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1 General

This document describes the communication interface between MONT and PLC´s to be able to exchange information connected to the production. 

The interface can be divided between the transporter that moves units between different stations and a producer that performs producing work. In case it is the same vendor that delivers both the transport and the producer, this could be combined. All three variants are described in detail.
In all communication is it assumed that the receiving party validates the data as far as possible. I.e. the PLC checks that received station name, Line ID’s, operation programs (and more) are correct and possible to perform. In the same manner will Mont validate that information received arrives from a defined station, a unit that is registered, format of information that is possible to handle, and so on.

1.1 Terms and Abbreviations

Some expressions are used in this document that needs an explanation.

	Mont
	MONTeringssystem
This is the name of the Production Control System that will be running in the host.

	VCOM
	Message Oriented Middleware from Volvo IT

	PCOM
	Process Communication
Transparent layer for between VCOM (Ethernet) and the process, in this case PLC´s.

	RF-reader
	Radio Frequency reader
Reader of the ID-tags that are used in basic assembly line.

	Unit
	This is a generic term in this document for different type of units. In common of all units are that they all have a unique ID within the same line. 


2 State diagrams
A state diagram is an exact description for possible states transitions in a logical part. A change of state is always caused by an event.

It is always possible to exit from the state diagram. I.e. independent of the current state, it is possible to go directly to the start point of the state diagram.
This is, as example, the case if the automatic machine must be restarted in the middle of an assembly sequence (due to a mechanical problem?).

The meanings of the different symbols are as follows


[image: image2]
Figure 1: Symbol definitions for the state diagrams.
2.1 State diagram – Transporter interface
The Transporter interface describes the signals that are communicated from the PLC when the unit arrives at a work cell and the signal to the PLC to direct the unit to a new work cell, when the producing work is completed.

[image: image3]
Figure 2: State diagram for the Transporter interface
2.2 State diagram – Producer interface

The Producer is interfacing towards control system according to following state diagram.
It is a cycle that starts with instructions from the control system, and is completed when result is presented and accepted by the control system.

[image: image4]
Figure 3: State diagram for the Producer interface
3 Telegram descriptions
This chapter defines every telegram that can be sent from the PLC and received in the PLC.

Strings within citations signs, in font ‘Courier New’, represent strings of data. When it is written in ‘Bold’ – the information is fixed. 
Information in the column ‘Field’ that is written in ‘Times New Roman, Italic’ indicates that this is not included in the transmitted data.

In the telegram descriptions is a column ‘Align’ included. This information refers to the orientation of the information, and how to fill the field to desired length.

L = Leading spaces
T = Trailing spaces
3.1 Unit arrived
	Direction
	:
	From PLC

	Usage
	:
	This telegram is used when a unit or units are present at a defined communication point.


	Criteria
	:
	One unit is identified by a tag ID together with a tag ID type, the same tag ID cannot be used for two different units at the same time on the same carrier area. When the unit is finished at the carrier area, the tag ID can be reused for a new unit.


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. 38

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘

	Number of Units
	2 byte
	
	E.g. 1

	For each Unit

	
	
	

	      Unit identifier
	
	
	

	
Unit carrier area
	6 char
	T
	E.g. ‘LINE2 ’

	        Unit tag ID type
	4 char
	T
	E.g. ‘TAG1’

	        Unit tag ID size
	2 byte
	
	E.g. 2

	
Unit tag ID
	2 byte
	
	E.g. 126

	      Unit order
	
	
	

	
Transport order
	2 byte
	
	E.g. 1

	
Status
	2 byte
	
	E.g. 2

	
Load status
	2 byte
	
	E.g. 1


3.1.1 Parameter description
Data length: the number of bytes for the entire telegram.
Carrier area: the carrier area where the specific communication point is stationed in.
Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.
Number of units:  The number of units that are reported to MONT, each unit has a unique data structure as below.

Unit carrier area: The carrier area that the specific unit belongs to.

Unit tag ID type: The type of tag that identifies the specific unit, a unit can contain multiple tags.

Unit tag ID size: The size of the tag identification field in bytes.

Unit tag ID: A unique value in a specific carrier area with a specific tag id type that identifies a specific unit.

Transport order: Acknowledge that the transport order given when released from the previous communication is performed. 

Status: The status of the carrier, valid values are
	Status
	Description

	‘1’
	‘OK’

	‘2’
	‘Error’, there is a problem on the carrier.


Load status: Defines if there is a unit on the carrier, valid values are
	Status
	Description

	‘1’
	‘Not loaded’

	‘2’
	‘Loaded’


3.2 Unit transport order
	Direction
	:
	To PLC

	Usage
	:
	This telegram is used MONT to order a transport for a unit to the next communication point.

	Criteria
	:
	


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. 24

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘

	Number  of units
	2 byte
	
	E.g. 1

	For each unit


	
	
	

	      Unit identifier
	
	
	

	
Unit carrier area
	6 char
	T
	E.g. ‘LINE2 ’

	        Unit tag ID type
	4 char
	T
	E.g. ‘TAG1’

	        Unit tag ID size
	2 byte
	
	E.g. 2

	
Unit tag ID
	2 byte
	
	E.g. 126

	      Unit order
	
	
	

	
Transport order
	2 byte
	
	E.g. 2

	
Destination
	10 char
	T
	E.g. ‘STATION2  ’

	
Load exchange
	2 byte
	
	E.g. 1


3.2.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

Number of units:  The number of units that are reported to MONT, each unit has a unique data structure as below.

Unit carrier area: The carrier area that the specific unit belongs to.

Unit tag ID type: The type of tag that identifies the specific unit, a unit can contain multiple tags.

Unit tag ID size: The size of the tag identification field in bytes.

Unit tag ID: A unique value in a specific carrier area with a specific tag id type that identifies a specific unit.
Transport order: A defined program that should be executed for the transport during the movement to the next communication point.

Destination: The next communication point in the station flow for the specific unit.
Load exchange: A defined program for unit handling on the transport between two communication points, for example fixture turning.
3.3 Producer instruction

	Direction
	:
	To PLC

	Usage
	:
	This telegram is sent on all automatic or semi-automatic workstations where instructions are needed for the station to perform the correct work.



	Criteria
	:
	-


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. 76

	Producer area
	6 char
	T
	E.g. ‘LINE1 ‘

	Producer identifier
	10 char
	T
	E.g. ‘PRODUCER1 ‘

	Number of units
	2 byte
	
	E.g. 1

	For each unit


	
	
	

	      Unit identifier
	
	
	

	
Unit carrier area
	6 char
	T
	E.g. ‘LINE2 ’

	        Unit tag ID type
	4 char
	T
	E.g. ‘TAG1’

	        Unit tag ID size
	2 byte
	
	E.g. 2

	
Unit tag ID
	2 byte
	
	E.g. 126

	Number of operations
	2 byte
	
	E.g. 1

	For each operation
	
	
	

	
Operation code
	2 byte
	
	E.g. 1

	
Sequence number
	2 byte
	
	E.g. 1

	
Operation program
	2 byte
	
	E.g. 4

	
Number of parameter groups 
	2 byte
	
	E.g. 1

	For each parameter group
	
	
	

	Parameter(s) data length
	2 byte
	
	E.g. 30

	Parameter group type
	2 byte
	
	E.g. 99

	Parameters
	Varies
	
	


3.3.1 Parameter descriptions

Data length: the number of bytes for the entire telegram.

Producer area: the area where the specific producer belongs to.

Producer identifier: A predefined identifier for a specific producer.
Number of units:  The number of units that is connected to one specific producer instruction.
Unit carrier area: The carrier area that the specific unit belongs to.

Unit tag ID type: The type of tag that identifies the specific unit, a unit can contain multiple tags.

Unit tag ID size: The size of the tag identification field in bytes.

Unit tag ID: A unique value in a specific carrier area with a specific tag id type that identifies a specific unit.
Number of operations: The number of operations that the single producer instruction is subdivided into.
Operation code: This parameter tells “what to do”. 

Generally new codes can be implemented to handle new type of stations and new types of work. However, some codes have a special meaning and are considered as reserved.

	Code
	Description

	0
	‘Pass order’
The unit(s) shall not be assembled, and the unit(s) shall go out after completed communication.

	1
	‘Normal assembly’

	2
	‘Light repair lamp’
The lamp to call for operator, on the following station, is turned on.

	4
	‘Parts cylinder head 1’ (Marriage station cylinder block & head)
This operation is used when the produced cylinder head in marriage station, is ordered as a spare part (for after sales).
N.B. Used when only cylinder head is present.

	5
	‘Reject cylinder head 1’ (Marriage station cylinder block & head)
If the cylinder head in marriage station is reject, this operation is used.
N.B. Used when only cylinder head is present.

	6
	‘Reject cylinder block 2’ (Marriage station cylinder block & head)
I.e. move the cylinder block out of the station.
N.B. Used when both cylinder block and cylinder head are present.

	7
	‘Wait’
This operation is used at marriage stations when only one of the parts have arrived. The communication can wait until next part arrives.

	9
	‘Repair’
This unit shall stop for repair handling at the station.

	10
	‘Reject cylinder block 1’ (Marriage station cylinder block & head)
I.e. move the cylinder block out of the station.
N.B. Used when only cylinder block is present.

	11
	‘Parts cylinder head 2’ (Marriage station cylinder block & head)
This operation is used when the produced cylinder head in marriage station, is ordered as a spare part (for after sales).
N.B. Used when both cylinder block and cylinder head are present.

	12
	‘Reject cylinder head 2’ (Marriage station cylinder block & head)
If the cylinder head in marriage station is reject, this operation is used.
N.B. Used when both cylinder block and cylinder head are present.

’Reject piston’
This operation code is used for the 5 first pistons when an engine is rejected. When the 6th piston is in the station, code ‘00’ is used.
N.B. This code is only possible to use if every piston have a separate carrier.
N.B. Used when both cylinder block and piston carrier are present.

	13
	‘Wait with timeout’
After a timeout can the station make a request again.

	14
	‘Reserve cylinder head’
this code indicates that the cylinder head on the reserve position, shall be assembled on the cylinder block.
N.B. Used when both cylinder block and cylinder head are present.

	15
	‘Pass cylinder block and cylinder head’
The cylinder block shall pass the station, and the cylinder head shall be placed on the reject position.
N.B. Used when both cylinder block and cylinder head are present.

	20
	Reserved

	21
	‘1st parts selection operation’

	22
	‘2nd parts selection operation’

	23
	‘3rd parts selection operation’

	30
	Reserved

	31
	‘Tightening’

	40
	Reserved

	41
	‘1st assembly or checking operation’

	42
	‘2nd assembly or checking operation’

	43
	‘3rd assembly or checking operation’

	44
	‘4th assembly or checking operation’

	50
	Reserved

	51
	‘Mount 1st piston’
Sequence number 1 is used.

	52
	‘Mount 2nd piston’
Sequence number 2 is used.

	53
	‘Mount 3rd piston’
Sequence number 3 is used.

	54
	‘Mount 4th piston’
Sequence number 4 is used.

	55
	‘Mount 5th piston’
Sequence number 5 is used.

	56
	‘Mount 6th piston’
Sequence number 6 is used.


Sequence number: This number can be used to dedicate/verify that operations are performed in the correct order. Normally this is a sequential number from ‘01’ to the number of operations.
Operation program: This program tells “how to do”. It is information that typically is used to control a robot in the right manner, or a nut runner with correct program.
Number of parameter groups: The number of parameter groups that follows the operation, for example display information or control parts.
Parameter group type: Defines how many and the type of parameters that are provided in the group.
Parameter(s) data length: The length of the parameter(s) in bytes.
Parameters: The actual values provided, defined by the parameter group type.
	Parameter group type
	Parameter(s) data length
	Parameters
	Length
	Align
	Description

	0
	
	
	
	
	Identifies that the parameter group is empty and if there are values in other fields, the values are not valid.

	
	
	
	
	
	

	1
	16
	
	
	
	Check part

	
	
	Part type
	4 char
	L0
	Defines the type of part that should be controlled

	
	
	Prefix
	2 char
	T
	The prefix of the control code.

	
	
	Part number
	10 char
	T
	The actual part number

	2
	52
	
	
	
	Display info

	
	
	Line
	2 char
	L0
	Informs the PLC of which line in the PLC display the information should be presented.

	
	
	String
	50 char
	T
	The information that should be displayed.

	3
	32
	
	
	
	Pin stamp string

	
	
	Line
	2 char
	L0
	Informs the PLC of the position in the pin stamp layout, where the specific string shall be stamped

	
	
	String
	30 char
	T
	The string that should be stamped.

	4
	36
	
	
	
	Follow up information

	
	
	Order ID
	8 char
	T
	The order ID of the product.

	
	
	Product type ID
	4 char
	T
	The type of product.

	
	
	Production unit ID
	10 char
	T
	The serial number of the product.

	
	
	Tag ID type
	4 char
	T
	The type of unit carrier.

	
	
	Tag ID
	10 char
	T
	The identification number of the unit carrier.


3.4 Report of performed producer instruction

	Direction
	:
	From PLC

	Usage
	:
	This report corresponds to the list of producer instruction that prior has been transmitted to the station. Operation code, sequence and operation program is mirrored from the assembly instruction.
One position corresponds to a specific part of the operation and each position could contain zero or more information values.
If no extra information needs to be stored, the number of positions is set to “0” and the telegram ends.

	Criteria
	:
	-


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. 54

	Producer area
	6 char
	T
	E.g. ‘LINE1 ‘

	Producer identifier
	10 char
	T
	E.g. ‘PRODUCER1 ‘

	Number  of Units
	2 byte
	
	E.g. 2

	
For each Unit
	
	
	

	      Unit identifier
	
	
	

	
Unit carrier area
	6 char
	T
	E.g. ‘LINE2 ’

	        Unit tag ID type
	4 char
	T
	E.g. ‘TAG1’

	        Unit tag ID size
	2 byte
	
	E.g. 2

	
Unit tag ID
	2 byte
	
	E.g. 126

	Station status
	2 byte
	
	E.g. 1

	Number of operations
	2 byte
	
	E.g. 1

	For each operation
	
	
	

	Operation code
	2 byte
	
	E.g. 1

	Sequence number
	2 byte
	
	E.g. 1

	Operation program
	2 byte
	
	E.g. 4

	Operation status
	2 byte
	
	E.g. 1

	Number of positions
	2 byte
	
	E.g. 1

	For each position
	
	
	

	Position
	2 byte
	
	E.g. 1

	Position status
	2 byte
	
	E.g. 1

	Number of info
	2 byte
	
	E.g. 2

	For each info
	
	
	

	Information data length
	2 byte
	
	E.g. 14

	Information type
	2 byte
	
	E.g. 3

	Information value
	Variable
	


3.4.1 Parameter description

Data length: the number of bytes for the entire telegram.

Producer area: the area where the specific producer belongs to.

Producer identifier: A predefined identifier for a specific producer.

Number of units:  The number of units that are reported to MONT, each unit has a unique data structure as below.

Unit carrier area: The carrier area that the specific unit belongs to.

Unit tag ID type: The type of tag that identifies the specific unit, a unit can contain multiple tags.

Unit tag ID: A unique value in a specific carrier area with a specific tag id type that identifies a specific unit.
Station status: A station status is used by Mont to direct the unit correctly in the continued flow. Normally statuses are reported automatically by the station, and handled without manual intervention in Mont. An exception from that rule is when the operator has to interfere in an automatic cycle. Typically there are two reasons for that:

· product problem

· station problem

Hopefully both problems can be corrected at the station, but some non finished assemblies must also be taken care of. When the station reports the result of manual interventions to Mont, the action must already be prepared. The action can be to continue in the flow normally or continue without assembly to next repair station (there are more alternatives, described in other documentation).
The operator of the station will select ‘Manual action’ or ‘Manual termination’ on the HMI of the station, and this is reported to Mont when the station starts in automatic again. The status reported must correspond (the rules are documented with Mont) to the action selected in Mont, by the operator.
NB The working routines at the machine, must be documented by the machine supplier, and accepted by Volvo IT (not to conflict with Mont).

Action must be one of ‘OK’, ‘Action is needed in Mont, ‘Assembly to next repair station’ or ‘Go out of the line’. New statuses must use any of these actions.
The actions are valid for automatic stations in basic assembly. Other types of stations use other methods to determine the action to use.

The types of status that can be reported are customer dependent. A more detailed description is given in section 4.1 for Volvo Powertrain and 5.1 for Volvo Trucks.

Number of operations: The number of operations to execute.
Operation code: This parameter tells “what to do”. 

Sequence number: This number can be used to dedicate/verify that operations are performed in the correct order. Normally this is a sequential number from ‘01’ to the number of operations.
Operation program: This program tells “how to do”. It is information that typically is used to control a robot in the right manner, or a nut runner with correct program.
Operation status: Operation status is used for follow up.

Operation statuses are selected from the same list as station status. A “summary” of operation statuses will be the station status.

Number of positions: The number of positions that follows in the telegram.
Position: The position number, this can be prepared with a description text in MONT to give a meaning to each position. 
Position status: For each position is a status informing of how the work was performed.

Example: The cylinder head is tightened to the block by 26 bolts. Every bolt have a status, and two information values (torque and angle). If two of the bolts reports ‘OK with nut runner error’ this is placed (‘05’) in the corresponding positions. It is collected to operation status which also will become ‘05’. In this case will it probably also be chosen that the station status will be ‘OK with nut runner error’. This will result in that Mont will order the stations to assemble according to plan, until the unit reaches next repair station. The unit is there ordered by operation code ‘Repair’ (‘09’), to stop and be handled by operator.

Number of info: The number of information’s provided in the report.
Information (s) data length: The length of the information (s) in bytes.
Information type: Information type is a definition of the information that is received from equipment. This definition describes not only how the information is to be treated by Mont, but also the format of the information.

The actual value is present in the field ‘Information value’ of the same information block. For each position several information values can be reported.

The types of information that can be reported are customer dependent. A more detailed description is given in section 4.2 for Volvo Powertrain and 5.2 for Volvo Trucks.

3.5 Error From Assembly Control System

	Direction
	:
	To PLC

	Usage
	:
	This telegram is sent from the control system when received information does not correspond to the process data. E.g. the unit is arriving to a station, before all preceding stations are performed.

The provided error text must be displayed on the HMI for the operator.

	Criteria
	:
	-


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. ‘232’

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘

	Number  of Units
	2 byte
	
	E.g. ‘1’

	For each Unit
	
	
	

	      Unit identifier
	
	
	

	
Unit carrier area
	6 char
	T
	E.g. ‘LINE2 ’

	        Unit tag ID type
	4 char
	T
	E.g. ‘TAG1’

	        Unit tag ID size
	2 byte
	
	E.g. 2

	
Unit tag ID
	2 byte
	
	E.g. 126

	Error text
	200 char
	T
	E.g. ‘An error has occurred                                                                                                                                                                                    ’


3.5.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

Number of units:  The number of units that this error corresponds to.

Unit carrier area: The carrier area that the specific unit belongs to.

Unit tag ID type: The type of tag that identifies the specific unit, a unit can contain multiple tags.

Unit tag ID: A unique value in a specific carrier area with a specific tag id type that identifies a specific unit.

Error text: The provided error text that must be displayed on the HMI.

3.6 Error From Station

	Direction
	:
	From PLC

	Usage
	:
	This telegram informs Mont that the data sent, was not understood by the PLC. 
E.g. an assembly program that is not implemented at the station.

	Compare
	:
	-


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. ‘34’

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘

	Number  of Units
	2 byte
	
	E.g. ‘1’

	
For each Unit
	
	
	

	      Unit identifier
	
	
	

	
Unit carrier area
	6 char
	T
	E.g. ‘LINE2 ’

	        Unit tag ID type
	4 char
	T
	E.g. ‘TAG1’

	        Unit tag ID size
	2 byte
	
	E.g. 2

	
Unit tag ID
	2 byte
	
	E.g. 126

	Error code
	2 byte
	
	E.g. ‘105’


3.6.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

Number of units:  The number of units that this error corresponds to.

Unit carrier area: The carrier area that the specific unit belongs to.

Unit tag ID type: The type of tag that identifies the specific unit, a unit can contain multiple tags.

Unit tag ID: A unique value in a specific carrier area with a specific tag id type that identifies a specific unit.

Error code: A code that describes what parameter that the PLC did not understood.

	Error code
	Description

	101
	Reserved

	102
	Reserved

	103
	‘Wrong carrier ID’
The received carrier ID doesn’t correspond to the present.

	104
	Reserved

	105
	‘Wrong number of operations’
The number of operations are not supported by the station. 

	106
	‘Illegal operation code’
The received operation code is not possible to perform by the .

	107
	‘Illegal operation program’
Received operation program is not supported by the requested equipment.

	108
	Reserved

	109
	‘Wrong number of check parts’
This is only used for check parts.

	110
	‘Wrong number of display info’
This is only used for check parts.

	111
	‘Wrong number of pin stamp strings’
The number of requested pin stamp strings is not supported.

	112
	‘Wrong type of article’
This is only used for check parts.

	113
	‘Wrong number of follow up info’
This is only used for check parts.

	114
	Reserved

	115
	Reserved

	116
	Reserved

	117
	Wrong length of follow up data block


3.7 Acknowledge from control system
	Direction
	:
	To PLC

	Usage
	:
	Acknowledge telegram

	Criteria
	:
	


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. ‘18’

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘


3.7.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

3.8 Request of Communication Test, From PLC

	Direction
	:
	From PLC

	Usage
	:
	To enable a possibility to test that communication with the control system is working. This is possible to perform whenever, and is independent of the state of communication. 

On the panel where the test is performed, it must be displayed if any reply is received, or if there is a timeout.

	Criteria
	:
	


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. ‘18’

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘


3.8.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

3.9 Reply of Communication Test, to PLC

	Direction
	:
	To PLC

	Usage
	:
	This is the reply from Mont to PLC, on the ‘Request of Communication Test, From PLC’.

	Criteria
	:
	


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. ‘18’

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘


3.9.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

3.10 Request of Communication Test, To PLC

	Direction
	:
	To PLC

	Usage
	:
	To enable a possibility to test that communication with PLC is working, from the control system. This is possible to perform whenever, and is independent of the state of communication.

	Criteria
	:
	


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. ‘18’

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘


3.10.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

3.11 Reply of Communication Test, From PLC

	Direction
	:
	From PLC

	Usage
	:
	This is the reply from PLC to Mont, on the ‘Request of Communication Test, To PLC’.

	Criteria
	:
	


	Field
	Length
	Align
	Content

	Data length
	2 byte
	
	E.g. ‘18’

	Carrier area
	6 char
	T
	E.g. ‘LINE1 ‘

	Communication point
	10 char
	T
	E.g. ‘STATION1  ‘


3.11.1 Parameter description

Data length: the number of bytes for the entire telegram.

Carrier area: the carrier area where the specific communication point is stationed in.

Communication point: A predefined point where communication is performed with MONT, for example a station where assembly should be performed.

4 Appendix A – Volvo Powertrain
The telegram ‘Report of performed instructions’ are described in section 3.4. 
Below the valid values for station status (section 4.1) and the types of information (section 4.2) that can be sent in this telegram are described.

4.1 STATION STATUS
The valid station statuses are given below.
	Status
	Description
	Action

	0
	This is undefined, and should never be used.
	‘Error from Assembly Control System’

	1
	‘OK’
	OK

	2
	‘Manual action’
This is reported when the operator selects ‘Manual action’ on the station. 
	Action is needed in Mont.

	3
	‘Manual termination’ 
This is reported when the operator selects ‘Manual termination’ on the station.
	Action is needed in Mont.

	4
	‘OK with error in measuring’
The station has completed the requested work, but identified a measurement error.
	Assembly to next repair station.

	5
	‘OK with nut runner error’
	Assembly to next repair station.

	6
	‘OK with error in cold test’
	Assembly to next repair station.

	7
	‘OK with shell presence error’
	Assembly to next repair station.

	8
	‘OK with error in pressure’
	Assembly to next repair station.

	9
	‘Manual reject’
Used at semiautomatic station where the operator can repair a unit.
	Assembly to next repair station.

	10
	Reserved
	-

	11
	‘Leak test error’
This is reported if an error is detected at the leak test.
	Assembly to next repair station.

	12
	‘OK with protrusion error’
	Assembly to next repair station.

	14
	‘OK with stamp string error’
	Assembly to next repair station.

	15
	Reserved
	

	17
	‘OK with inlet valve adjustment error’
	Assembly to next repair station.

	18
	‘OK with exhaust valve adjustment error’
	Assembly to next repair station.

	19
	‘OK with preload adjustment error’
	Assembly to next repair station.

	20
	‘OK with silicone string application error’
	Assembly to next repair station.

	24
	‘OK with seals assembly problem’
	Assembly to next repair station.

	25
	‘OK with an exclusion’
	Assembly to next repair station.

	26
	‘OK with an exclusion and repair’
	Assembly to next repair station.

	27
	‘OK with collets assembly error’
	Assembly to next repair station.

	40
	‘OK with several fault’
	Assembly to next repair station.

	50
	‘Takeout’

Not OK after work on repair station.
	Go out of the line

	97
	Reserved
	

	98
	Reserved
	

	99
	Reserved
	-


4.2 INFORMATION TYPES

4.2.1 Valid information types
The valid information types are listed below. 
	Information type
	Description

	1
	End Torque of a tightening in a joint.

	2
	Angle of a tightening in a joint.

	3
	Injector Code used for part assurance and programming of ECU.

	4
	General measurement. This is used when the station measures something (tolerance, height …) in automatic mode, and this can be taken care of automatically by Mont.

	5
	Start Torque of a tightening in a joint.

	6
	Carrier ID, reserved for future use.

	7
	Station Name, reserved for future use.

	8
	Top Dead Centre measurement.

	9
	Flywheel Timing measurement.

	10
	Employee Number of responsible operator.

	11
	Equipment Name/Number of used instrument/tool.

	12
	Generic Supplementary Information.

	13
	Generic Short supplementary Information.

	14
	General measurement, same as 4 but another info length

	15
	Reserved

	16
	Reserved

	17
	Reserved

	20
	Part number (P)

	21
	Traceability number (T)

	22
	Supplier number (V)

	23
	Serial number assigned by supplier (S)

	24
	Classification Code (Z)

	26
	Injector Code used for part assurance and programming of ECU. (DENSO standard)

	41
	End Torque, same as 1 but another info length

	42
	Angle, same as 2 but another info length

	44
	General measurement value 2, used when more than one measure value are sent from the same position


4.2.2 Description of information types
Info groups

The results from equipment can always be categorized in at least one of these groups (sometimes more groups). If a new information type is to be defined, it must be placed into these groups.

	
	Description

	Result
	Stored for future quality analysis.

	Check
	Used when a part number must be verified to be the assumed.

	Documentation part
	For documentation of the units on an engine. All parts that is prepared with Documentation Part, must be documented before the produced unit can be finished in Mont.

	Trim
	Parameters to be used when the engine is programmed.


Data types

	
	Size
	Align
	Description

	DT-A
	4 char
	Leading ‘0’.
	Typically used for measurements.

	DT-B
	6 char
	Leading ‘0’.
	Used for measurements with 2 decimals.

	DT-C
	10 char
	Trailing ‘ ‘ (space).
	Short result strings.

	DT-D
	30 char
	Trailing ‘ ‘ (space).
	Long result strings.

	DT-E
	39 / 43 char
	Trailing ‘ ‘ (space).
	This is used for Injector Codes and 2 types exists, with 39 chars or 43 chars.

	?
	4 byte REAL
	…
	Float value

	?
	INT
	…
	Integer


End Torque

	Field data
	:
	‘1’

	Description
	:
	This is used when it is desired to report the End Torque of a specific nut/bolt.
The End Torque is the torque that is reached when a nut/bolt is tightened a specific Angle, after that the Start Torque is reached. 
NB: When no Angle is used, this is the only torque that is reported.

	Background
	:
	Originating from automatic stations where it was desired to collect the torque result of joints.
This was in the beginning the only reported torque. When later also the Start Torques was reported, this was regarded as the End Torque.

	Info group
	:
	Result

	Data type
	:
	DT-A (Skövde MD16 uses DT-B for type ‘1’, please also see ‘41’ for MD16)

	Data format
	:
	Nm, no decimals.


Angle

	Field data
	:
	‘2’

	Description
	:
	In certain joints is not only the torque important, but also to add an Angle to the tightening. The Angle is added after that a Start Torque is reached. I.e. a nut/bolt can be tightened additionally 90 degrees to reach the demanded quality of the joint. When the Angle is reached, the End Torque is measured.

	Background
	:
	Originating from automatic stations where it was desired to collect the result of joints.

	Info group
	:
	Result

	Data type
	:
	DT-A (Skövde MD16 uses DT-B for type ‘2’, please also see ‘42’ for MD16)

	Data format
	:
	Degree, no decimals.


Injector Code

	Field data
	:
	‘3’

	Description
	:
	When the injectors are assembled into the engine, the code of them must be stored and handled.
In the injector code is the part number included, and that is verified by Mont.Ctrl to be correct. The Injector Codes are also used in the programming of the ECU (Engine Control Unit) and is transmitted by Mont.Ctrl to the system that is handling that activity.
Also manufacturing serial number is included in the Injector code, and this is saved for documentation.

	Background
	:
	Have been a demand from the very first Mont and has been included in the communication since than.

	Info group
	:
	Trim and Documentation part

	Data type
	:
	DT-E

	Data format
	:
	No unit of measurement.
A 2D-bar code. Contain part number, trim code, serial number etc.


Measurement

	Field data
	:
	‘4’

	Description
	:
	A general Measurement type. It can be used for any measurement, that doesn’t fit into another type.

	Background
	:
	Originally it was only used for measurements when an error was detected by the equipment. E.g. a distance was outside the tolerance. Combined with Station Status code ‘OK with error in measuring’, an automatic error handling is managed by Mont.Ctrl.

	Info group
	:
	Result

	Data type
	:
	DT-A

	Data format
	:
	No unit of measurement.


Start Torque

	Field data
	:
	‘5’

	Description
	:
	The Start Torque is to be reached before a tightening Angle is added to a nut/bolt. 
NB: If no Angle is to be included in the tightening, only End Torque can be reported.

	Background
	:
	From the start of Mont only 1 torque was collected from joints. Later it was regarded important to store also the result of the Start Torque prior to that an Angle was added to the tightening. 
Originating from automatic stations.

	Info group
	:
	Result

	Data type
	:
	DT-B

	Data format
	:
	Nm, no decimals.


Carrier ID

	Field data
	:
	‘6’

	Description
	:
	Reports the Carrier ID to Mont.Ctrl to enable a verification in the system.
NB: It is never used

	Background
	:
	Reserved for future use.

	Info group
	:
	-

	Data type
	:
	DT-C

	Data format
	:
	-


Station name

	Field data
	:
	‘7’

	Description
	:
	Reports the Station Name to Mont.Ctrl to enable verification in the system.
NB: It is never used

	Background
	:
	Reserved for future use.

	Info group
	:
	-

	Data type
	:
	DT-C

	Data format
	:
	-


Top Dead Centre (TDC)

	Field data
	:
	‘8’

	Description
	:
	Top Dead Centre is a measurement of the positions of the crank shaft when the piston is in the top turning point. The result is stored in Mont.Ctrl and communicated to the programming of the ECU. (See also Injector Code and Flywheel Timing.)

	Background
	:
	Introduced in Mont 3.1, first installed for D12/MD13 in Curitiba, Brazil.
The demand for TDC info type was raised when the first QEPP-stations was planned.

	Info group
	:
	Trim

	Data type
	:
	DT-B

	Data format
	:
	Degrees, 2 decimals, ‘.’ (period) as decimal separator.


Flywheel Timing (FT)

	Field data
	:
	‘9’

	Description
	:
	Flywheel Timing is a measurement of the positions of the crank shaft when the flywheel is in a well defined position. The result is stored in Mont.Ctrl and communicated to the programming of the ECU. (See also Injector Code and Top Dead Centre.)

	Background
	:
	Introduced in Mont 3.1, first installed for D12/MD13 in Curitiba, Brazil.
The demand for FT info type was raised when the first QEPP-stations was planned.

	Info group
	:
	Trim

	Data type
	:
	DT-B

	Data format
	:
	Degrees, 2 decimals, ‘.’ (period) as decimal separator.


Employee Number

	Field data
	:
	‘10’

	Description
	:
	Used to document the operator that has been responsible for a specific task.

	Background
	:
	Introduced in Mont 3.2. The purpose is to identify demand of training and improvements of the instructions. First utilized on Mont.Aas stations.

	Info group
	:
	Result

	Data type
	:
	DT-D

	Data format
	:
	String


Equipment Name/Number

	Field data
	:
	‘11’

	Description
	:
	Used to document the actual equipment that has been used in a specific operation.

	Background
	:
	Introduced in Mont 3.1, first installed forMD16 Skövde.
To improve the leak test procedures it is important to document the specific instrument that has been used. This info type will enable that.

	Info group
	:
	Result

	Data type
	:
	DT-C

	Data format
	:
	String


Supplementary Information

	Field data
	:
	‘12’

	Description
	:
	A generic field that can be used for any kind of string collection, that can’t be categorized anywhere else. 
Depending of the length of data to transmit, can also Short Suplementary Information be used.

	Background
	:
	Introduced in Mont 3.1, first installed forMD16 Skövde.

	Info group
	:
	Result

	Data type
	:
	DT-D

	Data format
	:
	String


Short Supplementary Information

	Field data
	:
	‘13’

	Description
	:
	A generic field that can be used for any kind of string collection, that can’t be categorized anywhere else.
Depending of the length of data to transmit, can also Suplementary Information be used.

	Background
	:
	Introduced in Mont 3.1, first installed forMD16 Skövde.

	Info group
	:
	Result

	Data type
	:
	DT-C

	Data format
	:
	String


Measurement
	Field data
	:
	‘14’

	Description
	:
	A general Measurement type. It can be used for any measurement, that doesn’t fit into another type. 

	Background
	:
	Same as ‘4’ but with different length.

	Info group
	:
	Result

	Data type
	:
	DT-B

	Data format
	:
	No unit of measurement.


End Torque

	Field data
	:
	‘41’

	Description
	:
	This is used when it is desired to report the End Torque of a specific nut/bolt.
The End Torque is the torque that is reached when a nut/bolt is tightened a specific Angle, after that the Start Torque is reached. 
NB: When no Angle is used, this is the only torque that is reported.

	Background
	:
	Same as ‘1’ and used in MD16 when Data Type DT-A is needed for End Torque.

	Info group
	:
	Result

	Data type
	:
	DT-A 

	Data format
	:
	Nm, no decimals.


Angle

	Field data
	:
	‘42’

	Description
	:
	In certain joints is not only the torque important, but also to add an Angle to the tightening. The Angle is added after that a Start Torque is reached. I.e. a nut/bolt can be tightened additionally 90 degrees to reach the demanded quality of the joint. When the Angle is reached, the End Torque is measured.

	Background
	:
	Same as ‘2’ and used in MD16 when Data Type DT-A is needed for Angle.

	Info group
	:
	Result

	Data type
	:
	DT-A

	Data format
	:
	Degree, no decimals.


Measurement 2
	Field data
	:
	‘44’

	Description
	:
	A general Measurement type. It can be used for any measurement, that doesn’t fit into another type. 

	Background
	:
	Same as ‘14’, used on second measurement when there are two measurements on the same position.

	Info group
	:
	Result

	Data type
	:
	DT-B

	Data format
	:
	No unit of measurement.


Part Number

	Field data
	:
	‘   P’

	Description
	:
	Part Number of an assembled part. In Mont.Ctrl is the part number compared with the BOM at the station. If there is a mismatch the station is stopped by an error message to the station.
NB: It is only implemented at automatic stations.

	Background
	:
	Originating from the first version of Mont, and used at automatic stations.

	Info group
	:
	Check

	Data type
	:
	DT-C

	Data format
	:
	String


Traceability Number

	Field data
	:
	‘   T’

	Description
	:
	Some parts that are assembled are individuals (i.e. unique). Example are starter motor, turbo unit and also machined parts like cylinder head. Some of them are demanded to be documented.
NB: It is only implemented at automatic stations.

	Background
	:
	Originating from the first version of Mont, and used at automatic stations.

	Info group
	:
	Documentation Part

	Data type
	:
	DT-D

	Data format
	:
	String


Classification Code
	Field data
	:
	‘   Z’

	Description
	:
	

	Background
	:
	.

	Info group
	:
	Documentation Part

	Data type
	:
	DT-D

	Data format
	:
	String


5 Appendix B – Volvo Trucks

The telegram ‘Report of performed instructions’ are described in section 3.4. 

Below the valid values for station status (section 5.1) and the types of information (section 5.2) that can be sent in this telegram are described.
5.1 STATION STATUS

The valid station statuses are given below.
	Status
	Description
	Action

	0
	This is undefined, and should never be used.
	‘Error from Assembly Control System’

	1
	‘OK’
	OK

	2
	‘Manual action’
This is reported when the operator selects ‘Manual action’ on the station. 
	Action is needed in Mont.

	3
	‘Manual termination’ 
This is reported when the operator selects ‘Manual termination’ on the station.
	Action is needed in Mont.

	4
	‘OK with error in measuring’
The station has completed the requested work, but identified a measurement error.
	Assembly to next repair station.

	5
	‘OK with nut runner error’
	Assembly to next repair station.

	6
	‘OK with error in cold test’
	Assembly to next repair station.

	7
	‘OK with blow test error’
	Assembly to next repair station.

	8
	‘OK with error in pressure’
	Assembly to next repair station.

	9
	‘Manual reject’
Used at semiautomatic station where the operator can repair a unit.
	Assembly to next repair station.

	10
	‘Fault, fin.line’
	Action is needed in Mont.

	11
	Leak test error
	

	50
	‘Takeout’

Not OK after work on repair station.
	Go out of the line

	60
	’Welding fault’
Spot is missing
	Assembly to next repair station.

	61
	’Stud weld fault’
Stud is missing
	Assembly to next repair station.

	62
	’Arc weld fault’
Arc weld is missing
	Assembly to next repair station.

	63
	’Riveting fault’
Rivet is missing
	Assembly to next repair station.

	64
	’Gluing fault’
If gluing has failed
	Assembly to next repair station.

	65
	’Drilling fault’
Drilling has failed
	Assembly to next repair station.

	66
	’Fixture fault’
Problems in the fixture
	Assembly to next repair station.

	67
	’Pin bolt fault’
Pin bolt has failed
	Assembly to next repair station.

	68
	’Marking fault’
Marking missing
	Assembly to next repair station.

	69
	’Part missing’
Possible to attach later (No scrap)
	Assembly to next repair station.

	70
	’Drilling fault (turned off)’
Drilling equipment is turned off in operation
	Assembly to next repair station.

	71
	’Marking fault (turned off)’
If marking unit is turned off in operation
	Assembly to next repair station.

	72
	’Arc weld fault (turned off)’
If arc welding equipment is turned of in operation
	Assembly to next repair station.

	80
	’Welding fault’
Fault from controller
	Go out of the line

	81
	’Stud weld fault’
Fault from controller
	Go out of the line

	82
	’Riveting fault’
Fault from controller
	Go out of the line

	83
	’Gluing fault’
Fault from controller
	Go out of the line

	84
	’Drilling fault’
Fault from controller
	Go out of the line

	85
	’Fixture fault’
Fault from controller
	Go out of the line

	86
	’Pinbolt fault’
Fault from controller
	Go out of the line

	97
	‘Reserved’

	-

	98
	‘Reserved’

	-

	99
	Adm. performed
	Go out of the line


5.2 INFORMATION TYPE
5.2.1 Valid information types
	Information type
	Description

	4
	General measurement. This is used when the station measures something (tolerance, height …) in automatic mode, and this can be taken care of automatically by Mont.

	5
	

	6
	Carrier ID, reserved for future use.

	7
	Station Name, reserved for future use.

	10
	Employee Number of responsible operator.

	11
	Equipment Name/Number of used instrument/tool.

	12
	Generic Supplementary Information.

	13
	Generic Short supplementary Information.

	14
	

	15
	Reserved

	16
	Reserved

	17
	Reserved

	20
	Part number (P)

	21
	Traceability number (T)

	22
	Supplier number (V)

	23
	Serial number assigned by supplier (S)


5.2.2 Description of information types
Info groups

The results from equipment can always be categorized in at least one of these groups (sometimes more groups). If a new information type is to be defined, it must be placed into these groups.

	
	Description

	Result
	Stored for future quality analysis.

	Check
	Used when a part number must be verified to be the assumed.

	Documentation part
	For documentation of the units on an engine. All parts that is prepared with Documentation Part, must be documented before the produced unit can be finished in Mont.

	Trim
	Parameters to be used when the engine is programmed.


Data types

	
	Size
	Align
	Description

	DT-A
	4 char
	Leading ‘0’.
	Typically used for measurements.

	DT-B
	6 char
	Leading ‘0’.
	Used for measurements with 2 decimals.

	DT-C
	10 char
	Trailing ‘ ‘ (space).
	Short result strings.

	DT-D
	30 char
	Trailing ‘ ‘ (space).
	Long result strings.

	DT-E
	39 / 43 char
	Trailing ‘ ‘ (space).
	This is used for Injector Codes and 2 types exists, with 39 chars or 43 chars.

	?
	4 byte REAL
	…
	Float value

	?
	INT
	…
	Integer


Measurement

	Field data
	:
	‘4’

	Description
	:
	A general Measurement type. It can be used for any measurement, that doesn’t fit into another type.

	Background
	:
	Originally it was only used for measurements when an error was detected by the equipment. E.g. a distance was outside the tolerance. Combined with Station Status code ‘OK with error in measuring’, an automatic error handling is managed by Mont.Ctrl.

	Info group
	:
	Result

	Data type
	:
	DT-A

	Data format
	:
	No unit of measurement.


Carrier ID

	Field data
	:
	‘6’

	Description
	:
	Reports the Carrier ID to Mont.Ctrl to enable a verification in the system.
NB: It is never used

	Background
	:
	Reserved for future use.

	Info group
	:
	-

	Data type
	:
	DT-C

	Data format
	:
	-


Station name

	Field data
	:
	‘7’

	Description
	:
	Reports the Station Name to Mont.Ctrl to enable verification in the system.
NB: It is never used

	Background
	:
	Reserved for future use.

	Info group
	:
	-

	Data type
	:
	DT-C

	Data format
	:
	-


Employee Number

	Field data
	:
	‘10’

	Description
	:
	Used to document the operator that has been responsible for a specific task.

	Background
	:
	Introduced in Mont 3.2. The purpose is to identify demand of training and improvements of the instructions. First utilized on Mont.Aas stations.

	Info group
	:
	Result

	Data type
	:
	DT-D

	Data format
	:
	String


Equipment Name/Number

	Field data
	:
	‘11’

	Description
	:
	Used to document the actual equipment that has been used in a specific operation.

	Background
	:
	Introduced in Mont 3.1, first installed forMD16 Skövde.
To improve the leak test procedures it is important to document the specific instrument that has been used. This info type will enable that.

	Info group
	:
	Result

	Data type
	:
	DT-C

	Data format
	:
	String


Supplementary Information

	Field data
	:
	‘12’

	Description
	:
	A generic field that can be used for any kind of string collection, that can’t be categorized anywhere else. 
Depending of the length of data to transmit, can also Short Suplementary Information be used.

	Background
	:
	Introduced in Mont 3.1, first installed for MD16 Skövde.

	Info group
	:
	Result

	Data type
	:
	DT-D

	Data format
	:
	String


Short Supplementary Information

	Field data
	:
	‘13’

	Description
	:
	A generic field that can be used for any kind of string collection, that can’t be categorized anywhere else.
Depending of the length of data to transmit, can also Suplementary Information be used.

	Background
	:
	Introduced in Mont 3.1, first installed for MD16 Skövde.

	Info group
	:
	Result

	Data type
	:
	DT-C

	Data format
	:
	String


Part Number

	Field data
	:
	‘20’

	Description
	:
	Part Number of an assembled part. In Mont.Ctrl is the part number compared with the BOM at the station. If there is a mismatch the station is stopped by an error message to the station.
NB: It is only implemented at automatic stations.

	Background
	:
	Originating from the first version of Mont, and used at automatic stations.

	Info group
	:
	Check

	Data type
	:
	DT-D

	Data format
	:
	String


Traceability Number

	Field data
	:
	‘21’

	Description
	:
	Some parts that are assembled are individuals (i.e. unique). Example are starter motor, turbo unit and also machined parts like cylinder head. Some of them are demanded to be documented.
NB: It is only implemented at automatic stations.

	Background
	:
	Originating from the first version of Mont, and used at automatic stations.

	Info group
	:
	Documentation Part

	Data type
	:
	DT-D

	Data format
	:
	String


Supplier number (V)
	Field data
	:
	‘22’

	Description
	:
	

	Background
	:
	

	Info group
	:
	

	Data type
	:
	

	Data format
	:
	


Serial number assigned by supplier (S)
	Field data
	:
	‘23’

	Description
	:
	

	Background
	:
	

	Info group
	:
	

	Data type
	:
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