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Description:
The example describes a processing machine served by a 
robot. The machine safety system consists of one (Pluto 1) 
to which all protection has been connected. The robot has 
been equipped with a (Pluto 0) to which the cell protection 
has been connected. The Pluto for the machine has been 
connected via a databus cable to the robot's Pluto so that 
common functions, such as emergency stop, can be used 
by the whole cell.

Function:
Emergency stop takes priority and will stop both the ma-
chine and the robot. The machine hatch acts as the zone 
divider, when the hatch is closed the machine forms one 
zone and the robot another zone. When the machine hatch 
is open, both the machine and the robot belong to the 
same zone. If the door is opened when the machine hatch 
is open, the machine and the robot will both stop, but if the 
machine hatch is closed, only the robot will be stopped.
After the door has been opened, the system must be reset 
by means of the reset button on the outside of the door. 
Emergency stop is reset when the pressed-in button is 
pulled out. NOTE. The cell operating cycle must not how-
ever start immediately on resetting the emergency stop or 
the door.

Robot cell with Pluto

application example
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Electrical connections
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Pluto 0 settings – Robot cabinet

Pluto 0
I0.0=P0_ES1_Ch1	 ;Emergency stop 1 channel 1 - Static
I0.1=P0_ES1_Ch2	 ;Emergency stop 1 channel 2 - Dynamic A non-inverted
I0.2=P0_Eden1	 ;Door Eden sensor - Dynamic A
I0.15=P0_LB1_In	 ;Reset Door - Light button input - Dynamic A
Q0.2=P0_AS_OK	 ;Robot auto stop - Expansion BT50 relay
Q0.3=P0_ES	 ;Robot emergency stop - Expansion BT50 relay
GM0.0=P0_ES_OK	 ;Emergency stop OK in Pluto 0

application example
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Pluto 1 settings – Machine cabinet

Pluto 1
I1.1=P1_ES1_Ch1	 ;Emergency stop 1 channel 1 -  Dynamic A non-inverted
I1.2=P1_ES1_Ch2	 ;Emergency stop 1 channel 2 -Static
I1.3=P1_IS1_Ch1	 ;Interlocking switch channel 1 - Dynamic A non-inverted
I1.4=P1_IS1_Ch2	 ;Interlocking switch channel 2 - Static
I1.15=P1_LB1_In	 ;Reset Hatch - Light button input - Dynamic A
Q1.0=P1_ES	 ;Machine Emergency stop
Q1.1=P1_PS	 ;Machine protective stop
GM1.0=P1_ES_OK	 ;Emergency stop OK in Pluto 1
GM1.1=P1_Hatch_OK	 ;Hatch closed
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1

Start

2 Two channel monitoring with automatic reset of emergency stop at the door.

TC1S

QIn1

In2

Start

I0.0
P0_ES1_Ch1

I0.1
P0_ES1_Ch2

GM0.0
P0_ES_OK

  GM0.0=P0_ES_OK Emergency stop OK in Pluto 0
  I0.0=P0_ES1_Ch1 Emergency stop 1 channel 1 - Static
  I0.1=P0_ES1_Ch2 Emergency stop 1 channel 2 - Dynamic A non-inverted

3 Emergency stop of robot.

When the emergency stop is actuated the robot will make an emergency stop.
In order to restore safety requires the emergency stop button needs to be reset.
An emergency stop from the machine panel will also emergency stop the robot.

GM0.0
P0_ES_OK

GM1.0
P1_ES_OK

Q0.3
P0_ES

  GM0.0=P0_ES_OK Emergency stop OK in Pluto 0
  GM1.0=P1_ES_OK Emergency stop OK in Pluto 1
  Q0.3=P0_ES Robot emergency stop - Expansion BT50 relay

4 Auto stop of robot.

When the door to the robot cell is opened the robot is auto stopped.
To reset the safety the door needs to be closed and the reset button pressed and released.
Note that IQ15 of the Pluto is used both as a button in and to indicate diffirent reset states.
Constant light means reset is not possible, safety not ok.
Flash 0.4 s high, 0.6 s low means reset is possible but not performed.
No light means reset has been performed and the safety is ok.

ResetT

QIn1

Reset

Test

IndReset

I0.2
P0_Eden1

N
I0.15
P0_LB1_In

Q0.15
P0_LB1_Out

Q0.2
P0_AS_OK

  I0.15=P0_LB1_In Reset Door - Light button input - Dynamic A
  I0.2=P0_Eden1 Door Eden sensor - Dynamic A
  Q0.15=P0_LB1_Out Reset Door - Light button output - Static
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay

PLC code Pluto 0 – Robot cabinet

application example
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1

Start

2 Two channel monitoring with automatic reset of emergency stop at the door.

TC1S

QIn1

In2

Start

I0.0
P0_ES1_Ch1

I0.1
P0_ES1_Ch2

GM0.0
P0_ES_OK

  GM0.0=P0_ES_OK Emergency stop OK in Pluto 0
  I0.0=P0_ES1_Ch1 Emergency stop 1 channel 1 - Static
  I0.1=P0_ES1_Ch2 Emergency stop 1 channel 2 - Dynamic A non-inverted

3 Emergency stop of robot.

When the emergency stop is actuated the robot will make an emergency stop.
In order to restore safety requires the emergency stop button needs to be reset.
An emergency stop from the machine panel will also emergency stop the robot.

GM0.0
P0_ES_OK

GM1.0
P1_ES_OK

Q0.3
P0_ES

  GM0.0=P0_ES_OK Emergency stop OK in Pluto 0
  GM1.0=P1_ES_OK Emergency stop OK in Pluto 1
  Q0.3=P0_ES Robot emergency stop - Expansion BT50 relay

4 Auto stop of robot.

When the door to the robot cell is opened the robot is auto stopped.
To reset the safety the door needs to be closed and the reset button pressed and released.
Note that IQ15 of the Pluto is used both as a button in and to indicate diffirent reset states.
Constant light means reset is not possible, safety not ok.
Flash 0.4 s high, 0.6 s low means reset is possible but not performed.
No light means reset has been performed and the safety is ok.

ResetT

QIn1

Reset

Test

IndReset

I0.2
P0_Eden1

N
I0.15
P0_LB1_In

Q0.15
P0_LB1_Out

Q0.2
P0_AS_OK

  I0.15=P0_LB1_In Reset Door - Light button input - Dynamic A
  I0.2=P0_Eden1 Door Eden sensor - Dynamic A
  Q0.15=P0_LB1_Out Reset Door - Light button output - Static
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay

5 Alarm 03 - Machine hatch open.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

GM1.1
P1_Hatch_OK

Q0.2
P0_AS_OK

SR0.11=0
SR_ErrorCode=0

SR0.10=203
SR_PlutoDisplay=203

  GM1.1=P1_Hatch_OK Hatch closed
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  SR0.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR0.11=SR_ErrorCode Error code

6 Alarm 02 - Door open.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

I0.2
P0_Eden1

SR0.11=0
SR_ErrorCode=0

SR0.10=202
SR_PlutoDisplay=202

  I0.2=P0_Eden1 Door Eden sensor - Dynamic A
  SR0.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR0.11=SR_ErrorCode Error code

7 Alarm 01 - Emergency stop actuated.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

GM0.0
P0_ES_OK

SR0.11=0
SR_ErrorCode=0

SR0.10=201
SR_PlutoDisplay=201

  GM0.0=P0_ES_OK Emergency stop OK in Pluto 0
  SR0.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR0.11=SR_ErrorCode Error code
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1

Start

2 Two channel monitoring with automatic reset of emergency stop at the machine hatch.

TC1S

QIn1

In2

Start

I1.1
P1_ES1_Ch1

I1.2
P1_ES1_Ch2

GM1.0
P1_ES_OK

  GM1.0=P1_ES_OK Emergency stop OK in Pluto 1
  I1.1=P1_ES1_Ch1 Emergency stop 1 channel 1- Dynamic A non-inverted
  I1.2=P1_ES1_Ch2 Emergency stop 1 channel 2 - Static

3 Two channel monitoring with automatic reset of  interlocking switch of the machine hatch.

TC1S

QIn1

In2

Start

I1.3
P1_IS1_Ch1

I1.4
P1_IS1_Ch2

GM1.1
P1_Hatch_OK

  GM1.1=P1_Hatch_OK Hatch closed
  I1.3=P1_IS1_Ch1 Interlocking switch channel 1 - Dynamic A non-inverted
  I1.4=P1_IS1_Ch2 Interlocking switch channel 2 - Static

4 Emergency stop of machine.

When the emergency stop is actuated the machine will make an emergency stop.
In order to restore safety requires the emergency stop button needs to be reset.
An emergency stop from the robot will also emergency stop the machine.

GM1.0
P1_ES_OK

GM0.0
P0_ES_OK

Q1.0
P1_ES

  GM0.0=P0_ES_OK Emergency stop OK in Pluto 0
  GM1.0=P1_ES_OK Emergency stop OK in Pluto 1
  Q1.0=P1_ES Machine Emergency Stop

PLC code Pluto 1 – Machine cabinet

5 Monitoring of the hatch.

When the hatch is opened the monitoring of the hatch is inactive.
To reset the safety the hatch needs to be closed and the reset button pressed and released.
Note that IQ15 of the Pluto is used both as a button in and to indicate different reset states.
Constant light means reset is not possible, safety not ok.
Flash 0.4 s high, 0.6 s low means reset is possible but not performed.
No light means reset has been performed and the safety is ok.

ResetT

QIn1

Reset

Test

IndReset

GM1.1
P1_Hatch_OK

N
I1.15
P1_LB1_In

M1.1
HB_Ind_Hatch_OK

M1.0
HB_Hatch_OK

  GM1.1=P1_Hatch_OK Hatch closed
  I1.15=P1_LB1_In Reset Hatch - Light button input - Dynamic A
  M1.0=HB_Hatch_OK Help Bit - Hatch closed
  M1.1=HB_Ind_Hatch_OK Help Bit - Indication Reset Hatch

6 Light button indication of the reset of the hatch.

If the robot cell's door is closed and reset no light indication is needed inside the cell.

M1.1
HB_Ind_Hatch_OK

Q0.2
P0_AS_OK

Q1.15
P1_LB1_Out

  M1.1=HB_Ind_Hatch_OK Help Bit - Indication Reset Hatch
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  Q1.15=P1_LB1_Out Reset Hatch - Light button output - Static

7 Protective stop of the machine.

Either the hatch is closed and reset or the door to the robot cell is closed and reset.
This means the cell can work with the hatch both open or closed as long as the cell's door is closed and reset.

M1.0
HB_Hatch_OK

Q0.2
P0_AS_OK

Q1.1
P1_PS

  M1.0=HB_Hatch_OK Help Bit - Hatch closed
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  Q1.1=P1_PS Machine Protective Stop

8 Alarm 03 - Machine hatch open.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

GM1.1
P1_Hatch_OK

Q0.2
P0_AS_OK

SR1.11=0
SR_ErrorCode=0

SR1.10=203
SR_PlutoDisplay=203

  GM1.1=P1_Hatch_OK Hatch closed
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  SR1.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR1.11=SR_ErrorCode Error code

application example
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1

Start

2 Two channel monitoring with automatic reset of emergency stop at the machine hatch.

TC1S

QIn1

In2

Start

I1.1
P1_ES1_Ch1

I1.2
P1_ES1_Ch2

GM1.0
P1_ES_OK

  GM1.0=P1_ES_OK Emergency stop OK in Pluto 1
  I1.1=P1_ES1_Ch1 Emergency stop 1 channel 1- Dynamic A non-inverted
  I1.2=P1_ES1_Ch2 Emergency stop 1 channel 2 - Static

3 Two channel monitoring with automatic reset of  interlocking switch of the machine hatch.

TC1S

QIn1

In2

Start

I1.3
P1_IS1_Ch1

I1.4
P1_IS1_Ch2

GM1.1
P1_Hatch_OK

  GM1.1=P1_Hatch_OK Hatch closed
  I1.3=P1_IS1_Ch1 Interlocking switch channel 1 - Dynamic A non-inverted
  I1.4=P1_IS1_Ch2 Interlocking switch channel 2 - Static

4 Emergency stop of machine.

When the emergency stop is actuated the machine will make an emergency stop.
In order to restore safety requires the emergency stop button needs to be reset.
An emergency stop from the robot will also emergency stop the machine.

GM1.0
P1_ES_OK

GM0.0
P0_ES_OK

Q1.0
P1_ES

  GM0.0=P0_ES_OK Emergency stop OK in Pluto 0
  GM1.0=P1_ES_OK Emergency stop OK in Pluto 1
  Q1.0=P1_ES Machine Emergency Stop

5 Monitoring of the hatch.

When the hatch is opened the monitoring of the hatch is inactive.
To reset the safety the hatch needs to be closed and the reset button pressed and released.
Note that IQ15 of the Pluto is used both as a button in and to indicate different reset states.
Constant light means reset is not possible, safety not ok.
Flash 0.4 s high, 0.6 s low means reset is possible but not performed.
No light means reset has been performed and the safety is ok.

ResetT

QIn1

Reset

Test

IndReset

GM1.1
P1_Hatch_OK

N
I1.15
P1_LB1_In

M1.1
HB_Ind_Hatch_OK

M1.0
HB_Hatch_OK

  GM1.1=P1_Hatch_OK Hatch closed
  I1.15=P1_LB1_In Reset Hatch - Light button input - Dynamic A
  M1.0=HB_Hatch_OK Help Bit - Hatch closed
  M1.1=HB_Ind_Hatch_OK Help Bit - Indication Reset Hatch

6 Light button indication of the reset of the hatch.

If the robot cell's door is closed and reset no light indication is needed inside the cell.

M1.1
HB_Ind_Hatch_OK

Q0.2
P0_AS_OK

Q1.15
P1_LB1_Out

  M1.1=HB_Ind_Hatch_OK Help Bit - Indication Reset Hatch
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  Q1.15=P1_LB1_Out Reset Hatch - Light button output - Static

7 Protective stop of the machine.

Either the hatch is closed and reset or the door to the robot cell is closed and reset.
This means the cell can work with the hatch both open or closed as long as the cell's door is closed and reset.

M1.0
HB_Hatch_OK

Q0.2
P0_AS_OK

Q1.1
P1_PS

  M1.0=HB_Hatch_OK Help Bit - Hatch closed
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  Q1.1=P1_PS Machine Protective Stop

8 Alarm 03 - Machine hatch open.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

GM1.1
P1_Hatch_OK

Q0.2
P0_AS_OK

SR1.11=0
SR_ErrorCode=0

SR1.10=203
SR_PlutoDisplay=203

  GM1.1=P1_Hatch_OK Hatch closed
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  SR1.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR1.11=SR_ErrorCode Error code

5 Monitoring of the hatch.

When the hatch is opened the monitoring of the hatch is inactive.
To reset the safety the hatch needs to be closed and the reset button pressed and released.
Note that IQ15 of the Pluto is used both as a button in and to indicate different reset states.
Constant light means reset is not possible, safety not ok.
Flash 0.4 s high, 0.6 s low means reset is possible but not performed.
No light means reset has been performed and the safety is ok.

ResetT

QIn1

Reset

Test

IndReset

GM1.1
P1_Hatch_OK

N
I1.15
P1_LB1_In

M1.1
HB_Ind_Hatch_OK

M1.0
HB_Hatch_OK

  GM1.1=P1_Hatch_OK Hatch closed
  I1.15=P1_LB1_In Reset Hatch - Light button input - Dynamic A
  M1.0=HB_Hatch_OK Help Bit - Hatch closed
  M1.1=HB_Ind_Hatch_OK Help Bit - Indication Reset Hatch

6 Light button indication of the reset of the hatch.

If the robot cell's door is closed and reset no light indication is needed inside the cell.

M1.1
HB_Ind_Hatch_OK

Q0.2
P0_AS_OK

Q1.15
P1_LB1_Out

  M1.1=HB_Ind_Hatch_OK Help Bit - Indication Reset Hatch
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  Q1.15=P1_LB1_Out Reset Hatch - Light button output - Static

7 Protective stop of the machine.

Either the hatch is closed and reset or the door to the robot cell is closed and reset.
This means the cell can work with the hatch both open or closed as long as the cell's door is closed and reset.

M1.0
HB_Hatch_OK

Q0.2
P0_AS_OK

Q1.1
P1_PS

  M1.0=HB_Hatch_OK Help Bit - Hatch closed
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  Q1.1=P1_PS Machine Protective Stop

8 Alarm 03 - Machine hatch open.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

GM1.1
P1_Hatch_OK

Q0.2
P0_AS_OK

SR1.11=0
SR_ErrorCode=0

SR1.10=203
SR_PlutoDisplay=203

  GM1.1=P1_Hatch_OK Hatch closed
  Q0.2=P0_AS_OK Robot auto stop - Expansion BT50 relay
  SR1.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR1.11=SR_ErrorCode Error code

9 Alarm 02 - Door open.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

I0.2
P0_Eden1

SR1.11=0
SR_ErrorCode=0

SR1.10=202
SR_PlutoDisplay=202

  I0.2=P0_Eden1 Door Eden sensor - Dynamic A
  SR1.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR1.11=SR_ErrorCode Error code

10 Alarm 01 - Emergency stop actuated.

To generate User Errors (UE) a value of 200 - 299 can be written to the display of the Pluto.
A check of System Register 11 (SR11) in the Pluto prioritises errors from the Pluto itself over User Errors.

GM1.0
P1_ES_OK

SR1.11=0
SR_ErrorCode=0

SR1.10=201
SR_PlutoDisplay=201

  GM1.0=P1_ES_OK Emergency stop OK in Pluto 1
  SR1.10=SR_PlutoDisplay Pluto display figure. For user error: 200+no
  SR1.11=SR_ErrorCode Error code


