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Control Manual

For
MAC Valves MI/O-LinkTM Manifold

1. System Overview
IO-Link TM is a point-to-point protocol, which falls under the SDCI (Single Drop Communications Interface) protocol.  The MAC Valves MI/O-Link TM follows the SDCI protocol in accordance with the IEC 61131 standard.  The input interface standard, IEC 60947-5-2,  in what is called Class A, has one line for signals (called C/Q), one line is for the 24VDC + (called +L), one line is for the 24VDC – (called –L), and an optional line for a non SDCI sensor (called DI/DO).  
The MI/O-Link TM does not support the DI/DO Line.  Since in a Class A Device, the current from +L, -L is limited, the valve power comes from another source (and connector).  There is also a Class B arrangement whereas there are the two lines supplying power to the electronics (+L and -L…same as Class A), a communications line which is the same as Class A, and another pair of lines that power the higher current demands of the valves.  The difference between Class A and Class B from a pin out comparison is the power which is not used for the electronics is a second isolated power line called P24 (+24VDC) and N24 (Common to P24).  It uses a five-pin connector and the DI/DO line is replaced by the P24 line.  See section 1A for the pin out for this.
As mentioned above, the protocol is based on a point-to-point Master/Device arrangement where the Master is a multiport interface to a higher-level protocol such as an EtherNet I/P or ProfiNet controller and the Device (i.e. valve manifold).  Unlike the higher-level protocols that require some type of either an address or IP Address (for the EtherNet based protocols), SDCI lower level ports are a direct connection from a single Master Port to a single Device without communications sharing to another Device.  Masters can be obtained from a number of companies such as Turck and Banner.  For purposes of this manual and the protocol, the Device will be the valve manifold (MI/O-Link TM).  
The SDCI Master has to be able to connect to any Device on any of the three operating speeds specified in the standards.  A Device is required to operate on only one of these speeds and is set.  The MI/O-Link TM operates on COM2 (38.4kbit/sec) speed.  This is set by the Device and connected by the Master during the Wake-Up period when connection is first established.  
From there, the Master maps the Device information to a higher level network such as EtherNet I/P like any other EtherNet product.  Unlike the SDCI, some type of addressing will be required for the Master to attach to the network on this high-level network (and PLC or PC).
IO-Link TM is designed for smaller networks.  The maximum cable length between the Master and any Device can not exceed 20 meters.  In addition, due to the relatively slow data rates, it is not made for large data packets such as the ones found on the higher level networks such as EtherNet I/P or ProfiNet.  Thus, even though the data rate is significantly slower, the smaller packet sizes do not slow down the Devices.
Since there are two steps for the system to get from the PLC to the Device, (PLC to IO-Link TM Master, IO-Link TM Master to Device) there will be two sets of configuration files required during set-up.  This is discussed in sections 1D and 1E.  
A basic layout is shown in Figure 1.  In the figure, there are two valve stacks, one sensor on the same SDCI Master interfacing to a higher level network.  Also on this network, there is a PLC, HMI, and the Master.  The data flow (for the valve stack) would be something like the PLC, sends a request via the high level network to the SDCI Master.  The Master translates this request to the correct port and sends the valve request to the Device.  The Device on the valve stack receives the request, transfers it to the valve driver chip for the correct valve solenoid and the valve operates.  
Since the SDCI standard is an open protocol, there are a number of companies that make products for this standard.  All products must adhere to the same protocol so that one product can operate on another’s system.  This way, the Device could be connected to a number of different companies’ Masters.  However,  the mapping from the Master to the PLC could be different.  Still the system is set up in such a way as any Device can connect to any Master.  Then any Master (with the correct higher-level protocol loaded) can connect to any matching PLC.  For example, a Siemens PLC with ProfiNet can connect to a Turck (with ProfiNet) IO-Link TM Master to the MI/O-Link TM TM stack and any other IO-Link TM Device.  An Omron PLC operating with EtherNet I/P can connect to a Banner (with EtherNet I/P) IO-Link TM Master to the MI/O-Link TM TM Device and so on.
Software packages, available from the Consortium, are used for system set-up.  Most of them are free. The Consortium is a group of ten or so companies who developed the interface software as a group.  Some of these companies are Turck, Pepperl + Fuchs, Vega, and PR Electronics.  In the case of Turck, the configuration software (PACTware) can be downloaded from:

https://www.turck.us/en/product/PACTware
In the case of Pepperl + Fuchs, the software can be downloaded from:

https://www.pepperl-fuchs.com/usa/en/4507.htm?searchterm=pactware&start=0&rows=10&modifier=beginswith
The example in Appendix D in this manual goes through some of the software.
Originally, the protocol itself was made sensors.  This expanded out to primary on/off applications which included actuators.  Later on, larger data handling was added to the standard.  But the vast majority of the Devices are not much beyond on/off applications with some diagnostics thrown in.  There are exceptions to this such as BLOB transfers (Binary Large Objects) and some analog controlled Devices but in general, the protocol was designed with sensors and actuators in mind.  Thus, at a signal level, the information packets going back and forth on the network do not carry the larger byte load as a higher-level network.

Since the Masters act as an interface between the high-level network and the low level IO-Link TM, there can be multiple Masters or other high-level devices connected to the same PLC. It would be possible, for example, to have a HMI, MIO-67 (EtherNet I/P), Rockwell Controller, and several IO-Link TM Masters on the high-level side, and one MI/O-Link TM Valve stack per Master port on the low-level side.
Figure 1 Basic Network Topography
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As stated previously, IO-Link TM is a relatively slow data transfer network.  It has three communications speeds for the Master; COM1, COM2, and COM3.  The data rates for the three speeds are 4.8kbit/sec, 38.4kbits/sec, and 230.4kbits/sec.  The data rates are significantly slower than the higher level networks but due to the smaller data packet sizes it does not slow reaction down that much.  The Devices on a given network only supports one communication speed.  All Masters have to be able to support all three.  
The Master does all the work as far as connection and control of the Device.  One of the functions included in the MI/O-Link TM is the Data Storage function.  What this does is (assuming the Data Storage is enabled in the Master’s port), to remember the MI/O-Link TM Device after the first time it was configured and then every other time you connect or disconnect that Device or a similar MI/O-Link TM Device, it treats it as the same thing and makes the connection very quick and without the need of additional configuration settings at the Master level.

A. Physical Interface
The SDCI protocol has two connection classes, which governs how and how much power is delivered to the Device.  They cannot be intermixed.  Thus, the Class A Master connects to a Class A Device, a Class B Master connects to a Class B Device.  There is also a hybrid of the Class A Device in that the Master operates on Class A and there is a second isolated connector which supplies the valve power.
The pin outs and labels are shown in Figure 2.  

Figure 2 Connector Pin Outs
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Class A is the most restrictive current limts.  For the purpose of the Mac Valves manifold, the connector type is a M12 A coded style.  This is a four pin connector in which Pin 1 is the +24VDC, Pin 2 in NC (this pin is used for non SDCI devices on the Master and is not supported at the Device), Pin 3 is Common, and Pin 4 is C/Q (this is the abbreviation for the communications. C = Communications, Q = Switching).  By the specifications, the Master is required to supply a minimum of 200mA to the Device.  
This amount of current would not be enough to operate the valves and electronics.  To that end, we have the Class A side of the product operate the electronics only.  A second M12 connector will supply power to the valves.  Some Class A Masters have an additional connector for power independent of the communications ports.  Otherwise, an external power supply can be used.  Figure 3 shows the arrangement for a Class A communications port and an additional connector (on the Device) for valve power.
Note Power 1 and Power 2 cannot be tied together or a single power supply used for both.  This is due to interference on the communications.  Also note, that if by mistake, the two connector cables are switched, about the only thing that will happen is the Device will not connect.
Figure 3 Class A Comm. With Separate Valve Power
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If we go back to Figure 2  for a moment, there also is shown a Class B arrangement which also uses a 5-pin M12 connector.  Along with the same pin arrangement for Pins 1, 3, and 4 as Class A, it uses Pin 2 as a second +24VDC and Pin 5 as its Common.  It can supply up to 4A on Pins 2-5.  The electronics power on Pins 1 and 3 remain the same as Class A. One thing to be aware of with a Class B is that all the Devices from that Master share the same Class B power.  In that regard, it might not be enough to properly operate the valves.  This is dependent on the maximum current output of the Master, the current draw of all other Devices on the Master, and the maximum current draw of the MI/O-Link TM valve stack.
B. Data Types

 SDCI has three classes of data; Operation, Configuration/Maintenance, and Events.  These are subdivided into Cyclic (Process Data), and Acyclic (Page, ISDU, and Diagnostics).

For Operational Data (valve operation), this is Process Data.  It handles normal Inputs and Outputs from the controller and checks to see if they are valid or invalid.  It is Cyclic.  The mapping to the PLC is dependent on the Master and the higher-level protocol.  There is an example in Appendix D in this document for what to expect.
The next type is the Configuration/Maintenance Data.  This appears in two forms.  The first is during start up where the Master reads the data in the Direct Parameter section (Data Storage) and determines what the Device is and how to control it.  The other type is an interface to what is called ISDU (Indexed Service Data Unit).  It is used for maintenance among other things where multiple data segments (called M-Sequences) can be read or written at once. Some controllers use this, some do not.  This is also Acyclic (On-request).  

Lastly, are the Events.  This is for Diagnostics and it is Acyclic (On-request).  It is further divided into “Errors”, “Warning”, and “Notifications”.  The category a particular Event falls into depends on the severity of the Event.  Refer to Appendix B for the Diagnostics meanings. They are triggered by a fault from the valves or electronics such as a valve driver short or an SPI fault inside the electronics.  

As mentioned earlier, the data traffic between the Master and Device is called M-Sequences.



Refer to Table 1 for the M-Sequences for preoperational and operational modes.

Table 1 M Sequence Types
M Sequence Types Preoperational Mode

Pre Op

On-Request

M Sequence Type

Reset Time

Code

Data (Octets)                                                               (Tbits)

2

8


Type_1_V


210

M Sequence Types Operational Mode

Operate
On-Request
 
Process Data


M Sequence Type

Code

(Octets)

PDin
  PDout

2

16


8
   8

  
Type_2_V
C. Device Covers

Shown in Figure 4 are the covers for the Device controllers for the MI/O-Link TM . In the lower example, a single M12 connector which is set up for a Class B Master.  In the upper example, is a Class A Device with an external power M12 connector.
Figure 4 Typical Valve Stack
[image: image4.png]Class A With External
Power Example

Class B Device

MI0=Lin




D. IODD File
The IODD file (IO-Link TM Device Description) is a set of files that defines the properties of the MI/O-Link TM   device.  Included in this group is a XML file, which controls all the operations, and ICON/PNG files for the graphics.  
The files themselves follow the ISO 15745-1 standard and is based on the XML file protocol.
The IODD file must be loaded into the Master in order to establish communications between the Device and the Master.  The loading of this information is accomplished by using the IODD Configurator and Pactware software packages.  These files are used during Device startup where the Master asks the Device for its parameters, the Master then compares what it reads from the Device to the IODD file that has been loaded, and if everything matches up, the communications channel is enabled.

Through this file and the EDS, GDS, etc. the valve outputs and diagnostics between the controller and the IO- Link TM Master are mapped.

E. ISDU (Indexed Service Data Unit)
The ISDU (Indexed Service Data Unit) allows the PLC to access the device in blocks of data as opposed to individual bits.  The other advantage to the ISDU is to be able to read and set acyclic data.  This allows for a simplified interface to the Device for the PLC.
The blocks of data are controlled through a series of Index/Subindex addresses so that the blocks of data are accessible all at once.

This is under development and not included in this version of the software.

F. DSU  (Data Storage Unit)
The Data Storage Unit (DSU) is a tool that makes changing over a Device for a like Device on a Master Port without having to configure each one possible.  
There are two requirements to make this feature work.  First, the Device has to have the DSU feature in its software.  Second, using Pactware (or a similar tool), the Port has to be DSU enabled and the IODD of the Device attached to that Port. 

The process for activating the feature is to first select the Master that DSU is to be used on as shown in Figure 5.

Next, select the Master and further select Parameter ----Parameterization.  

Figure 5 Data Storage Unit Port Selection
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Select the Port where DSU is to be enabled.  In the Operation Mode, choose IO-Link Without Validation.  Then toggle Data Storage Mode Activation.

Figure 6 Port Data Storage Unit Activation
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Once this is accomplished, changing the Port from one MI/O-Link TM stack to another is just a matter of unplugging the first unit and plugging in the second. The process then appears when the new MI/O-Link TM is powered up, the Master solicits the Device that the port is Data Storage enabled.  The Device then transmits to the Master its configuration and the Master compares to the IODD on file and if matches, then the connection is made and the system is able to operate.  
Think of this as a way for the Master Port to remember what the Device type was and allow the connection to a new like Device.

If your high level protocol is ProfiNet, than activate the Device Parameterization via GSD toggle as shown in Figure 7.
Figure 7 DSU ProfiNet Versus EtherNet I/P --Modbus TCP
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2. Stack Valve Operation
A. Configuration

Since the mapping of the valves will vary depending on the types of controllers and Masters used, the only common point is that there are 32 valve output channels.  The actual connection and Master port configuration is done through a common core software tool called “Pactware”.  

Pactware allows the IODD files for the Devices to be attached to the Ports of the Master.  It also allows the basic parameters of the Port to be set.  

In Appendix D, there is an example using a Rockwell control and Turck Master.
3. General Specifications
General Specifications           
	Item
	Specifications

	Operating ambient temperature
	0~+50C  (consult the factory for higher temperature operation)*

	Operating ambient humidity
	10~90% RH (no condensation)*

	Vibrating resistance
	5G (10~55 Hz, 0.5mm)*

	Impact resistance
	10G*

	Dielectric strength
	500VAC 60 Hz for 1 sec. *                      (between external terminal and case)

	Insulation resistance
	10Mohm*

	Operating atmosphere
	No corrosive gases


MI/O-Link TM   Performance Specifications 
	Item
	Specification

	Transmission Speed
	38.4 kbits/sec  (COM2)

	Transmission Distance
	   20m   max. 

	   Transmission Media
	Cable corresponding to IEC60947-5-2

	   Protocols
	SDCI, IEC 61131


	    Testing/Approval
	   SDCI Certification Pending

	     Valve Channels
	   32 Max

	      Max Total Current
	   4A Class B P24/N24 or External Connector (Valve Power) + 250mA Class A Electronics Power


*Test in progress  
Appendix A Abbreviations and Definitions

The following is a list of abbreviations commonly used in the MI/O-LinkTM
SDCI – Single Drop Communications Interface.  The generic term used for the IEC 61131 specification for IO-Link TM
SIO – Standard Input and Output.  Standard sensor/driver signals.  This is port operation mode in accordance with digital inputs and outputs defined in IEC 61131-2 that is established after power-up or fallback or unsuccessful communication attempts.  Example would be a non  IO-Link TM prox switch signal.  Support of this function is optional and the MI/O-LinkTM  does not have this enabled.
AL – Applications Layer. This software section handles message traffic between the Data Link Layer and the Device Application (valves).

COM1,2,3 – Data rate for the SDCI   where COM1 = 4.8 kbits/sec, COM2 = 38.4 kbits/sec, COM3 = 230.4 kbits/sec

Class A – Hardware interface specifications typically for low current draw Devices such as sensors.
Class B – Hardware interface specifications for higher current draw Devices such as valves.

Direct Parameters – Page addressed parameters transferred acyclically via the page communication channel without acknowledgement.

Device – The object connected to the Master Port.

DL – Data Link Layer.  Software section that handles the M-sequence messaging to the application layer.

Event – A change of conditions inside the Device.  For example, a valve channel short would be an Event.  This is further divided into Errors, Warnings, and Notifications.
ISDU – Indexed Service Data Unit.  Acyclic acknowledged transmission of parameters that can be segmented into M-sequences. 
M-Sequence – A message sequence consisting of a Master message and its subsequent Device message.

Master – The interface product between a high-level network and the Device(s).

PL – Physical Layer.  Hardware including the cable, connectors, and transceiver that allows communications between the Master and Device.

Port – Physical interface of the Master to one Device.

Process Data – Inputs or Outputs from or to a Device continuously transferred from the Master.

Wake-Up Request – Physical layer service used by the Master to initiate wake-up of a Device, and put it in a receive ready state.

Appendix B Diagnostics
This is a list of the diagnostics available on the MI/O Link TM.  Based on the setting in the PLC configuration, some of them can be enabled or disabled as required.  This list is per valve driver chip (8 solenoid each).  Per channel means all eight outputs operate separately.  Global means it is for the whole chip at once.  
Another note about Diagnostics; Some Masters allow configuration of these Event triggers on the PLC, some do not.  Since many companies interfaces to the high level networks, the configuration question goes on a case by case basis.

1. ShtVdd  (Short between valve output and voltage source) Per channel.  This is a measure of the current without the load being a factor.  Either a shorted wire or pin short would trigger this.  This is a configurable data point.

2. CurrLim (A channel going about 1.1A) Per channel.  This is the maximum per channel for the valve drive.  This is a configurable data point.

3. ThrmShutd (Temperature over approximately 150 deg C on the driver chip junction)  Global Diagnostic.  Will also trigger the Fault bit.  This will turn off the driver chip.  It will reset when the junction temperature of the chip drops down to approximately 140 deg C.  It is always on and will toggle a bit in the GlobalErr Register.  Unlike the OvlCh fault below, it looks at the chip temperature as opposed to a channel temperature.  

4. OWon and OWoff (Open wire on a valve channel with the driver either in the ON or OFF condition)  Per channel.  Each chip can have this data turned on or off.  
5. OvlCh (Thermal Overload) Per channel.  This fault will turn a channel off if a thermal overload is detected due to high current.  It will automatically reconnect the channel after it cools and tries again.  It writes to the OvlchF Register.  The data can be turned on or off as desired.

6. ComErr (SynchErr and WDErr) These are SPI and WatchDog errors associated with data transfer between the micro and the valve driver chip.  They are grouped into the ComErr umbrella (Global) and toggle their associated bits in the GlobalErr Register.

7. SupplyErr (Combination of 5 flags associated with valve supply voltage and reference voltage for the micro and driver chips).  These are Global Diagnostics.  They toggle the 5 bits in the Global Register.  Will also toggle the Fault bit.  

The MI/O Link TM has three levels of fault messaging.  They are “Errors”, “Warning”, and “Notifications” in the order of importance.  They are set which one is what inside the code.  The diagnostics and configuration are mapped to the PLC input and configuration tables and be configurable by the customer as needed.  There are some faults that can enable us to shut down the output driver chips for protection at the micro level.

Anything that writes to the Interrupt Register are controlled by the micro locally to the valve driver chips.  For example, if the CurrLim bit for Output 8 (Driver Chip 1) is toggled in the Interrupt Register, because of CurrLim bit 7 seeing overcurrent on Driver 1 (valve channel 8), then the micro can turn off that channel before it reports the error to the PLC.  

All the Diagnostics are Events in the SDCI world.  That is just saying that something (low voltage, temperature, high current, open circuit….etc) has to trigger the associated bits.  Because of this, it falls into the “acyclic” data part of the data transfer between the Master and the Device (us).  

1. Power Faults
The following six faults are AND/ORed to create the SupplyErr Interrupt.  In order to use them, the SupplyErrM and VddOKM masks must be toggled.  In the case of the Vdd (valve supply voltage), Va, and Vint, the driver chip will turn off the outputs if they go below the trigger points for these sources.  The SupplyErr Interrupt is cleared by correction of fault (Event Cleared), (turning the power to the valves back on for example) and the bit is read.  

As a group, this watching over the areas of power which includes valve power (Vdd) and the two internal references (Va and Vint).  If something changes in any of these, a Notification can be sent to the operator.  

Below is an approximate breakdown of the trigger points for the voltages.  

VddOK….Valve Voltage is above approximately 16V. 

VddWarn…Valve Voltage is approximately 13V.

VddNotGood….Valve Voltage is between 8-13V.

VddUVLo…Valve Voltage is below 8V.

Va_UVLo….Internal driver chip voltage too low (below about 3.0V)

VintUV……Internal driver chip reference voltage too low (below about 3.0V)
2. Diagnostic Overview

Diagnostic
Per Channel/Global
Configurable
Interrupt Access
Mask Name

OvlCh

Per Channel

Yes

Yes


OverLdM

(Channel Temperature Overload)

CurrLim
Per Channel

Yes

Yes


CurrLimM

(Current Limit)

OwOffCh
Per Channel

Yes

Yes


OwOffM

(Open Wire Switch Off State)

OwOnCh
Per Channel

Yes

Yes


OwOnM

ShtVddCh
Per Channel

Yes

Yes


ShtVddM

(Short Vdd to Mosfet Output Channel)

VddOK

Global


Yes

Yes


SupplyErrM

(Valve Power Above 16V)

VddUvlo
Global


Yes

Yes


SupplyErrM

(Valve Power Below 9V)

VddWarn
Global


Yes

Yes


SupplyErrM

(Valve Power Below 17V)



VddNotGood
Global


Yes

Yes 


SupplyErrM

(Valve Power Between 17-9V)

VA_Uvlo
Global


No

Yes


SupplyErrM

(Driver Reference Voltage too low)

Vint_Uv
Global


No

Yes


SupplyErrM

Note: If Va_Uvlo or Vint_Uv are triggered, the driver chip turns off.  If VddUvlo is triggered, the outputs are turned off.

WD

Global


Yes

Yes


ComErrM

(Watchdog Timer, Internal Comms)

Synch

Global


Yes

Yes


ComErrM

(SPI Watchdog, Internal Comms)

ThrmShutd
Global


No

Yes


ComErrM

(Chip Thermal Shutdown, This is automatic)
Byte-Bit Register Layout:

	Name
	Address
	Access
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

	SetOut
	0x00
	R/W
	On8
	On7
	On6
	On5
	On4
	On3
	On2
	On1

	SetFLed
	0x01
	R/W
	FLed8
	Fled7
	Fled6
	Fled5
	Fled4
	Fled3
	Fled2
	Fled1

	SetSLed
	0x02
	R/W
	SLed8
	Sled7
	Sled6
	Sled5
	Sled4
	Sled3
	Sled2
	Sled1

	Interrupt
	0x03
	R
	
	
	
	
	
	
	
	

	OvlChF
	0x04
	R
	OVL8
	OVL7
	OVL6
	OVL5
	OVL4
	OVL3
	OVL2
	OVL1

	CurrLim
	0x05
	R
	CL8
	CL7
	CL6
	CL5
	CL4
	CL3
	CL2
	CL1

	OwOffChF
	0x06
	R
	OwOff8
	OwOff8
	OwOff8
	OwOff8
	OwOff8
	OwOff8
	OwOff8
	OwOff8

	OwOnChF
	0x07
	R
	OwOn8
	OwOn8
	OwOn8
	OwOn8
	OwOn8
	OwOn8
	OwOn8
	OwOn8

	ShtVddChF
	0x08
	R
	
	
	
	
	
	
	
	

	GlobalErr
	0x09
	R
	
	
	
	
	
	
	
	

	OwOffEn
	0x0a
	R/W
	OwOffEn8
	OwOffEn8
	OwOffEn8
	OwOffEn8
	OwOffEn8
	OwOffEn8
	OwOffEn8
	OwOffEn8

	OwOnEn
	0x0b
	R/W
	OwOnEn8
	
	
	
	
	
	
	

	ShtVddEn
	0x0c
	R/W
	ShtVddEn8
	
	
	
	
	
	
	

	Config1
	0x0d
	R/W
	
	
	
	
	
	
	
	

	Config2
	0x0e
	R/W
	
	
	
	
	
	
	
	

	Mask
	0x0f
	R/W
	ComErrM
	SupplyErrM
	VddOKM
	ShtVddM
	OwOnM
	OwOffM
	CurrLimM
	OverLdM


Appendix C IODD File

This file can be downloaded from:

https://www.macvalves.com/
The IODD file contains icons on the Device, a symbol drawing and the main body which is in XML format.  Within the file, all of the connection information along with the Device parameters are defined.  

Appendix D Turck/Rockwell Connection Example


In this example, I am connecting to the MAC Manifold to a Turck 4 port Master to a Rockwell PLC with EtherNet I/P as the higher order protocol.  Note, for our example, I am download the Pactware software from Turck.com.  This software was developed by 8-10 companies and can be download from any of the other websites.  
1. Connect the Turck Master to the computer’s Ethernet connect.  Also, connect a 24VDC power source to the Master.  Refer to the Turck’s User Manual for proper wiring.

2. Start the Turck Service Tool software as shown in Figure 8.
Figure 8 Turck Service Tool
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3. Select “Search”.  The Master will appear as shown in Figure 9
Figure 9 Turck Tool Network Search
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4. In this case, the IP Address is 192.168.1.27, Subnet Mask is 255.255.255.0.  Also shown is the computer at IP 10.128.42.33.
5. Double click on the IP Address.  A new window will appear.  Set the IP Address as required for the PLC as shown in Figure 10.

Figure 10 Turck IP Address Setting

[image: image10.jpg]~| ™ Change device configuration X e

-~ | X 8.

@ & . [ . EN . | e

Search... (FS) | Change (F2) Wink (F3) Actions (F4) | Clipboard  Language | Ex|{  MAC address P address. EE(FS) BEEP(F3) | Close Columns
No. VAC acdress Satonra.. Paddess  Nemask Gaten... Mo [0D07:46932DED 192168180 ARGEE  Pr. Kemel.. BE.. Polocol
B 00074s932080 192168127 2552552550 0000 PG 69211 suppoted 3770 Servce

Netmask Gatonay

[255.256.255.0 0000

Status messages

Found 1 Device o





6. Next start the Turck Software Manager as shown in Figure 11.  Using this tool, download and install the required files for the Master, other Devices, and the control firmware “PACTware”.
Figure 11 Turck Software Manager
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7. Also using this tool, download and install the IODD DTM Configurator (from Turck.com).  Download the MAC Valves IODD file as shown in Figure 12.   Start the Configurator and select Add IODD Collection (zip) as shown in Figure 13.  The files will appear in the left column.
Figure 12 MAC Valves IODD Download
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Figure 13 IODD DTM Configurator
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8. Start the Turck PACTware as shown in Figure 14.

Figure 14 PACTware
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9. Select “Host” and start the “Turck I/O-Assistant Quick Start” shown in Figure 15.
Figure 15 PACTware I/O Assistant Quick Start
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10. Run the Topology Scan shown in Figure 16.  The software will search the network for the Devices/Master and build the network tree.  In our example, we have a MAC MI/O-Link TM TM on Port 3 and a Turck sensor on Port 1.  We also have a non I/O Link TM sensor on Port 2.
Figure 16 PACTware Topology Scan
[image: image16.png]i 4 FALTware
File Edt View Project Extras

05 HG @ [@A2s Comex

& Disconnect

indow _Help

Topology Scan

Diagnostic Scan
Up-/Download-Manager

b |8 Add device
QW Modul

W

QW Port 1

W

W

QW Port3

W

o 92,168,/ +
S 1921681 7
2T Modulb
Bl 1
LT por
S/
- Fror
LT Por
L
T ror





11. Finally load this information into the Master.

12. The next steps are on the controller side.

13. The first step is to load the EDS for the Master (in the case of EtherNet I/P being the higher level protocol).

14. Pictured in Figures 17 thru 21 are the basic step to load the EDS file into a Rockwell controller.  This will vary slightly from controller to controller.
Figure 17 EDS Loading

[image: image17.jpg]AT i . Wee et s | At s G canatihir ¢ (S wey grsea

Fle Edt View Search Logic Communications Tools Window Help

Tools-—EDS Hardware Installation I

Tool -
— Remmn O WA o

R e * ] @ Corle0K

Favorites { A3e0r { Sarely X Aams KB K nmn‘N = 5 [ e S 0K
b W00k
Seorol [Bicws oo <] S [ Ton

= £ Controlle Chris_Elston 1 e E2 o [Vae [Foroe Vask <[ Data Type
BT = e STzl

55 Controller Fault Handler T 0 i =

- 3 Power-Up Handler |+ turck 1:01.Data[1] 16400 Hex ISINT

& =t [+ turck1:01.Data[2] 16400 Hex ISINT

568 MainTsk
1+ turck1:01 Data[3] 16400 Hex ISINT

5B Mainprogram

(3 Unscheduled = turck1 01 Dataé] 0 Tero Teree [Her SiNT
(5+-E5 Motion Groups ek 01 Datalé]0 D o < [Decmal BooL
(53 Ungrouped Axes ok 01 Datale 0 o < [Decmal BooL
Add-On Instructions  turck1:01.Dataf4] 2 » ] 1 |Decimal BOOL





15.  Using Rockwell’s EDS Wizard

Figure 18 EDS Wizard
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Figure 19 EDS Selection
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16. After loading in the EDS file into the controller, then it is a matter of mapping the valve outputs into the PLC ladder logic.  Figure 20 shows a typical mapping for the valve outputs.
Figure 20 Rockwell Valve Channel Mapping
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17. The output channel is fed back through the Input Table on the controller.  Figure 21 shows a typical mapping for this.
Figure 21 Rockwell Valve Channel Read Back Mapping
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18. The PLC also has mapping so that the port type can be seen in the Input table.  This shows a level of connectivity with the Devices.  This is shown in Figure 22.  In this figure, the I/O LinkTM Channels appear in byte 4 and the non-I/O LinkTM Devices (or ones that support DI/DO) appear in byte 6.

Figure 22 MI/O-LinkTM Channels
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Appendix E Leds and Troubleshooting
The Comms Board (which is the front end connection to the Master) has four LEDs in the prototype software/hardware which can be used for troubleshooting.  Figure 23 shows the bottom side of the Comms Board and the LED locations.  These can be seen through the top cover near the M12 connector.  
Green LED (D4, away from M12 connector): On steady = Normal communications between the Device and Master

Green LED (D4): Off = No I/O Link Communications.  Check main cable, I/O Link Master

Red LED: Blinking (approx. 1hz) = Class B power (Pins 2 and 5) OFF/ Class A power OK, External Power OFF.   Comm Fault, Valve Channel Fault, LED OFF = Normal operation

Orange LED: Blinking (approx.. 1hz) = Micro heartbeat OK. Off = Micro not running

Green LED (D1, toward M12 connector): On steady = Normal operation.  Off = Valve drivers not interfacing to micro.

Green (D4), Red, Orange, and Green (D1) LEDs all Blinking:  Micro reboot mode.  Check main cable connection, connection between Comms Board and Valve Driver Board.

Figure 23 LEDs
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Appendix E Software Upgrade Using ST Micro Tool


In the unlikely event the firmware needs to be upgraded, there is a way to accomplish this at a local level.  Currently, the only way to update the firmware in the MI/O-LinkTM is to use the ST Micro Tool.  “STM32 Cube Programmer”.  This tool can be downloaded from   https://www.st.com/en/development-tools/stm32cubeprog.html  .  The other ways to upgrade the firmware (BLOB/Firmware) are under development and are not yet available.



After the software has been downloaded and installed, start the program.  A screen will appear which looks like Figure 24.  

Figure 24 ST Micro Cube Programmer Main Menu
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The next step is to put the MI/O-LinkTM Comms Board into bootloader mode. Apply 

24VDC between Pins 1 (+) and 3 (-) of the M12 connector on the Comms Board.  Next, press and hold pushbutton SW1 (boot0).  Press and release SW3 (reset) and then release SW1.  The locations of these components are shown in Figure 25.  

Figure 25 Comms Board Component Locations
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Install a USB cable between the programming computer and the Comms Board.  The Comms Board has a USB 2.0 Micro B connector.



On the ST Micro Tool, toggle the connection symbol to the right of the Port (USB1) buttons.  A serial number will appear directly below the symbol.  Finally toggle the green “Connect” button directly above the connection symbol and the call out will change from red “Not connected” to green “Connected” as shown in Figure 26.  When the connection is good, the software will read back the registers as shown in Figure 27.  These numbers are not important other than it is just the software confirming connection. 
Figure 26 USB Connection
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Figure 27 USB Connection Confirmation
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Next, the path must be set where the firmware is stored.  It will have an “.elf” extension.  To do this, select the download arrow symbol on the left column (second symbol from the top below the pencil symbol.  It will take you to the programming menu shown Figure 28.
Figure 28 ST Micro Erasing & Programming Menu
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Set the “file path” using “Browse”, enable the “Verify Programming” button on the left and it the “Start Programming” button in the center of the screen.  The software will download onto the chip in about 15 seconds.


It will response back when the software is loaded and verified.  


Close the software down, connect the Driver Board to the Comms Board (if separated), assemble into the housing, connect the IO-Link TM cable (and external power if necessary) and you are ready to go.

Warning:

Under no circumstances are MAC Valves to be used in any application or system where failure of the valves or related components to operate as intended could result in injury to the operator or any other person.

· Do not operate outside of prescribed pressure or temperature ranges.
· Air supply must be clean.  Contamination of valve can affect proper operation.
· Before attempting to perform any service on valve, consult catalog, P & O sheet, or factory for proper maintenance procedures.  Never attempt service with air pressure to valve.
· If air line lubrication is used, consult catalog, P & O sheet, or factory for recommended lubricants.
· Before interfacing the product to any bus or serial system, consult the controller and bus manuals for proper usage.
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