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1 Introduction
The VELO hardware interlock system has been developed to protect the VELO against failures during its operation. The functionality of the system is described in details in reference [1]. This document presents the follow-up to the functionality description. 

Table 1 gives the overview of all the interlock signals for the VELO. The first group of interlock signals is handled by the VELO interlock hardware unit. “Front-end” stands for all signals coming from the temperature boards. Details on these are given in section 2. The second group of signals is exchanged directly between the PLCs. Section 3 gives an overview of the implementation of these signals. The VELO relies on a few external signals for the interlocks. These are shown in group 3 of table 1; details are given in section 4.   

Table 1: Overview of the hardware interlocks for the VELO

	
	Action
	From system
	Signal
	To system
	Granularity

	Interlock unit
	LV inhibit
	Front-end
	Warm ok
	LV
	per LV module

	
	LV inhibit
	Cooling
	Cooling ok
	LV 
	per detector half

	
	LV inhibit
	Vacuum
	Vacuum ok
	LV
	full system

	
	LV inhibit
	Front-end
	Temp. Board ok
	LV
	per LV module

	
	HV inhibit
	Vacuum
	Vacuum ok
	HV
	full system

	
	HV inhibit
	Cooling
	Cooling ok
	HV
	per detector half

	
	HV inhibit
	Front-end
	Too warm
	HV
	per ¼ HV module

	
	HV inhibit
	Front-end
	Temp. Board ok
	HV
	Per ¼ HV module

	
	HV inhibit
	LHCb BCM
	BCM_OK
	HV
	full system

	
	Motion inhibit
	LHCb BCM
	BCM_OK
	Positioning
	full system

	
	Cooling inhibit
	Front-end
	Cold ok
	Cooling
	per detector half

	
	HV inhibit
	Emergency button
	Em_butt
	HV
	full system

	
	LV inhibit
	Emergency button
	Em_butt
	LV
	full system

	PLC
	Cooling inhibit
	Vacuum
	Vacuum ok
	Cooling
	full system

	
	Positioning inhibit
	Vacuum
	Vacuum ok
	Positioning 
	full system

	
	Venting inhibit
	Cooling
	Cooling ok
	Vacuum
	full system

	
	Vent/evacuate inhibit
	Positioning
	Motion ok
	Vacuum
	full system

	External
	Cooling inhibit
	Primary water
	
	Cooling
	full system

	
	Positioning inhibit
	CIBU
	MDA/SSB
	Positioning
	full system

	
	Beam dump
	Positioning 
	User permit
	CIBU
	

	
	Vent/evacuate inhibit
	LHC vacuum sector valves
	Sector valves closed
	Vacuum
	full system

	
	Venting inhibit
	Gas injection
	Gas ready
	Vacuum
	full system

	
	
	
	Injection valve
	
	


2 The VELO hardware interlock unit
2.1 Description of the VELO hardware interlock unit
The interlocks of the first group in Table 1 are treated in this unit. In this document we only concentrate on the main features and functionality. A more detailed description of this unit can be found in reference [2].  

The interlock unit is located in D3E05 (slot 6). A picture is shown in Figure 1.
All the incoming and outgoing signals (see sections 2.2 and 2.3 for further details) have each 2 LEDs on the front panel, a green and an orange LED. For the incoming signals the green LED is lit when the signal present, while the orange is lit when the signal has been forced from the inside. For the outgoing signals the green LED is lit when the signal is not interlocked, the orange is lot when the signal has been forced from the inside. The forcing is done by the override switches inside the box (see reference [3]).      
[image: image1.jpg]



Figure 1: The interlock decision unit.

2.2 Description of the incoming signals
The base granularity in the interlock system comprises 2 VELO modules; this is dictated by the granularity of the too warm signal from the temperature board. For a too warm signal 1 LV module and a ¼ HV module will be switched off. Details on the temperature board can be found in reference [4]. The temperature board triggers 3 types of signals that are sent to the interlock unit:
· “too cold”: one signal per board, or 3 per detector half. The signal is triggered when the temperature given by at least 3 out of 4 NTCs of 1 VELO module is below a too cold threshold. This “too cold” signal is an OR of all 8 modules being too cold per temperature board. For the pile-up….  
· “too warm”: 4 signals per temperature board, 1 signal per 2 VELO modules. The signal is triggered when one of the eight NTCs on the 2 VELO modules reads a temperature greater than a too warm threshold. 

· Temperature board ok: The signal is high (ok) when the boards are powered and a signal is received by the interlock box. One signal per board is given. This signal is given above the error threshold (see table)
The signals can be masked via PVSS. For this a special masking file needs to be loaded. The masking procedure is explained on the VELO operation wiki pages [5]. Note that masking of crucial parameters will generate an automatic interlock signal:

· If 4 NTCs on one VELO module are masked the interlock is fired. This is 4 maskbits on the too warm levels or 4 maskbits on the error levels. If two NTCs are masked in case of a pile-up module (2 maskbits on the too warm or error levels), an interlock signal is sent as well.
An overview of the different thresholds can be found in table 2. These are approximate values, all values were determined exactly for the different temperature boards [6].

 Table 2: Overview of the thresholds for the temperature board interlocks
	Signal
	Threshold in V
	Threshold in deg C

	error
	> 2.451
	

	Too cold
	> 2.278
	< - 36.9

	None, normal operation
	2.278 > > 0.731
	30.1>  >-36.9

	Too warm
	< 0.731
	> 30.1


Besides the spare channel inputs, other incoming signals come from the cooling system, Beam Condition Monitor system, vacuum system and emergency button:
· The Cooling system signals that the cooling has reached a ready state
· This is defined as the accu setpoint temperature has been reached within 0.5(C and the average cooling cookie temperature stays within a band around this setpoint.
· The Vacuum system delivers a vacuum ok signal

· This is defined as the pressure is below a level of 10-3 mbar.
· The BCM sends a signal BCM_OK that it is functioning. Essential functionality like HV and programming of the credit card pc is monitored. More information can be found in reference [7].
· The Emergency button:

· In the LHCb control room an emergency button is installed. In case of communication loss with the D3 environment this can be pushed to switch off all LV and HV channels of the VELO. 
Table 3 gives an overview of these signals as seen by the interlock unit. Each temperature board has its own input signals. Spare channels exist.
Table 3: Overview of the input signals to the interlock decision unit
	Input signal
	No of signals
	From
	Signal 

	Warm ok 0/1/2/3
	4 per TB
	Temp. Board
	Too warm

	Cold ok
	1 per TB
	Temp. Board
	Too cold

	Board ok
	1 per TB
	Temp. Board
	Temp board ok

	Cooling ready A/C
	1 per det half
	Cooling
	

	Vacuum ready
	1 
	Vacuum
	

	BCM ok
	1
	BCM
	

	Emergency button
	1
	Emergency button
	


2.3 Description of the outgoing signals

The output signals to HV and LV are divided according to the granularity of the temperature boards. Spare channels exist.  

Table 4 gives an overview of the outgoing signals. 

Table 4: Overview of the output signals from the interlock decision unit
	Output signal
	No of signals
	To

	CAEN01-11
	12
	LV

	A/C_ISEG01/02/03
	12
	HV

	Allow CoolingA/C
	2
	Cooling

	Allow positioning
	1
	Motion


2.4 Programming of the FPGA

The FPGA in the interlock unit takes the input signals and fires the right output signals taking into account the granularity as described in table 1. The full programming overview can be found in [8]. A correspondence table for the channels affecting each other is found in appendix A. 

Below a short overview of the FPGA logic is given:

· Temperature board fires “too warm” (“warm ok” led goes off) 

· CAEN01-11 leds on front panel will go off and switch off of corresponding LV modules (LV inhibit)

· A/C_ISEG01/02/03 leds go off and switch off corresponding HV modules (HV inhibit)

· Temp board fires “too cold” (“cold ok” led goes off): 

· Allow cooling A/C led will go off. If the cooling system runs with the main chiller it will go to backup cooling, if running on backup it will stay running in backup chiller.
· Note that the “too cold” information of the Temperature boards is ignored by the cooling system when the TB looses the temp board ok signal.     

· Temp board fires not ok (“board ok” led off)

· CAEN01-11 leds on front panel will go off and switch off of corresponding LV modules (LV inhibit)

· A/C_ISEG01/02/03 leds go off and switch off corresponding HV modules (HV inhibit)

· too cold signal is ignored by the cooling system.     

· Vacuum not ready (“vacuum ready” led goes off)

· CAEN01-11 leds on front panel will go off and switch off of corresponding LV modules (LV inhibit)

· A/C_ISEG01/02/03 leds go off and switch off corresponding HV modules (HV inhibit)

· Cooling not ready (“cooling ok A/C” led goes off)

· CAEN01-11 leds on front panel will go off and switch off of corresponding LV modules (LV inhibit)

· A/C_ISEG01/02/03 leds go off and switch off corresponding HV modules (HV inhibit)
· BCM not ok (“BCM ok” LED goes off)

· A/C_ISEG01/02/03 leds go off and switch off corresponding HV modules (HV inhibit)

· Allow positioning goes off, detector will retract and is not allowed to move in.
· Emergency button pushed (“Em. butt.” LED goes off)

· CAEN01-11 leds on front panel will go off and switch off of corresponding LV modules (LV inhibit) for both A and C side

· ISEG01/02/03 leds go off and switch off corresponding HV modules (HV inhibit) for both A and C side
2.5 Testing the unit 
The functionality of the programmed FPGA was tested in the lab standalone and with the input from a temperature board and an output to a CAEN LV module. When installed in D3E05 slot 6, the functionality test was repeated and the different output and input signals were verified. These tests comprised the verification of the signal arrival and its polarity, cross-checking the cabling and channel labeling. The complete chain from VELO repeater boards over the temperature boards down to the LV and HV modules and back was also tested. A first test used a voltage source to mimic the “too warm” and “too cold” signals from the repeater boards to the Temperature Boards. A second test was performed with the dummy module. The LV was switched on for each channel and when the “too warm” threshold was reached it was verified that the interlock had fired. All tests were done in December 2007 and May 2008.
After the uploading of the “final” FPGA firmware and the change of temperature resistors on the temperature boards a full checkout of the system was performed. This was done begin April 2009. 

More information on these checkouts can be found in the elog [9, 10]. The full test procedure is described on the VELO operation wiki pages [5]. Testing the interlock decision unit is based on masking 4 NTC channels per VELO module (two for the pile-up) as doing so generates automatically “too warm” signals. This way the functionality of the temperature boards and the interlock decision unit can be checked easily.   

3 Signals exchanged between the PLCs
3.1 Vacuum-Cooling system

· Cooling inhibit: this interlock signal is sent to the cooling system from the vacuum system. It signals that the detector pressure pdet is larger than a threshold value pcooling (approx. 1e-3 mbar), no neon in the detector or the detector vacuum is unknown (e.g. gauge or control system is off).
· Venting inhibit from the cooling control system. VELO venting can only be done when the cooling does not use the main chiller (SA). While using the back up chiller or when the system is turned off venting is allowed. 
3.2 Vacuum - motion system
· Positioning inhibit: this interlock signal is sent to the positioning system and signals that the detector pressure pdet is larger than a threshold value pmotion (approx. 10 mbar) or the detector vacuum is unknown (e.g. gauge or control system is off).
· Vent/evacuate inhibit from the positioning system allows venting and starting evacuation only when the detectors are in the closest position in X relative to each other (software switch at (+2,-2)mm). In this position, the two thin aluminium foils (facing each other) will be spaced by about 4 mm.

The interlock of the vacuum, motion and cooling PLCs can be overruled. For more details see reference manuals on the systems concerned [11, 12].

4 External Signals 

4.1 Signal exchange with the LHC vacuum

For neon injection this system has to be available. The signal telling whether the neon injection system is available is a logic AND of the following two signals. The VELO vacuum system gets an interlock signal gas ready from the AT-VAC neon gas injection system which will is located in the LHCb cavern. The VELO vacuum system also gets the status of the valve V5 on the injection line.

To allow VELO vacuum procedures the LHC sector valves need to be closed. Therefore the VELO vacuum system also gets two signals from the sector valves.
The LHC vacuum control system provides an interlock signal vent/evacuate inhibit to the VELO vacuum PLC to inhibit VELO venting or starting evacuation when the sector valves are not closed. This interlock signal must be working at all times, even in the case of a power cut (which could be local to the LHC vacuum system and not affecting the LHCb experiment).

4.2 DSS signal
A DSS signal is sent to the cooling PLC when the temperature or flow of the primary cooling water is not ok [13]. In this case the cooling will switch to backup cooling. The status of this signal can be seen in the interlock panel on the cooling PLC (see also reference [13]).

4.3 Signal exchange for the beam dump

The LHC beam interlock system (BIS, see [14]) foresees the possibility for experiments to inhibit beam circulation in the ring. A user permit interlock signal must be provided by the experiment to the closest Beam Interlock Controller (BIC) through the User Interface (CIBU). These signals (coming from all Beam Interlock Controllers) will be then combined in the Beam Interlock System (BIS) and generate a beam permit signal. Whenever user permit is false, the beam permit signal will become false and the beam is dumped (if present) and injection is disabled. There is one such signal per beam. The BIC will allow several potential signal sources within one experiment to be combined into one user permit per beam. 
An independent link will allow safe signal exchange between the LHC and the experiments (the Safe LHC Parameters). The states stable beams, unstable beams and adjust correspond to three levels of (increasing) risk associated with their respective allowed beam operations. Entering the adjust state from (un)stable beams requires hand-shaking between the LHC and experiments. Only the two states stable beams and unstable beams are considered safe enough to have the VELO detectors close to the beams (safe beam). An extra state is introduced Movable Devices Allowed (MDA), this is a logic OR of stable and unstable beams. These signals are received from LHC/BIC and by means of the CIBU located in the motion PLC rack.

Via the CIBU the VELO gives back a user permit to LHC/BIC. The user permit signal is set when a logic OR of the following statements is true:
· |X| > 29 mm (
)
· MDA set and  |X| < 29 mm (3)
Hence when the user permit is not set a beam dump is caused. This implies the following for the VELO motion system (see summary in figure 1):
· When MDA AND SSB are set 

· VELO can move in/out (situation A)

· When SSB is lost and  |X|<29 mm (3) 

· VELO will start moving OUT (situation B,C)

· With eventual timing option and/or button to prevent move out. 

[image: image2]
Figure 2: Overview of the different situations for the VELO motion system with the LHC parameters.  
Open issues: 


· To be verified: under which conditions/LHC actions are MDA and SSB set?

· Postmortem publication

· Via DIP

· To be verified: format and specifics of the postmortem trigger signal (HW type?)

· Masking of the user permit: VELO will be able to override the user permit in the PLC. This can only be used, password protected in case of VELO failure. Special decision procedure to be defined.

· power of the CIBU on machine UPS?
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APPENDIX A: Overview of the signal in and outputs, cable labels. The table gives the correspondence between origin of the signal and its destination. 
	Side
	Origin
	Signal input
	Label Cable in
	Destination
	Signal output
	Label Cable  out

	A
	TB1
	Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling A 
	Inlk Cool. Cool. Allow A

	
	TB2
	Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling A 
	Inlk Cool. Cool. Allow A

	
	TB3
	Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling A
	Inlk Cool. Cool. Allow A

	
	TB1
	Warm ok 0
	A-side Temp inlk too warm
	HV
	A_ISEG01 0-3
	A​​_ISEG 01 0-7

	
	
	Warm ok 0
	A-side Temp inlk too warm
	LV
	CAEN 11
	INLK LV A -CAEN 11

	
	TB1
	Warm ok 1
	A-side Temp inlk too warm
	HV
	A_ISEG01 4-7
	A​​_ISEG 01 0-7

	
	
	Warm ok 1
	A-side Temp inlk too warm
	LV
	CAEN 01
	INLK LV A- CAEN 01

	
	TB1
	Warm ok 2
	A-side Temp inlk too warm
	HV
	A_ISEG01 8-11
	A​​_ISEG 01 8-15

	
	
	Warm ok 2
	A-side Temp inlk too warm
	LV
	CAEN 02
	INLK LV A- CAEN 01

	
	TB1
	Warm ok 3
	A-side Temp inlk too warm
	HV
	A_ISEG01 12-15
	A​​_ISEG 01 8-15

	
	
	Warm ok 3
	A-side Temp inlk too warm
	LV
	CAEN 03
	INLK LV A- CAEN 03

	
	TB2
	Warm ok 0
	A-side Temp inlk too warm
	HV
	A_ISEG02 0-3
	A​​_ISEG 02 0-7

	
	
	Warm ok 0
	A-side Temp inlk too warm
	LV
	CAEN 04
	INLK LV A- CAEN 04

	
	TB2
	Warm ok 1 
	A-side Temp inlk too warm
	HV
	A_ISEG02 4-7
	A​​_ISEG 02 0-7

	
	
	Warm ok 1
	A-side Temp inlk too warm
	LV
	CAEN 05
	INLK LV A- CAEN 05

	
	TB2
	Warm ok 2
	A-side Temp inlk too warm
	HV
	A_ISEG02 8-11
	A​​_ISEG 02 8-15

	
	
	Warm ok 2
	A-side Temp inlk too warm
	LV
	CAEN 06
	INLK LV A- CAEN 06

	
	TB2
	Warm ok 3
	A-side Temp inlk too warm
	HV
	A_ISEG02 12-15
	A​​_ISEG 02 8-15

	
	
	Warm ok 3
	A-side Temp inlk too warm
	LV
	CAEN 07
	INLK LV A- CAEN 07

	
	TB3
	Warm ok 0
	A-side Temp inlk too warm
	HV
	A_ISEG03 0-3
	A​​_ISEG 03 0-7

	
	
	Warm ok 0
	A-side Temp inlk too warm
	LV
	CAEN 08
	INLK LV A- CAEN 08

	
	TB3
	Warm ok 1
	A-side Temp inlk too warm
	HV
	A_ISEG03 4-7
	A​​_ISEG 03 0-7

	
	
	Warm ok 1
	A-side Temp inlk too warm
	LV
	CAEN 09
	INLK LV A- CAEN 09

	
	TB3
	Warm ok 2
	A-side Temp inlk too warm
	HV
	A_ISEG03 8-11
	A​​_ISEG 03 8-15

	
	
	Warm ok 2
	A-side Temp inlk too warm
	LV
	CAEN 10
	INLK LV A- CAEN 10

	
	TB3
	Spare
	A-side Temp inlk too warm
	-
	A_ISEG03 12-15 (spare)
	-

	
	
	Spare
	A-side Temp inlk too warm
	-
	CAEN spare
	-

	
	TB1
	Board ok
	A+C cold ok Board ok
	HV
	A_ISEG01 0-15
	A​​_ISEG 01 0-15

	
	
	
	
	LV
	CAEN 11-03
	INLK LV A- CAEN 11-03

	
	TB2
	Board ok
	A+C cold ok Board ok
	HV
	A_ISEG02 0-15
	A​​_ISEG 02 0-15

	
	
	
	
	LV
	CAEN 04-07
	INLK LV A- CAEN 04-07

	
	TB3
	Board ok
	A+C cold ok Board ok
	HV
	A_ISEG03 0-15
	A​​_ISEG 03 0-15

	
	
	
	
	LV
	CAEN 08-10 + spare
	INLK LV A- CAEN 08-10

	
	TB1
	Board ok + Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling A
	INLK Cool Cool allow A

	
	TB2
	Board ok + Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling A
	INLK Cool Cool allow A

	
	TB3 
	Board ok + Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling A
	INLK Cool Cool allow A

	C
	TB1
	Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling C 
	INLK Cool Cool allow C

	
	TB2
	Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling C 
	INLK Cool Cool allow C

	
	TB3
	Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling C
	INLK Cool Cool allow C

	
	TB1
	Warm ok 0
	C-side Temp inlk too warm
	HV
	C_ISEG01 0-3
	C​​_ISEG 01 0-7

	
	
	Warm ok 0
	C-side Temp inlk too warm
	LV
	CAEN 11
	INLK LV C- CAEN 11

	
	TB1
	Warm ok 1
	C-side Temp inlk too warm
	HV
	C_ISEG01 4-7
	C​_ISEG 01 0-7

	
	
	Warm ok 1
	C-side Temp inlk too warm
	LV
	CAEN 01
	INLK LV C- CAEN 10

	
	TB1
	Warm ok 2
	C-side Temp inlk too warm
	HV
	C_ISEG01 8-11
	C_ISEG 01 8-15

	
	
	Warm ok 2
	C-side Temp inlk too warm
	LV
	CAEN 02
	INLK LV C- CAEN 02

	
	TB1
	Warm ok 3
	C-side Temp inlk too warm
	HV
	C_ISEG01 12-15
	C_ISEG 01 8-15

	
	
	Warm ok 3
	C-side Temp inlk too warm
	LV
	CAEN 03
	INLK LV C- CAEN 03

	
	TB2
	Warm ok 0
	C-side Temp inlk too warm
	HV
	C_ISEG02 0-3
	C_ISEG 02 0-7

	
	
	Warm ok 0
	C-side Temp inlk too warm
	LV
	CAEN 04
	INLK LV C- CAEN 04

	
	TB2
	Warm ok 1 
	C-side Temp inlk too warm
	HV
	C_ISEG02 4-7
	C_ISEG 02 0-7

	
	
	Warm ok 1
	C-side Temp inlk too warm
	LV
	CAEN 05
	INLK LV C- CAEN 05

	
	TB2
	Warm ok 2
	C-side Temp inlk too warm
	HV
	C_ISEG02 8-11
	C_ISEG 02 8-15

	
	
	Warm ok 2
	C-side Temp inlk too warm
	LV
	CAEN 06
	INLK LV C- CAEN 06

	
	TB2
	Warm ok 3
	C-side Temp inlk too warm
	HV
	C_ISEG02 12-15
	C_ISEG 02 8-15

	
	
	Warm ok 3
	C-side Temp inlk too warm
	LV
	CAEN 07
	INLK LV C- CAEN 07

	
	TB3
	Warm ok 0
	C-side Temp inlk too warm
	HV
	C_ISEG03 0-3
	C_ISEG 03 0-7

	
	
	Warm ok 0
	C-side Temp inlk too warm
	LV
	CAEN 08
	INLK LV C- CAEN 08

	
	TB3
	Warm ok 1
	C-side Temp inlk too warm
	HV
	C_ISEG03 4-7
	C_ISEG 03 0-7

	
	
	Warm ok 1
	C-side Temp inlk too warm
	LV
	CAEN 09
	INLK LV C- CAEN 09

	
	TB3
	Warm ok 2
	C-side Temp inlk too warm
	HV
	C_ISEG03 8-11
	C_ISEG 03 8-15

	
	
	Warm ok 2
	C-side Temp inlk too warm
	LV
	CAEN 10
	INLK LV C- CAEN 10

	
	TB3
	Spare
	C-side Temp inlk too warm
	-
	C_ISEG03 12-15 (spare)
	-

	
	
	Spare
	C-side Temp inlk too warm
	-
	CAEN spare
	-

	
	TB1
	Board ok
	A+C cold ok Board ok
	HV
	C_ISEG01 0-15
	C_ISEG 01 0-15

	
	
	
	
	LV
	CAEN 11-03
	INLK LV C- CAEN 11-03

	
	TB2
	Board ok
	A+C cold ok Board ok
	HV
	C_ISEG02 0-15
	C_ISEG 02 0-15

	
	
	
	
	LV
	CAEN 04-07
	INLK LV C- CAEN 04-07

	
	TB3
	Board ok
	A+C cold ok Board ok
	HV
	C_ISEG03 0-15
	C​​_ISEG 03 0-15

	
	
	
	
	LV
	CAEN 08-10 + spare
	INLK LV C- CAEN 08-10

	
	TB1
	Board ok + Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling C
	INLK Cool Cool allow C

	
	TB2
	Board ok + Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling C
	INLK Cool Cool allow C

	
	TB3 
	Board ok + Cold ok
	A+C cold ok Board ok
	Cooling PLC
	Allow Cooling C
	INLK Cool Cool allow C

	A
	Cool. PLC
	Cooling ready A
	Intlk cool. Cool. Ready A
	HV
	A_ISEG01-02-03


	A_ISEG 01-03 0-15

	
	
	
	
	LV
	A_CAEN 0-11
	INLK LV A- CAEN 0-11

	C
	
	Cooling ready C
	Intlk cool. Cool. Ready C
	HV
	C_ISEG01-02-03


	C_ISEG 01-03 0-15

	
	
	
	
	LV
	C_CAEN 0-11
	INLK LV C- CAEN 0-11

	A/C
	Vac. PLC
	Vacuum ready
	Intlk vac. vac. Ready 
	HV
	A_ISEG01-02-03

C_ISEG01-02-03
	A_ISEG 01-03 0-15
C_ISEG 01-03 0-15

	
	
	
	
	LV
	A_CAEN 0-11

C_CAEN 0-11 
	INLK LV A- CAEN 0-11

INLK LV C- CAEN 0-11

	
	BCM
	BCM ok
	Intlk BCM BCM OK
	Motion PLC
	Allow close
	INLK MOT Det out

	
	
	
	
	HV
	A_ISEG01-02-03

C_ISEG01-02-03
	A_ISEG 01-03 0-15
C_ISEG 01-03 0-15

	
	Emergency button
	Em. Butt.
	Inlk. EM. Butt.
	LV
	A_CAEN 0-11

C_CAEN 0-11
	INLK LV A- CAEN 0-11

INLK LV C- CAEN 0-11

	
	
	
	
	HV
	A_ISEG01-02-03

C_ISEG01-02-03
	A_ISEG 01-03 0-15
C_ISEG 01-03 0-15
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� Vacuum ready can be forced from the PLC, see vacuum operation manual


� Cooling ready can be forced from the PLC, see cooling operation manual


� |X| is defined as the (|X_A| OR |X_C|)









