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In no event shall ABB be liable for direct, indirect, special, incidental or consequential damages of any nature
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This document and parts thereof must not be reproduced or copied without written permission from ABB, and
the contents thereof must not be imparted to a third party nor used for any unauthorized purpose.

The software or hardware described in this document is furnished under a license and may be used, copied,
or disclosed only in accordance with the terms of such license.

This product meets the requirements specified in EMC Directive 2014/30/EU.

The crossed—out wheeled bin symbol on the product and accompanying documents means that used
electrical and electronic equipment (WEEE) should not be mixed with general household waste. If
you wish to discard electrical and electronic equipment (EEE), please contact your dealer or supplier
for further information.
Disposing of this product correctly will help save valuable resources and prevent any potential negative effects
on human health and the environment, which could otherwise arise from inappropriate waste handling.
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APPLICATION Adressing

1. APPLICATION

The Coupling Module 87TP50R1210 is used to connect external systems to the PROCONTROL system using the Modbus
protocol. It is intended to control the data exchange between the PROCONTROL station bus and the interface of an
external device.

P14 Station Bus

< )

Service
87TP50 Ethernet CompUter
R1210 |
Modbus
protocol
Modbus
system

Figure 1: 87TP50R1210 System Overview

2. FEATURES

The module can be plugged into any station of PROCONTROL systems using Master Station, FDDI or HSR. It uses a
standard interface with the PROCONTROL station bus. For general module compatibility refer to Product Note
“8VZZ000410T0001 Product Note Module Compatibility Procontrol P14".

The module 87TP50R1210 controls the protocol to the Modbus system and performs the required data conversions.

The module requires redundant +24 V operating voltages USA and USB.
The operating voltages refer to reference conductor Z.

On the module front, indicators signal the following conditions:
e ST Disturbance
SG Module disturbance
SK1 Disturbance of communication with the Procontrol system
SK2 Disturbance of communication with the external system

RUN Active

DKS Data communication with the service computer
DK1 Data communication with the Procontrol system
DK2 Data communication with the external system

LNK Link status, Ethernet connected
ACT Display link and activity status combined

The interface for the connection to the external device is available on the process connector.

On the module, 3 potential-isolated interfaces are provided for serial protocol MODBUS RTU. RS232, RS485, RS422
interfaces are used as a point-to-point connection.

Analog and binary signals are exchanged between the PROCONTROL system and the external system. Format and
assignments of these signals depend on the protocol used.

The module uses a service interface according:

e  Structuring the signal connections between PROCONTROL and external system via signallist,
e Configuration of protocol settings

8VZZ000475T0001 7



Adressing DATA EXCHANGE BETWEEN PROCONTROL AND EXTERNAL SYSTEM

3. DATA EXCHANGE BETWEEN PROCONTROL AND EXTERNAL SYSTEM

A maximum of 5000 signals can be transferred according to the following allocations in both directions:

e 1 upto 15 single binary signals using 1 telegram or
e 1 analog value using 1 telegram

The data formats depend on the protocol used.

According to the allocations defined above, each 87TP50R1210 coupling module can be used to maximally transmit the
following telegrams:

Data telegrams from PROCONTROL to an external system

e 1000 send-location telegrams (reception via address list)
Data telegrams from an external system to PROCONTROL

e 200 send-location telegrams

For increasing the number of data telegrams from the external system to PROCONTROL up to three slots can be
reserved besides the 87TP50R1210 slot. Due to the mechanical design the 87TP50R1210 reserves two slots per default.

4. DESIGN OF THE MODULE

The module essentially consists of:
e  Station bus interface
e  Processing section
e Ethernet and serial interface

5. FUNCTION

After loading the configuration data from the service computer, the module automatically generates the address lists and
the configuration which is necessary to handle the protocol with the external system. Depending on the priority
(master/slave) the module starts transmitting the data or waits for the appropriate protocol calls from the external system.
In accordance with the default PROCONTROL standard protocol, data is transferred in event mode and additionally in
cyclic mode between the 87TP50R1210 module and the PROCONTROL system. Please refer to chapter 6.5 for detailed
information.

According to the Modbus system protocol used, the program performs the required format conversions and marshalling
operations on the 87TP50R1210.

The following converting operations are possible:

e Single-bit marshalling from any bit position in the PROCONTROL telegram to any position in the external-system
data format and vice versa.

e Format-conversions for analog values
Generation of standard telegrams.

5.1 Adressing

The 87TP50R1210 can send up to 800 send-location telegrams under 4 consecutive slot addresses. Using its own slot
address, the module sends 200 send-location telegrams. First transmission as well as subsequent value changes in the
telegrams are transmitted over the PROCONTROL bus per event. Then, transmission will be cyclic.

The PROCONTROL address for the output of send-location telegrams is generated from:

System address: corresponding to the system address of the bus system.
Station address: corresponding to the station address where the 87TP50R1210 is plugged into.
Module address: corresponding to the slot address of the module (also slot address +1...3 possible for putting out
send-location telegrams in the range 200-800; these addresses must not be used by adjacent modules).
e Register address: 0 ... 199; specified by the user.

The PROCONTROL data type is specified by the user.

5.2 Programming

All data required for data transmission, mainly address and marshalling information as well as parameters for the interface
(e.g. type and baud rates) are transferred from the service computer to the module in XML lists using the required format.

Refer to 8VZZ000480T0001 Procontrol P14 User Manual Modbus Configuration Tool for detailed description.

8 8VZZ000475T0001



FUNCTION Settings

5.3 Settings

The module must be configured with the options switch S1 for operation within a HSR system, FDDI system or a Master
Station system in order to support the corresponding remote bus protocol.

Options switch S1:

No. Position Meaning
1 OFF Not used
2 OFF Not used
3 OFF Not used
4 OFF Not used
5 OFF Not used
6 OFF Not used
7 OFF (Default) HSR or FDDI remote bus protocol
ON (Default)
Master Station remote bus protocol
8 OFF Not used

In transmission mode RTU, the usage of the RS485 interface requires a bus termination, whereas the usage of RS232
or RS422 interface don't allow a bus termination.

The termination is enabled/disabled by the jumpers X134, X135, X136 and X137.

All jumpers must always be set to the same position!

Jumpers X134 — X137:

Jumper Position Meaning
1-2 bus temination is enabled
2 — 3 (Default) bus temination is disabled

8VZZ000475T0001 9
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MODBUS PROTOCOL

6. MODBUS PROTOCOL

6.1 Protocols

The following protocols are implemented:

e MODBUS RTU
e MODBUS TCP

6.2 Mode of operation

6.2.1 Function

MODBUS protocol is implemented on 87TP50R1210 with prioritiy Master and Slave.

Master mode

In master mode the device exchanges data with the slave via point-to-point connection. The 87TP50R1210 controls the
data exchange with the external system.

Maximum 5 slaves are supported using RTU mode with RS485 or TCP mode with Ethernet,

RTU mode with RS422 and RS232 will support only one slave.

Slave mode
In slave mode the device exchanges data with a master via point-to-point connection. The external system controls the
data exchange with the 87TP50R1210.

6.2.2 Protocol Control

The MODBUS protocol is an order-based protocol. The protocol control always follows orders/instructions from the master
to the slave. The slave responds to the orders with appropriate answers/data and executes the instructions. The slave
does not send by itself.

6.2.3 Data exchange

The 87TP50R1210 is only used for the process data exchange between the PROCONTROL control system and an
external system. (Data level)

Therefore it can not transmit, display and/or change hard-coded values, structures or programs in both directions.
(System level)

The 87TP50R1210 only uses the programmed addresses, data and structures. Optional accesses outside the range from
the 87TP50R1210 to the external system or from the external system to the 87TP50R1210 are not allowed.

Direct access from operate, display, diagnostic, programming or documentation systems are not supported.

6.2.4 Transmission mode

The 87TP50R1210 can operate with both possible transmission settings, TCP or RTU.

TCP Transmission Control Protocol
Transmission in TCP/IP packages

RTU Remote Terminal Unit
Transmission in HEX-format

The settings for the character format, checksum and record format are described in the ‘Refernce Guide’ (refer to
http://www.modbus.org/tech.php).

6.2.5 Telegram format

10

The general protocol sequence provides the master sending an order telegram to the slave. The slave executes the order
and responds with the appropriate data.

For the detailed structure and the assignment of the individual bytes in the telegrams refer to the ‘Reference Guide’ (refer

to http://www.modbus.org/tech.php). With Modbus TCP all telegrams are automatically packed into TCP/IP frames on the
device.

8VZZ000475T0001



MODBUS PROTOCOL Protocol sequence

Basic telegram structure:

- Address Slave address
- Function code Order

- Data Data field *)

- Error check Checksum

*) At the beginning the data field can contain address and length information of the transmitted data field.

6.3 Protocol sequence

The MODBUS-protocol specifies several requests and instructions, so-called function codes, for the control of the protocol
sequence by the master and the data exchange. The slave responds with data or with one of the defined response codes,
the so-called exception response codes.

The 87TP50R1210 operates with the following settings:

Priority Master
Slave

Mode RTU
TCP

The master is not using any diagnostic functions. When using diagnostic function code 08 the call data record is returned
mirrored.

The following described instructions and responses are part of the 87TP50R1210. The functional scope in the connected
external system are manufacturer-specific and not part of this description. It can deviate from the functional scope of the
87TP50R1210.

6.3.1 Function codes

The 87TP50R1210 can execute the following orders passive or active in each function.

Function code Description Meaning

01 read coil status read single value output
02 read input status read single value input

03 read holding registers read register output

04 read input registers read register input

08* loopback diagnostic test diagnosis loop test

15 force multiple coils write multiple single values
16 force multiple registers write mutliple registers

Only the function codes listed above are implemented on 87TP50R1210!

*At function code 08 the call data record is returned mirrored.

The write and read functions are necessary for the process data exchange between the 87TP50R1210 and the external
system. They are executed automatically in the protocol sequence.

6.3.2 Execption responses

The 87TP50R1210 can create or process the following response codes in each function.

Response code Description Meaning

01 illegal function not allowed action
02 illegal data address false data address
03 illegal data value false data value

All other response codes are not supported!

8VZZ000475T0001
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Protocol sequence MODBUS PROTOCOL

6.3.3 Transmission sequence

12

Several operating modes can be passed during data transmission. The autostart behavior of the 87TP50R1210 ensures
the new set up of data transmission after a connection failure.

INITIALIZATION

After power ON or after loss of connection the program of the 87TP50R1210 runs through the initialization. Settings for
the protocol are loaded from the programmed configuration list and work files for the data implementation are applied.
The address list is generated and the protocol for the telegram receiving is started. Errors occuring during the creation of
the assignment and work files are displayed via the LEDs on the front panel of the device.

Then all programmed data are read from the external system, checked to formal correctness and integrity and saved on
the internal memory. Errors occurring during this process are displayed via the LEDs on the front panel of the device.

After the current data from both systems are available they are released for sending to the partner system. All latest data
are transmitted.

The duration of the initialization depends on the number of number of the signals, which needs to be transmitted to the
Modbus system. Approximately 1 minute can be assumed.

OPERATION
After the first complete transmission the device switches to the operate mode.

All programmed data from the external system are read cyclically via the MODBUS-protocol and checked for changes
through old/new value comparison. Changed data are transmitted to the PROCONTROL-system for event transmission.

All telegrams from the PROCONTROL-system are checked for changes through old/new value comparison. Changed
data are transmitted to the external system or hold for transmission, depending on the configuration.

MONITORING
All data are checked for correctness and integrity. The LEDs on the front panel of the device display recognized errors.

Monitoring of transmission

All transmitted data sets are secured with a parity bit and CRC (cyclical redundancy check) checksum.

The received data set is checked. Faulty data sets are rejected and requested again. After 3 (default value) unsuccessful
requests an error message OCcCurs.

The continuous process of the protocol is monitored with different times:

e  Character Supervision Time (only for Modbus RTU)
The monitoring time between two received characters is managed by hardware. After this time the next
characters are considered as a new telegram, independent from the last transmission.

e Response Supervision Time
The monitoring time between order and response at the master is configurable.
The default setting is 2500 ms. After this time the order is repeated.

e Retry Count
The maximum number of repeats is configurable.
The default setting is 3. If no correct transmission is achieved an error message occurs.

Drain monitoring
A separate drain monitoring checks all data to be received from both systems. If the monitoring responds, an error will be
displayed via the LEDs on the front panel.

Reaction in case of disturbance
All transmitted data are checked for errors. Incorrect data are not processed from the 87TP50R1210. The LEDs on the
front panel of the device display recognized errors.

In case of transmission errors the 87TP50R1210 tries to get a correct transmission by repetition (default = 3 times). If one
of the actions cannot be executed correctly, the next action of the protocol sequence is executed. The result is an error
message via LEDs.

PROCONTROL to external system

Disturbed received and marked telegrams (fault bit) are not processed. The old value is transmitted to the external
system. An error message follows.

8VZZ000475T0001



TYPE AND STRUCTURE OF DATA RECORDS Protocol sequence

External system to PROCONTROL
Distrubed received data from the external system are not processed. The old value is transmitted to the
PROCONTROL-system with fault bit. An error meassage follows.

7. TYPE AND STRUCTURE OF DATA RECORDS

The MODBUS-protocol provides the following data formats. They all can be created and processed from the
87TP50R1210.
Procontrol P14 data types 25 and 26 are not supported by 87TP50R1210. All other P14 data types are supported.

7.1.1 Binary values

The binary value in the MODBUS-system can be a single binary value or a binary value within a 16-bit register.

SINGLE BINARY VALUE
MODBUS-indication: LOGIC
Value: 0, 1 B (Binary)

Single binary values of one system can be marshalled on the 87TP50R1210 from any bit position in one system to any
bit position of the other system.

Marshalling in standard feedback telegrams to the PROCONTROL system is also possible. For this purpose, data types
DA =19, 20, 21, 22, 23, 24 are available in the PROCONTROL system.

15 single binary values from the external system can be grouped and transmitted within the PROCONTROL system using
data type DA=1 (bit position 1-15). Bit position=0 is used for the disturbance bit (SB).

Single binary values from the PROCONTROL system can be transmitted as single values or grouped in one register to
the external system.

BINARY REGISTER
MODBUS-indication: REG16
Value 0000 H — FFFF H (Hexadecimal)

Binary registers from the external system will be transmitted in unchanged condition in the PROCONTROL system using
data type DA=0 (bit position 0-15). With this data type, there is no disturbance bit (SB) on bit position=0. Bit 0 also includes
a process signal.

Attention: If values from these registers are connected to the Process Operator Station (POS), there will be a fault flag for
the measuring circuit at bit 0= 1. For signals directed to the POS, bit position 0 must therefore not be used for process
data.

Binary registers from the PROCONTROL system are transmitted in unchanged condition (bit position 0-15) to the exter-
nal system.

7.1.2 Analog values

DATA TYPE INT16
MODBUS-indication: INT16
Value: -32767 < 0 < +32767 D (Decimal)

In the PROCONTROLSsystem, data type INT16 corresponds to an analog value of data type DA=5 within value range
-100% <0%-< +100 %, or a counter reading of 0 - +32767, represented in the form of data type DA=29. In the case of
analog values of DA=5 (without disturbance) smaller than -6.25 %, the 87TP50 will set the disturbance bit (SB) in the
PROCONTROL telegram.

PROCONTROL telegrams of DA=5 or counter readings of DA=4, DA=29, can be converted into MODBUS format INT16.

DATA TYPE UINT16
MODBUS-indication: UINT16
Value: 0 < +65535 D (Decimal)

In the PROCONTROL system, MODBUS data type UINT16 corresponds to an analog value of data type DA=5 within a
value range of 0%< +100 %, or a counter reading of 0 < +65535, represented in the form of data type DA=29.
PROCONTROL telegrams of DA=5 or counter readings of DA=4, DA=29, can be converted into MODBUS format UINT16.
In the case of overflow of DA=4, the highest value will be transmitted together with a disturbance bit.

Gain and offset are taken into consideration. In the case of range violations, the highest/lowest value will be transmitted
together with a disturbance bit.

8VZZ000475T0001 13
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CONFIGURATION WITH THE ABB MODBUS CONFIGURATION TOOL

8. CONFIGURATION WITH THE ABB MODBUS CONFIGURATION TOOL

The following specifications needs to be done during the configuration of the interface. They can be taken from the Modbus

system application description and signallist.

All configurations are done in the Modbus Configuration Tool and transferred with the configuration list to the

87TP50R1210.

See 8VZZ000480T0001 Procontrol P14 User Manual Modbus Configuration Tool for details.

8.1.1 General Settings

These entries are necessary for the configuration of the MODBUS-interface. All can be set with a default value.
Adaptations needs to be done in planning, if the external system interface deviates from the default.

Meaning Default setting
Module Type: 87TP50R1210
Module Address: X, XXX, XX

Module Location: NNCCCNN CCNNN
Protocol Type: -

Address Expansion: 0

Analog Supression: 10000 (=10 s)
Analog Treshold: 68

8.1.2 Modbus RTU

Meaning Default setting
Priority: M
Transmission rate: 9600
Interface Type: RS232
Character format

Start bit: 1

Data bit: 8

Parity bit: even

Stop bit: 1

Possible input Unit/Step

Fixed

System, Station, Device
KKS, AKS

MODRTU, MODTCP
0-3

0-10000 1ms
1-68 0,1% Step=1

Possible input

M (Master), Sxxx (Slave, xxx = Slave address)
1200, 2400, 4800, 9600, 19200, 38400, 57600,
115200

RS232, RS422, RS485

even, odd, none
1, 2(only if parity is none)

The following specifications may only be changed during commissioning for optimization.

Meaning Default setting
Retry Count: 3

Request delay: 0 (=0ms)
Character supervision time: 20 (=20 ms)
Response supervision time: 2500 (= 2500 ms)
Read Cycle Interval: 0 (= Event Mode)
Write Cycle Interval: 1(=15s)

8.1.3 Modbus TCP

14

Meaning Default setting
Priority: M
Interface Type: Ethernet

Allocation of Slave-Address to IP-Address

Slave Address: XXX
IP-Address: XXX XXX XXX XXX

Possible input Unit/Step
0-9 1

0-2550 1ms
0-2550 1ms
0-25500 1ms
1-8; 0; 10 1s

0 means Event Mode
10 means Toggle Mode (Read cycle / Write cycle)
0-8 1ls

Possible input

M (Master), Sxxx (Slave, xxx = Slave address)
Fixed

1-254

The following specifications may only be changed during commissioning for optimization.

8VZZ000475T0001



CONFIGURATION WITH THE ABB MODBUS CONFIGURATION TOOL

Meaning

Retry Count:

Request delay:

Response supervision time:
Read Cycle Interval:

Write Cycle Interval:

8.1.4 Settings for signal mapping

Meaning

Signal Type:
Signal Designation Code:
Signal Designation Code 2:
Signal Definition:
Signal status:
P-Address
P14 System address:
P14 Station address:
P14 Device address:
P-Register:
P-Bit:
P-DA (P14 Data type):
P-MD (P14 Measurement Range):

F-Slave Address
Function Code:
Modbus Register:

F-Signaladdress:

F-Bit:

Default setting

3

0 (=0ms)

2500 (= 2500 ms)
0 (= Event Mode)

2(=25s)

F-Signaltype (Modbus system Signal Type):

Signal 0%:
Signal 100%:

Examples for MODBUS-addresses:

Protocol sequence

Possible input unit/step
0-9 1
0-2550 1ms
0-25500 1ms
1-8; 0; 10 1s

0 means Event Mode
10 means Toggle Mode (Read cycle / Write cycle)
0-8 1ls

Possible input

EG, AG (AG = output, EG = input)
KKS, AKS

Additional KKS

Textual description of the signal
Textual description of the signal status
System, Station,Device

...249
.58
...199
...15
...28
.3

coo0OoORrRFRO

Function Code + Modbus register
HC, IC, HR, IR

0-9999

1-254

LOGIC, REG16, UINT16, INT16
-32767...32767
-32767...32767

The Modbus address consist of the Function code which is represented by the nomenclature as described in the following
table and the Modbus address (without offset).

Modbus Function | Function Code | Meaning Description Modbus Signal Type

Code

01 HC read single value output read coil status LOGIC

02 IC read single value input read input status LOGIC

03 HR read register output read holding registers | REG16, INT16

04 IR read register input read input registers REG16, INT16

15 HC write multiple single values | force multiple coils LOGIC

16 HR write mutliple registers force multiple registers | REG16, INT16
HRO019 : Read register 0019
HC0001 : Write coil 0001

Examples for Signal 0% and Signal 100%:

In the P14 system all values are represented in %. Therefore a conversion of an integer value, which is per definition for
a signed integer (INT16) a value between -32768 and 32767, is always mandatory.

Per default 0% in P14 systems corresponds to an integer value of 0.
100% in P14 systems corresponds to an integer value of 32767.

Itis also possible to define other ranges e.g. 0% to 200%. This can be done with the following configuration in the signallist:

Signal 0% =0
Signal 100% = 16384

If an integer value of 32767 is received from Modbus it will be interpreted as 200% in the P14 system.

8VZZ000475T0001
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Protocol sequence

87TP50 (Slave)

«—— Modbus——»| 87TP50 (Master)

P14-Address e.g.: 1,19,21 P14-Address e.g.: 1,120,51
3
i i Write i i
1,19,21,16, 1 acxxxx «———]  Holding Register | _ Holding Register  |¢ oy 1,101,38,16, 1 S
Function Code: 06 /16 HR W
Data type: 16-bit WORD Data type: 16-bit WORD M
Read
1, 93,10, 30,1 EG E— . » . ——-> AG 1,120,51, 7,1 Q
o Read / Write Function Code: 03 HR Read / Write XXX m
40X XXX Z
. . >
Input Register Input Register 8]
Data type: 16-bit WORD Data type: 16-bit WORD
Read
1, 40,50, 4,1 EGXXXX — - > ————» AGXXXX 1,120,51, 7,1
Read only Function Code: 04 IR Read only
30xxxX
Address-
Offset
20XxxX
Input Status Input Status
(Input Coil) (Input Coil)
Data type: 1-bit Read Data type: 1-bit
1,19,20, 0,1 EGXXXX —— - » ————» AGXXXX 1,120,51, 40, 8
Function Code: 02 IC
Read only Read only
- 10xxxxX
Coil Status Wiite Coil Status
1,19,21, 27, 4 AGXXXX t——] i i < T i i [——— EGXxXXx 1,106, 8, 27, 4
(Holding Coil) Function Code: 05 /15 HC (Holding Coil)
Data type: 1-bit Read Data type: 1-bit
1, 35,40, 5,8 EGXXXX — Function Code- 01 _HGC » ————» AGXXXX 1,120,51, 3,6
Read / Write unction Lode: Read / Write
_ 00xxxX _ _
Modbus EG/AG,z.B. F-Signaladdress F-Signaltype EG/AG, e.g. P-Address
Configuration [T E.g.: EG0003 P-Register
Tool AEos _.__%%%mm% H_|_\/| LOGIC aforbinary values (single bit) Aelns [PHE
A_/\_O._.V Input (EG = input) and output (AG = output) always refers to the view of the external system. => P-DA/ P-MB

An input defines a signal from the Procontrol system to the external system (to Modbus). => An
output defines a signal from the external system (Modbus) to the Procontrol syste m.

IR0058 REG16 aforbinary values
HR0058 INT16 aforanalog values

Function Code Meaning Description
[ read coi status Readsingle value output
02 read input status Readsingle value input
03 read holding registers Read register output

04 read input register Read register input

05+ write single coil Wiite single value output
06* write single register Wiite register

08* loopback diagnostic test Diagnosis loop test

15 wite multiple coils

16 write multiple registers Wiite multiple registers

Data access
1-bit
1-bit

16-bit

16-bit
1-bit

16-bit

1-bit
16-bit

* Function codes 05 and 06 are not supported by 87TP50R1210. With function code 08 the call data record is returned mirrored.
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INTERFACES

9.
9.1

9.2

INTERFACES

Interface for the Modbus system

TCP/IP-Interface is available on the front-side of the module on connector X1.

Interface for the Modbus system

The three possible RTU interfaces according to RS232, RS422 and RS485 are available on connector X21.
However, only one type of interface with the Modbus system can be used at the same time.

Please consider to connect signal transmit data link (TXD) with signal receive data link (RXD) and vice versa.

INTERFACE ACCORDING TO RS232 (STANDARD)

Signal Meaning

RXD Receive data

TXD Transmit data

SGND Signal ground

Screen Connection for cable screen

INTERFACE ACCORDING TO RS422 (STANDARD)

Signal Meaning

RXD+ Receive data
RXD- Receive data
TXD+ Transmit data
TXD- Transmit data
SGND Signal ground

INTERFACE ACCORDING TO RS485 (STANDARD)

Signal Meaning

RXD/TXD-A Receive data
RXD/TXD-B Transmit data
SGND Signal ground

Interface for the service computer

The service computer is connected to 87TP50R1210 via connector X2 on the front-side of the module.

8VZZ000475T0001
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Interface for the service computer INTERFACES

10. DIAGNOSIS AND ANNUNCIATION FUNCTIONS

10.1 Disturbance annunciations on the module

Defects of the module or of the interfaces are recognized and indicated by the diagnostic functions of the module.
On the module front, several LEDs are located for indicating disturbances and operating states.
Disturbance annunciations (red)

ST All disturbances of the module and disturbances in the data communication with the module.

SG Module disturbance, activated in case of internal module disturbances

SK1 Disturbance of communication 1, activated in case of disturbed data exchange with the Procontrol system
SK2 Disturbance of communication 2, activated in case of disturbed data exchange with the external system

Status annunciations (green)

RUN  Running signal, activated in steady light, when the processor is operating.
Flashing, when the module is ready and waiting for an Ethernet connect or a valid configuration list is
missing.

DKS Data communication with service computer, activated when data transfer is taking place on the interface
to the service computer

DK1 Data communication 1, activated when any data exchange with the Procontrol system is taking place

DK2 Data communication 2, activated when any data exchange with the external system is taking place

LNK The green LED is on if the Ethernet is connected (Link).

ACT The yellow LED is asserted (solid ON) when the link is up.
Receive or activity causes the LED to blink regardless of the link status (Activity combined with Link).

Diagnosis- and Status- Information stored on the module can be read out using PDDS by selecting operation mode
Diagnosis and entering commands RRE, RDI and RST.

10.2 Disturbance messages to the annunciation system

The annunciation system and the Control Diagnosis System CDS receives the disturbance messages from the module
via the Procontrol remote bus.

Diagnosis
In the processing section of the module the received telegrams, the generation of the telegrams to be transmitted and the
internal signal processing are monitored for errors (self-diagnosis).

If a disturbance occurs, the type of the disturbance is stored in the diagnosis register 246 and a disturbance signal is
transmitted to the PROCONTROL system at the same time.

When requested, the module transmits a telegram which contains the data stored in the diagnosis register (register 246).
The contents of the diagnosis register, the signals on the general disturbance lines, the messages on the CDS, and lamps
ST and SG are shown below.

If message "Processing fault” is indicated in the diagnosis register, this may be due to one of the following reasons:
- No valid configuration list.

- Mismatch Procontrol module address - Configured module address

- Internal module voltages disturbed.

- Hardware fault on the module.

For detailed information regarding diagnosis message “Processing fault” background register 227 is to be evaluated.

18 8VZZ000475T0001



INTERFACES

Diagnosis messages of 87TP50R1210, register 246

Interface for the service computer

Module operating

Diagnosis-
register 246
Bit | Typ
15 | 0
14 | 0
13 | s
12 | S
11 | 0
10 | S
9 D
8 S
7 S
6 S
5 0
4 S
3 S
2 S
1 0
0 0

CDS - messages *)

Processing fault

6601

Checksum error detected

6602

Timer defective

6604

Module restart executed

6605

Bus deactivation defective

6606

Receive section fault
Temperature supervision responded

6607

6608

Receive monitoring responded

6610

Bus coupling fault

6611

Event mode fault

Module not operating

Initialization of processing active ——
Telegramm processing
not active

Firmware invalid or missing
Hardware defect of processing section

6612

Module not accessible from bus

Init. of bus interface active
Module address invalid
Module transmitter OFF

No station address received
Hardware defect of bus interface

D = Dynamic annunciations are cancelled after the contents of the diagnosis register has been transmitted
S = Static annunciations disappear automatically upon deactivation
0 = Not used

*) The Control Diagnosis System (CDS) provides a description for every message number. This description comprises:
e Information on cause and effect of the disturbance
e Recommendations for elimination.

Thus, fast disturbance elimination is ensured.

8VZZ000475T0001
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Interface for the service computer

Any dectected disturbance of the Procontrol system sets the LED SK1 On.

Background register 204

EG number of missed P14-signal

If several EG numbers are missed, the last recognized EG number is displayed.

Bit | diagnosis information

%g EG number missed (dec)

Background register 206

Bit Status information

%g Processing status, Disturbed: 06 ; Active: 09

Background register 210

Bit Status information

%85 Typcode (fix) of the module: 7B hex

7-0 | Firmware Version (hex)

Background register 224

Bit | status information

%g IP address High configured (hex)

Background register 225

Bit Status information

%g IP address Low configured (hex)

8VZZ000475T0001
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INTERFACES Interface for the service computer

Background register 227 Detailed diagnosis for "processing fault” (register 246/bit 13)
Detailed diagnosis for "bus coupling fault” (register 246/bit 3)

Bit | Diagnosis information (register 246/bit 3)
15 | Notused
14 | Ethernet link disturbed

13 | Configuration list not loaded

12 | Configuration list checksum error

11 | Notused
10 | Notused
9 Not used
8 Not used

Bit | Diagnosis information (register 246/bit 13)

Not used

Not used

Data exchange with the Modbus system is disturbed

Data exchange with the Procontrol system is disturbed (Receive monitoring responded)

Not used

No connection to Modbus: no response from any slave / no query from a master

Not used

O|lrRr[(NMNW|IAM|OO|O | N

Mismatch Procontrol module address - Configured module address

8VZZ000475T0001 21



External system diagnosis INTERFACES

10.3 External system diagnosis

22

Any dectected disturbance of the external system sets the LED SK2 On.
The LED SK2 will be set Off after three Modbus polling cycles without any disturbance.

Modbus errors detected by the protocol stack as well as the current status of each configured slave connection are stored
in following background registers.

Background register 205

Bit | diagnosis information

15
-0

Current Modbus poll cycle time in sec (range 0.00 — 99.99)

Background register 211

AG number of missed Modbus signal:
If several AG numbers are missed, the last recognized AG number is displayed.

Bit | diagnosis information

15
-0

AG number missed (dec)

Background register 229
Bits 1 to 10 are valid in Master configuration only: 0:slave is not planned 1: slave is planned.

Bit Status information

15 | Notused
14 | Notused
13 | Notused
12 | Notused
11 | Notused
10 | Slave 10 planning status

Slave 09 planning status

Slave 08 planning status

Slave 07 planning status

Slave 06 planning status

Slave 05 planning status

Slave 04 planning status

Slave 03 planning status

Slave 02 planning status

Slave 01 planning status

OR[N WIAO|O|(N|[00]|©

Modbus Configuration; 0O=Slave, 1=Master
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INTERFACES External system diagnosis

Background register 235
Bits 1 to 10 are valid in Master configuration only: 0:slave is inactive 1: slave is active.

In the case of three/four configured module addresses of 87TP50R1210, the next one/two module slots on the right side
of the module must not be used.

Bit Status information

15 | Notused

14

13 Count of engineered module addresses (max. 4 supported) of 87TP50,
indicated in Hex format

12

11 | Notused

10 | Slave 10 connection status

Slave 09 connection status

Slave 08 connection status

Slave 07 connection status

Slave 06 connection status

Slave 05 connection status

Slave 04 connection status

Slave 03 connection status

Slave 02 connection status

Slave 01 connection status

O|lrRr (N W|AMA O[O |N|0|©

Master / Slave configuration, 0: Modbus slave, 1:Modbus master

The most important errors detected by the Modbus protocol stack are available in three Modbus error counters, which are
stored in background registers 237 to 239.

Background register 237

Bit | diagnosis information

15
-0

Modbus exception code counter 1: Invalid Function Type

Background register 238

Bit | diagnosis information

15
-0

Modbus exception code counter 2: Invalid Data

Background register 239

Bit | diagnosis information

15
-0

Modbus exception code counter 3: Invalid Address

8VZZ000475T0001 23



External system diagnosis FUNCTION DIAGRAM

11. FUNCTION DIAGRAM

The module is equipped with the connectors X1, X2, X11 and X21.

X2 is the Ethernet interface to service PC,

X1 is the Ethernet interface for Modbus TCP/IP,

X21 contains all interfaces for Modbus RTU,

X11 incorporates the standard interface with the station bus and the operating voltages of the module.
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| |
| |
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I g |
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C -
I _% & X1 i RJ-45 sockeé
E © |
s | o bo4 >
g | g ) b06 | TXD 2
9 kS - b10 ; SGND =
| Q 3 l S
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| 0 E 8| | 20| sonp 5
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| X11 X137 [0=0 O] |

* For proper module function, connector X11/d18 has to be connected to ZD (once per subrack).
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12. MODULE DESIGN

Module size (HXWxL): 261mm x 40mm x 198mm (2 division)

Connector:

Weight:

View of connector side:

Contact assignments of process connector X21

according to DIN 41 612

1x
1x

0,408 kg

External system diagnosis

for station bus connection, 48 pole edge connector, type F (connector X11)
for process connection, 32 pole edge connector, type F (connector X21)

b z
02
04 RxD
06 T™xD RXD/TXD-A
08
10 SGND SGND
12
14
16 RXD/TXD-B
18
20 SGND
22
24 XD+
26 TxD-
28 SGND
30 RxD+
32 RxD-
8VZZ000475T0001
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External system diagnosis

View of module side and module front
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SYSTEM DATA

13. SYSTEM DATA

Power supply

Kind of influence | Environmental Parameter

| standard

| Characteristic/Value

Operating conditions

Climatic environment | Ambient temperature

IEC/EN 60068-2-2

0°C to +70°C, 16h

Relative humidity

IEC/EN 60068-2-78

5% to 95% RH

Atmospheric pressure

IEC/EN 60068-1

86 kPa to 106 kPa

Electromagnetic
compatibility (EMC)

Electrostatic discharge immunity

IEC/EN 61000-4-2
Class 3
Class 3

Air discharge 8 kV
Contact discharge 6 kV

Radiated, radio-frequency,
electromagnetic field immunity

IEC/EN 61000-4-3
Class 3

80 MHz to 6000 MHz,
10 VIim, 80 % AM (1

e Signal lines (/O and bus lines)

kHz)
Electrical fast transient/burst IEC/EN 61000-4-4 5/50 ns
immunity Class 3
e Supply lines for DC 24 V 4 kv
e Signal lines (/0 and bus lines) 2 kv
Surge immunity IEC/EN 61000-4-5 1.2/50 ns
e  Supply lines for DC 24 V Class 1/1 0.5/0.5 kV
Class 3 2 kv

Immunity to conducted
disturbances, induced by radio-
frequency fields

IEC/EN 61000-4-6
Class 3

0.15 MHz to 80 MHz,
10V, 80% AM (1 kHz),
Source impedance 150
Q

Radiated emission

CISPR16 / EN 55016
Class A

30 MHz to 6000 MHz,
Limit Class A, group 1

Immunity to conducted, common
mode disturbances in the frequency
range 0 Hz to 150 kHz

IEC/EN 61000-4-16

e Signal lines (/O and bus lines)

e Supply lines for DC 24 V 10/100V

e Signal lines (/O and bus lines) 10/100V
Ripple on d.c. input power port IEC/EN 61000-4-17
immunity

e Supply lines for DC 24 V 10 %
Damped oscillatory wave immunity IEC/EN 61000-4-18

e Supply lines for DC 24 V 1 MHz, 10 MHz

1kV CM, 0.5kV DM

Voltage dips, short interruptions and
voltage variations on d.c. input power
port immunity

e  Supply lines for DC 24 V

IEC/EN 61000-4-29

Requirements fulfilled
through redundant
power supply

Conditions of storage and transport

Climatic environment | Ambient temperature

IEC/EN 60068-2-2

-40°C to +85°C, 16h

Relative humidity

IEC/EN 60068-2-30

5% to 100% RH
+25°C to 40°C (6 cycles)

Atmospheric pressure

IEC/EN 60068-1

70 kPa to 106 kPa

14. TECHNICAL DATA

14.1 Power supply

Operating voltage USA/USB
Current consumption
Power dissipation

14.2 Interfaces

14.2.1 Modbus system

Type
Baud rate
Maximum distance

Cable type

8VZZ000475T0001

typ. 24V, 19,5 ... 30V
approx. 160 mA
4w

RS232

2400 ... 19200 baud
15m
RD-Y(ST)Y-4x2x0,22
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Interfaces

Type

Baud rate
Maximum distance
Cable type

Type

Baud rate
Maximum distance

Number of signals / number of P14 data telegrams

PROCONTROL system to EXTERNAL system:
EXTERNAL system to PROCONTROL system:

Data throughput between an 87TP50R1210 and
an external system

Performance

Number of telegrams per second
Serial interface with 9600 Baud
Serial interface with 115200 Baud

Ethernet interface with 100 Mbps

14.2.2 Service Computer

Type
Baud rate
Maximum distance

ORDERING DATA

RS422, RS485

9600 ... 115200 baud
200 m
RD-Y/(ST)Y-4x2x0,22

TCP/IP
100Mbps
100 m

max. 5000 signals out of 1000 P14 telegrams

max. 5000 signals in 800 P14 telegrams,
max. 1000 signals per Modbus slave

The transmission time between the 87TP50R1210 and the
external system depends on the signal quantities, the
protocol and the response of the external system. Details are
given in the application descriptions of the protocols
concerned.

200 telegrams/s = 200 analog signals or 3000 binary signals
800 telegrams/s (restricted by max. number of P14 data
telegrams) = 800 analog signals or 12000 binary signals
800 telegrams/s (restricted by max. number of P14 data
telegrams) = 800 analog signals or 12000 binary signals

RJ45 100 Base-T Ethernet
100Mbps
100 m

14.2.3 Interference Immunity (of the Process Inputs and Outputs)

The product is in conformity with the provisions of the following European Directive:

2014/30/EC Directive of the European Parliament and of the Council of
26. Februar 2014 on the harmonization of the laws of member
States relating to electromagnetic compatibility (EMC Directive)

Conformity to the stated Directive is assured through the application of the following harmonized standards:

EN 61000-6-4: 2007/A1:2011 Emission standard for industrial environments
EN 61000-6-2: 2005/AC:2005 Immunity for industrial environments
EN 61000-6-5: 2015 Immunity for equipment used in power station and substation environment

See 2VAA002182R0601_CE-Conformity-P14.pdf for detailed technical data.

15. ORDERING DATA

28

Order number for complete module:

Type designation: 87TP50R1210

Technical data are subject to change without notice!

Order number: GKWE860700R1210
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THIRD PARTY SOFTWARE COMPONENTS AND LICENSES The GNU General Public License (GPL-2.0)

16. THIRD PARTY SOFTWARE COMPONENTS AND LICENSES

This document contains Third Party Software Notices and/or Additional Terms and Conditions for licensed third party
software components included within ABB software embedded in the product PROCONTROL 87TP50R1210.

These notices and/or additional terms and conditions are made a part of and incorporated by reference into the ABB
Software License Agreement for PROCONTROL 87TP50R1210.

Listing of used open source software components and applicable license:

» |PTables-1.4.20-0 — GNU General Public Licence (GPL-2.0)
» U-Boot-1.3.4 — GNU General Public Licence (GPL-2.0)
» libexpat 2.1.0 — MIT License

» ConsolCommon.dll — Microsoft Public License

» GCC4.23 — GNU General Public Licence (GPL-2.0)
» GNUsed4.2.1 — GNU General Public Licence (GPL-2.0)
» GNU Toolchain 4.2 — GNU General Public Licence (GPL-2.0)

16.1 The GNU General Public License (GPL-2.0)

Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your freedom to share and change it. By contrast, the GNU
General Public License is intended to guarantee your freedom to share and change free software--to make sure the
software is free for all its users. This General Public License applies to most of the Free Software Foundation's software
and to any other program whose authors commit to using it. (Some other Free Software Foundation software is covered
by the GNU Library General Public License instead.) You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses are designed to
make sure that you have the freedom to distribute copies of free software (and charge for this service if you wish), that
you receive source code or can get it if you want it, that you can change the software or use pieces of it in new free
programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or to ask you to surrender
the rights. These restrictions translate to certain responsibilities for you if you distribute copies of the software, or if you
modify it.

For example, if you distribute copies of such a program, whether gratis or for a fee, you must give the recipients all the
rights that you have. You must make sure that they, too, receive or can get the source code. And you must show them
these terms so they know their rights.

We protect your rights with two steps: (1) copyright the software, and (2) offer you this license which gives you legal
permission to copy, distribute and/or modify the software.

Also, for each author's protection and ours, we want to make certain that everyone understands that there is no warranty
for this free software. If the software is modified by someone else and passed on, we want its recipients to know that what
they have is not the original, so that any problems introduced by others will not reflect on the original authors' reputations.
Finally, any free program is threatened constantly by software patents. We wish to avoid the danger that redistributors of
a free program will individually obtain patent licenses, in effect making the program proprietary. To prevent this, we have
made it clear that any patent must be licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

0. This License applies to any program or other work which contains a notice placed by the copyright holder saying it may
be distributed under the terms of this General Public License. The "Program", below, refers to any such program or work,
and a "work based on the Program" means either the Program or any derivative work under copyright law: that is to say,
a work containing the Program or a portion of it, either verbatim or with modifications and/or translated into another
language. (Hereinafter, translation is included without limitation in the term "modification”.) Each licensee is addressed as
"you".

Activities other than copying, distribution and modification are not covered by this License; they are outside its scope. The
act of running the Program is not restricted, and the output from the Program is covered only if its contents constitute a
work based on the Program (independent of having been made by running the Program). Whether that is true depends
on what the Program does.

1. You may copy and distribute verbatim copies of the Program's source code as you receive it, in any medium, provided
that you conspicuously and appropriately publish on each copy an appropriate copyright notice and disclaimer of warranty;
keep intact all the notices that refer to this License and to the absence of any warranty; and give any other recipients of
the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your option offer warranty protection in
exchange for a fee.
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2. You may modify your copy or copies of the Program or any portion of it, thus forming a work based on the Program,
and copy and distribute such modifications or work under the terms of Section 1 above, provided that you also meet all
of these conditions:
a) You must cause the modified files to carry prominent notices stating that you changed the files and the date of any
change.
b) You must cause any work that you distribute or publish, that in whole or in part contains or is derived from the Program
or any part thereof, to be licensed as a whole at no charge to all third parties under the terms of this License.
c) If the modified program normally reads commands interactively when run, you must cause it, when started running for
such interactive use in the most ordinary way, to print or display an announcement including an appropriate copyright
notice and a notice that there is no warranty (or else, saying that you provide a warranty) and that users may redistribute
the program under these conditions, and telling the user how to view a copy of this License. (Exception: if the Program
itself is interactive but does not normally print such an announcement, your work based on the Program is not required to
print an announcement.)
These requirements apply to the modified work as a whole. If identifiable sections of that work are not derived from the
Program, and can be reasonably considered independent and separate works in themselves, then this License, and its
terms, do not apply to those sections when you distribute them as separate works. But when you distribute the same
sections as part of a whole which is a work based on the Program, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the entire whole, and thus to each and every part regardless
of who wrote it.
Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely by you; rather, the
intent is to exercise the right to control the distribution of derivative or collective works based on the Program.
In addition, mere aggregation of another work not based on the Program with the Program (or with a work based on the
Program) on a volume of a storage or distribution medium does not bring the other work under the scope of this License.
3. You may copy and distribute the Program (or a work based on it, under Section 2) in object code or executable form
under the terms of Sections 1 and 2 above provided that you also do one of the following:
a) Accompany it with the complete corresponding machine-readable source code, which must be distributed under the
terms of Sections 1 and 2 above on a medium customarily used for software interchange; or,
b) Accompany it with a written offer, valid for at least three years, to give any third party, for a charge no more than your
cost of physically performing source distribution, a complete machine-readable copy of the corresponding source code,
to be distributed under the terms of Sections 1 and 2 above on a medium customarily used for software interchange; or,
c¢) Accompany it with the information you received as to the offer to distribute corresponding source code. (This alternative
is allowed only for noncommercial distribution and only if you received the program in object code or executable form with
such an offer, in accord with Subsection b above.)
The source code for a work means the preferred form of the work for making modifications to it. For an executable work,
complete source code means all the source code for all modules it contains, plus any associated interface definition files,
plus the scripts used to control compilation and installation of the executable. However, as a special exception, the source
code distributed need not include anything that is normally distributed (in either source or binary form) with the major
components (compiler, kernel, and so on) of the operating system on which the executable runs, unless that component
itself accompanies the executable.
If distribution of executable or object code is made by offering access to copy from a designated place, then offering
equivalent access to copy the source code from the same place counts as distribution of the source code, even though
third parties are not compelled to copy the source along with the object code.
4. You may not copy, modify, sublicense, or distribute the Program except as expressly provided under this License. Any
attempt otherwise to copy, modify, sublicense or distribute the Program is void, and will automatically terminate your rights
under this License. However, parties who have received copies, or rights, from you under this License will not have their
licenses terminated so long as such parties remain in full compliance.
5. You are not required to accept this License, since you have not signed it. However, nothing else grants you permission
to modify or distribute the Program or its derivative works. These actions are prohibited by law if you do not accept this
License. Therefore, by modifying or distributing the Program (or any work based on the Program), you indicate your
acceptance of this License to do so, and all its terms and conditions for copying, distributing or modifying the Program or
works based on it.
6. Each time you redistribute the Program (or any work based on the Program), the recipient automatically receives a
license from the original licensor to copy, distribute or modify the Program subject to these terms and conditions. You
may not impose any further restrictions on the recipients' exercise of the rights granted herein. You are not responsible
for enforcing compliance by third parties to this License.
7. If, as a consequence of a court judgment or allegation of patent infringement or for any other reason (not limited to
patent issues), conditions are imposed on you (whether by court order, agreement or otherwise) that contradict the
conditions of this License, they do not excuse you from the conditions of this License. If you cannot distribute so as to
satisfy simultaneously your obligations under this License and any other pertinent obligations, then as a consequence
you may not distribute the Program at all. For example, if a patent license would not permit royalty-free redistribution of
the Program by all those who receive copies directly or indirectly through you, then the only way you could satisfy both it
and this License would be to refrain entirely from distribution of the Program.
If any portion of this section is held invalid or unenforceable under any particular circumstance, the balance of the section
is intended to apply and the section as a whole is intended to apply in other circumstances.
It is not the purpose of this section to induce you to infringe any patents or other property right claims or to contest validity
of any such claims; this section has the sole purpose of protecting the integrity of the free software distribution system,
which is implemented by public license practices. Many people have made generous contributions to the wide range of
software distributed through that system in reliance on consistent application of that system; it is up to the author/donor
to decide if he or she is willing to distribute software through any other system and a licensee cannot impose that choice.
This section is intended to make thoroughly clear what is believed to be a consequence of the rest of this License.
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8. If the distribution and/or use of the Program is restricted in certain countries either by patents or by copyrighted
interfaces, the original copyright holder who places the Program under this License may add an explicit geographical
distribution limitation excluding those countries, so that distribution is permitted only in or among countries not thus
excluded. In such case, this License incorporates the limitation as if written in the body of this License.

9. The Free Software Foundation may publish revised and/or new versions of the General Public License from time to
time. Such new versions will be similar in spirit to the present version, but may differ in detail to address new problems or
concerns.

Each version is given a distinguishing version number. If the Program specifies a version number of this License which
applies to it and "any later version”, you have the option of following the terms and conditions either of that version or of
any later version published by the Free Software Foundation. If the Program does not specify a version number of this
License, you may choose any version ever published by the Free Software Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose distribution conditions are different,
write to the author to ask for permission. For software which is copyrighted by the Free Software Foundation, write to the
Free Software Foundation; we sometimes make exceptions for this. Our decision will be guided by the two goals of
preserving the free status of all derivatives of our free software and of promoting the sharing and reuse of software
generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY FOR THE PROGRAM,
TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE
COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY OF
ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK AS TO THE QUALITY
AND PERFORMANCE OF THE PROGRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU
ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING WILL ANY COPYRIGHT
HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED
ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT
NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU
OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the best way to achieve
this is to make it free software which everyone can redistribute and change under these terms.

To do so, attach the following notices to the program. It is safest to attach them to the start of each source file to most
effectively convey the exclusion of warranty; and each file should have at least the "copyright" line and a pointer to where
the full notice is found.

One line to give the program's name and a brief idea of what it does.

Copyright (C) <year> <name of author>

This program is free software; you can redistribute it and/or modify it under the terms of the GNU General Public License
as published by the Free Software Foundation; either version 2 of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without even the implied
warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU General Public License
for more details.

You should have received a copy of the GNU General Public License along with this program; if not, write to the Free
Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA 02111-1307 USA

Also add information on how to contact you by electronic and paper mail.

If the program is interactive, make it output a short notice like this when it starts in an interactive mode:

Gnomovision version 69, Copyright (C) year name of author Gnomovision comes with ABSOLUTELY NO WARRANTY;
for details type “show w'. This is free software, and you are welcome to redistribute it under certain conditions; type “show
c' for details.

The hypothetical commands “show w' and “show c' should show the appropriate parts of the General Public License. Of
course, the commands you use may be called something other than “show w' and “show c'; they could even be mouse-
clicks or menu items--whatever suits your program.

You should also get your employer (if you work as a programmer) or your schoal, if any, to sign a "copyright disclaimer"
for the program, if necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the program “Gnomovision'

(which makes passes at compilers)

written by James Hacker.

signature of Ty Coon, 1 April 1989

Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary programs. If your program is a
subroutine library, you may consider it more useful to permit linking proprietary applications with the library. If this is what
you want to do, use the GNU Library General Public License instead of this License.
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16.2 MIT License

Copyright <YEAR> <COPYRIGHT HOLDER>

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the "Software"), to deal in the Software without restriction, including without limitation the rights to
use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons to
whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions of the
Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING
BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.

16.3 Microsoft Public License

32

This license governs use of the accompanying software. If you use the software, you accept this license. If you do not
accept the license, do not use the software. 1. Definitions The terms "reproduce,” "reproduction,” "derivative works," and
"distribution" have the same meaning here as under U.S. copyright law. A "contribution" is the original software, or any
additions or changes to the software. A "contributor" is any person that distributes its contribution under this license.
"Licensed patents" are a contributor's patent claims that read directly on its contribution. 2. Grant of Rights (A) Copyright
Grant- Subject to the terms of this license, including the license conditions and limitations in section 3, each contributor
grants you a non-exclusive, worldwide, royalty-free copyright license to reproduce its contribution, prepare derivative
works of its contribution, and distribute its contribution or any derivative works that you create. (B) Patent Grant- Subject
to the terms of this license, including the license conditions and limitations in section 3, each contributor grants you a non-
exclusive, worldwide, royalty-free license under its licensed patents to make, have made, use, sell, offer for sale, import,
and/or otherwise dispose of its contribution in the software or derivative works of the contribution in the software. 3.
Conditions and Limitations (A) No Trademark License- This license does not grant you rights to use any contributors'
name, logo, or trademarks. (B) If you bring a patent claim against any contributor over patents that you claim are infringed
by the software, your patent license from such contributor to the software ends automatically. (C) If you distribute any
portion of the software, you must retain all copyright, patent, trademark, and attribution notices that are present in the
software. (D) If you distribute any portion of the software in source code form, you may do so only under this license by
including a complete copy of this license with your distribution. If you distribute any portion of the software in compiled or
object code form, you may only do so under a license that complies with this license. (E) The software is licensed "as-is."
You bear the risk of using it. The contributors give no express warranties, guarantees or conditions. You may have
additional consumer rights under your local laws which this license cannot change. To the extent permitted under your
local laws, the contributors exclude the implied warranties of merchantability, fitness for a particular purpose and non-
infringement.
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