights belong to our company. Without explicit written permission, the instructions or partial content therein shall not be copied or reproduced. Violators shall be liable for the losses caused.
2. Our company reserves the right of final interpretation.
Disclaimer:
1. The contents contained in the instructions will be changed without notice due to product improvement. Please understand at that time.
2. We have checked that the contents of the instructions are consistent with the hardware in the contents described. Because errors are inevitable, we cannot guarantee complete consistency. If you find any ambiguity or error, please contact our company and welcome your valuable comments.
Preface
High-frequency high-voltage rectifier equipment for precipitator (referred to as high-frequency power supply) can be matched with various dust removal equipment, and is widely used in the smoke gas and dust control in many industries such as electric power, metallurgy, building materials, light industry, chemical industry, etc., which is an important device for efficient dust removal and environmental protection. This product is another high-tech achievement achieved by our company in the cutting-edge technology of the power supply for the electrostatic precipitator by making full use of years of experience in research and development, production and application of the supporting power supply of the electrostatic precipitator and completely relying on independent innovation, and has fully independent intellectual property rights. The successful development of the high-frequency power supply is a revolutionary breakthrough in the power supply technology of the electrostatic precipitator in China, and the high-frequency power supply is a new generation of environmentally-friendly high-tech power supply product.
With this equipment, the power-frequency three-phase AC power supply is converted into DC negative high voltage for output after controlled rectification and the high-frequency inversion, step-up and secondary rectification. Compared with the traditional thyristor controlled power frequency power supply, the product has excellent performance, with significant advantages of small output ripple, high average voltage and current, high conversion efficiency and power factor, small impact on the power grid by using the three-phase power supply, small volume, light weight, integration of complete sets of equipment, etc. For the successful development, the qualitative leap in the technical level of the supporting power supply for the electrostatic precipitator is achieved, the application range of the electrostatic precipitator is greatly expanded, and a significant impact on the adjustment, optimization and upgrading of the industrial structure of the supporting power supply products for the environmental protection equipment in China is made.
The high-frequency power supply based on the high-frequency switching technology and the resonance technology is a variable-pulse power supply independent of line frequency, which provides all the voltage waveforms close to pure direct current to large pulsation amplitude for the precipitator. For all the specific working conditions, it can provide the most appropriate voltage waveform, to improve the dust removal efficiency. The output voltage ripple of the high-frequency power supply in pure DC power supply is usually less than 5% compared with that of the high-voltage power supply with the power frequency of 50/60 Hz, which is far less than the ripple percentage 35%~45% of the power-frequency power supply, and the average value of the flashover voltage is significantly improved. The average operating voltage can reach 1.3 times the power-frequency power supply, and the operation current can reach 2 times that of the power-frequency power supply. In the same electric field, more power can be input, to effectively improve the dust collection efficiency. When the intermittent power supply from the high-frequency power supply is adopted, the back corona phenomenon can be effectively suppressed, and the energy conservation on the basis of ensuring the efficiency can be achieved. It is especially suitable for high specific resistance dust working condition.
For the inverter with the serial-parallel hybrid resonant topology structure, the turn-off loss of the power device is almost zero, which not only reduces turn-off stress of the device, improves efficiency, but also reduces electromagnetic interference. At the same time, the well-designed serial resonant inverter has constant current characteristics, and excellent current limiting capacity in case of output short circuit, which can improve the reliability of the system, especially suitable for the on-site working conditions of spark impact and frequent short circuit of the electrostatic precipitator. The local parallel resonant circuit is conducive to the stability of the light-load operation, the stability of the current waveform during the power supply cycle in the intermittent power supply mode, the improvement of the secondary current waveform, the improvement of the equipment power factor, and the improvement of the equipment efficiency. For the high-frequency converter of this equipment, the hybrid topology with full bridge serial resonance and local parallel resonance is adopted. It can effectively suppress the current impact of the spark of the electric field, extinguish the spark more quickly, and recover the electric field energy quickly, meeting the requirements for continuous spark discharge and short circuit impact of the electrostatic precipitator, adapting to wide variation of loads, and improving the dust removal efficiency.
In spark detection and control, the new software and hardware dual detection is adopted, which is particularly reliable for all kinds of spark detection and through which weak sparks can be also captured. The flashover current has no shock wave, the electric field voltage recovers very fast, and the loss is very small. There are two modes of pure DC power supply and intermittent power supply. In the pure DC power supply, the "amplitude modulation + frequency modulation" mode is adopted in voltage regulating, and in the intermittent power supply, Pon and Poff can be adjusted. For all the specific working conditions, various suitable voltage waveforms can be provided. It is especially suitable for front electric field and high specific resistance dust, and can effectively inhibit the occurrence of back corona. For the particularity of the load change of the electrostatic precipitator, it has the advantages such as sensitive control performance, fast voltage recovery and perfect protection function.
The high-frequency power supply is small in size and light in weight, which is only a fraction of the conventional power-frequency power supply. It occupies a small space and is easy to mount. The balanced input of the three-phase power supply is adopted, which has no pollution to the power grid and no phase loss. It is a green power supply. The efficiency and power factor are high. The efficiency is usually greater than 92%, and the power factor is usually greater than 92%, which is more than 20% energy-saving than the power frequency power supply. The electricity cost saved after several years of operation of the equipment is equivalent to recovering all the investment. The high-frequency power supply is mounted on the top of the precipitator, the equipment is integrated, and the cable consumption is significantly reduced. At the same time, it does not occupy the space of the control room, and the civil engineering cost can be saved. If it is used to transform the conventional power supply, the cost spent is lower than the transformation of the main body, the transformation period is short, and the effect is good.
Fujian Longyan Zhicheng Environmental Co., Ltd.
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Chapter I Product Overview
1. Name and Model Definition of Product
1.1 Product Name
The name of the product is defined as: High-frequency high-voltage rectifier equipment for precipitator (referred to as high-frequency power supply).
1.2 Implementation Standards
High-Frequency High-Voltage Rectifier Equipment for Precipitator (JB/T 11639-2013)
1.2 Model and Meaning of Product
The model and meaning of the product are as follows:
G G Y Aj - □A / □kV - (Derived No.)
Model Notes:
G: Indicating that the components adopted in AC-DC are thyristors;
G: Indicating that the components adopted in DC-AC are devices IGBT can be turned off;
Y: Indicating the high-voltage rectifier equipment for dust removal;
Aj: Indicating oil-immersing and self-cooling;
A: Indicating the rated output current;
KV: Indicating the rated output voltage;
Note ①:
For the derived code, when the user has the special requirements, it is marked to distinguish from the conventional products, and the conventional product is not marked with this code;
Note ②:
The rated output DC voltage is the average value, and the recommended values are 72, 80 and 90 (KV)
Note ③:
The rated output DC current is the average value, and the recommended values are 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0(A)
2. Working Principles
The high-frequency high-voltage rectifier equipment for dust removal is a new intelligent variable-frequency power supply based on AC-DC-AC transformation. It converts the three-phase power supply with the frequency fixed at 50Hz into the 1Hz-20kHz single-phase power supply with adjustable frequency through AC-DC-AC, and inputs into the high-frequency and high-voltage silicon rectifier transformer (hereinafter referred to as “high-frequency transformer”), which is boosted and rectified into high-voltage DC power through the high-frequency transformer and supplied to the precipitator.
3. Product Composition
3.1 System Composition
The high-frequency power supply is composed of two major components -- high-frequency control cabinet and high-frequency transformer. The high-frequency control cabinet is fixed above the high-frequency transformer with bolts, and all the internal connecting wires have been connected.
3.2 Structure of High-frequency Control Cabinet
The body of the high-frequency control cabinet is composed of four parts -- front chamber, rear chamber, left chamber and right air conditioning. The front chamber and left chamber are used to mount the components of the main circuit and the control system, in the rear chamber, the cooling system is mounted, and on the right side, an industrial air conditioner is mounted, which is used for thermostatic control of the front chamber and left chamber. The inner door panel is mounted in the front chamber, on which the busbar voltmeter, primary ammeter, secondary voltmeter, secondary ammeter, communication module and control module are mounted. A three-phase asynchronous fan is mounted above the rear chamber for forced cooling of the radiator in the rear chamber.
4. Main Characteristics of Product
For the high-frequency power supply manufactured by our company, the control system independently developed by our company based on distributed module layout and centralized network management is adopted, and the product has the advantages of simple structure, reliable performance, simple debugging, etc. The main characteristics of the product are shown as follows:
△ The integrated structure design is adopted, and equipment is composed of upper and lower parts. The upper half part is the high-voltage control cabinet, and the cooling mode of "forced cooling with fans + industrial air conditioning" is adopted; the lower half part is the oil-immersed high-frequency transformer, and the self-cooling heat dissipation structure is adopted. The upper and lower parts are assembled together with bolts. The integrated structure design is adopted, the equipment is placed on the top of the precipitator, with the advantages of small volume, less land occupation, light weight, etc.
△ For the main circuit, the AC-DC-AC high-frequency inversion structure is adopted, and the serial and parallel resonance technology is applied, so that the turn-off stress and turn-off loss of IGBT are greatly reduced, and the reliability of the equipment is significantly improved. Due to the inherent characteristics of the serial resonant circuit, the output current of the equipment ahs the constant current characteristics, and the equipment is more suitable for the application of the electrostatic precipitator. For IGBT, the genuine high-power IGBT imported from Germany is selected, which greatly improves the reliability of the equipment. The inverter current can be directly detected through the high-frequency current transformer, and the double detection and protection circuit of the inversion current can be indirectly detected through the IGBT conduction voltage drop, to ensure reliable operation of IGBT.
△ The intelligent variable-frequency technology is adopted, to achieve efficient regulation of the electric field voltage and current. The intermittent power supply technology is adopted to achieve energy conservation and consumption reduction, and at the same time improve the adaptability to different dusts.
△ The dual network structure of "internal network + external network" is adopted, to achieve centralized control of the entire network. The internal network is used for data exchange of all the modules in a single device, and the external network is used for centralized ground management of multiple devices. The structure design of dual network makes the equipment have the advantages of the simple structure, the minimum wiring and the lowest fault rate.
△ As long as a wall-mounted ground control box (also known as “ground control terminal”) is mounted in the ground control room, the high-frequency power supply control and data acquisition on top of the precipitator can be achieved through the serial busbar communication mode. The ground control box is simple in design and use, and hardly occupies the area of the control room. The ground control box is equipped with a 10" touch screen with the multilingual operation interface, and the needs of the export projects are met. four high-frequency power supplies can be managed with one ground control box at the same time.
Chapter II Main Technical Performance and Technical Parameters
1. Service Conditions of Product
1.1 The altitude shall not exceed 1000 m. If the altitude is greater than 1000 m, the rated value shall be corrected accordingly as per Appendix B in GB/T 3859.2-1993, which shall be specially indicated in ordering.
1.2 The ambient temperature ranges from -20 to +40℃.
1.3 The maximum relative humidity of the air is 90%RH (equivalent to 20±5℃ of the air temperature).
1.4 There shall be no violent vibration and impact, and the vertical inclination shall not exceed 5%.
1.5 There are no conductive explosion dust, gases or vapors corroding metals and destroying insulation at the operation location.
1.6 Working power supply: AC power supply; Voltage: three-phase 380 V±10%; Frequency: 50 Hz±1%.
2. Main Technical Parameters
2.1 Level of the rated DC output voltage (average value, in kV)
The voltage levels of the common rated DC output are: 72, 80 and 90;
2.2 Level of the rated DC output current (average value, in A)
The current levels of the common rated DC output are: 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0;
2.3 Input voltage: three-phase 380 V, 50 Hz;
2.4 Form of the converter: full-bridge serial and parallel hybrid resonance;
2.5 Resonance frequency: 20 kHz～30 kHz;
2.6 Efficiency of the converter: ≥ 0.90;
2.7 Power supply modes: pure DC power supply and intermittent power supply;
2.8 Output Regulation Range
Regulation range of the output DC current: rated value (0-100%);
Regulation range of the output DC voltage: rated value (0-100%) or maximum output voltage value (corona voltage ~ 100%);
2.9 Control mode: distributed control system based on network;
2.10 Voltage Regulation Mode
DC Busbar Voltage Regulating + Variable-Frequency Voltage Regulating;
2.11 Communication interface: RS485/Ethernet;
2.12 Protection level: IP55 (except for the air ducts);
2.13 Temperature rise of the transformer oil: ≤ 40℃.
3. Functions and Characteristics of Product
3.1 Control Function
The product has multiple control modes, which can be selected by the user under different working conditions.
△ Manual control
The manual control mode is mainly used in equipment debugging or operation under specific conditions.
△ Automatic control
In the automatic control mode, the spark tracking mode, constant voltage operation mode, constant current operation mode, constant spark rate operation mode, etc. can be selected as per the site conditions.
3.2 Power Supply Mode
The equipment is provided with two power supply modes: pure DC power supply and intermittent power supply.
3.3 Flashover Control Functions
The control system has the function of detecting the flashover signal in both hardware and software modes, through which the flashover signal can be accurately detected, to ensure reliable and stable operation of the equipment.
3.4 Local Display of the Operating Parameters and Operation of Equipment Start and Stop
The busbar voltmeter, primary ammeter, secondary voltmeter and secondary ammeter are arranged on the mounting board in the high-voltage control cabinet, and the key parameters are displayed at a glance; at the same time, three buttons of "Reset", "Operation" and "Stop" are set, to facilitate locally operating the equipment, starting operation, and shutdown.
3.5 Fault Detection, Protection and Storage Functions
The equipment has the multiple protective functions in the following, when any fault occurs to the equipment during operation, protection can be achieved through the control system, the fault causes will be displaced on the ground control terminal, and the equipment will send the audible alarm, and stop automatically. At the same time, the latest fault information and the operating parameters will be recorded and stored automatically at the time when the fault occurs, so that the maintenance personnel can deal with the fault quickly.
△ Input overcurrent protection
△ Input phase-loss protection
△ Load short-circuit protection
△ Load open-circuit protection
△ Temperature sensor fault protection
△ Oil temperature standard-exceeding protection
△ IGBT temperature standard-exceeding protection
△ Thyristor temperature standard-exceeding protection
△ IGBT fault protection
△ Inverter overcurrent protection
△ Low oil level protection
△ Not-in-place safety interlock protection
3.6 Load Open-Circuit Protection Function
The equipment has the open-load detection hardware function, which can detect load open-circuit fault within 20us and carry out protection, therefore to achieve the purpose of protecting the high-frequency transformer, and prevent impact damage of sudden open circuit to the transformer.
3.8 Communication Function
For the equipment, the standard RS485 (or Ethernet) physical communication interface is reserved. The Modbus-RTU or TCP-IP communication protocol can be adopted, to establish communication connection with the remote touch screen or host computer, and achieve the remote monitoring and control functions of the equipment. The communication mode is configured as per the user's requirements.
Chapter III Main Structure and Working Principles
1. Product Structure
1.1 For this equipment, the integrated structure design is adopted. It is composed of upper and lower parts, which are assembled together with bolts. The upper part is the high-voltage control cabinet, and the lower part is the rectifier transformer. At the same time, the damping resistor and the high-voltage isolating switch cabinet can be equipped as per the user's requirements.
1.2 Damping Resistor
The damping resistor is connected in series between the high-voltage output end of the high-frequency transformer and the electric field of the precipitator, which is the protection element in the high-voltage circuit. It plays an important role in limiting flashover impulse current, absorbing high-order harmonics and protecting main circuit and control circuit during operation. The damping resistor is usually mounted in the high-voltage switch cabinet.
1.3 High-Voltage Isolation Switch and High-Voltage Switch Cabinet
The high-voltage isolation switch is used to connect the high-voltage incoming line end of the electric field of the precipitator to the high-voltage output end of the rectifier transformer, or ground the high-voltage incoming line end of the electric field, to ensure personnel safety during the maintenance of the precipitator. The high-voltage isolation switch is mounted in the high-voltage switch cabinet, to ensure personal and equipment safety, and the auxiliary interlock linked with it is also equipped.
The high-voltage switch cabinet is placed between the high-frequency transformer and the incubator, and the high-voltage output protection cover flange of the high-frequency transformer is connected to the inlet flange for the high-voltage switch cabinet. The high-voltage incoming and outgoing direction of the high-voltage switch cabinet and the on-off operation direction of the high-voltage isolation switch shall be determined by the user as per the site layout.
2. Principles of Main Circuit
After entering the high-voltage control cabinet, the three-phase AC 380V 50Hz power supply passes through the plastic-case circuit breaker MCCB1, then is regulated and rectified through three thyristor modules and filtered through the capacitor bank, to obtain into smooth direct current. It is converted into square wave alternating current with adjustable frequency through the full-bridge inversion circuit, and the high-frequency square-wave alternating current is converted into high-voltage DC power after being boosted and rectified through the high-frequency step-up rectifier transformer, and supplied to the precipitator through the damping resistor. The functions of the main components in the circuit are shown as follows:
Plastic-case circuit breaker MCCB1: Main air switch of the incoming line, which is used to achieve on-off control and overcurrent protection for the main power supply;
Thyristor module: To regulate and rectify the three-phase alternating current into direct current, and at the same time, achieve fault shutdown protection;
Main filter capacitors C1-C8: To carry out wave filtering to the pulsating direct current after rectification;
IGBT module: To convert the direct current into square wave alternating current with adjustable frequency;
Resonance capacitor: To interact with resonance inductor, to produce resonance effect;
Busbar voltmeter PV1: Indicating the DC voltage after rectification, also known as "intermediate voltage or DC busbar voltage";
Primary ammeter PA1: Indicating the DC busbar current, also known as "primary current";
Secondary voltmeter PV2: Indicating the direct voltage output from the equipment, also known as "secondary voltage";
Secondary ammeter PA2: Indicating the direct current output from the equipment, also known as "secondary current";
Current sensor CS1: Providing the DC busbar current isolation signal for the control system;
Current transformer CT1: Providing the inversion current isolation signal for the control system;
Damping resistor R4: Playing a buffering effect on the spark discharge current, and buffering the parasitic oscillations caused due to the LC distribution parameters in the high-voltage output circuits;
Resistor R3: High-voltage sampling voltage-dropping resistor;
Resistor R2: Secondary voltage feedback sampling resistor;
Resistor R1: Secondary current feedback sampling resistor.
3. Principles of Control System
The control system is composed of power supply module, signal module, communication module, control module, trigger module of SCR, drive board of IGBT, etc.
Power supply module: Converting the AC 380V power supply into various low-voltage power supplies required for the control system;
Signal module: Various digital input signals and analog input signals shall be processed and collected, to realize the operation control and fault detection of the cooling fan at the same time;
Communication module: The data integration of the internal network and the data exchange of the external network shall be carried out, to realize the local start and stop control and operation status indication of the cabinet;
Control module: The accurate control of the inversion unit shall be realized as per the control commands and feedback parameters;
Trigger module: As per the command from the control module and in combination with the synchronization signal, SCR trigger signal will be sent; the DC busbar voltage regulation is realized through the adjustment of the conduction angle of SCR, and the DC busbar current is collected at the same time;
IGBT drive board: To perform power amplification and isolation processing on the IGBT trigger signal sent from the control module, and detect the inverter overcurrent;
Ground control box (also known as ground control terminal): To exchange the data with the high-frequency power supply at the top of the precipitator through the serial busbar communication mode, to achieve the ground operation control; at the same time, to communicate with the remote control center (such as DCS, host computer, etc.) with the box, execute the command from the remote control center and upload the operating parameters; the ground control box is equipped with a 10" touch screen, to achieve the human-computer dialogue; four high-frequency power supplies can be managed with one ground control box at the same time.
4. About Communication
For this equipment, the dual network structure of "internal network + external network" shall be adopted, to achieve centralized control of the entire network. The internal network is used for data exchange of all the modules in a single device, and the external network is used for centralized ground management of multiple devices. For the internal and external networks, the communication protocol independently developed by our company is adopted, with the advantages of simple structure, strong anti-interference ability and long communication distance.
Since the electromagnetic interference conditions of all the sites are different, in order to ensure stable and reliable communication, for the communication signal cable connected to the external network, the high-quality RVSP2 X 1.5 mm2 cable or DJYPVP2 X 1.5 mm2 dedicated communication cable must be selected.
Chapter IV Mounting and Application of Equipment
1. Reception and Inspection of Equipment
1.1 Arrival and Receipt of Equipment
FOB is adopted for the delivery mode of this equipment. When the equipment is delivered to the site for handover with the logistics company, the outer packing shall be carefully checked to determine whether there is any damage, and whether the transformer oil flows out of the packing box. If there is damage or the transformer oil flows out, the recipient shall take photos for evidence collection, and at the same time to carry out unpacking inspection for damage to the equipment with the personnel of the logistics company. After the inspection and evidence collection, the recipient shall feed back the information to our company in time.
Note: Any external damage indicates possible internal damage to the equipment.
1.2 Unloading
After it is preliminarily confirmed that there is no obvious damage to the appearance of the packing box, it can be unloaded with a forklift or crane. When the forklift is used, the fork shall be placed at the bottom of the packing box. When it is hoisted with a crane, the load-bearing capacity of the lifting rope shall not be less than 2 tons, and the rope shall be placed at the bottom of the packing box as far as possible. The packing box shall be placed on a flat surface as close to the mounting position as possible. During handling, its packing box shall be kept, which help to protect the equipment from damage, and at the same time, the equipment shall be ensured to be vertical at all times.
Note: Since the equipment is thin and tall, pay special attention to prevent dumping when it is unloaded and transshipped with a forklift! For the complete set of equipment (including the packing box), the hoisting tool shall be selected as per the total weight of 2 tons!
1.3 Storage
If the equipment is not mounted immediately after arrival, the packing case will not be opened, to reduce damage hazard of the equipment, and at the same time, keep the equipment clean; In addition, the equipment shall be stored in a clean and dry place.
2. Moving and Mounting of Equipment
2.1 Check before Mounting
After the equipment is unpacked, the appearance of the equipment shall be checked to determine whether there is any collision damage, whether the mounting lines inside the control cabinet are loosened or fall off, whether the accessories are loosened, whether the porcelain bushing of the rectifier transformer is damaged, and whether there is any oil leakage in the sealed part. If there is any problem, photos shall be taken for evidence and fed back to our company.
The completeness of the equipment shall be checked (refer to Chapter VII).
2.2 Moving Device
2.2.1 Ground Moving Device
If the equipment is required to be moved after the unpacking inspection on the ground, one of the following ways shall be adopted:
a. The forklift is adopted to move the equipment from the bottom of the high-frequency transformer;
b. The lifting tool of nylon ropes with four ropes for one ring or steel wire with four hooks for one ring can be adopted, to hook the four lifting rings on the top of the control cabinet, and hoist the equipment with a crane. Special attention: When the whole equipment is hoisted through this method, the four lifting rings must be stressed at the same time. It is strictly prohibited to hook only two lifting rings. At the same time, the length of the lifting ropes shall be not less than 2 m.
2.2.2 Vertical Moving of Equipment
If the equipment has not been unpacked, the lifting tool of wire cable or nylon rope can be used, to hoist the whole equipment with package with a crane directly onto the top of the precipitator, and then the outer packing can be removed.
If the outer package of the equipment has been removed, the lifting tool of nylon ropes with four ropes for one ring or steel wire with four hooks for one ring can be adopted, to hook the four lifting rings on the top of the control cabinet, and hoist and move the equipment with a crane. Special attention: When the whole equipment is hoisted through this method, the four lifting rings must be stressed at the same time. It is strictly prohibited to hook only two lifting rings. At the same time, the length of the lifting ropes shall be not less than 2 m.
2.2.3 Moving of Equipment on Top of Precipitator
The lifting tool of nylon ropes with four ropes for one ring or steel wire with four hooks for one ring can be adopted, to hook the four lifting rings on the top of the control cabinet, and hoist and move the equipment with a crane. Special attention: When the whole equipment is hoisted through this method, the four lifting rings must be stressed at the same time. It is strictly prohibited to hook only two lifting rings. At the same time, the length of the lifting ropes shall be not less than 2 m.
Of course, other simpler methods can also be used to move the equipment. The general principle is to ensure personal and equipment safety when the equipment is moved.
2.2.4 Precautions for Hoisting
1. No matter which method is adopted for moving the equipment, it shall be ensured that the equipment is vertical at any time (the maximum inclination angle of the equipment shall not exceed 20 degrees). If the requirements cannot be met, the auxiliary hoisting equipment shall be adopted (such as hoisting support, hoisting beam, etc.).
2. When four lifting rings on the top of the control cabinet are adopted to adjust and mount the whole equipment, the four lifting rings must be stressed at the same time. It is strictly prohibited to hook only two lifting rings. At the same time, the length of the lifting ropes shall be not less than 2 m.
3. The equipment shall be moved and hoisted in strict accordance with the requirements in the instructions, and the risk study and judgment shall be made, to ensure personal and equipment safety. Our company will not be responsible for any personal injury accident caused due to illegal operation and the compensation for equipment damage!!!
2.3 Mounting Equipment
2.3.1 Mechanical Mounting
When the mounting position of the equipment is selected, the remaining space around the equipment shall be considered, to ensure that all the doors of the high-voltage control cabinet can be opened in place.
As per the wheel base at the bottom of the high-frequency transformer, the mounting base (guide rail) shall be made of I-shaped steel or channel steel, then the equipment is hoisted onto the base (guide rail), which is moved horizontally forward and backward through the rollers mounted at the bottom until the equipment is moved in place. After the high-voltage output protection cover and the high-voltage switch cabinet are mounted, the rollers shall be clamped with triangular irons on the base, to prevent the equipment from moving.
2.3.2 Electrical Mounting
The control cables and the power cables cannot be put in the same cable conduit, the same cable trench, or the same cable tray. If these cables cannot be separated due to limited conditions, at least the control cables and power cables shall be arranged in layers. It is strictly prohibited to mix them together in wiring, to avoid mutual interference.
For the incoming line of the power supply, not only the three-phase 380V AC power supply is provided, the N line must be provided also. The cable of appropriate size shall be selected as per the equipment specifications, the connector lugs shall be crimped firmly, and the mounting bolts shall be equipped with spring washers and fastened. For the ground line, the copper-core cable of not greater than 25 mm2 shall be selected. The same group of cables shall be arranged together and threaded in the same wire threading hole, to reduce eddy current heating and interference.
The 2x1.5 mm2 conducting wire shall be selected, to connect the safety interlock switch signal into the high-voltage control cabinet, or the equipment cannot be operated.
The high-quality RVSP 2X1.5 mm2 cable or DJYPVP 2X1.5 mm2 dedicated communication cable must be selected as the communication cable between the high-frequency power supply and the ground control box. The shielding layer is connected to TX0 terminal. Two twisted-pair cables in one group must be adopted for TX1 and TX2 terminals. The communication cables of all the high-frequency power supplies are connected in series from near to far, and the last device is connected to the terminal resistor. For the connection method of the terminal resistor, one 1/2W 120 Ω resistor can be connected to the TX1 and TX2 terminals of the external wiring terminal board of the equipment in parallel.
For the conducting wire connected from the grounding terminal of the high-frequency transformer to the load (anode of the precipitator), the multi-strand copper-core cable of more than 16 mm2 shall be adopted.
The grounding terminal of the high-frequency power supply and the grounding terminal of the electrostatic precipitator must be reliably grounded, and the grounding resistance shall not be greater than 2.0Ω. After connected together, the high-frequency power supply and the load (grounding terminal of the anode of the electrostatic precipitator) shall be grounded at the same point.
Attention! The connector lugs of the power cable and the grounding cable must be mounted in direct contact with the copper bars or connector lugs in the control cabinet. There must be no flat washers, spring washers or nuts, etc. in the middle for separation. The mounting bolts must be fastened, or otherwise it will overheat due to poor contact, which will result in fire accident in serious cases!
2.3.3 Mounting Precautions
There are a large number of electronic components in the high-voltage control cabinet of the high-frequency power supply. Because the equipment is mounted on the top of the precipitator, the operating conditions are very bad. Practice has proved that the operating environment plays a vital role in the service life of the electronic products. Therefore, when the equipment is mounted, sunlight and rain shall be avoided, and a cool, dry and low-dust operating environment shall be provided to the equipment, to prolong the service life of the equipment, and reduce occurrence of faults.
3. Application of Equipment
3.1 Safety Precautions
Special Attention! The equipment has lethal high voltage. In order to ensure personal safety, please abide by the following provisions:
a. The voltage of the high-voltage output terminal of the high-frequency power supply and the connected components is as high as 100 kV. Direct or indirect contact with them is forbidden without reliable grounding. When the equipment is poorly grounded, the its shell will has high-voltage power also, so it is forbidden to contact with them directly or indirectly.
b. The personnel responsible for mounting, debugging, operation and maintenance of the equipment must receive relevant professional training, and obtain the relevant qualification certificates before operation, especially the anti-shock electrical knowledge training.
c. When the device has been powered on or has been powered off for less than 2 hours, the non-professional personnel shall not touch any part inside the equipment that may be live.
d. Even when the main power of the equipment is cut off, the possible residual voltage on the DC busbar in the cabinet will has electric shock hazard. Therefore, it can be contacted only when the voltage is lower than 36V.
e. The potentiometers on all the circuit boards of the equipment shall not be adjusted by the non-professional technical personnel; when it is really necessary to adjust, it shall be conducted under the guidance of the technical personnel of our company; arbitrary adjustment may cause  serious equipment damage and personal injury.
f. During operation of the equipment, the door of the high-voltage control cabinet shall be closed tightly, and shall not be arbitrarily opened.
g. In order to prevent operating overvoltage and ensure personal safety, it is strictly prohibited to switch the high-voltage isolation switch or directly turned off in the operating status of the equipment.
3.2 Inspection of the Equipment before Operation for the First Time
a. To disconnect the power supply into the high-voltage control cabinet;
b. To check whether the plugs of all the modules and circuit boards in the control cabinet are connected reliably and whether the wiring is firm;
c. To check whether all the connecting lines are correct and reliable;
d. To check the tightening state of all the bolts (especially in the main circuit);
e. To check the low-voltage winding insulation to the ground, disconnect the connecting copper bar between the low-voltage winding and the high-frequency control cabinet, and measure the resistance of the low-voltage winding insulation to the ground with 1000 V megohmmeter, which shall be greater than 10 MΩ . To check the insulation to ground of the high-voltage output end of the equipment. 2500 V megohmmeter shall be used for measurement, the negative end of the megohmmeter shall be connected to the high-voltage negative output end of the equipment, and the reading shall be greater than 1000 MΩ.
Note: The withstand voltage testing has been made before delivery of the equipment. If there is no collision accident during the transportation and hoisting of the equipment, this step can be omitted on the site.
f. To check the insulation of the load (electric field of the electrostatic precipitator) with a 2500 V megohmmeter. Usually, the resistance value shall be greater than 100 MΩ.
3.3 Operation and Debugging of the Equipment for the First Time
a. The rear cover of the communication module on the inner door panel of the control cabinet is opened, and the communication address is set in a certain order. The setting mode for the communication address is the hardware setting of the dial switch. Before delivery of the equipment, our company has set the communication address as per the conditions of the project, and the address can only be reset when the communication module is replaced (or when the equipment is not mounted as per the specified number). The decimal values represented with the dial switch are 16, 8, 4, 2 and 1 respectively from left to right, and it is valid when the switch is dialed to the upper position. When the address is set to 1, it corresponds to the 1# electric field of the touch screen of the ground control box, and so on. When the address is set to 2, it corresponds to the 2# electric field, when the address is set to 3, it corresponds to the 3# electric field, and when the address is set to 4, it corresponds to the 4# electric field.
b. The main air switch of the incoming line, control power switch, fan power switch and air conditioning power switch are turned on, to observe the indicator lights of all the circuit boards, and they shall indicate normal without abnormal alarm or sound.
c. The power supply of the ground control box is turned on, the operation interface shall be displayed clearly on the touch screen, and the operation interface can be normally switched as per the electric field selection on the right; At the same time, the display of the parameters of the corresponding electric field shall be observed to determine whether they are correct and complete. If they are wrong or incompletely displayed, the communication line shall be rechecked to determine whether it is correctly connected, and the address of the communication module in the control cabinet shall be checked to determine whether it is correct set. After the address of the communication module in the control cabinet is reset, the power shall be tuned on after disconnected for 10 seconds.
d. After the communication between the ground control box and the high-frequency power supply is confirmed to be normal, the operation interface of this electric field shall be selected, the output voltage is set below 30KV, the output current is set within 20% of the rated value, and then the equipment is started for operation, to observe whether the equipment is started for operation, and whether the parameter return is correct; then the equipment shut down, to see whether it is shut down normally, and whether it responses in time. If any problem is found during operation, the equipment can be restarted only after the cause is found out. It is not allowed to start the equipment arbitrarily, to prevent damage of the equipment.
e. When the startup, operation and shutdown of the equipment are normal and the parameters are displayed correctly, the output voltage and output current can be gradually increased. At the same time, the parameters shall be observed to determine whether they are correctly displayed. When abnormal parameters are found, the equipment shall be shut down in time.
f. After the equipment operates for 10 minutes under higher output voltage and current value, the equipment shall be shut down, and all the components for the high-frequency power supply shall be checked, focusing on checking components and connecting copper bars for the main circuit, and checking whether there is abnormal heating. After there is no abnormality in the check, the equipment can be restarted for operation.
g. Before the equipment is powered off, the equipment must be operated through the touch screen of the ground control box to make it in the shutdown state, and then the main air switch of the incoming line and the control power switch shall be disconnected. It is strictly prohibited to directly turn off the power supply in the operation state! The equipment is equipped with three buttons of "Reset", "Operation" and "Stop" on the inner door panel of the control cabinet, to facilitate operating the equipment, starting operation, and shutdown.
h. The operation and debugging for the first time shall be completed by the technical personnel of our company. If they fail to complete in special cases, the user can carry out operation for the first time under the remote guidance of the technical personnel of our company. Our company will not be responsible for equipment damage and personal injury caused due to arbitrary startup.
i. During the operation and debugging for the first time, it is necessary to confirm the air direction of the cooling fan in the high-voltage control cabinet. After the fan is turned on, the correct air direction is blowing from top to bottom. If the air direction is reversed, the air direction can be changed by adjusting the phases of the fan. The adjusting method is to exchange any two wires of the fan wired on the signal module (with the wire numbers of FJ3A, FJ3B and FJ3C respectively). Start and stop control method for the fan: In the shutdown state of the equipment, the "Shutdown" button on the inner door panel of the control cabinet is pressed and hold for three seconds, and the fan will be started; when the "Shutdown" button is pressed again, the fan will be stopped.
3.4 Local Control of Daily Operation
a. The main air switch of the incoming line, control power switch, fan power switch and air conditioning power switch of the high-frequency power supply are turned on, and at this time the "System Normal" light on the inner door panel will be on. After the "Operation" button on the inner door panel is pressed, equipment will operate automatically. At this time, the "System Normal" light will go out, and the "High-Voltage Operation" light will be on. After the "Shutdown" button is pressed, the equipment will stop running, the "High-Voltage Operation" light will go out, and the "System Normal" light will be on.
b. If any fault is detected in the equipment, the "Fault Alarm" light will be on, the buzzer will alarm, and the "System Normal" and "High-Voltage Operation" lights will go out.
c. After the equipment is powered on, if the safety interlock is detected to be not in place or not connected, the "System Normal" light will flash to indicate that the safety interlock is not in place, and at this time, the equipment will not operate.
d. When the equipment needs to be shut down, the "Stop" button shall be pressed to make equipment in the shutdown state, and then the main air switch of the incoming line, control power switch, fan power switch and air conditioning power switch are disconnected.
3.5 Ground Remote Control of Daily Operation
a. The main air switch of the incoming line, control power switch, fan power switch and air conditioning power switch of the high-frequency power supply are turned on, and at this time the "System Normal" light on the inner door panel will be on. If at this time, the safety interlock is detected to be not in place or not connected, the "System Normal" light will flash to indicate that the safety interlock is not in place, and at this time, the equipment will not operate.
b. The corresponding operation interface of the touch screen of the ground control box is operated, to carry out parameter setting or operation control to the equipment.
c. When the equipment needs to be shut down, the "Stop" button shall be pressed to make equipment in the shutdown state.
Chapter V Analysis and Treatment of Common Faults in Equipment Operation
	Fault (Abnormity) Phenomenon
	cause Analysis
	Handling Method

	1. Fault characteristics: The busbar voltage is low, the primary current is low, and the secondary voltage is close to zero. When the secondary current is greater than 30% of the rated value, for the equipment, the load short-circuit fault is reported.
	(1) The high-voltage isolation switch is grounded, and the safety interlock switch is damaged or wrongly wired, resulting in no alarm;
(2) Serious ash accumulation in the electric field dust hopper causes the short circuit between the corona electrode and the dust collector electrode;
(3) The corona line is disconnected, resulting in short circuit;
(4) The rotating porcelain shaft of the corona electrode vibrating device is damaged, or the serious ash accumulation occurs in the porcelain axle box, resulting in short circuit to ground;
(5) The damping resistor falls off, or the resistance wire sags or breaks, resulting in grounding;
(6) Short circuit is caused due to metal foreign matters between different electrodes;
(7) The high-voltage insulator is damaged, or condensation or dust deposition occurs on the inner wall of the quartz bushing, resulting in short circuit to ground;
(8) A fault occurs to the dust unloader, and the dust hopper is full of dust, resulting in short-circuit between the two electrodes.
	(1) To shut off the power, check the safety interlock control line, and confirm the safety interlock, and then place the high-voltage isolating switch at the location of the electric field;
(2) To fully discharge the accumulated dust in the dust hopper;
(3) To stop the boiler and handle the disconnection;
(4) To replace the rotating porcelain shaft, or remove the accumulated dust;
(5) To repair or replace the damping resistor;
(6) To stop the boiler, handle and remove the foreign matters;
(7) To replace the damaged insulator, remove the dust deposition, put the heating device into operation or increase the heating temperature;
(8) To repair the dust unloader, and fully discharge the accumulated dust in the dust hopper.
    

	2. Fault characteristics: The busbar voltage is low, the primary current is low, the secondary voltage is very high, and the secondary current is close to zero. For the equipment, the load open-circuit fault is reported.
	(1) The high-voltage isolation switch blade is not in place;
(2) The damping resistor is burnt out;
(3) The vibrating cycle is too long or the vibrating equipment is poor, resulting in the serious dust accumulation of the corona electrode line and the occurrence of the corona closure.
	(1) The high-voltage isolation switch blade is set at the location of the electric field;
(2) To replace the damping resistor;
(3) To adjust the vibrating cycle, check the vibrating equipment, and handle the defective point;

	3. Fault characteristics: The busbar voltage is normal, the primary current is low, the secondary voltage is relatively low, the secondary current is significantly decreased, and the spark rate is relatively high.
	(1) The smoke concentration at the entrance of the electric field is too high, resulting in frequent ignition;
(2) The internal structure of the electric field changes, resulting in the narrowing of the polar distance;
(3) The vibrating equipment is poor or the vibrating cycle is inappropriate, resulting in poor corona effect caused due to accumulated dust;
(4) Ignition at the disconnection of the high-voltage circuit occurs;
(5) Ignition occurs at the high-voltage isolation switch due to poor contact.

	(1) To contact the boiler personnel to adjust combustion and pulverization;
(2) To check and handle the narrowing place of the pole distance in the electric field;
(3) To check and handle the vibrating equipment, and adjust the vibrating cycle;
(4) To check and handle the disconnection place of the high-voltage circuit;
(5) To check and handle the high-voltage isolation switch blade.
 

	4. Fault characteristics: The busbar voltage is normal, the primary current is relatively high, the secondary voltage is relatively low, and the secondary current is relatively high. When the secondary current is increased, the secondary voltage is basically not increased or reduced, resulting in the inflection point phenomenon.
	The specific resistance of dust is too large, resulting in back corona.

	(1) To change the coal type or carry out quenching and tempering treatment to the flue gas;
(2) To adopt the intermittent power supply, and adjust the intermittent ratio so that it does not enter the back corona state;
(3) To adjust the vibrating cycle, strengthen dust cleaning, and change the balance state.


	5. Fault characteristics: The values of busbar voltage, primary current, secondary voltage and secondary current on the touch screen of the ground control box are displayed normally, but one or more pointer gaugehead(s) on the control cabinet are displayed abnormally.
	The pointer gaugehead is damaged.
	To replace the faulty gaugehead.

	6. Fault characteristics: For the equipment, the charging fault is reported.
	(1) A fault occurs to the SCR trigger module;
(2) The SCR module is damaged;
(3) The busbar is short-circuited.
	(1) To replace the SCR trigger module;
(2) To replace the damaged SCR module;
(3) To check and handle the fault point.

	7. Fault characteristics: For the equipment, the IGBT fault is reported.
	IGBT or the drive board is damaged.
	To replace the faulty IGBT and the drive board.

	8. Fault characteristics: For the equipment, the fault of a temperature sensor or standard exceeding of the temperature is reported.
	(1) The corresponding temperature sensor is damaged;
(2) The corresponding SCR or IGBT is damaged.
	(1) To replace the fault temperature sensor;
(2) To replace the faulty SCR or IGBT.


Chapter VI Maintenance of Equipment
1. Daily Operation and Maintenance
1.1 The parameters during operation of the equipment such as busbar voltage, primary current, secondary voltage, secondary current, temperature of the oil of the high-frequency transformer, SCR temperature, IGBT temperature, etc. shall be strictly monitored, the parameters shall be recorded every 2 hours, and the storage time of the record account shall be not less than 30 days.
1.2 The temperature of the oil of the high-frequency transformer shall be strictly monitored. The temperature of the transformer oil during operation of the equipment shall not exceed 80℃, there shall be no abnormal sound, and there shall be no abnormal discharge in the high-voltage output network.
1.3 In case of fault or misoperation of the high-frequency power supply during normal operation, the on-duty personnel shall immediately go to confirm the fault point, find out the cause and contact for treatment after receiving the alarm notice.
1.4 The equipment maintenance personnel shall be arranged for patrol inspection. The high-frequency power supply shall be inspected in each shift, to check whether there are overheating and burning of the accessories in the high-voltage control cabinet, whether there is abnormal sound and whether there is any abnormal discharge in the high-voltage output network. Detailed records shall be kept during the patrol inspection, especially when any abnormity is found, and the record account shall be kept for no less than 30 days.
2. Regular Maintenance and Servicing
2.1 The high-voltage control cabinet and the high-frequency transformer shall be regularly cleaned and wiped as per the environmental conditions, to keep the interior of the high-voltage control cabinet and the high-frequency transformer bushing clean.
2.2 The withstand voltage testing shall be carried out once a year, the breakdown voltage shall be not less than 35 kV/2.5 mm, or otherwise the oil shall be re-filtered or replaced with new oil, and the withstand voltage value of the new oil shall be greater than 45 kV/2.5 mm.
2.3 The grounding resistor shall be measured once a year, and its value shall not be greater than 2.0Ω.
Chapter VII Completeness of Product
1. High-frequency high-voltage rectifier equipment for precipitator
1 set
2. Damping resistor
1 piece
3. Operating Instructions of High-Frequency High-Voltage Rectifier Equipment for Precipitator
1 copy
4. Compliance Certificate of the Product
1 copy
Chapter VIII Quality Guarantee Period of Product
The quality warranty period of this product is 12 months from the mounting and debugging date, or 18 months from the equipment delivery date, whichever comes first, and lifetime maintenance is provided
Appendixes
Table 1. Table of Input and Output Parameters of Common Series Products of High-Frequency High-Voltage Rectifier Equipment for Precipitator
Figure 1. Electrical Schematic Diagram of High-Frequency High-Voltage Rectifier Equipment for Precipitator
Figure 2. Mounting and Wiring Diagram of High-Frequency High-Voltage Rectifier Equipment for Precipitator
Table 1. Table of Input and Output Parameters of Common Series Products of High-Frequency High-Voltage Rectifier Equipment for Precipitator
	No.
	Specifications and Model
(A/KV)
	Three-Phase Input Voltage (V)
	Three-Phase Input Current (A)
	Input Power
(KVA)
	Output Voltage
(KV)
	Output Current
(A)
	Output Power
(KW)

	1
	0.3/72
	380
	37
	24.0
	72
	0.3
	21.6

	2
	0.3/80
	380
	41
	26.7
	80
	0.3
	24.0

	3
	0.4/72
	380
	49
	32.0
	72
	0.4
	28.8

	4
	0.4/80
	380
	54
	35.6
	80
	0.4
	32.0

	5
	0.5/72
	380
	61
	40.0
	72
	0.5
	36.0

	6
	0.5/80
	380
	68
	44.4
	80
	0.5
	40.0

	7
	0.6/72
	380
	73
	48.0
	72
	0.6
	43.2

	8
	0.6/80
	380
	81
	53.3
	80
	0.6
	48.0

	9
	0.7/72
	380
	85
	56.0
	72
	0.7
	50.4

	10
	0.7/80
	380
	95
	62.2
	80
	0.7
	56.0

	11
	0.8/72
	380
	97
	64.0
	72
	0.8
	57.6

	12
	0.8/80
	380
	108
	71.1
	80
	0.8
	64.0

	13
	1.0/72
	380
	122
	80.0
	72
	1.0
	72.0

	14
	1.0/80
	380
	135
	88.9
	80
	1.0
	80.0

	15
	1.2/72
	380
	146
	96.0
	72
	1.2
	86.4

	16
	1.2/80
	380
	162
	106.7
	80
	1.2
	96.0

	17
	1.4/72
	380
	170
	112.0
	72
	1.4
	100.8

	18
	1.4/80
	380
	189
	124.4
	80
	1.4
	112.0

	19
	1.6/72
	380
	194
	128.0
	72
	1.6
	115.2

	20
	1.6/80
	380
	216
	142.2
	80
	1.6
	128.0

	21
	1.8/72
	380
	219
	144.0
	72
	1.8
	129.6

	22
	1.8/80
	380
	243
	160.0
	80
	1.8
	144.0

	23
	2.0/72
	380
	243
	160
	72
	2.0
	144.0

	24
	2.0/80
	380
	270
	177.8
	80
	2.0
	160.0


Figure 2. Mounting and Wiring Diagram of High-Frequency High-Voltage Rectifier Equipment for Precipitator
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