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1. Introduction

The VELO hardware interlock system has been developed to protect the VELO against all kinds of failures during 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 as described in reference [1]. The first group of interlock signals is taken via the interlock glue box. Details are given in section 2. The second group of signals is exchanged directly between the PLCs. Section 3 gives an overview of the implementation. 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

	Signal
	From system
	To system
	Granularity

	LV inhibit
	Front-end
	LV
	per LV module

	LV inhibit
	Cooling
	LV 
	per detector half

	LV inhibit
	Vacuum
	LV
	full system

	Temp Board Off
	Front-end
	LV
	per LV module

	HV inhibit
	Vacuum
	HV
	full system

	HV inhibit
	Cooling
	HV
	per detector half

	HV inhibit
	Front-end
	HV
	per ½ HV module

	Temp Board Off
	Front-end
	HV
	per ½ HV module

	BCM off
	LHCb BCM
	HV
	full system

	BCM off
	LHCb BCM
	Positioning
	full system

	Cooling inhibit
	Front-end
	Cooling
	per detector half

	Temperature Board ready
	Front-End
	Cooling
	per detector half

	Cooling inhibit
	Vacuum
	Cooling
	full system

	Positioning inhibit
	Vacuum
	Positioning 
	full system

	Venting inhibit
	Cooling
	Vacuum
	full system

	Vent/evacuate inhibit
	Positioning
	Vacuum
	full system

	Cooling inhibit
	Primary water
	Cooling
	full system

	Positioning inhibit
	LHCb BAS
	Positioning
	full system

	Beam inhibit
	Positioning 
	LHCb BAS
	

	Vent/evacuate inhibit
	LHC vacuum
	Vacuum
	full system

	Gas ready
	Gas injection
	Vacuum
	full system


2. The interlock glue box
2.1. Description of the incoming signals

The granularity consists of 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 ½ HV module will be switched off. Details on the temperature board can be found in reference [2]. The temperature board triggers 3 types of signals that are sent to the interlock box:

· “too cold”: one signal per board, or 3 per detector half. The signal is triggered when the temperature given by 3 out of 32 NTCs (per temperature board) on the VELO modules is below -40(C.   
· “too warm”: 4 signals per board, 1 signal per 2VELO modules. The signal is triggered when one of the NTCs on the VELO modules reads a temperature greater than 30 (C. 
· Temperature board ok: The signal is high (ok) when the boards are powered. One signal per board is given.

Masking of the signals via PVSS can be done. However this is not automatic, a special file needs to be loaded. Accidental masking of crucial parameters will generate an automatic interlock signal:

· If 4 NTCs on one module are masked the interlock is fired

· Errors masked interlock fired

Other incoming signals are from the cooling system, BCM and vacuum system.
· Cooling system signals that the cooling has enough cooling power
· This is defined as …..

· Vacuum system delivers a vacuum ok signal

· This is defined as ….

· From the BCM a signal that the BCM is on is given.

Table 2 gives an overview of these signals as seen by the interlock box. Each temperature board has its own input signals.
	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
	


2.2. 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 3 gives an overview of the outgoing signals. 
	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


2.1 Description of the interlock glue box
All the incoming and outgoing signals have 2 LEDs on the front panel. If the green LED is on the signal is correctly coming in or going out. If this is not the case for outgoing signals the interlock is fired. For incoming signals the signal is absent. Next to the green LED an orange LED can be seen. If this one is lit it means that the signal has been forced from the inside. The forcing is done by the override switches inside the box (see document xxx).      
2.1.1 Programming of the FPGA
The FPGA in the interlock box takes the input signals and fires the right output signals taking into account the granularity as described in table . The programming logic follows the signal firing as described in table 1. Below a short overview 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 and cooling system will go to BU cooling.

· Note that the information of the Temperature boards (too cold signal) is ignored by the cooling system when the TB looses the temp board ok signal.     
· Temp board fires not ok (temp 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 read y (vacuum ready ok les 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 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.
2.2 testing the glue box

To test all input and output signals a check list was made.  An example of this checklist can be found in appendix A.

3. Signals exchanged between the PLCs

3.1. Cooling-vacuum system

· Cooling inhibit

· Venting inhibit
3.2. Vacuum system – motion

· Positioning inhibit

4. External Signals 

4.1. Signal exchange with the LHC vacuum

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 [3]. 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 [4]).
4.3. Signal exchange for the beam dump
References

[1] Velo Hardware interlocks, EDMS document 706629 v2.0

[2] temperature board
[3] DSS document

[4] Cooling manual

APPENDIX A
Interlock box test check list: Check done on ………………..….   By …………………….
	Side
	Origin
	Signal input
	Cable in
	In LED ok?
	Signal output
	Cable  out
	Out LED ok?
	Action ok?
	remark

	A
	TB1
	Cold ok
	
	
	Allow Cooling A 
	
	
	
	

	
	TB2
	Cold ok
	
	
	Allow Cooling A 
	
	
	
	

	
	TB3
	Cold ok
	
	
	Allow Cooling A
	
	
	
	

	
	TB1
	Warm ok 0
	
	
	A_ISEG01 0-3
	A​​_ISEG 01 low
	
	
	

	
	
	Warm ok 0
	
	
	CAEN 11
	
	
	
	

	
	TB1
	Warm ok 1
	
	
	A_ISEG01 4-7
	A​​_ISEG 01 low
	
	
	

	
	
	Warm ok 1
	
	
	CAEN 01
	
	
	
	

	
	TB1
	Warm ok 2
	
	
	A_ISEG01 8-11
	A​​_ISEG 01 up
	
	
	

	
	
	Warm ok 2
	
	
	CAEN 02
	
	
	
	

	
	TB1
	Warm ok 3
	
	
	A_ISEG01 12-15
	A​​_ISEG 01 up
	
	
	

	
	
	Warm ok 3
	
	
	CAEN 03
	
	
	
	

	
	TB2
	Warm ok 0
	
	
	A_ISEG02 0-3
	A​​_ISEG 02 low
	
	
	

	
	
	Warm ok 0
	
	
	CAEN 04
	
	
	
	

	
	TB2
	Warm ok 1 
	
	
	A_ISEG02 4-7
	A​​_ISEG 02 low
	
	
	

	
	
	Warm ok 1
	
	
	CAEN 05
	
	
	
	

	
	TB2
	Warm ok 2
	
	
	A_ISEG02 8-11
	A​​_ISEG 02 up
	
	
	

	
	
	Warm ok 2
	
	
	CAEN 06
	
	
	
	

	
	TB2
	Warm ok 3
	
	
	A_ISEG02 12-15
	A​​_ISEG 02 up
	
	
	

	
	
	Warm ok 3
	
	
	CAEN 07
	
	
	
	

	
	TB3
	Warm ok 0
	
	
	A_ISEG03 0-3
	A​​_ISEG 03 low
	
	
	

	
	
	Warm ok 0
	
	
	CAEN 08
	
	
	
	

	
	TB3
	Warm ok 1
	
	
	A_ISEG03 4-7
	A​​_ISEG 03 low
	
	
	

	
	
	Warm ok 1
	
	
	CAEN 09
	
	
	
	

	
	TB3
	Warm ok 2
	
	
	A_ISEG03 8-11
	A​​_ISEG 03 up
	
	
	

	
	
	Warm ok 2
	
	
	CAEN 10
	
	
	
	

	
	TB3
	Spare
	
	
	A_ISEG03 12-15 (spare)
	A​​_ISEG 03 up
	
	
	

	
	
	Spare
	
	
	CAEN spare
	
	
	
	

	
	TB1
	Board ok
	
	
	A_ISEG01 0-15
	A​​_ISEG 01 up/low
	
	
	

	
	
	
	
	
	CAEN 11-03
	
	
	
	

	Side
	Origin
	Signal input
	Cable in
	In LED ok?
	Signal output
	Cable  out
	Out LED ok?
	Action ok?
	remark

	
	TB2
	Board ok
	
	
	A_ISEG02 0-15
	A​​_ISEG 02 up/low
	
	
	

	
	
	
	
	
	CAEN 04-07
	
	
	
	

	
	TB3
	Board ok
	
	
	A_ISEG03 0-15
	A​​_ISEG 03 up/low
	
	
	

	
	
	
	
	
	CAEN 08-10 + spare
	
	
	
	

	
	TB1
	Board ok + Cold ok
	
	
	Allow Cooling A
	
	
	
	

	
	TB2
	Board ok + Cold ok
	
	
	Allow Cooling A
	
	
	
	

	
	TB3 
	Board ok + Cold ok
	
	
	Allow Cooling A
	
	
	
	

	C
	TB1
	Cold ok
	
	
	Allow Cooling C 
	
	
	
	

	
	TB2
	Cold ok
	
	
	Allow Cooling C 
	
	
	
	

	
	TB3
	Cold ok
	
	
	Allow Cooling C
	
	
	
	

	
	TB1
	Warm ok 0
	
	
	C_ISEG01 0-3
	C​​_ISEG 01 low
	
	
	

	
	
	Warm ok 0
	
	
	CAEN 11
	
	
	
	

	
	TB1
	Warm ok 1
	
	
	C_ISEG01 4-7
	C​_ISEG 01 low
	
	
	

	
	
	Warm ok 1
	
	
	CAEN 01
	
	
	
	

	
	TB1
	Warm ok 2
	
	
	C_ISEG01 8-11
	C_ISEG 01 up
	
	
	

	
	
	Warm ok 2
	
	
	CAEN 02
	
	
	
	

	
	TB1
	Warm ok 3
	
	
	C_ISEG01 12-15
	C_ISEG 01 up
	
	
	

	
	
	Warm ok 3
	
	
	CAEN 03
	
	
	
	

	
	TB2
	Warm ok 0
	
	
	C_ISEG02 0-3
	C_ISEG 02 low
	
	
	

	
	
	Warm ok 0
	
	
	CAEN 04
	
	
	
	

	
	TB2
	Warm ok 1 
	
	
	C_ISEG02 4-7
	C_ISEG 02 low
	
	
	

	
	
	Warm ok 1
	
	
	CAEN 05
	
	
	
	

	
	TB2
	Warm ok 2
	
	
	C_ISEG02 8-11
	C_ISEG 02 up
	
	
	

	
	
	Warm ok 2
	
	
	CAEN 06
	
	
	
	

	
	TB2
	Warm ok 3
	
	
	C_ISEG02 12-15
	C_ISEG 02 up
	
	
	

	
	
	Warm ok 3
	
	
	CAEN 07
	
	
	
	

	
	TB3
	Warm ok 0
	
	
	C_ISEG03 0-3
	C_ISEG 03 low
	
	
	

	Side
	Origin
	Signal input
	Cable in
	In LED ok?
	Signal output
	Cable  out
	Out LED ok?
	Action ok?
	remark

	
	
	Warm ok 0
	
	
	CAEN 08
	
	
	
	

	
	TB3
	Warm ok 1
	
	
	C_ISEG03 4-7
	C_ISEG 03 low
	
	
	

	
	
	Warm ok 1
	
	
	CAEN 09
	
	
	
	

	
	TB3
	Warm ok 2
	
	
	C_ISEG03 8-11
	C_ISEG 03 up
	
	
	

	
	
	Warm ok 2
	
	
	CAEN 10
	
	
	
	

	
	TB3
	Spare
	
	
	C_ISEG03 12-15 (spare)
	C_ISEG 03 up
	
	
	

	
	
	Spare
	
	
	CAEN spare
	
	
	
	

	
	TB1
	Board ok
	
	
	C_ISEG01 0-15
	C_ISEG 01 up/low
	
	
	

	
	
	
	
	
	CAEN 11-03
	
	
	
	

	
	TB2
	Board ok
	
	
	C_ISEG02 0-15
	C_ISEG 02 up/low
	
	
	

	
	
	
	
	
	CAEN 04-07
	
	
	
	

	
	TB3
	Board ok
	
	
	C_ISEG03 0-15
	C​​_ISEG 03 up/low
	
	
	

	
	
	
	
	
	CAEN 08-10 + spare
	
	
	
	

	
	TB1
	Board ok + Cold ok
	
	
	Allow Cooling C
	
	
	
	

	
	TB2
	Board ok + Cold ok
	
	
	Allow Cooling C
	
	
	
	

	
	TB3 
	Board ok + Cold ok
	
	
	Allow Cooling C
	
	
	
	

	A
	Cool. PLC
	Cooling ready A
	
	
	A_ISEG01-02-03


	A_ISEG 01-03 up-low
	
	
	

	
	
	
	
	
	A_CAEN 0-11
	
	
	
	

	C
	
	Cooling ready C
	
	
	C_ISEG01-02-03


	C_ISEG 01-03 up-low
	
	
	

	
	
	
	
	
	C_CAEN 0-11
	
	
	
	

	A/C
	Vac. PLC
	Vacuum ready
	
	
	A_ISEG01-02-03

C_ISEG01-02-03
	A_ISEG 01-03 up-low

C_ISEG 01-03 up-low
	
	
	

	
	
	
	
	
	A_CAEN 0-11

C_CAEN 0-11 
	
	
	
	

	A/C
	BCM
	BCM ok
	
	
	Allow close
	
	
	
	

	
	
	
	
	
	A_ISEG01-02-03

C_ISEG01-02-03
	A_ISEG 01-03 up-low

C_ISEG 01-03 up-low
	
	
	


