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Preface Thank you for choosing DELTA’s high-performance VFD-E Series. The VFD-E Series is manufactured with high-quality components and materials and incorporate the latest microprocessor technology available. This manual is to be used for the installation, parameter setting, troubleshooting, and daily maintenance of the AC motor drive. To guarantee safe operation of the equipment, read the following safety guidelines before connecting power to the AC motor drive. Keep this operating manual at hand and distribute to all users for reference. To ensure the safety of operators and equipment, only qualified personnel familiar with AC motor drive are to do installation, start-up and maintenance. Always read this manual thoroughly before using VFD-E series AC Motor Drive, especially the WARNING, DANGER and CAUTION notes. Failure to comply may result in personal injury and equipment damage. If you have any questions, please contact your dealer.



For Drive Board version 1.20 & Control Board version 2.20.



PLEASE READ PRIOR TO INSTALLATION FOR SAFETY.



DANGER! 1. 2.



AC input power must be disconnected before any wiring to the AC motor drive is made. A charge may still remain in the DC-link capacitors with hazardous voltages, even if the power has been turned off. To prevent personal injury, please ensure that power has turned off before opening the AC motor drive and wait ten minutes for the capacitors to discharge to safe voltage levels.



3.



Never reassemble internal components or wiring.



4.



The AC motor drive may be destroyed beyond repair if incorrect cables are connected to the input/output terminals. Never connect the AC motor drive output terminals U/T1, V/T2, and W/T3 directly to the AC mains circuit power supply.



5.



Ground the VFD-E using the ground terminal. The grounding method must comply with the laws of the country where the AC motor drive is to be installed. Refer to the Basic Wiring Diagram.



6.



VFD-E series is used only to control variable speed of 3-phase induction motors, NOT for 1-phase motors or other purpose.



7.



VFD-E series shall NOT be used for life support equipment or any life safety situation. I



WARNING! 1.



DO NOT use Hi-pot test for internal components. The semi-conductor used in AC motor drive easily damage by high-voltage.



2.



There are highly sensitive MOS components on the printed circuit boards. These components are especially sensitive to static electricity. To prevent damage to these components, do not touch these components or the circuit boards with metal objects or your bare hands.



3.



Only qualified persons are allowed to install, wire and maintain AC motor drives.



CAUTION! 1.



Some parameters settings can cause the motor to run immediately after applying power.



2.



DO NOT install the AC motor drive in a place subjected to high temperature, direct sunlight, high humidity, excessive vibration, corrosive gases or liquids, or airborne dust or metallic particles.



3.



Only use AC motor drives within specification. Failure to comply may result in fire, explosion or electric shock.



4.



To prevent personal injury, please keep children and unqualified people away from the equipment.



5.



When the motor cable between AC motor drive and motor is too long, the layer insulation of the motor may be damaged. Please use a frequency inverter duty motor or add an AC output reactor to prevent damage to the motor. Refer to appendix B Reactor for details.



6.



The rated voltage for AC motor drive must be  240V ( 480V for 460V models) and the short circuit must be  5000A RMS (10000A RMS for the  40hp (30kW) models).



DeviceNet is a registered trademark of the Open DeviceNet Vendor Association, Inc. Lonwork is a registered trademark of Echelon Corporation. Profibus is a registered trademark of Profibus International. CANopen is a registered trademark of CAN in Automation (CiA). Other trademarks belong to their respective owners.



II



Table of Contents Chapter 1 Introduction 1.1 Receiving and Inspection………….…….……….……….……….…….1-2 1.2 Preparation for Installation and Wiring.……….………….…………...1-11 1.3 Dimensions………….……….……….…….………..……………….….1-17 Chapter 2 Installation and Wiring 2.1 Wiring………….……….……….……….………………….….2-3 2.2 External Wiring………….……….………….……….…………..….2-13 2.3 Main Circuit………….……….………….……….………….......….2-14 2.4 Control Terminals………….……….….………..………………..….2-19 Chapter 3 Keypad and Start up 3.1 Keypad………….……….……….……….……….……………...........….3-1 3.2 Operation Method………….……….……….……….……….…….…….3-2 3.3 Trial Run………….……….……….……….……….……………........….3-3 Chapter 4 Parameters 4.1 Summary of Parameter Settings………….….……….………....….4-2 4.2 Parameter Settings for Applications………….….……….…..…...4-37 4.3 Description of Parameter Settings………….………….……...….4-42 4.4 Different Parameters for VFD*E*C Models………….….……….4-172 Chapter 5 Troubleshooting 5.1 Over Current (OC) …………..……….…….…………..……….….5-1 5.2 Ground Fault………….………….….…………….……………....….5-2 5.3 Over Voltage (OV) ………….………….……….……….………..….5-2 5.4 Low Voltage (Lv) ………….…………. .…….……….…………….5-3 III



5.5 Over Heat (OH) ………….…………. .…………….……………...5-4 5.6 Overload………….……….………….……..……………..........….5-4 5.7 Keypad Display is Abnormal………….……….……….……...….5-5 5.8 Phase Loss (PHL) ………….……….……….………….…….....….5-5 5.9 Motor cannot Run………….……….……….…….…….………...….5-6 5.10 Motor Speed cannot be Changed………….….….….……….……5-7 5.11 Motor Stalls during Acceleration………….….……….……....….5-8 5.12 The Motor does not Run as Expected……….……………..….….5-8 5.13 Electromagnetic/Induction Noise………….….…….….……..….5-9 5.14 Environmental Condition………….……….….……….……....….5-9 5.15 Affecting Other Machines………….……….…..…….…...........5-10 Chapter 6 Fault Code Information and Maintenance 6.1 Fault Code Information………….….…….……….……….……....6-1 6.2 Maintenance and Inspections…………….……….……….…….….6-7 Appendix A Specifications………….…………….……….……….…….….A-1 Appendix B Accessories B.1 All Brake Resistors & Brake Units Used in AC Motor Drives…....….B-1 B.2 No-fuse Circuit Breaker Chart………….……….……….…….….….B-7 B.3 AC Reactor ………….……….……….……….……………….......….B-8 B.4 Remote Controller RC-01………….……….……………….………….B-12 B.5 PU06………….……….……….……….……….…………………..….B-13 B.6 KPE-LE02………….……….……….……….…….…………...…..….B-16 B.7 Extension Card………….……….……….……….……….………….....B-20 B.8 Fieldbus Modules………….……….……….……….……………....….B-30 B.9 DIN Rail………….……….……….……….……….…………….......….B-42 IV



B.10 EMI Filter………….……….……….……….……….………….….......B-44 B.11 Fan Kit………….……….……….……….……….………….….......B-47 B.12 KPC-CC01 keypad.……….……….……….……….………….….......B-48 Appendix C How to Select the Rights AC Motor Drive C.1 Capacity Formulas………….……….……….……….……….…….........C-2 C.2 General Precaution………….……….……….……….……….………....C-4 C.3 How to Choose a Suitable Motor………….……….……….……...…….C-5 Appendix D How to Use PLC Function D.1 PLC Overview………….………..……….……….………….……......….D-1 D.2 Start-up………….………..……….……….……….…………….........….D-2 D.3 Ladder Diagram………….……….……….……….……….………….….D-7 D.4 PLC Devices………….……….……….……….……….……….…........D-20 D.5 Commands………….……….……….……….……….………….......….D-32 D.6 Error Code………….……….……….……….……….……………....….D-67 Appendix E CANopen Function E.1 Overview………….……….……….……….……….……………….....….E-2 E.2 CANopen Communication Interface Description…….………........….E-21 Appendix F Suggestions and Error Corrections for Standard AC Motor Drives F.1 Maintenance and Inspections………….……….……….……….........….F-2 F.2 Greasy Dirt Problem………….……….……….……….……….……...….F-6 F.3 Fiber Dust Problem………….……….……….……….……….…….…….F-7 F.4 Erosion Problem………….……….……….……….……….………..…….F-8 F.5 Industrial Dust Problem………….……….……….……….………......….F-9 F.6 Wiring and Installation Problem………….……….……….…….…..….F-10 F.7 Multi-function Input/Output Terminals Problem………….……….....….F-11 V



Chapter 1 Introduction The AC motor drive should be kept in the shipping carton or crate before installation. In order to retain the warranty coverage, the AC motor drive should be stored properly when it is not to be used for an extended period of time. Storage conditions are:



CAUTION! 1.



Store in a clean and dry location free from direct sunlight or corrosive fumes.



2.



Store within an ambient temperature range of -20 °C to +60 °C.



3.



Store within a relative humidity range of 0% to 90% and non-condensing environment.



4.



Store within an air pressure range of 86 kPA to 106kPA.



5.



DO NOT place on the ground directly. It should be stored properly. Moreover, if the surrounding environment is humid, you should put exsiccator in the package.



6.



DO NOT store in an area with rapid changes in temperature. It may cause condensation and frost.



7.



If the AC motor drive is used but did not use more than three months, the temperature should not be higher than 30 °C. Storage longer than one year is not recommended, it could result in the degradation of the electrolytic capacitors.



8.



When the AC motor drive is not used for longer time after installation on building sites or places with humidity and dust, it’s best to move the AC motor drive to an environment as stated above.



9.



If the electrolytic capacitors do not energize for a long time, its performance will decline. Therefore, the unused drive must be charged 3 ~4 hours every two years (*) to recover the performance of internal electrolytic capacitor of drive. *Note：It need to use the adjustable AC power source when the inverter power transmission (eg.: AC autotransformer) and pressurize to the rated voltage gradually, do not do the power transmission by using rated voltage directly.
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1.1 Receiving and Inspection This VFD-E AC motor drive has gone through rigorous quality control tests at the factory before shipment. After receiving the AC motor drive, please check for the following: Check to make sure that the package includes an AC motor drive, the User Manual/Quick  Start and CD. 



Inspect the unit to assure it was not damaged during shipment.







Make sure that the part number indicated on the nameplate corresponds with the part number of your order.



1.1.1 Nameplate Information Example for 1HP/0.75kW 3-phase 230V AC motor drive



1.1.2 Model Explanation A: Standard drive C: CANopen P: Cold plate drive (frame A only) Version Type T: Frame A, built-in brake chopper Mains Input Voltage 11:115V Single phase 21:230V Single phase 23:230V Three phase 43:460V Three phase E Series Applicable motor capacity 185: 25 HP(18.5kW) 002: 0.25 HP(0.2kW) 037: 5 HP(3.7kW) 004: 0.5 HP(0.4kW) 055: 7.5 HP(5.5kW) 220: 30 HP(22kW)



VFD 007 E 23 A



00 7: 1 HP (0. 75k W)



07 5: 1 0 HP (7 .5k W)



015: 2 HP(1.5kW) 110: 15 HP(11kW) 150: 20 HP(15kW) 022: 3 HP(2.2kW) Series Name (V ariable F requency Drive)
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1.1.3 Series Number Explanation



007E23A 0T 8 01 1230



230V 3- ph ase 1HP (0.75kW )



Pro du ction n um ber Pro du ction w eek Pro du ction year 2008 Pro du ction f act ory T: Taoyu an, W: Wu jian g Mo del



If the nameplate information does not correspond to your purchase order or if there are any problems, please contact your distributor.



1.1.4 Drive Frames and Appearances 0.25-2HP/0.2-1.5kW (Frame A)



Input terminals (R/L1, S/L2, T/L3)



Keypad cover



Control board cover Output terminals (U/T1, V/T2, W/T3)
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1-5HP/0.75-3.7kW (Frame B)



Input terminals (R/L1, S/L2, T/L3) Keypad cover Case body Control board cover Output terminals (U/T1, V/T2, W/T3)



7.5-15HP/5.5-11kW (Frame C)



Input terminals (R/L1, S/L2, T/L3) Case body Keypad cover Control board cover Output terminals (U/T1, V/T2, W/T3)



20-30HP/15-22kW (Frame D)



Input terminals (R/ L1, S/L2, T/L3) Case body Keypad cover Control boar d cover Output terminals (U/T1, V/T2, W/T3)
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Internal Structure



READY: power indicator RUN: status indicator FAULT: fault indicator



1. Switch to ON for 50Hz, refer to P 01.00 to P01.02 for details



2. Switch to ON for free run to stop refer to P02.02



3. Switch to ON for setting frequency source to ACI (P 02.00=2)



ACI terminal (ACI/AVI2 switch ) NPN/PNP Mounting port for extension card RS485 port (RJ-45)



NOTE The LED “READY” will light up after applying power. The light won’t be off until the capacitors are discharged to safe voltage levels after power off. RFI Jumper Location Frame A: near the output terminals (U/T1, V/T2, W/T3)
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Frame B: above the nameplate



Frame C: above the warning label, near the input terminals (R/L1, S/L2, T/L3)



Frame D: near the input terminals (R/L1, S/L2, T/L3), under terminal R/L1.



Main power isolated from earth: If the AC motor drive is supplied from an isolated power (IT power), the RFI jumper must be cut off. Then the RFI capacities (filter capacitors) will be disconnected from ground to prevent circuit damage (according to IEC 61800-3) and reduce earth leakage current. 1-6



CAUTION! 1. After applying power to the AC motor drive, do not cut off the RFI jumper. Therefore, make sure that main power has been switched off before cutting the RFI jumper. 2. The gap discharge may occur when the transient voltage is higher than 1,000V. Besides, electromagnetic compatibility of the AC motor drives will be lower after cutting the RFI jumper. 3. Do NOT cut the RFI jumper when main power is connected to earth. 4. The RFI jumper cannot be cut when Hi-pot tests are performed. The mains power and motor must be separated if high voltage test is performed and the leakage currents are too high. 5. To prevent drive damage, the RFI jumper connected to ground shall be cut off if the AC motor drive is installed on an ungrounded power system or a high resistance-grounded(over 30 ohms) power system or a corner grounded TN system. Frame



Power range



Models VFD002E11A/11C/11T/11P; VFD002E21A/21C/21T/21P; VFD002E23A/23C/23T/23P;



A



0.25-2hp (0.2-1.5kW)



VFD004E11A/11C/11T/11P; VFD004E21A/21C/21T/21P; VFD004E23A/23C/23T/23P; VFD004E43A/43C/43T/43P; VFD007E21A/21C/21T/21P; VFD007E23A/23C/23T/23P; VFD007E43A/43C/43T/43P; VFD015E23A/23C/23T/23P; VFD015E43A/43C/43T/43P;



B



C



D



1-5hp (0.75-3.7kW) 7.5-15hp (5.5-11kW)



VFD007E11A/11C; VFD015E21A/21C; VFD022E21A/21C; VFD022E23A/23C; VFD022E43A/43C; VFD037E23A/23C; VFD037E43A/43C; VFD055E43A/43C; VFD075E43A/43C; VFD110E43A/43C;



20-30hp



VFD150E23A/23C; VFD150E43A43C;



(15-22kW)



VFD185E43A/43C; VFD220E43A/43C;



Note: Frame C VFD055E23A/23C; VFD075E23A/23C; VFD110E23A/23C; do not provide RFI functions.
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1.1.5 Remove Instructions Remove Keypad



Remove RST Terminal Cover



Press and hold in the latch on each side of cover then pull the cover up to release.



For Frame B, C and D: it only needs to turn the cover lightly to open it. For Frame A, it doesn’t have cover and can be wired directly.



Remove UVW Terminal Cover



Remove Front Cover



For Frame B, C and D: it only needs to turn the Press the control board terminal cover first as cover lightly to open it. shown in Figure A, then slide downwards as For Frame A, it doesn’t have cover and can be shown in Figure B, you can easily remove it. wired directly.



Figure A
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Figure B



Remove Cooling Fan Press and hold in the latch on each side of the fan and pull the fan up to release. Frame A 3. Detach the power cord from the fan.



1. Press the left and right latches.



2. Remove the fan.



Frame B



3. Detach the power cord from the fan.



1. Press the left and right latches.



2. Remove the fan.



Frame C 1. Loose the two screws



4. Detach the power cord from the fan.



3. Remove the fan.



2. Press the left and right latches. 1-9



Frame D



1. Press the left and right latches.



3. Detach the power cord from the fan.



2. Remove the fan.



Remove Extension Card For Frame A, Frame B, Frame C and Frame D Loosen the screws first then press and hold in the latches on each side of the extension card and pull the extension card up to release. On the other hand, it can install the extension card into the AC motor drive with screws.
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1.2 Preparation for Installation and Wiring 1.2.1 Ambient Conditions Install the AC motor drive in an environment with the following conditions: -10 ~ +50°C (14 ~ 122°F) for UL & cUL Air Temperature: -10 ~ +40°C (14 ~ 104°F) for side-by-side mounting Relative Humidity: Operation



Atmosphere pressure: Installation Site Altitude:



Keypad => Press “Enter” then enter file name setting screen(as shown below),use key to select text*1 with to switch the location moving function.



key



*1: File name is setting as text patterns and defines as text (0~9,A~Z,+-*/.....).It is according to ASCII Table to scroll sequence by using UP/DOWN keys.



Keypad Lock This function is selecting ”Keypad Lock”: When the keypad locked, the main screen does not display lock status, if you press any button it will pop up a dialog box and showing ”Press ESC 3 sec to Unlock key”



Press any key



Fault Record Keypad V1.02(contained) previous versions: It can accumulate 6 sets fault code. Keypad V1.03 (contained) later versions: It can accumulate 20sets fault code. The latest one is the unusual record from the recent date , click enter to check detailed record (Included date, time, output frequency, output current, output voltage and DC BUS voltage) Example:
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NOTE This function is just only for the failure record of drive as the moment and recorded in KPC-CC01.If user put KPC-CC01 keypad to other drive randomly, it needs to pay attention to their own failure record will not lose due to replace KPC-CC01 keypad.



Display Setup 1. Contrast Adjustment



2. Back-Light Time



[Note]: If you want to close the backlight of failure message, you can set backlight time to 0. 3. Text Color



Time Setup



NOTE B-54



Limitations：The capacitor charging time of KPC-CC01 is around 6minutes. When the digital keypad is removed, the time setting will be in standby status for 7 days. After this period, the time needs to be reset.



Language Setup Language setting option is displayed the language fonts，you can use Up / Down keys to make a choice , then press the ENTER key to do the display language setting. (VFD-E menu contents: 1:Pr Setup only can support English display,[Failure message only can support English display])



Start-up Page Setup 1. Default picture 1 DELTA LOGO 2. Default picture 2 DELTA Text 3. User Defined (VFD-E does not support this function)



Main Page 1.Default Page



F 60.00Hz



>>> H >>> U >>> A (cycle display)



2. User Defined (VFD-E does not support this function)



Provide “Default” and “User Defined” mode to select
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PC Link The function of PC Link is to establish a connection with computer via VFDSoft to upload the parameters from KPC-CC01. 1. Select VFDSoft option, enter this function page1 and choose parameter file you want to upload, press “Enter” to go to next page and wait for the communication confirmation from PC.



2.



Select”2” VFDSoft and press ENTER (VFD-E does not support TPEditor)



Open VFDSoft =>select”Parameter Manager” =>select upper right options “table”. =>Select “Load parameter table from KPC-CC01” => there will be a “Communication Settings" window now. =>Please select the corresponding connection port for PC and KPC-CC01 then press “OK”. Upload parameters to PC via KPC-CC01=> when started the waiting page will appear=>after completing then press “MENU” back to Main Page.



3.



Other display When fault occur, the menu will display:



Fault



Warning



ocA



CE01



Oc at accel 1. 2. 3.



Comm. Error 1



Press ENTER and start RESET. If still no response, please contact local distributor or return to the factory. To view the fault DC BUS voltage, output current and output voltage, press “MENU”“Fault Record”. Press ENTER again, if the screen returns to main page, the fault is clear. When fault or warning message appears, backlight LED will blinks until the fault or the warning is cleared.



Optional accessory: RJ45 Extension Lead for Digital Keypad Part No. CBC-K3FT CBC-K5FT CBC-K7FT CBC-K10FT CBC-K16FT



Description RJ45 extension lead, 3 feet (approximately 0.9m) RJ45 extension lead, 5 feet (approximately 1.5 m) RJ45 extension lead, 7 feet (approximately 2.1 m) RJ45 extension lead, 10 feet (approximately 3 m) RJ45 extension lead, 16 feet (approximately 4.9 m) B-56



Appendix C: How to Select the Right AC Motor Drive The choice of the right AC motor drive for the application is very important and has great influence on its lifetime. If the capacity of AC motor drive is too large, it cannot offer complete protection to the motor and motor maybe damaged. If the capacity of AC motor drive is too small, it cannot offer the required performance and the AC motor drive maybe damaged due to overloading. But by simply selecting the AC motor drive of the same capacity as the motor, user application requirements cannot be met completely. Therefore, a designer should consider all the conditions, including load type, load speed, load characteristic, operation method, rated output, rated speed, power and the change of load capacity. The following table lists the factors you need to consider, depending on your requirements. Related Specification Item



Speed and torque characteristics



Friction load and weight load Liquid (viscous) load Load type Inertia load Load with power transmission Constant torque Load speed and Constant output torque Decreasing torque characteristics Decreasing output Constant load Shock load Load Repetitive load characteristics High starting torque Low starting torque Continuous operation, Short-time operation Long-time operation at medium/low speeds Maximum output current (instantaneous) Constant output current (continuous)



Time ratings



Overload capacity



●



Starting torque



●



●



●



●



●



●



●



●



●



●



●



●



Maximum frequency, Base frequency Power supply transformer capacity or percentage impedance Voltage fluctuations and unbalance Number of phases, single phase protection Frequency Mechanical friction, losses in wiring



●



Duty cycle modification C-1



●



●



●



●



C.1 Capacity Formulas 1. When one AC motor drive operates one motor The starting capacity should be less than 1.5x rated capacity of AC motor drive The starting capacity=



 kN GD 2 N   TL     1.5  the _ capacity _ of _ AC _ motor _ drive ( kVA) 973    cos   375 t A  2. When one AC motor drive operates more than one motor 2.1 The starting capacity should be less than the rated capacity of AC motor drive 



Acceleration time ≦60 seconds The starting capacity=



kN



  cos  



n



T







 ns ks  1  PC11  



 ns ks  1  1.5  the _ capacity _ of _ AC _ motor _ drive(kVA)  nT



Acceleration time ≧60 seconds The starting capacity=



kN



  cos 



n



T







 ns ks  1  PC11  



 ns ks  1  the _ capacity _ of _ AC _ motor _ drive(kVA) nT 



2.2 The current should be less than the rated current of AC motor drive(A) 



Acceleration time ≦60 seconds



nT  IM 1 nnTS  kS 1   1.5  the _ rated _ current _ of _ AC _ motor _ drive( A)







Acceleration time ≧60 seconds



nT  IM 1 nnTS  kS 1   the _ rated _ current _ of _ AC _ motor _ drive( A)
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2.3 When it is running continuously 



The requirement of load capacity should be less than the capacity of AC motor drive(kVA) The requirement of load capacity=



k  PM



  cos 



 the _ capacity _ of _ AC _ motor _ drive(kVA)



The motor capacity should be less than the capacity of AC motor drive



k  3  VM  IM  103  the _ capacity _ of _ AC _ motor _ drive(kVA) 



The current should be less than the rated current of AC motor drive(A)



k  IM  the _ rated _ current _ of _ AC _ motor _ drive( A) Symbol explanation



PM



: Motor shaft output for load (kW)



η



: Motor efficiency (normally, approx. 0.85)



cos 



: Motor power factor (normally, approx. 0.75)



VM



: Motor rated voltage(V)



IM



: Motor rated current(A), for commercial power



k



: Correction factor calculated from current distortion factor (1.05-1.1, depending on PWM method)



PC1



: Continuous motor capacity (kVA)



kS



: Starting current/rated current of motor



nT nS



: Number of motors in parallel



GD



: Number of simultaneously started motors 2



: Total inertia (GD2) calculated back to motor shaft (kg m2)



TL



: Load torque



tA



: Motor acceleration time



N



: Motor speed
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C.2 General Precaution Selection Note 1.



When the AC Motor Drive is connected directly to a large-capacity power transformer (600kVA or above) or when a phase lead capacitor is switched, excess peak currents may occur in the power input circuit and the converter section may be damaged. To avoid this, use an AC input reactor (optional) before AC Motor Drive mains input to reduce the current and improve the input power efficiency.



2.



When a special motor is used or more than one motor is driven in parallel with a single AC Motor Drive, select the AC Motor Drive current 1.25x(Sum of the motor rated currents).



3.



The starting and accel./decel. characteristics of a motor are limited by the rated current and the overload protection of the AC Motor Drive. Compared to running the motor D.O.L. (Direct On-Line), a lower starting torque output with AC Motor Drive can be expected. If higher starting torque is required (such as for elevators, mixers, tooling machines, etc.) use an AC Motor Drive of higher capacity or increase the capacities for both the motor and the AC Motor Drive.



4.



When an error occurs on the drive, a protective circuit will be activated and the AC Motor Drive output is turned off. Then the motor will coast to stop. For an emergency stop, an external mechanical brake is needed to quickly stop the motor.



Parameter Settings Note 1.



The AC Motor Drive can be driven at an output frequency up to 400Hz (less for some models) with the digital keypad. Setting errors may create a dangerous situation. For safety, the use of the upper limit frequency function is strongly recommended.



2.



High DC brake operating voltages and long operation time (at low frequencies) may cause overheating of the motor. In that case, forced external motor cooling is recommended.



3. 4.



Motor accel./decel. time is determined by motor rated torque, load torque, and load inertia. If the stall prevention function is activated, the accel./decel. time is automatically extended to a length that the AC Motor Drive can handle. If the motor needs to decelerate within a certain time with high load inertia that can’t be handled by the AC Motor Drive in the C-4



required time, either use an external brake resistor and/or brake unit, depending on the model, (to shorten deceleration time only) or increase the capacity for both the motor and the AC Motor Drive.



C.3 How to Choose a Suitable Motor Standard motor When using the AC Motor Drive to operate a standard 3-phase induction motor, take the following precautions: 1. 2.



The energy loss is greater than for an inverter duty motor. Avoid running motor at low speed for a long time. Under this condition, the motor temperature may rise above the motor rating due to limited airflow produced by the motor’s fan. Consider external forced motor cooling.



3.



When the standard motor operates at low speed for long time, the output load must be decreased.



4.



The load tolerance of a standard motor is as follows:



Load duty-cycle



25%



40% 60%



100 torque(%)



82 70 60 50



0



5.



continuous



3 6



20 Frequency (Hz)



60



If 100% continuous torque is required at low speed, it may be necessary to use a special inverter duty motor.



6.



Motor dynamic balance and rotor endurance should be considered once the operating speed exceeds the rated speed (60Hz) of a standard motor.
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7.



Motor torque characteristics vary when an AC Motor Drive instead of commercial power supply drives the motor. Check the load torque characteristics of the machine to be connected.



8.



Because of the high carrier frequency PWM control of the VFD series, pay attention to the following motor vibration problems:







Resonant mechanical vibration: anti-vibration (damping) rubbers should be







Motor imbalance: special care is required for operation at 50 or 60 Hz and higher







To avoid resonances, use the Skip frequencies.



used to mount equipment that runs at varying speed. frequency.



9.



The motor fan will be very noisy when the motor speed exceeds 50 or 60Hz.



Special motors: 1.



Pole-changing (Dahlander) motor: The rated current is differs from that of a standard motor. Please check before operation and select the capacity of the AC motor drive carefully. When changing the pole number the motor needs to be stopped first. If over current occurs during operation or regenerative voltage is too high, please let the motor free run to stop (coast).



2.



Submersible motor: The rated current is higher than that of a standard motor. Please check before operation and choose the capacity of the AC motor drive carefully. With long motor cable between AC motor drive and motor, available motor torque is reduced.



3.



Explosion-proof (Ex) motor: Needs to be installed in a safe place and the wiring should comply with the (Ex) requirements. Delta AC Motor Drives are not suitable for (Ex) areas with special precautions.



4.



Gear reduction motor: The lubricating method of reduction gearbox and speed range for continuous operation will be different and depending on brand. The lubricating function for operating long time



5.



at low speed and for high-speed operation needs to be considered carefully. Synchronous motor: The rated current and starting current are higher than for standard motors. Please check before operation and choose the capacity of the AC motor drive carefully. When the AC
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motor drive operates more than one motor, please pay attention to starting and changing the motor. Power Transmission Mechanism Pay attention to reduced lubrication when operating gear reduction motors, gearboxes, belts and chains, etc. over longer periods at low speeds. At high speeds of 50/60Hz and above, lifetime reducing noises and vibrations may occur. Motor torque The torque characteristics of a motor operated by an AC motor drive and commercial mains power are different. Below you’ll find the torque-speed characteristics of a standard motor (4-pole, 15kW): AC motor drive



Motor



180 60 seconds



155 140 100 80 55 38



55 38 60 120 Frequency (Hz) Base freq.: 60Hz V/F for 220V/60Hz



60 120 Frequency (Hz) Base freq.: 60Hz V/F for 220V/60Hz



180 150



60 seconds torque (%)



torque (%)



100



0 3 20



03 20



140 130



60 seconds



155 torque (%)



torque (%)



180



100 85 68 45 35 03 20



60 seconds



100 80 45 35 0 3 20 50 120 Frequency (Hz) Base freq.: 50Hz V/F for 220V/50Hz



50 120 Frequency (Hz) Base freq.: 50Hz V/F for 220V/50Hz
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Appendix D: How to Use PLC Function



※ This function is NOT for VFD*E*C models.



D.1 PLC Overview D.1.1 Introduction The PLC function built in the VFD-E provides following commands: WPLSoft, basic commands and application commands. The operation methods are the same as Delta DVPPLC series.



D.1.2 Ladder Diagram Editor – WPLSoft WPLSoft is a program editor of Delta DVP-PLC series and VFD-E series for WINDOWS. Besides general PLC program planning and general WINDOWS editing functions, such as cut, paste, copy, multi-windows, WPLSoft also provides various Chinese/English comment editing and other special functions (e.g. register editing, settings, the data readout, the file saving, and contacts monitor and set, etc.). Following is the system requirement for WPLSoft: Item



System Requirement



Operation System



Windows 95/98/2000/NT/ME/XP



CPU



Pentium 90 and above



Memory



16MB and above (32MB and above is recommended)



Hard Disk



Capacity: 50MB and above CD-ROM (for installing WPLSoft)



Monitor



Resolution: 640×480, 16 colors and above, It is recommended to set display setting of Windows to 800×600.



Mouse



General mouse or the device compatible with Windows



Printer



Printer with Windows driver



RS-232 port



At least one of COM1 to COM8 can be connected to PLC



Applicable Models



All Delta DVP-PLC series and VFD-E series
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D.2 Start-up D.2.1 The Steps for PLC Execution Please operate PLC function by the following five steps. 1.



Switch the mode to PLC2 for program download/upload: A. Go to “PLC0” page by pressing the MODE key B. Change to “PLC2” by pressing the “UP” key and then press the “ENTER” key after confirmation C. If succeeded, “END” is displayed and back to “PLC2” after one or two seconds.



Disable



Run PLC



Read/write PLC program into AC drives



NOTE You don’t need to care about the PLC warning, such as PLod, PLSv and PldA, before downloading a program to VFD-E. 2.



Connection: Please connect RJ-45 of AC motor drive to computer via RS485-to-RS232 converter.



RS485



3.



Run the program. The PLC status will always be PLC2, even if the AC motor drive is switched off. There are three ways to operate PLC: A. In “PLC1” page: execute PLC program. B. In “PLC2” page: execute/stop PLC program by using WPL software. C. After setting multi-function input terminals (MI3 to MI9) to 23 (RUN/STOP PLC), it will display “PLC1” for executing PLC when the terminal is ON. It will display “PLC0” to stop PLC program when terminals are OFF.



NOTE When external terminals are set to 23 and the terminal is ON, it cannot use keypad to change PLC mode. Moreover, when it is PLC2, you cannot execute PLC program by external terminals. D-2
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NOTE When power on after power off, the PLC status will be in “PLC1”.



4.



When you are in “PLC2”, please remember to change to “PLC1” when finished to prevent anyone modifying PLC program.



NOTE When output/input terminals (MI1~MI9, Relay1~Relay 4, MO1~MO4) are used in PLC program, they cannot be used in other places. For example, When Y0 in PLC program is activated, the corresponding output terminals Relay (RA/RB/RC) will be used. At this moment, parameter 03.00 setting will be invalid. Because the terminal has been used by PLC.



NOTE The PLC corresponding input points for MI1 to MI6 are X0 to X5. When extension card are added, the extension input points will be numbered from X06 and output points will start from Y2 as shown in chapter D.2.2.



D.2.2 Device Reference Table Device



X



ID



0



1



2



3



4



5



6



7



10



Terminals of AC Drives



MI1



MI2



MI3



MI4



MI5



MI6



--



--



--



3IN/3OUT Card (EME-D33A)



--



--



--



--



--



--



MI7



MI8



MI9



Device ID Terminals of AC Drives Relay Card-2C (EME-DR2CA) Relay Card-3A (EME-R3AA) 3IN/3OUT Card (EME-D33A)



0



1



Y 2



3



4



RY



MO1



--



--



--



--



--



RY2



RY3



--



--



--



RY2



RY3



RY4



--



--



MO2



MO3



MO4
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D.2.3 WPLSoft Installation Download PLC program to AC drive: Refer to D.3 to D.7 for writing program and download the editor (WPLSoft V2.09) at DELTA website http://www.delta.com.tw/product/em/plc/plc_software.asp.



D.2.4 Program Input
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D.2.5 Program Download Please do following steps for program download. Step 1. Press button for compiler after inputting program in WPLSoft. Step 2. After finishing compiler, choose the item “Write to PLC” in the communication items. After finishing Step 2, the program will be downloaded from WPLSoft to the AC motor drive by the communication format.



D.2.6 Program Monitor If you execute “start monitor” in the communication item during executing PLC, the ladder diagram will be shown as follows.



D.2.7 The Limit of PLC 1.



The protocol of PLC is 7,E,1



2.



Make sure that the AC drive is stop and stop PLC before program upload/download.



3.



The priority of commands WPR and FREQ is FREQ > WPR.



4.



When setting P 00.04 to 2, the display will be the value in PLC register D1043. A.



0 ~ 999 display:
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B.



1000 ~ 9999 display: It will only display the first 3 digits. The LED at the bottom-right corner will light to indicate 10 times of the display value. For example, the actual value for the following figure is 100X10=1000.



C.



10000~65535 display: It will only display the first 3 digits. The LED at the bottom-right corner and the single decimal point between the middle and the right-most numbers will light to indicate 100 times of the display value. For example, the actual value for the following figure is 100X100=10000.



5.



When it is changed to “PLC2”, RS-485 will be used by PLC.



6.



When it is in PLC1 and PLC2 mode, the function to reset all parameters to factory setting is disabled (i.e. Pr.00.02 can’t be set to 9 or 10).
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D.3 Ladder Diagram D.3.1 Program Scan Chart of the PLC Ladder Diagram



Read input state from outside



X0



X1



Start



Calculate the result by ladder diagram algorithm (it doesn’t sent to the outer output point but the inner equipment will output immediately.)



Y0 Y0 M100 X3



X10 Y1



Execute in cycles



: : X100 M505 Y126 End



Send the result to the output point



D.3.2 Introduction Ladder diagram is a diagram language that applies on the automatic control and it is also a diagram that made up of the symbols of electric control circuit. PLC procedures are finished after ladder diagram editor edits the ladder diagram. It is easy to understand the control flow that indicated with diagram and also accepted by technical staff of electric control circuit. Many basic symbols and motions of ladder diagram are the same as mechanical and electrical equipments of traditional automatic power panel, such as button, switch, relay, timer, counter and etc. The kinds and amounts of PLC internal equipment will be different with brands. Although internal equipment has the name of traditional electric control circuit, such as relay, coil and contact. It doesn’t have the real components in it. In PLC, it just has a basic unit of internal memory. If this bit is 1, it means the coil is ON and if this bit is 0, it means the coil is OFF. You should read the corresponding value of that bit when using contact (Normally Open, NO or contact a). Otherwise, you should read the opposite sate of corresponding value of that bit when using contact (Normally Closed, NC or contact b). Many relays will need many bits, such as 8-bits makes up a byte. 2 bytes can make up a word. 2 words make up double word. When using many relays to do calculation, such as add/subtraction or shift, you could use byte, word or double word. Furthermore, the two equipments, timer and counter, in PLC not only have coil but also value of counting time and times. In conclusion, each internal storage unit occupies fixed storage unit. When using these equipments, the corresponding content will be read by bit, byte or word. Basic introduction of the inner equipment of PLC: D-7
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Input relay



Input relay is the basic storage unit of internal memory that corresponds to external input point (it is the terminal that used to connect to external input switch and receive external input signal). Input signal from external will decide it to display 0 or 1. You couldn’t change the state of input relay by program design or forced ON/OFF via WPLSoft. The contacts (contact a, b) can be used unlimitedly. If there is no input signal, the corresponding input relay could be empty and can’t be used with other functions. 



Equipment indication method: X0, X1,…X7, X10, X11,…. The symbol of equipment is X and the number uses octal.



Output relay Output relay is the basic storage unit of internal memory that corresponds to external output point (it is used to connect to external load). It can be driven by input relay contact, the contact of other internal equipment and itself contact. It uses a normally open contact to connect to external load and other contacts can be used unlimitedly as input contacts. It doesn’t have the corresponding output relay, if need, it can be used as internal relay. 



Equipment indication: Y0, Y1,…Y7, Y10, Y11,…. . The symbol of equipment is Y and the number uses octal.



Internal relay The internal relay doesn’t connect directly to outside. It is an auxiliary relay in PLC. Its function is the same as the auxiliary relay in electric control circuit. Each auxiliary relay has the corresponding basic unit. It can be driven by the contact of input relay, output relay or other internal equipment. Its contacts can be used unlimitedly. Internal auxiliary relay can’t output directly, it should output with output point.  Timer



Timer is used to control time. There are coil, contact and timer storage. When coil is ON, its contact will act (contact a is close, contact b is open) when attaining desired time. The time value of timer is set by settings and each timer has its regular period. User sets the timer value and each timer has its timing period. Once the coil is OFF, the contact won’t act (contact a is open and contact b is close) and the timer will be set to zero. 



Counter



Equipment indication: M0, M1,…, M4, M159. The symbol of equipment is M and the number uses decimal number system.



Equipment indication: T0, T1,…,T15. The symbol of equipment is T and the number uses decimal system. The different number range corresponds with the different timing period.



Counter is used to count. It needs to set counter before using counter (i.e. the pulse of counter). There are coil, contacts and storage unit of counter in counter. When coil is from OFF to ON, that means input a pulse in counter and the counter should add 1. There are 16-bit, 32-bit and high-speed counter for user to use. 



Equipment indication: C0, C1,…,C7. The symbol of equipment is C and the number uses decimal.



Data register PLC needs to handle data and operation when controlling each order, timer value and counter value. The data register is used to store data or parameters. It stores 16-bit binary number, i.e. a word, in each register. It uses two continuous number of data register to store double words. 



Equipment indication: D0, D1,…,D29. The symbol of equipment is D and the number uses decimal.
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The structure and explanation of ladder diagram: Ladder Diagram Structure



Explanation



Command



Equipment



Normally open, contact a



LD



X, Y, M, T, C



Normally closed, contact b



LDI



X, Y, M, T, C



AND



X, Y, M, T, C



Parallel normally open



OR



X, Y, M, T, C



Parallel normally closed



ORI



X, Y, M, T, C



Rising-edge trigger switch



LDP



X, Y, M, T, C



Falling-edge trigger switch



LDF



X, Y, M, T, C



Rising-edge trigger in serial



ANDP



X, Y, M, T, C



Falling-edge trigger in serial



ANDF



X, Y, M, T, C



Rising-edge trigger in parallel



ORP



X, Y, M, T, C



Falling-edge trigger in parallel



ORF



X, Y, M, T, C



Block in serial



ANB



none



Block in parallel



ORB



none



Serial normally open
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Ladder Diagram Structure



Explanation



Command



Equipment



MPS Multiple output



MRD



none



MPP



Output command of coil drive



Basic command, Application command



Inverse logic



OUT



Please refer to Application basic command command and application command INV
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D.3.3 The Edition of PLC Ladder Diagram The program edited method is from left power line to right power line. (the right power line will be omitted during the edited of WPLSoft.) After editing a row, go to editing the next row. The maximum contacts in a row are 11 contacts. If you need more than 11 contacts, you could have the new row and start with continuous line to continue more input devices. The continuous number will be produced automatically and the same input point can be used repeatedly. The drawing is shown as follows. X0 X1 X2 X3 X4 X5 X6 X7 X10 C0 C1 00000



X11 X12 X13



Y0



00000



Row Number The operation of ladder diagram is to scan from left upper corner to right lower corner. The output handling, including the operation frame of coil and application command, at the most right side in ladder diagram. Take the following diagram for example; we analyze the process step by step. The number at the right corner is the explanation order. X0



X1



Y1



X4



T0



M3



Y1 M0



TMR X3



M1



D-11



T0



K10



Appendix D: How to Use PLC Function



The explanation of command order: 1



LD



X0



2



OR



M0



3



AND



X1



4



LD



X3



AND



M1



ORB 5



LD



Y1



AND



X4



6



LD



T0



AND



M3



ORB 7



ANB



8



OUT



Y1



TMR



T0 K10



The detail explanation of basic structure of ladder diagram 1.



LD (LDI) command: give the command LD or LDI in the start of a block. LD command LD command



AND Block OR Block The structures of command LDP and LDF are similar to the command LD. The difference is that command LDP and LDF will act in the rising-edge or falling-edge when contact is ON as shown in the following. Rising-edge



Falling-edge



X0



X0 Time OFF



2.



ON



Time



OFF



OFF



ON



OFF



AND (ANI) command: single device connects to a device or a block in series. AND command AND command



The structures of ANDP and ANDF are the same but the action is in rising-edge or fallingedge. D-12
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3.



OR (ORI) command: single device connects to a device or a block.



OR command



OR command



OR command



The structures of ORP and ORF are the same but the action is in rising-edge or falling-edge. 4.



ANB command: a block connects to a device or a block in series. ANB command



5.



ORB command: a block connects to a device or a block in parallel.



ORB command



If there are several blocks when operate ANB or ORB, they should be combined to blocks or network from up to down or from left to right. 6.



MPS, MRD, MPP commands: Divergent memory of multi-output. It can produce many various outputs.



7.



The command MPS is the start of divergent point. The divergent point means the connection place between horizontal line and vertical line. We should determine to have contact memory command or not according to the contacts status in the same vertical line. Basically, each contact could have memory command but in some places of ladder diagram conversion will be omitted due to the PLC operation convenience and capacity limit. MPS command can be used for 8 continuous times and you can recognize this command by the symbol “┬”.



8.



MRD command is used to read memory of divergent point. Because the logical status is the same in the same horizontal line, it needs to read the status of original contact to keep on analyzing other ladder diagram. You can recognize the command MRD by the symbol “├”.
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9.



MPP command is used to read the start status of the top level and pop it out from stack. Because it is the last item of the horizontal line, it means the status of this horizontal line is ending. MPS



You can recognize this command by the symbol



MPS



“└”. Basically, that is all right to use the above MRD



method to analyze but sometimes compiler will omit the same outputs as shown at the right.
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D.3.4 The Example for Designing Basic Program Start, Stop and Latching In the same occasions, it needs transient close button and transient open button to be start and stop switch. Therefore, if you want to keep the action, you should design latching circuit. There are several latching circuits in the following: Example 1: the latching circuit for priority of stop 



Y1



When start normally open contact X1=On, stop normally contact X2＝Off, and Y1=On are set at



X2 Y1



X1



the same time, if X2=On, the coil Y1 will stop acting. Therefore, it calls priority of stop. Example 2: the latching circuit for priority of start



X1



When start normally open contact X1=On, stop



X2 Y1



normally contact X2＝Off and Y1=On (coil Y1 will



Y1



be active and latching) are valid at the same time, if X2=On, coil Y1 will be active due to latched contact. Therefore, it calls priority of start. Example 3: the latching circuit of SET and RST commands The figure at the right side is latching circuit that made up of RST and SET command. It is top priority of stop when RST command is set



Top priority of stop X1 SET



Y1



RST



Y1



X2



behind SET command. When executing PLC from up to down, The coil Y1 is ON and coil Y1 will be OFF when X1 and X2 act at the same time, therefore it calls Top priority of start X2



priority of stop. It is top priority of start when SET command is set after RST command. When X1 and X2 act at the same time, Y1 is ON so it calls top priority of start. 



The common control circuit
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RST



Y1



SET



Y1



X1
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Example 4: condition control X1



X3



X1



Y1



X3



Y1



X2



X2



Y1



X4



X4



Y2



Y1



Y2



Y2



X1 and X3 can start/stop Y1 separately, X2 and X4 can start/stop Y2 separately and they are all self latched circuit. Y1 is an element for Y2 to do AND function due to the normally open contact connects to Y2 in series. Therefore, Y1 is the input of Y2 and Y2 is also the input of Y1. Example 5: Interlock control X1 X3 Y2



X1



Y1



X3



Y1



X2 X4



X2



X4



Y1



Y1



Y2



Y2



Y2



The figure above is the circuit of interlock control. Y1 and Y2 will act according to the start contact X1 and X2. Y1 and Y2 will act not at the same time, once one of them acts and the other won’t act. (This is called interlock.) Even if X1 and X2 are valid at the same time, Y1 and Y2 won’t act at the same time due to up-to-down scan of ladder diagram. For this ladder diagram, Y1 has higher priority than Y2. Example 6: Sequential Control Y2 X1 X3



If add normally close contact Y2 into Y1



Y1



circuit to be an input for Y1 to do AND



Y1 X2



function. (as shown in the left side) Y1 is an X4



input of Y2 and Y2 can stop Y1 after acting.



Y1 Y2



In this way, Y1 and Y2 can execute in



Y2



sequential.
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Example 7: Oscillating Circuit The period of oscillating circuit is ΔT+ΔT



Y1



Y1



Y1



T



T



The figure above is a very simple ladder step diagram. When starting to scan Y1 normally close contact, Y1 normally close contact is close due to the coil Y1 is OFF. Then it will scan Y1 and the coil Y1 will be ON and output 1. In the next scan period to scan normally close contact Y1, Y1 normally close contact will be open due to Y1 is ON. Finally, coil Y1 will be OFF. The result of repeated scan, coil Y will output the vibrating pulse with cycle timeΔ T(On)+ΔT(Off). The vibrating circuitry of cycle time ΔT(On)+ΔT(Off): X0



Y1 TMR



T0



Kn X0



T0 Y1



Y1 nT



T



The figure above uses timer T0 to control coil Y1 to be ON. After Y1 is ON, timer T0 will be closed at the next scan period and output Y1. The oscillating circuit will be shown as above. (n is the setting of timer and it is decimal number. T is the base of timer. (clock period)) Example 8: Blinking Circuit X0



T2 TMR



T1



Kn1



TMR



T2



Kn2



X0 n2 *T



T1 X0



Y1



T1 Y1



n1 * T



The figure above is common used oscillating circuit for indication light blinks or buzzer alarms. It uses two timers to control On/OFF time of Y1 coil. If figure, n1 and n2 are timer setting of T1 and T2. T is the base of timer (clock period)



D-17



Appendix D: How to Use PLC Function



Example 9: Triggered Circuit X0 M0 M0



X0



Y1



T



Y1 M0



M0



Y1



Y1



In figure above, the rising-edge differential command of X0 will make coil M0 to have a single pulse of ΔT (a scan time). Y1 will be ON during this scan time. In the next scan time, coil M0 will be OFF, normally close M0 and normally close Y1 are all closed. However, coil Y1 will keep on being ON and it will make coil Y1 to be OFF once a rising-edge comes after input X0 and coil M0 is ON for a scan time. The timing chart is as shown above. This circuit usually executes alternate two actions with an input. From above timing: when input X0 is a square wave of a period T, output coil Y1 is square wave of a period 2T. Example 10: Delay Circuit X0 TMR



T10



X0



K1000



T10 Y1



Y1



TB = 0.1 sec



100 seconds



When input X0 is ON, output coil Y1 will be ON at the same time due to the corresponding normally close contact OFF makes timer T10 to be OFF. Output coil Y1 will be OFF after delaying 100 seconds (K1000*0.1 seconds =100 seconds) once input X0 is OFF and T10 is ON. Please refer to timing chart above.
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Example 11: Output delay circuit In the following example, the circuit is made up of two timers. No matter input X0 is ON or OFF, output Y4 will be delay.



X0 TMR T5



T5



K50



T6 Y4



X0



5 seconds



T5



Y4 Y4



Y0



X0 TMR



T6



K30



T6 3 seconds



Example12: Extend Timer Circuit X0 TMR T11



Kn1



T11 TMR



T12



Kn2



T12



In this circuit, the total delay time from input X0 is close and output Y1 is ON= (n1+n2)* T. where T is clock period. X0



Y1



n1* T T11 n2* T T12 Y1 (n1+n2)* T
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D.4 PLC Devices D.4.1 Summary of DVP-PLC Device Number Items



Specifications



Remarks



Control Method



Stored program, cyclic scan system



I/O Processing Method



Batch processing (when END I/O refresh instruction is instruction is executed) available



Execution Speed



Basic commands (minimum 0.24 us)



Application commands (10 ~ hundreds us)



Program Language



Instruction, Ladder Logic, SFC



Including the Step commands



Program Capacity



500 STEPS



SRAM + Battery



Commands



45 commands



Input/Output Contact



Input (X): 6, output (Y): 2



28 basic commands



X External Input Relay Y External Output Relay



Relay bit mode



T



X0~X17, 16 points, octal number system Total is 32 Y0~Y17, 16 points, points octal number system



For general



M0~M159, 160 points



For special



M1000~M1031, 32 points



M Auxiliary



Timer 100ms timer



16-bit count up for general 32-bit C Counter count up/down highspeed counter



T0~T15, 16 points



C0~C7, 8 points



1-phase input 1-phase 2 inputs



17 application commands



C235, 1 point (need to use with PG card)



2-phase 2 inputs D-20



Correspond to external input point Correspond to external output point



Total is



Contacts can switch to 192 On/Off in program points



When the timer Total is indicated by TMR command attains the 16 setting, the T contact points with the same number will be On. Total is 8 points



When the counter indicated by CNT command attains the Total is setting, the C contact with the same number 1 point will be On.
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Constant



Register WORD data



Items



Specifications



Remarks When timer attains, the contact of timer will be On.



T Present value of timer



T0~T15, 16 points



C Present value of counter



When timer attains, the C0~C7, 8-bit counter, 8 points contact of timer will be On.



D



Data register



For latched



D0~D9, 10 points



For general



D10~D29, 20 points



For special



D1000~D1044, 45 points



Total is



It can be memory area 75 for storing data. points



K Decimal



K-32,768 ~ K32,767 (16-bit operation)



H Hexadecimal



H0000 ~ HFFFF (16-bit operation)



Communication port (for read/write program)



RS485 (slave)



Analog input/output



Built-in 2 analog inputs and 1 analog output



Function extension module (optional)



Digital input/output card (A/D, D/A card)
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D.4.2 Devices Functions 



The Function of Input/output Contacts The function of input contact X: input contact X reads input signal and enter PLC by connecting with input equipment. It is unlimited usage times for A contact or B contact of each input contact X in program. The On/Off of input contact X can be changed with the On/Off of input equipment but can’t be changed by using peripheral equipment (WPLSoft).







The Function of Output Contact Y The mission of output contact Y is to drive the load that connects to output contact Y by sending On/Off signal. There are two kinds of output contact: one is relay and the other is transistor. It is unlimited usage times for A or B contact of each output contact Y in program. But there is number for output coil Y and it is recommended to use one time in program. Otherwise, the output result will be decided by the circuit of last output Y with PLC program scan method. The output of Y0 will be decided by circuit



X0 Y0



2 , i.e. decided by On/Off of X10. ○



1



Y0 is repeated X10 Y0



2
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D.4.3 Value, Constant [K] / [H] K



Decimal



K-32,768 ~ K32,767 (16-bit operation)



H



Hexadecimal



H0000 ~ HFFFF (16-bit operation)



Constant



There are five value types for DVP-PLC to use by the different control destination. The following is the explanation of value types. 1.



Binary Number (BIN) It uses binary system for the PLC internal operation or storage. The relative information of binary system is in the following.



Bit



:



Bit is the basic unit of binary system, the status are 1 or 0.



Nibble



:



It is made up of continuous 4 bits, such as b3~b0. It can be used to represent number 0~9 of decimal or 0~F of hexadecimal.



Byte



:



It is made up of continuous 2 nibbles, i.e. 8 bits, b7~b0. It can used to represent 00~FF of hexadecimal system.



Word



:



It is made up of continuous 2 bytes, i.e. 16 bits, b15~b0. It can used to represent 0000~FFFF of hexadecimal system.



Double Word



:



It is made up of continuous 2 words, i.e. 32 bits, b31~b0. It can used to represent 00000000~FFFFFFFF of hexadecimal system.



The relations among bit, nibble, byte, word, and double word of binary number are shown as follows. DW



Double Word



W1



W0



BY3 NB7



BY2 NB6



NB5



Word



BY1 NB4



NB3



BY0 NB2



NB1



Byte NB0



Nibble Bit



2.



Octal Number (OCT) The numbers of external input and output terminal of DVP-PLC use octal number. Example: External input: X0~X7, X10~X17…(device number) External output: Y0~Y7, Y10~Y17…(device number)



3.



Decimal Number (DEC) The suitable time for decimal number to use in DVP-PLC system. D-23
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To be the setting value of timer T or counter C, such as TMR C0 K50. (K constant)







To be the device number of M, T, C and D. For example: M10, T30. (device number)







To be operand in application command, such as MOV K123 D0. (K constant)



4.



BCD (Binary Code Decimal, BCD) It shows a decimal number by a unit number or four bits so continuous 16 bits can use to represent the four numbers of decimal number. BCD code is usually used to read the input value of DIP switch or output value to 7-segment display to be display.



5.



Hexadecimal Number (HEX) The suitable time for hexadecimal number to use in DVP-PLC system.







To be operand in application command. For example: MOV H1A2B D0. (constant H) Constant K: In PLC, it is usually have K before constant to mean decimal number. For example, K100 means 100 in decimal number. Exception: The value that is made up of K and bit equipment X, Y, M, S will be bit, byte, word or double word. For example, K2Y10, K4M100. K1 means a 4-bit data and K2~K4 can be 8, 12 and 16-bit data separately. Constant H: In PLC, it is usually have H before constant to mean hexadecimal number. For example, H100 means 100 in hexadecimal number.



D.4.4 The Function of Auxiliary Relay There are output coil and A, B contacts in auxiliary relay M and output relay Y. It is unlimited usage times in program. User can control loop by using auxiliary relay, but can’t drive external load directly. There are two types divided by its characteristics. 1. Auxiliary relay for general : It will reset to Off when power loss during running. Its state will be Off when power on after power loss. 2. Auxiliary relay for special : Each special auxiliary relay has its special function. Please don’t use undefined auxiliary relay.



D.4.5 The Function of Timer The unit of timer is 1ms, 10ms and 100ms. The count method is count up. The output coil will be On when the present value of timer equals to the settings. The setting is K in decimal number. Data register D can be also used as settings. The real setting time of timer = unit of timer * settings
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D.4.6 The Features and Functions of Counter Features: Item



16 bits counters



32 bits counters



Type



General



General



High speed



Count direction



Count up



Count up/down



Settings



0~32,767



-2,147,483,648~+2,147,483,647



Designate for constant



Constant K or data register D Constant K or data register D (2 for designated)



Present value change



Counter will stop when attaining settings



Output contact



When count attains settings, contact will be On and latched.



Reset action



The present value will reset to 0 when RST command is executed and contact will reset to Off.



Present register



16 bits



32 bits



Contact action



After scanning, act together.



After scanning, act together.



Counter will keep on counting when attaining settings When count up attains settings, contact will be On and latched. When count down attains settings, contact will reset to Off.



Act immediately when count attains. It has no relation with scan period.



Functions: When pulse input signal of counter is from Off to On, the present value of counter equals to settings and output coil is On. Settings are decimal system and data register D can also be used as settings. 16-bit counters C0~C7: 1.



Setting range of 16-bit counter is K0~K32,767. (K0 is the same as K1. output contact will be On immediately at the first count.



2.



General counter will be clear when PLC is power loss. If counter is latched, it will remember the value before power loss and keep on counting when power on after power loss.



3.



If using MOV command, WPLSoft to send a value, which is large than setting to C0, register, at the next time that X1 is from Off to On, C0 counter contact will be On and present value will be set to the same as settings.



4.



The setting of counter can use constant K or register D (not includes special data register D1000~D1044) to be indirect setting.



5.



If using constant K to be setting, it can only be positive number but if setting is data register D, it can be positive/negative number. The next number that counter counts up from 32,767 is -32,768.
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Example: LD



X0



RST



C0



LD



X1



CNT



C0 K5



LD



C0



OUT



Y0



X0 RST



C0



CNT



C0



X1 K5



C0 Y0



1. When X0=On, RST command is executed, C0 reset to 0 and output contact reset to Off.



X0 X1



2. When X1 is from Off to On, counter will count up (add 1). 3. When counter C0 attains settings K5, C0 contact is On and C0 = setting =K5. C0 won’t accept X1 trigger signal and C0 remains K5.



5 4 C0 present value



3



settings



2 1 0



0



Contacts Y0, C0



32-bit high-speed addition/subtraction counter C235: 1.



Setting range of 32-bit high-speed addition/subtraction counter is : K-2,147,483,648~K2,147,483,647.



2.



The settings can be positive / negative numbers by using constant K or data register D (special data register D1000~D1044 is not included). If using data register D, the setting



will occupy two continuous data register. The total band width of high-speed counter that VFD-E supports is up to 30kHz and 500kHz for pulse input.



D.4.7 Register Types There are two types of register which sorts by characters in the following: 1.



General register



: The data in register will be cleared to 0 when PLC switches from RUN to STOP or power is off.



2.



Special register



: Each special register has the special definition and purpose. It is used to save system status, error messages, monitor state.
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D.4.8 Special Auxiliary Relays Special M



Function



Read(R)/ Write(W)



M1000



Normally open contact (a contact). This contact is On when running and it is On when the status is set to RUN.



R



M1001



Normally closed contact (b contact). This contact is Off in running and it is Off when the status is set to RUN.



R



M1002



On only for 1 scan after RUN. Initial pulse is contact a. It will get positive pulse in the RUN moment. Pulse width=scan period.



R



M1003



Off only for 1 scan after RUN. Initial pulse is contact a. It will get negative pulse in the RUN moment. Pulse width=scan period.



R



M1004



Reserved



--



M1005



Fault indication of the AC motor drives



R



M1006



Output frequency is 0



R



M1007



The operation direction of AC motor drives (FWD: 0, REV: 1)



R



M1008



Reserved



--



M1009



Reserved



--



M1010



Reserved



--



M1011



10ms clock pulse, 5ms On/5ms Off



R



M1012



100ms clock pulse, 50ms On / 50ms Off



R



M1013



1s clock pulse, 0.5s On / 0.5s Off



R



M1014



1min clock pulse, 30s On / 30s Off



R



M1015



Frequency attained



R



M1016



Parameter read/write error



R



M1017



Succeed to write parameter



R



M1018



Enable high-speed counter function (When M1028=On)



R



M1019



Reserved



R



M1020



Zero flag



R



M1021



Borrow flag



R



M1022



Carry flag



R



M1023



Divisor is 0



R



M1024



Reserved



--
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Special M



Function



Read(R)/ Write(W)



M1025



RUN(ON) / STOP(OFF) the AC motor drive



R/W



M1026



The operation direction of the AC motor drive (FWD: OFF, REV: ON)



R/W



M1027



Reserved



M1028



Enable(ON)/disable(OFF) high-speed counter function



R/W



M1029



Clear the value of high-speed counter



R/W



M1030



Decide to count up(OFF)/count down(ON)



R/W



M1031



Accumulated I of PID update



R/W



--
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D.4.9 Special Registers Special D



Function



Read(R)/ Write(W)



D1000



Reserved



--



D1001



PLC firmware version



R



D1002



Program capacity



R



D1003



Checksum



R



D1004D1009



Reserved



--



D1010



Present scan time (Unit: 0.1ms)



R



D1011



Minimum scan time (Unit: 0.1ms)



R



D1012



Maximum scan time (Unit: 0.1ms)



R



D1013D1018



Reserved



--



D1019



The integral value of PID



D1020



Output frequency



R



D1021



Output current



R



R/W



The ID of the extension card: 02 USB Card 03 12-Bit A/D (2CH) 12-Bit D/A (2CH) D1022



R



04 Relay Card-2C 05 Relay Card-3A 06 3IN/3OUT Card 07 PG Card



D1023D1024



Reserved



--



D1025



The present value of the high-speed counter C235 (low byte)



R



D1026



The present value of the high-speed counter C235 (high byte)



R



D1027



Frequency command of the PID control



R



D1028



The value of AVI (analog voltage input) 0-10V corresponds to 01023



R



D1029



The value of ACI (analog current input) 4-20mA corresponds to 01023 or the value of AVI2 (analog voltage input) 0-10V corresponds to 0-1023



R
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Special D



Function



Read(R)/ Write(W)



D1030



The value of V.R digital keypad 0-10V corresponds to 0-1023



R



D1031D1035



Reserved



--



D1036



PLC error code



R



D1037D1039



Reserved



--



D1040



Analog output value



D1041D1042



Reserved



D1043 D1044



R/W --



User defined (when Pr.00.04 is set to 2, the register data will be displayed as C xxx)



R/W



High-speed counter mode



R/W
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D.4.10 Communication Addresses for Devices (only for PLC2 mode) Device



Range



Type



Address (Hex)



X



00–17 (octal)



Bit



0400-040F



Y



00–17 (octal)



Bit



0500-050F



T



00-15



Bit/word



0600-060F



M



000-159



Bit



0800-089F



M



1000-1031



Bit



0BE8-0C07



C



0-7



Bit/word



0E00-0E07



D



00-63



Word



1000-101D



D



1000-1044



Word



13E8-1414



NOTE: when it is in PLC1 mode, the communication address will correspond to the parameter NOT the device. For example, address 0400H will correspond to Pr.04.00 NOT X0.



D.4.11 Function Code (only for PLC2 mode) Function Code



Description



Supported Devices



01



Read coil status



Y, M, T, C



02



Read input status



X, Y, M, T, C



03



Read one data



T, C, D



05



Force changing one coil status



Y, M, T, C



06



Write in one data



T, C, D



0F



Force changing multiple coil status



Y, M, T, C



10



Write in multiple data



T, C, D
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D.5 Commands D.5.1 Basic Commands Commands



Function



Operands



processing Speed(us)



LD



Load contact A



X, Y, M, T, C



LDI



Load contact B



X, Y, M, T, C



10 10



AND



Series connection with A contact



X, Y, M, T, C



10



ANI



Series connection with B contact



X, Y, M, T, C



10



OR



Parallel connection with A contact



X, Y, M, T, C



10



ORI



Parallel connection with B contact



X, Y, M, T, C



10



ANB



Series connects the circuit block



--



4



ORB



Parallel connects the circuit block



--



4



MPS



Save the operation result



--



4



MRD



Read the operation result (the pointer not moving)



--



MPP



Read the result



--



4



INV



Inverter the result



--



4



4



D.5.2 Output Commands Commands



Function



Operands



OUT



Drive coil



Y, M



SET



Action latched (ON)



Y, M



RST



Clear the contacts or the registers



Y, M, T, C, D



D.5.3 Timer and Counters Commands



Function



Operands



TMR



16-bit timer



T-K or T-D



CNT



16-bit counter



C-K or C-D
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D.5.4 Main Control Commands Commands MC MCR



Function



Operands



Connect the common series connection contacts



N0~N7



Disconnect the common series connection contacts



N0~N7



D.5.5 Rising-edge/falling-edge Detection Commands of Contact Commands LDP LDF



Function



Operands



Rising-edge detection operation starts



X, Y, M, T, C



Falling-edge detection operation starts



X, Y, M, T, C



Rising-edge detection series connection



X, Y, M, T, C



ANDF



Falling-edge detection series connection



X, Y, M, T, C



ORP



Rising-edge detection parallel connection



X, Y, M, T, C



ORF



Falling-edge detection parallel connection



X, Y, M, T, C



ANDP



D.5.6 Rising-edge/falling-edge Output Commands Commands



Function



Operands



PLS



Rising-edge output



Y, M



PLF



Falling-edge output



Y, M



D.5.7 End Command Command



Function



Operands



END



Program end



none
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D.5.8 Explanation for the Commands Mnemonic



Function



LD



Load A contact



Operand



X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--







Explanations: The LD command is used on the A contact that has its start from the left BUS or the A contact that is the start of a contact circuit. Function of the command is to save present contents, and at the same time, save the acquired contact status into the accumulative register. Program Example: Command code Ladder diagram Operation



X0



X1 Y1



LD



X0



Load contact A of X0



AND



X1



Connect to contact A of X1 in series



OUT



Y1



Drive Y1 coil



Mnemonic



Function



LDI



Load B contact X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: The LDI command is used on the B contact that has its start from the left BUS or the B contact that is the start of a contact circuit. Function of the command is to save present contents, and at the same time, save the acquired contact status into the accumulative register. Program Example: Ladder diagram:



X0



X1 Y1



Command code:



Operation:



LDI



X0



Load contact B of X0



AND



X1



Connect to contact A of X1 in series



OUT



Y1



Drive Y1 coil
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Mnemonic



Function



AND



Series connection- A contact X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: The AND command is used in the series connection of A contact. The function of the command is to readout the status of present specific series connection contacts first, and then to perform the “AND” calculation with the logic calculation result before the contacts, thereafter, saving the result into the accumulative register. Program Example: Ladder diagram:



X1



X0 Y1



Command code:



Operation:



LDI



X1



Load contact B of X1



AND



X0



Connect to contact A of X0 in series



OUT



Y1



Drive Y1 coil



Mnemonic



Function



ANI



Series connection- B contact X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: The ANI command is used in the series connection of B contact. The function of the command is to readout the status of present specific series connection contacts first, and then to perform the “AND” calculation with the logic calculation result before the contacts, thereafter, saving the result into the accumulative register.



Program Example: Ladder diagram:



X1



X0 Y1



Command code:



Operation:



LD



X1



Load contact A of X1



ANI



X0



Connect to contact B of X0 in series



OUT



Y1



Drive Y1 coil
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Mnemonic



Function



OR



Parallel connection- A contact X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: The OR command is used in the parallel connection of A contact. The function of the command is to readout the status of present specific series connection contacts, and then to perform the “OR” calculation with the logic calculation result before the contacts, thereafter, saving the result into the accumulative register. Program Example: Ladder diagram: X0 Y1 X1



Command code:



Operation:



LD



X0



Load contact A of X0



OR



X1



Connect to contact A of X1 in parallel



OUT



Y1



Drive Y1 coil



Mnemonic



Function



ORI



Parallel connection- B contact X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: The ORI command is used in the parallel connection of B contact. The function of the command is to readout the status of present specific series connection contacts, and then to perform the “OR” calculation with the logic calculation result before the contacts, thereafter, saving the result into the accumulative register. Program Example: Ladder diagram:



X0 Y1 X1



Command code:



Operation:



LD



X1



Load contact A of X0



ORI



X1



Connect to contact B of X1 in parallel



OUT



Y1



Drive Y1 coil
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Mnemonic



Function



ANB



Series connection (Multiple Circuits)



Operand



None



Explanations: To perform the “ANB” calculation between the previous reserved logic results and contents of the accumulative register. Program Example: Ladder diagram: X0 ANB X1 X2



Command code: Operation: Y1



X3



Block A Block B



LD



X0



Load contact A of X0



ORI



X2



Connect to contact B of X2 in parallel



LDI



X1



Load contact B of X1



OR



X3



Connect to contact A of X3 in parallel



ANB



Connect circuit block in series



OUT Y1



Drive Y1 coil



Mnemonic



Function



ORB



Parallel connection (Multiple circuits)



Operand



None



Explanations: To perform the “OR” calculation between the previous reserved logic results and contents of the accumulative register. Program Example: Ladder diagram: X0



Command code: Operation:



X1 Block A Y1



X2



X3 ORB Block B



LD



X0



Load contact A of X0



ANI



X1



Connect to contact B of X1 in series



LDI



X2



Load contact B of X2



AND



X3



Connect to contact A of X3 in series Connect circuit block in parallel



ORB OUT
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Mnemonic



Function



MPS



Store the current result of the internal PLC operations



Operand



None



Explanations: To save contents of the accumulative register into the operation result. (the result operation pointer pluses 1) Mnemonic



Function



MRD



Reads the current result of the internal PLC operations



Operand



None



Explanations: Reading content of the operation result to the accumulative register. (the pointer of operation result doesn’t move) Mnemonic



Function



MPP



Reads the current result of the internal PLC operations



Operand



None



Explanations: Reading content of the operation result to the accumulative register. (the stack pointer will decrease 1) Program Example: Ladder diagram: X0



MPS



Command code: Operation: LD X1 Y1 X2



MRD



M0 Y2



MPP



END



X0



MPS



Load contact A of X0 Save in stack



AND



X1



Connect to contact A of X1 in series



OUT



Y1



Drive Y1 coil Read from the stack (without moving pointer)



MRD AND



X2



OUT



M0



END
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Drive M0 coil Read from the stack



MPP OUT



Connect to contact A of X2 in series



Y2



Drive Y2 coil End program
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Mnemonic



Function



INV



Inverting Operation



Operand



None



Explanations: Inverting the operation result and use the new data as an operation result. Program Example: Ladder diagram:



Command code: Operation:



X0



LD



Y1



X0



Load A contact of X0 Inverting the operation result



INV OUT



Y1



Drive Y1 coil



Mnemonic



Function



OUT



Output coil X0~X17



Y0~Y17



--







M0~M159



T0~15



C0~C7



D0~D29



--



--



--



Operand 



Explanations: Output the logic calculation result before the OUT command to specific device. Motion of coil contact OUT command Operation result



Contact Coil A contact (normally open)



B contact (normally closed)



FALSE



OFF



Non-continuity



Continuity



TRUE



ON



Continuity



Non-continuity



Program Example: Ladder diagram:



X0



Command code: Operation:



X1 Y1



LDI



X0



Load contact B of X0



AND



X1



Connect to contact A of X1 in series



OUT



Y1



Drive Y1 coil
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Mnemonic



Function



SET



Latch (ON) X0~X17



Y0~Y17



--







M0~M159



T0~15



C0~C7



D0~D29



--



--



--



Operand 



Explanations: When the SET command is driven, its specific device is set to be “ON,” which will keep “ON” whether the SET command is still driven. You can use the RST command to set the device to “OFF”. Program Example: Ladder diagram: X0



Y0 SET



Y1



Command code:



Operation:



LD



X0



Load contact A of X0



ANI



Y0



Connect to contact B of Y0 in series



SET



Y1



Y1 latch (ON)



Mnemonic



Function



RST



Clear the contacts or the registers X0~X17



Y0~Y17



--







M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: When the RST command is driven, motion of its specific device is as follows: Device



Status



Y, M



Coil and contact will be set to “OFF”.



T, C



Present values of the timer or counter will be set to 0, and the coil and contact will be set to “OFF.”



D



The content value will be set to 0.



Program Example: Ladder diagram:



Command code: Operation:



X0 RST



Y5



LD



X0



Load contact A of X0



RST



Y5



Clear contact Y5
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Mnemonic



Function



TMR



16-bit timer T-K



T0~T15, K0~K32,767



T-D



T0~T15, D0~D29



Operand



Explanations: When TMR command is executed, the specific coil of timer is ON and timer will start to count. When the setting value of timer is attained (counting value >= setting value), the contact will be as following: NO(Normally Open) contact



Open collector



NC(Normally Closed) contact



Close collector



Program Example: Ladder diagram: X0 TMR



T5



K1000



Command code:



Operation:



LD



X0



Load contact A of X0 T5 timer



TMR



T5 K1000 Setting is K1000



Mnemonic



Function



CNT



16-bit counter C-K



C0~C7, K0~K32,767



C-D



C0~C7, D0~D29



Operand



Explanations: 1.



When the CNT command is executed from OFFON, which means that the counter coil is driven, and 1 should thus be added to the counter’s value; when the counter achieved specific set value (value of counter = the setting value), motion of the contact is as follows: NO(Normally Open) contact NC(Normally Closed) contact



2.



Continuity Non-continuity



If there is counting pulse input after counting is attained, the contacts and the counting values will be unchanged. To re-count or to conduct the CLEAR motion, please use the



RST command. Program Example: Ladder diagram:



Command code: Operation:



X0 CNT



C20



K100



LD



X0



Load contact A of X0 C2 counter



CNT



C2 K100



Setting is K100
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Mnemonic



Function



MC / MCR



Master control Start/Reset



Operand



N0~N7



Explanations: 1.



MC is the main-control start command. When the MC command is executed, the execution of commands between MC and MCR will not be interrupted. When MC command is OFF, the motion of the commands that between MC and MCR is described as follows:



Timer



The counting value is set back to zero, the coil and the contact are both turned OFF



Accumulative timer



The coil is OFF, and the timer value and the contact stay at their present condition



Subroutine timer



The counting value is back to zero. Both coil and contact are turned OFF.



Counter



The coil is OFF, and the counting value and the contact stay at their present condition



Coils driven up by the OUT command



All turned OFF



Devices driven up by the SET and RST commands



Stay at present condition



Application commands



All of them are not acted , but the nest loop FOR-NEXT command will still be executed for times defined by users even though the MC-MCR commands is OFF.



2.



MCR is the main-control ending command that is placed at the end of the main-control program and there should not be any contact commands prior to the MCR command.



3.



Commands of the MC-MCR main-control program supports the nest program structure, with 8 layers as its greatest. Please use the commands in order from N0~ N7, and refer to the following:
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Program Example: Ladder diagram:



Command code: Operation:



X0 MC



N0



LD



X0



Load A contact of X0



MC



N0



Enable N0 common series connection contact



LD



X1



Load A contact of X1



OUT



Y0



Drive Y0 coil



LD



X2



Load A contact of X2



MC



N1



Enable N1 common series connection contact



LD



X3



Load A contact of X3



OUT



Y1



Drive Y1 coil



N1



Disable N1 common series connection contact



N0



Disable N0 common series connection contact



X1 Y0 X2 MC



N1



:



X3 Y1 MCR



N1



MCR



N0



X10 MC



N0



X11



: MCR



Y10 :



MCR



N0



MCR : LD



X10



Load A contact of X10



MC



N0



Enable N0 common series connection contact



LD



X11



Load A contact of X11



OUT



Y10



Drive Y10 coil



N0



Disable N0 common series connection contact



: MCR
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Mnemonic



Function



LDP



Rising-edge detection operation X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: Usage of the LDP command is the same as the LD command, but the motion is different. It is used to reserve present contents and at the same time, saving the detection status of the acquired contact rising-edge into the accumulative register. Program Example: Ladder diagram:



X0



Command code: Operation:



X1



Y1



LDP



X0



Start X0 rising-edge detection



AND



X1



Series connection A contact of X1



OUT



Y1



Drive Y1 coil



Mnemonic



Function



LDF



Falling-edge detection operation X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: Usage of the LDF command is the same as the LD command, but the motion is different. It is used to reserve present contents and at the same time, saving the detection status of the acquired contact falling-edge into the accumulative register. Program Example:



Ladder diagram: X0



Command code: Operation:



X1 Y1



LDF X0



Start X0 falling-edge detection



AND X1



Series connection A contact of X1



OUT Y1



Drive Y1 coil
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Mnemonic



Function



ANDP



Rising-edge series connection X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: ANDP command is used in the series connection of the contacts’ rising-edge detection. Program Example: Command code: Operation:



Ladder diagram: X0



LD



X1 Y1



Load A contact of X0



X0



ANDP X1



X1 rising-edge detection in series connection



OUT



Drive Y1 coil



Y1



Mnemonic



Function



ANDF



Falling-edge series connection X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: ANDF command is used in the series connection of the contacts’ falling-edge detection. Program Example: Ladder diagram:



X0



Command code: Operation: LD



X1 Y1



Load A contact of X0



X0



X1 falling-edge detection in series connection



ANDF X1 OUT



Y1



Drive Y1 coil



Mnemonic



Function



ORP



Rising-edge parallel connection X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: The ORP commands are used in the parallel connection of the contact’s rising-edge detection.
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Program Example: Ladder diagram:



Command code: Operation:



X0 Y1 X1



LD



X0



Load A contact of X0



ORP



X1



X1 rising-edge detection in parallel connection



OUT



Y1



Drive Y1 coil



Mnemonic



Function



ORF



Falling-edge parallel connection X0~X17



Y0~Y17











M0~M159



T0~15



C0~C7



D0~D29











--



Operand 



Explanations: The ORP commands are used in the parallel connection of the contact’s falling-edge detection. Program Example: Ladder diagram:



Command code: Operation:



X0 Y1 X1



LD



X0



Load A contact of X0



ORF



X1



X1 falling-edge detection in parallel connection



OUT



Y1



Drive Y1 coil



Mnemonic



Function



PLS



Rising-edge output X0~X17



Y0~Y17



--







M0~M159



T0~15



C0~C7



D0~D29



--



--



--



Operand 



Explanations: When X0=OFF→ON (rising-edge trigger), PLS command will be executed and M0 will send the pulse of one time which the length is a scan time. Program Example: Ladder diagram:



Command code: Operation:



X0 PLS



M0



SET



Y0



M0



LD



X0



Load A contact of X0



PLS



M0



M0 rising-edge output



LD



M0



Load the contact A of M0
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Timing Diagram:



SET



Y0



Y0 latched (ON)



X0 a scan time



M0 Y0



Mnemonic



Function



PLF



Falling-edge output X0~X17



Y0~Y17



--







M0~M159



T0~15



C0~C7



D0~D29



--



--



--



Operand 



Explanations: When X0= ON→OFF (falling-edge trigger), PLF command will be executed and M0 will send the pulse of one time which the length is the time for scan one time. Program Example: Ladder diagram:



Command code: Operation:



X0 PLF



M0



SET



Y0



M0



LD



X0



Load A contact of X0



PLF



M0



M0 falling-edge output



LD



M0



Load the contact A of M0



SET Y0



Y0 latched (ON)



Timing Diagram:



X0 a scan time



M0 Y0 Mnemonic



Function



END



Program End None



Operand



Explanations: It needs to add the END command at the end of ladder diagram program or command program. PLC will scan from address o to END command, after executing it will return to address 0 to scan again.
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D.5.9 Description of the Application Commands Mnemonic Codes



API



16 bits 10 Transmission Comparison



Four Fundamental Operations of Arithmetic



Rotation and Displacement



Special command for AC motor drive



CMP



32 bits



P Command



Steps Function 16-bit 32-bit



--







Compare



7



--



11



ZCP



--







Zone compare



9



--



12



MOV



--







Data Move



5



--



15



BMOV



--







Block move



7



--



20



ADD



--







Perform the addition of BIN data



7



--



21



SUB



--







Perform the subtraction of BIN data



7



---



MUL



--







Perform the multiplication of BIN data



7



22



23



DIV



--







Perform the division of BIN data



7



--



24



INC



--







Perform the addition of 1



3



--



25



DEC



--







Perform the subtraction of 1



3



--



30



ROR



--







Rotate to the right



5



--



31



ROL



--







Rotate to the left



5



--



53



--



X



High speed counter enable



--



13



139



FPID



--







Control PID parameters of inverter



5



--



140



FREQ



--







Control frequency of inverter



5



--



DHSCS



141



RPR



--







Read the parameter



9



--



142



WPR



--







Write the parameter



7



--
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D.5.10 Explanation for the Application Commands API



Mnemonic



10



CMP



Type OP



Operands



Function



S1, S2, D



Compare



P



Bit Devices X



H



S1



*



*



*



*



*



S2



*



*



*



*



*



*



M



Word devices K



D



Y



Program Steps



KnX KnY KnM T



C



D CMP, CMPP: 7 steps



*



*



*



*



*



*



*



Operands: S1: Comparison Value 1 S2: Comparison Value 2 D: Comparison result Explanations: 1. Operand D occupies 3 consecutive devices. 2. See the specifications of each model for their range of use. 3. The contents in S1 and S2 are compared and the result will be stored in D. 4. The two comparison values are compared algebraically and the two values are signed binary values. When b15 = 1 in 16-bit instruction, the comparison will regard the value as negative binary values. Program Example: 1.



Designate device Y0, and operand D automatically occupies Y0, Y1, and Y2.



2.



When X10 = On, CMP instruction will be executed and one of Y0, Y1, and Y2 will be On. When X10 = Off, CMP instruction will not be executed and Y0, Y1, and Y2 remain their status before X10 = Off.



3.



If the user need to obtain a comparison result with ≥ ≤, and ≠, make a series parallel connection between Y0 ~ Y2. X10



CMP



K10



D10



Y0



Y0 If K10>D10, Y0 = On Y1 If K10=D10, Y1 = On Y2



4.



If K10 S2, the instruction performs comparison by using S1 as the lower/upper bound. 6. The two comparison values are compared algebraically and the two values are signed binary values. When b15 = 1 in 16-bit instruction or b31 = 1 in 32-bit instruction, the comparison will regard the value as negative binary values. Program Example: 1. Designate device M0, and operand D automatically occupies M0, M1 and M2. 2. When X0 = On, ZCP instruction will be executed and one of M0, M1, and M2 will be On. When X10 = Off, ZCP instruction will not be executed and M0, M1, and M2 remain their status before X0 = Off. X0



ZCP



K10



K100



C10



M0



M0 If C10 < K10, M0 = On M1



If K10 < = C10 < = K100, M1 = On



M2



3.



If C10 > K100, M2 = On



To clear the comparison result, use RST or ZRST instruction. X0



X0



RST



M0



RST



M1



RST



M2



ZRST
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API



Mnemonic



12



MOV



Type OP



Operands



Function



S, D



Move



P



Bit Devices X



Y



M



S



Word devices K



H



*



*



Program Steps



KnX KnY KnM T *



D



C



D MOV, MOVP: 5 steps



*



*



*



*



*



*



*



*



*



*



Operands: S: Source of data D: Destination of data Explanations: 1.



See the specifications of each model for their range of use.



2.



When this instruction is executed, the content of S will be moved directly to D. When this instruction is not executed, the content of D remains unchanged.



Program Example: MOV instruction has to be adopted in the moving of 16-bit data. 1.



When X0 = Off, the content in D10 will remain unchanged. If X0 = On, the value K10 will be moved to D10 data register.



2.



When X1 = Off, the content in D10 will remain unchanged. If X1 = On, the present value T0 will be moved to D10 data register. X0 MOV



K10



D0



MOV



T0



D10



X1



API



Mnemonic



15



BMOV



Type OP



Operands



Function



S, D, n



Block Move



P



Bit Devices X



Y



M



Word devices K



H



S



*



D n



*



Program Steps



KnX KnY KnM T



C



D BMOV, BMOVP: 7 steps



*



*



*



*



*



*



*



*



*



*



*



*



*



*



Operands: S: Start of source devices D: Start of destination devices n: Number of data to be moved Explanations: D-51
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1.



Range of n: 1 ~ 512



2.



See the specifications of each model for their range of use.



3.



The contents in n registers starting from the device designated by S will be moved to n registers starting from the device designated by D. If n exceeds the actual number of available source devices, only the devices that fall within the valid range will be used.



Program Example 1: When X10 = On, the contents in registers D0 ~ D3 will be moved to the 4 registers D20 ~ D23. X10



D20



K4



D0 D1 D2 D3



D20 D21 D22 D23



n=4



Program Example 2: Assume the bit devices KnX, KnY, KnM and KnS are designated for moving, the number of digits of S and D has to be the same, i.e. their n has to be the same. M1000



D0



D20



K4



M0 M1 M2 M3 M4 M5



n=3



M6 M7 M8 M9



Y10 Y11



M10 M11



Y12 Y13



Program Example 3: To avoid coincidence of the device numbers to be moved designated by the two operands and cause confusion, please be aware of the arrangement on the designated device numbers. When S > D, the BMOV command is processed in the order as →→ X10 1 D20 D19 BMOV D20 D19 K3 2 D21 D20 3 D22 D21 When S < D, the BMOV command is processed in the order as →→ X11 3 D10 D11 BMOV D10 D11 K3 2 D11 D12 1 D12 D13
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API



Mnemonic



20



ADD



Type OP



Operands



Function



S1, S2, D



Addition



P



Bit Devices X



Y



M



Word devices K



H



S1



*



*



*



*



*



S2



*



*



*



* *



Program Steps



KnX KnY KnM T



D



C



D



*



*



*



*



*



*



*



*



*



*



*



ADD, ADDP: 7 steps



Operands: S1: Summand S2: Addend D: Sum Explanations: 1.



See the specifications of each model for their range of use.



2.



This instruction adds S1 and S2 in BIN format and store the result in D.



3.



The highest bit is symbolic bit 0 (+) and 1 (-), which is suitable for algebraic addition, e.g. 3  (-9)  -6.



4.



Flag changes in binary addition 16-bit command: A.



If the operation result ＝ 0, zero flag M1020 = On.



B.



If the operation result ＜ -32,768, borrow flag M1021 = On.



C. If the operation result ＞ 32,767, carry flag M1022 = On. Program Example 1: 16-bit command: When X0 = On, the content in D0 will plus the content in D10 and the sum will be stored in D20. X0



ADD



D0
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Remarks: Flags and the positive/negative sign of the values:



Zero flag



16 bit: Zero flag -2, -1, 0



-32,768



Borrow flag



-1, 0



32,767



Zero flag



-2, -1, 0 -2,147,483,648



Borrow flag



1



The highest bit of the data = 0 (positive)



The highest bit of the data = 1 (negative)



32 bit: Zero flag



Zero flag



-1, 0



The highest bit of the data = 1 (negative)



1



1 2



Carry flag



Zero flag 2,147,483,647 0 1 2



The highest bit of the data = 0 (positive)
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API



Mnemonic



21



SUB



Type OP



Operands



Function



S1, S2, D



Subtraction



P



Bit Devices X



Y



M



Word devices



Program Steps



K



H



C



D SUB, SUBP: 7 steps



S1



*



*



*



*



*



*



*



*



S2



*



*



*



*



*



*



*



*



*



*



*



*



*



D Operands: S1: Minuend S2: Subtrahend Explanations:



KnX KnY KnM T



DSUB, DSUBP: 13 steps



D: Remainder



1.



This instruction subtracts S1 and S2 in BIN format and stores the result in D.



2.



The highest bit is symbolic bit 0 (+) and 1 (-), which is suitable for algebraic subtraction.



3.



Flag changes in binary subtraction In 16-bit instruction: A.



If the operation result ＝ 0, zero flag M1020 = On.



B.



If the operation result ＜ -32,768, borrow flag M1021 = On.



C. If the operation result ＞ 32,767, carry flag M1022 = On. Program Example: In 16-bit BIN subtraction: When X0 = On, the content in D0 will minus the content in D10 and the remainder will be stored in D20.



X0



SUB



D0
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API



Mnemonic



22



MUL



Type OP



Operands



Function



S1, S2, D



Multiplication



P



Bit Devices X



Y



M



Word devices



Program Steps



K



H



C



D MUL, DMULP: 7 steps



S1



*



*



KnX KnY KnM T *



*



*



*



*



*



S2



*



*



*



*



*



*



*



*



*



*



*



*



*



D



Operands: S1: Multiplicand S2: Multiplicator D: Product Explanations: 1.



In 16-bit instruction, D occupies 2 consecutive devices.



2.



This instruction multiplies S1 by S2 in BIN format and stores the result in D. Be careful with the positive/negative signs of S1, S2 and D when doing 16-bit and 32-bit operations. 16-bit command: S1



S2



b15..........b0



D



b15..........b0 X



b15 is a symbol bit



+1



D



b31..........b16b15..............b0 = b31 is a symbol bit (b15 of D+1)



b15 is a symbol bit



Symbol bit = 0 refers to a positive value. Symbol bit = 1 refers to a negative value.



When D serves as a bit device, it can designate K1 ~ K4 and construct a 16-bit result, occupying consecutive 2 groups of 16-bit data. Program Example: The 16-bit D0 is multiplied by the 16-bit D10 and brings forth a 32-bit product. The higher 16 bits are stored in D21 and the lower 16-bit are stored in D20. On/Off of the most left bit indicates the positive/negative status of the result value. X0



MUL



D0



D10



D20



MUL



D0



D10



K8M0
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API



Mnemonic



23



DIV



Type OP



Operands



Function



S1, S2, D



Division



P



Bit Devices X



Y



M



Word devices



Program Steps



K



H



C



D DIV, DIVP: 7 steps



S1



*



*



*



*



*



*



*



*



S2



*



*



*



*



*



*



*



*



*



*



*



*



*



D



KnX KnY KnM T



Operands: S1: Dividend S2: Divisor D: Quotient and remainder Explanations: 1. 2.



In 16-bit instruction, D occupies 2 consecutive devices. This instruction divides S1 and S2 in BIN format and stores the result in D. Be careful with the positive/negative signs of S1, S2 and D when doing 16-bit and 32-bit operations. 16-bit instruction:



Remainder



Quotient



+1



/



=



Program Example: When X0 = On, D0 will be divided by D10 and the quotient will be stored in D20 and remainder in D21. On/Off of the highest bit indicates the positive/negative status of the result value. X0



DIV



D0



D10



D20



DIV



D0



D10



K4Y0
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API



Mnemonic



24



INC



Type OP



Operands



Function



D



Increment



P



Bit Devices X



Y



M



Word devices K



H



Program Steps



KnX KnY KnM T



D



*



*



*



C



D INC, INCP: 3 steps



*



*



Operands: D: Destination device Explanations: 1.



If the instruction is not a pulse execution one, the content in the designated device D will plus “1” in every scan period whenever the instruction is executed.



2.



This instruction adopts pulse execution instructions (INCP).



3.



In 16-bit operation, 32,767 pluses 1 and obtains -32,768. In 32-bit operation,



2,147,483,647 pluses 1 and obtains -2,147,483,648. Program Example: When X0 goes from Off to On, the content in D0 pluses 1 automatically. X0



API



Mnemonic



25



DEC



Type OP



Y



M



D0



Operands



Function



D



Decrement



P



Bit Devices X



INCP



Word devices K



H



Program Steps



KnX KnY KnM T



D



*



*



*



C



D DEC, DECP: 3 steps



*



*



Operands: D: Destination Explanations: 1.



If the instruction is not a pulse execution one, the content in the designated device D will minus “1” in every scan period whenever the instruction is executed.



2.



This instruction adopts pulse execution instructions (DECP).



3.



In 16-bit operation, -32,768 minuses 1 and obtains 32,767. In 32-bit operation, -



2,147,483,648 minuses 1 and obtains 2,147,483,647. Program Example: When X0 goes from Off to On, the content in D0 minuses 1 automatically. X0



DECP
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API



Mnemonic



30



ROR



Type OP



Operands



Function



D, n



Rotate to the Right



P



Bit Devices X



Y



Word devices



M



K



H



D



*



Operands: D: Device to be rotated Explanations: 1.



KnX KnY KnM T *



n



Program Steps



*



*



C



D ROR, RORP: 5 steps



*



*



*



n: Number of bits to be rotated in 1 rotation



This instruction rotates the device content designated by D to the right for n bits.



2. This instruction adopts pulse execution instructions (RORP). Program Example: When X0 goes from Off to On, the 16 bits (4 bits as a group) in D10 will rotate to the right, as shown in the figure below. The bit marked with ※ will be sent to carry flag M1022. X0



RORP D10



K4



Rotate to the right upper bit



lower bit Carry flag



D10 0 1 1 1 1 0 1 1 0 1 0 0 0 1 0 1



upper bit



16 bits After one rotation to the right



lower bit



D10 0 1 0 1 0 1 1 1 1 0 1 1 0 1 0 0 *
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API



Mnemonic



31



ROL



Type OP



Operands



Function



D, n



Rotate to the Left



P



Bit Devices X



Y



Word devices



M



K



H



D



*



Operands: D: Device to be rotated Explanations: 1.



KnX KnY KnM T *



n



Program Steps



*



*



C



D ROL, ROLP: 5 steps



*



*



*



n: Number of bits to be rotated in 1 rotation



This instruction rotates the device content designated by D to the left for n bits.



2. This instruction adopts pulse execution instructions (ROLP). Program Example: When X0 goes from Off to On, the 16 bits (4 bits as a group) in D10 will rotate to the left, as shown in the figure below. The bit marked with ※ will be sent to carry flag M1022. X0



D10



K4



Rotate to the left upper bit



lower bit



1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 Carry flag



16 bits After one rotation to the left lower bit



upper bit 1



D10



1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1



Carry flag
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D.5.11 Special Application Commands for the AC Motor Drive API



Mnemonic



Operands



Function



53



DHSCS



S1, S2, D



Compare (for high-speed counter)



Type OP



Bit Devices X



Y



M



S1



Word devices K



H



*



*



Program Steps



KnX KnY KnM T



D DHSCS: 13 steps



* *



S2 D



C



*



*



* * *



Operands: S1: Comparison Value S2: High-speed counter C235 D: Comparison result Explanations: 1.



It needs optional PG card to receive external input pulse.



2.



To count automatically, please set the target value by using DHSCS command and set M1028=On. The counter C235 will be ON when the count number = target value. If you want to clear C235, please set M1029=ON.



3.



Please use rising-edge/falling-edge command, such as LDP/LDF, for the contact condition. Please notice that error may occur when using contact A/B for the contact condition.



4. 



There are three input modes for high-speed counter in the following can be set by D1044. A-B phase mode(4 times frequency )(D1044=0): user can input the A and B pulse for counting. Make sure that



A, B



and GND are grounding.







Pulse + signal mode(D1044=1): user can count by pulse input or signal. A is for pulse and







Pulse + flag mode(D1044=2): user can count by M1030. Only A is needed for this mode



B is for signal. Make sure that and make sure that



A, B



and GND are grounding.



A , and GND are grounding.
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Program Example: 1. Assume that when M100=ON, it is set to A-B phase mode. When M101=ON, it is set to pulse+signal mode. When M102=ON, it is set to pulse+flag mode. 2. 3. 4. 5. 6.



M1030 is used to set to count up (OFF) and count down (ON). If M0 goes from OFF to ON, DHSCS command starts to execute the comparison of highspeed counter. When C235 goes from H’2 to H’3 or from H’4 to H’3, M3 will be always be ON. If M1 goes from OFF to ON, DHSCS command starts to execute the comparison of highspeed counter. When C235 goes from H’1004F to H’10050 or from H’10051 to H’10050, M2 will be always be ON. M1028: it is used to enable(ON)/disable(OFF) the high-speed counter function. M1029: it is used to clear the high-speed counter. M1018: it is used to start high-speed counter function. (when M1028 is ON). D1025: the low word of high-speed counter C235. D1026: the high word of high-speed counter C235. M100 MOV



K0



D1044



MOV



K1



D1044



MOV



K2



D1044



M101 M102 M102 M1030 M0



M1018



M1



M1018



DHSCS H10050



C235



M2



DHSCS



H3



C235



M3



MOV



D1025



D0



MOV



D1026



D1



M2 Y1 M3 M10 M1028 M11 M1029 M1000



END
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API



Mnemonic



139



RPR



Type



Operands



Function



S1, S2



Read the AC motor drive’s parameters



P



Bit Devices



OP



X



Y



M



S1



Word devices K



H



*



*



KnX KnY KnM T



Program Steps C



D RPR, RPRP: 5 steps



* *



S2



Operands: S1: Data address for reading S2: Register that saves the read data API



Mnemonic



140



WPR



Type OP



Operands



Function



S1, S2



Write the AC motor drive’s parameters



P



Bit Devices X



Y



M



Word devices KnX KnY KnM T



Program Steps



K



H



C



D WPR, WPRP: 5 steps



S1



*



*



*



S2



*



*



*



Operands: S1: Data address for writing S2: Register that saves the written data Program Example: 1.



Assume that it will write the data in address H2100 of the VFD-E into D0 and H2101 into D1.



2. 3.



When M0=ON, it will write the data in D10 to the address H2001 of the VFD-E. When M1=ON, it will write the data in H2 to the address H2000 of the VFD-E, i.e. start the AC motor drive.



4.



When M2=ON, it will write the data in H1 to the address H2000 of the VFD-E, i.e. stop the AC motor drive.



5.



When data is written successfully, M1017 will be ON.



6.



When writing parameters, the allowable times to revise a parameter is 109 times. A memory write error may occur at EEPROM if parameters are written more than 109 times.
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M1000



RPR



H2100



D0



RPR



H2101



D1



WPR



D10



H2001



WPRP



H2



H2000



WPRP



H1



H2000



M0 M1 M2 M1017 Y0 END



API



Mnemonic



141



FPID



Type



P



Operands



Function



S1, S2, S3, S4



PID control for the AC motor drive



Bit Devices



OP



X



Y



M



Word devices KnX KnY KnM T



Program Steps



K



H



C



D FPID, FPIDP: 9 steps



S1



*



*



*



S2



*



*



*



S3



*



*



*



S4



*



*



*



Operands: S1: PID Set Point Selection(0-4), S2: Proportional gain P (0-100), S3: Integral Time I (0-10000), S4: Derivative control D (0-100) Explanation: 1.



This command FPID can control the PID parameters of the AC motor drive directly, including Pr.10.00 PID set point selection, Pr.10.02 Proportional gain (P), Pr.10.03 Integral time (I) and Pr.10.04 Derivative control (D)



Program Example: 1. Assume that when M0=ON, S1 is set to 0 (PID function is disabled), S2=0, S3=1 (unit: 0.01 seconds) and S4=1 (unit: 0.01 seconds). 2. Assume that when M1=ON, S1 is set to 0 (PID function is disabled), S2=1 (unit: 0.01), S3=0 and S4=0. 3. Assume that when M2=ON, S1 is set to 1(frequency is inputted by digital keypad), S2=1 (unit: 0.01), S3=0 and S4=0. 4.



D1027: frequency command controlled by PID. D-64
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M0 FPID



H0



H0



H1



H1



FPID



H0



H1



H0



H0



FPID



H1



H1



H0



H0



MOV



D1027



D1



M1 M2 M1000



END



API



Mnemonic



142



FREQ



Type



P



Operands



Function



S1, S2, S3



Operation control of the AC motor drive



Bit Devices



OP



X



Y



M



Word devices KnX KnY KnM T



Program Steps



K



H



C



D FREQ, FREQP: 7 steps



S1



*



*



*



S2



*



*



*



S3



*



*



*



Operands: S1: frequency command, S2: acceleration time, S3: deceleration time Explanation: 1.



This command can control frequency command, acceleration time and deceleration time of the AC motor drive. Please use M1025 to RUN(ON)/STOP(OFF) the AC motor drive and use M1025 to control the operation direction: FWD(ON)/REV(OFF).



Program Example: 1.



M1025: RUN(ON)/STOP(Off) the AC motor drive. M1026: operation direction of the AC motor drive – FWD(OFF)/REV(ON). M1015: frequency is reached.



2.



When M10=ON, setting frequency command of the AC motor drive to K300(3.00Hz) and acceleration/deceleration time is 0.



3.



When M11=ON, setting frequency command of the AC motor drive to K3000(30.00Hz), acceleration time is 50 and deceleration time is 60.



4.



S2, S3: In the setting of Accel / Decel time, the decimal places are depends on the setting of Pr01-45. When Pr01-45=0, the unit is 0.01 unit. D-65
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As shown in the diagram below, S2(Accelerating time) = 50 which means 0.5sec . S3(Decelerating time) = 60 which means 0.6sec.



M1000 M1025 M11 M1026 M10 M11



M11 FREQP



K300



K0



K0



FREQ



K3000



K50



K60



M10



END
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D.6 Error Code Code



ID



Description



Corrective Actions Check if the program is error and download the program again



PLod



20



Data write error



PLSv



21



Power on again and download the Data write error when executing program again



PLdA



22



Program upload error



PLFn



23



Check if the program is error and Command error when download download program again program



PLor



30



Program capacity exceeds memory capacity



PLFF



31



Command error when executing



PLSn



32



Check sum error



PLEd



33



There is no “END” command in the program



PLCr



34



The command MC is continuous used more than nine times



1. 2.



Please upload again. Return to the factory if it occurs continuously



Power on again and download program again
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Appendix E: CANopen Function The built-in CANopen function is a kind of remote control. Master can control the AC motor drive by using CANopen protocol. CANopen is a CAN-based higher layer protocol. It provides standardized communication objects, including real-time data (Process Data Objects, PDO), configuration data (Service Data Objects, SDO), and special functions (Time Stamp, Sync message, and Emergency message). And it also has network management data, including Boot-up message, NMT message, and Error Control message. Refer to CiA website http://www.can-cia.org/ for details. The content of this instruction sheet may be revised without prior notice. Please consult our distributors or download the most updated version at http://www.delta.com.tw/industrialautomation Delta CANopen supports functions: Support CAN2.0A Protocol;  



Support CANopen DS301 V4.02;







Support DSP-402 V2.0.



Delta CANopen supports services: PDO (Process Data Objects): PDO1~ PDO2  



SDO (Service Data Object): Initiate SDO Download; Initiate SDO Upload; Abort SDO; SDO message can be used to configure the slave node and access the Object Dictionary in every node.







SOP (Special Object Protocol): Support default COB-ID in Predefined Master/Slave Connection Set in DS301 V4.02; Support SYNC service; Support Emergency service.







NMT (Network Management): Support NMT module control; Support NMT Error control;



Support Boot-up. Delta CANopen doesn’t support service: Time Stamp service 
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E.1 Overview E.1.1 CANopen Protocol CANopen is a CAN-based higher layer protocol, and was designed for motion-oriented machine control networks, such as handling systems. Version 4 of CANopen (CiA DS301) is standardized as EN50325-4. The CANopen specifications cover application layer and communication profile (CiA DS301), as well as a framework for programmable devices (CiA 302), recommendations for cables and connectors (CiA 303-1) and SI units and prefix representations (CiA 303-2). Device Profile CiA DSP-401



OSI Layer 7 Application



OSI Layer 2 Data Link Layer



OSI Layer 1 Physical Layer



Device Profile CiA DSP-404



Device Profile CiA DSP-XXX



Communication Profile CiA DS-301



CAN Controller



CAN 2.0A



+ + -



ISO 11898



CAN bus
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E.1.2 RJ-45 Pin Definition



8~1 plug PIN



Signal



Description



1



CAN_H



CAN_H bus line (dominant high)



2



CAN_L



CAN_L bus line (dominant low)



3



CAN_GND



4



SG-



485 communication



5



SG+



485 communication



6



GND



Ground



7



CAN_GND



8



EV



Ground / 0V /V-



Ground / 0V /VPower
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E.1.3 Pre-Defined Connection Set To reduce configuration effort for simple networks, CANopen define a mandatory default identifier allocation scheme. The 11-bit identifier structure in predefined connection is set as follows: COB Identifier (CAN Identifier) 10



9



8



7



6



5



Function Code Object



4



3



2



1



0



Node Number



Function Code



Node Number



COB-ID



Object Dictionary Index



Broadcast messages NMT



0000



-



0



SYNC



0001



-



0x80



0x1005, 0x1006, 0x1007



-



TIME STAMP



0010



-



0x100



0x1012, 0x1013



Emergency



0001



1-127



Point-to-point messages 0x81-0xFF 0x1014, 0x1015



TPDO1



0011



1-127



0x181-0x1FF 0x1800



RPDO1



0100



1-127



0x201-0x27F 0x1400



TPDO2



0101



1-127



0x281-0x2FF 0x1801



RPDO2



0110



1-127



0x301-0x37F 0x1401



TPDO3



0111



1-127



0x381-0x3FF 0x1802



RPDO3



1000



1-127



0x401-0x47F 0x1402



TPDO4



1001



1-127



0x481-0x4FF 0x1803



RPDO4



1010



1-127



0x501-0x57F 0x1403



Default SDO (tx)



1011



1-127



0x581-0x5FF 0x1200



Default SDO (rx)



1100



1-127



0x601-0x67F 0x1200



NMT Error Control



1110



1-127



0x701-0x77F 0x1016, 0x1017
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E.1.4 CANopen Communication Protocol It has services as follows: NMT (Network Management Object)  



SDO (Service Data Object)







PDO (Process Data Object)







EMCY (Emergency Object)



E.1.4.1 NMT (Network Management Object) The Network Management (NMT) follows a Master/Slave structure for executing NMT service. Only one NMT master is in a network, and other nodes are regarded as slaves. All CANopen nodes have a present NMT state, and NMT master can control the state of the slave nodes. The state diagram of a node are shown as follows:



(1) Initializing (15) (9)



Reset Application (10) (11) (16) Reset Communication



(14)



(2)F Pre-Operation ABCD (3)



(4)



(13)



(7) Stopped AB



(6) (12)



(5)



Operation ABCD
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(8)



(1) After power is applied, it is auto in initialization state



A: NMT



(2) Enter pre-operational state automatically



B: Node Guard



(3) (6) Start remote node



C: SDO



(4) (7) Enter pre-operational state



D: Emergency



(5) (8) Stop remote node



E: PDO



(9) (10) (11) Reset node



F: Boot-up



(12) (13) (14) Reset communication (15) Enter reset application state automatically (16) Enter reset communication state automatically



Initializing PDO SDO SYNC Time Stamp EMERG Boot-up NMT



Pre-Operational



Operational



○ ○ ○ ○



○ ○ ○ ○ ○



○



○



Stopped



○



NMT Protocol is shown as follows:



NMT Master Request request



Cs Value 1 2 128 129 130



Start Remote Node byte 0 byte 1 CS Node-ID COB-ID=0



Definition Start Stop Enter Pre-Operational Reset Node Reset Communication E-6



NMT Slave(s) Indication(s) Indication Indication Indication



○



E.1.4.2 SDO (Service Data Object) SDO is used to access the Object Dictionary in every CANopen node by Client/Server model. One SDO has two COB-ID (request SDO and response SDO) to upload or download data between two nodes. No data limit for SDOs to transfer data. But it needs to transfer by segment when data exceeds 4 bytes with an end signal in the last segment. The Object Dictionary (OD) is a group of objects in CANopen node. Every node has an OD in the system, and OD contains all parameters describing the device and its network behavior. The access path of OD is the index and sub-index, each object has a unique index in OD, and has sub-index if necessary. The request and response frame structure of SDO communication is shown as follows: Data 0 Type



7 6 5 command 0 0 1 0 1 1 0 1 0 0 1 0 1 0 0 1 0 0



Initiate Domain Client Download Server Initiate Domain Client Upload Server Abort Domain Client Transfer Server N: Bytes not use E: normal(0)/expedited(1) S: size indicated



4 3 2 -



N -



N



-



-



Data Data Data Data Data Data Data 1 2 3 4 5 6 7 1 0 Index Index Index Data Data Data Data L H Sub LL LH HL HH ES - - ES - - -
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E.1.4.3 PDO (Process Data Object) PDO communication can be described by the producer/consumer model. Each node of the network will listen to the messages of the transmission node and distinguish if the message has to be processed or not after receiving the message. PDO can be transmitted from one device to one another device or to many other devices. Every PDO has two PDO services: a TxPDO and a RxPDO. PDOs are transmitted in a non-confirmed mode. PDO Transmission type is defined in the PDO communication parameter index (1400h for the 1st RxPDO or 1800h for the 1st TxPDO), and all transmission types are listed in the following table: Type Number



PDO Cyclic



○



0 1-240



Acyclic Synchronous Asynchronous



RTR only



○



○



○



241-251



Reserved ○



252



○



253



○



254



○



255



○



○



Type number 1-240 indicates the number of SYNC message between two PDO transmissions. Type number 252 indicates the data is updated (but not sent) immediately after receiving SYNC. Type number 253 indicates the data is updated immediately after receiving RTR. Type number 254: Delta CANopen doesn’t support this transmission format. Type number 255 indicates the data is asynchronous transmission. All PDO transmission data must be mapped to index via Object Dictionary.
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Example:



Master transmits PDO data to Slave PDO1 CAN(H) CAN(L) Slave



Master



PDO1 data value Data 0, Data 1, Data 2, Data 3, Data 4, Data 5, Data 6, Data 7, 0x11, 0x22, 0x33, 0x44, 0x55, 0x66, 0x77, 0x88,



PDO1 Map



0x60400010



Index



Sub



0x1600



0 1



0x1600 0x1600 0x1600 0x1600



4



0. Number 1. Mapped Object 2. Mapped Object 3. Mapped Object 4. Mapped Object



0



0. Control word



2 3



0x6040



Definition



Value



R/W



Size



1 0x60400010 0 0 0



R/W R/W R/W R/W R/W



U8 U32 U32 U32 U32



0x2211



R/W



U16 (2 Bytes)



Slave returns message to Master PDO1 CAN(H) CAN(L) Slave



Master



PDO1 data value Data 0, Data 1, Data 2, Data 3, Data 4, Data 5, Data 6, Data 7, 0xF3, 0x00,



PDO1 Map



Index



Sub



0x1A00



0 1 2 3



0x1A00 0x1A00 0x1A00 0x1A00



0x6041



Definition



4



0. Number 1. Mapped Object 2. Mapped Object 3. Mapped Object 4. Mapped Object



0



Status Word
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Value



R/W



Size



1 0x60410010 0 0 0



R/W R/W R/W R/W R/W



U8 U32 U32 U32 U32



0xF3



R/W



U16



E.1.4.4 EMCY (Emergency Object) Emergency objects are triggered when hardware failure occurs for a warning interrupt. The data format of a emergency object is a 8 bytes data as shown in the following:



Byte



0



1



2



3



4



5



6



7



Content Emergency Error Error register Manufacturer specific Error Field Code (Object 1001H)



Definition of Emergency Object: Display



Controller Error Code 0001H 0002H 0003H 0005H 0006H 0007H 0008H 0009H 000AH 000BH 000CH 000DH 000EH 000FH 0011H 0013H 0014H 0015H 0016H 0017H 0018H 0019H 001AH 001BH 001CH 001DH 001FH



Description Over current Over voltage Overheating Overload Overload 1 Overload 2 External Fault Over-current during acceleration Over-current during deceleration Over-current during constant speed operation Ground fault Lower than standard voltage Phase Loss External Base Block Software protection failure Internal EEPROM can not be programmed Internal EEPROM can not be read CC (current clamp) OV hardware error GFF hardware error OC hardware error U-phase error V-phase error W-phase error OV or LV Temperature sensor error Internal EEPROM can not be programmed E-10



CANopen CANopen Error Error Register Code (bit 0~7) 7400H 1 7400H 2 4310H 3 2310H 1 7120H 1 2310H 1 9000H 7 2310H 1 2310H 1 2310H 1 2240H



1



3220H 3130H 9000H 6320H



2 7 7 7



5530H



7



5530H 5000H 5000H 5000H 5000H 2300H 2300H 2300H 3210H 4310H



7 7 2 2 1 1 1 1 2 3



5530H



7



Display



Controller Error Code 0020H 0021H 0023H 0024H 0029H



Description Internal EEPROM can not be read Analog signal error Motor overheat protection PG signal error Communication time-out error on the control board or power board
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CANopen CANopen Error Error Register Code (bit 0~7) 5530H 7 FF00H 7 7120H 3 7300H 7 7500H



4



Definition of Index: Index



Sub



Definition



0x1000



0



0x1001



0



0x1005



0



0x1006



0



0x1008



0



0x1009



0



0x100A



0



0x100C 0x100D



0 0



Abort connection option code Error register COB-ID SYNC message Communication cycle period Manufacturer device name Manufacturer hardware version Manufacturer software version Guarding time Guarding factor



0x1014



0



COB-ID emergency



0x1015



0



Inhibit time EMCY



0



Number



1



Consumer heartbeat time



0



Producer heartbeat time



0 1



Number Vender ID



2



Product code



3



0



Revision Server SDO Parameter COB-ID Client -> Server COB-ID Client 
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DoC VXR Drives 
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DoC VXM Drives 
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Mythbusting belt drives 

"A belt-driven PSRU drive isolates the torsional vibrations coming from the propeller." I contend ... An example might be a flap or standing wave in the belt spans.
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Flat Belt Drives 

The leather may be either oak-tanned or mineral salt-tanned e.g. chrome-tanned. In order to increase the thickness of belt, the strips are cemented together.
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Flat Belt Drives 

Introduction. 2. Selection of a Belt Drive. 3. Types of Belt Drives. 4. Types of Belts. 5. Material used for Belts. 6. Working Stresses in Belts. 7. Density of Belt ...
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Intelligent Transportation Systems 

infrastructure, and testing and evaluating intelligent vehicles. Intelligent infrastructure ...... paper presented at IST 2000, Torino, Italy, 2000. 54. Stephanedes, Y.J. ...
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