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INDIVIDUAL SYSTEM TESTS OF THE POWERING Interlock CONTROLLER 

	Abstract

The tests are meant to validate the correct functioning of the powering interlock system together with their associated systems, including their supervision applications. This phase of commissioning is independent from other systems such as quench protection system and the power converters and start after the completion of installation of a powering interlock controller in one of LHCs underground areas. The tests are performed with a dedicated test system, designed to simulate all input signals of the connected systems, namely the quench protection system, power converters, AUG and UPS.
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1. Introduction

Upon installation of a powering interlock controller in an underground area of LHC, a series of tests will start to qualify the correct functionality of the interlock system before its connection to other systems. The system has been previously tested on the surface and is re-tested during this commissioning phase after installation in the tunnel. To simulate the protection signals due to the absence of the related systems (power converters, quench protection system, AUG and UPS), a dedicated test system will be used during this phase. Depending on the individual configuration of the powering interlock controller under test, the according number and types of interfaces are connected to the test system and automatically tested via a defined sequence. 
2. Purpose

This document 
1. lists the system components which will be the object of the independent system test for the powering interlock controllers (hardware interfaces, hardware matrix, Programmable Logic Controller, PIC software and supervision). 

2. defines the conditions required to start, those required during the tests, those which determine the successful completion and the expected control infrastructure required for these tests

3. describes in detail the procedures which will be applied for these tests and their sequence

This document is meant to be the reference document for the checklist which will be used during the commissioning of a powering interlock controller after its installation in an LHC underground are. A detailed explanation of each entry in the checklist is found in the present document.
3. The components

3.1 The powering interlock controller

A total of 36 powering interlock controllers will be installed in the underground areas of LHC. Together with their associated systems, namely the power converters and the quench protection system they have to assure the protection of superconducting equipment, powered in more than 1600 different electrical circuits. The electrical DC network for powering of superconducting magnets is subdivided into 28 independent powering subsectors [1], supervised by one or (in the case of an arc) by two powering interlock controllers. The number and types of electrical circuits to be controlled are different for almost every controller in the LHC and are defined in the LHC Reference Database.[] An overview of the different interlock controllers and its interfaces is given in Table 1, an overview on the different installation locations is shown in Annex #1. 
Table 1: The 36 PICs of LHC and their different hardware configuration

3.1.1 PLC controlled processes and the hardware matrix

The exchange of protection signals is based on the use of hardwired current loops in between all involved systems. A programmable logic controller (PLC) within the powering interlock controller will monitor the state of the different signals and give green light for powering if all conditions are met. In case of failure, it will initiate power aborts, energy extractions and possibly a beam dump if necessary.
However, some processes are limited in terms of reaction times due to the use of a PLC as the controlling unit. To guarantee fast system reaction times but also to increase reliability for the transmission of safety critical signals, a parallel signal path through a hardwired matrix is implemented within the powering interlock controller.  
3.2 THE TEST SYSTEM FOR THE POWERING INTERLOCK CONTROLLER
For a test of the full functionality of each powering interlock controller, the possibility to simulate all its input signals is inevitable. For this, an independent test system is available, providing interfaces for all existing hardware configurations in the LHC. It consists of an independent PLC unit and a series of interfaces, corresponding to the output signals of systems such as power converters, the quench protection system, UPS systems and AUG. The PLC of the test system is linked on the software level to the PLC of the interlock controller under test. An automated procedure verifies the correct response of the interlock controller for all possible failure scenarios simulated with the test system. The hardware configuration for such a test is shown in Figure 1.

Figure 1: Connection of PIC and PIC test system during the test 
3.3 CONTROLS infrastructuRe and applications

Ethernet

The powering interlock controller has to be connected to the Ethernet to communicate with its supervision and to download its configuration files.
Controls Applications

The commissioning of the powering interlock system will include the commissioning of its controls applications. Supervision software for the powering interlock controllers has to be operational in the field control room. Connections to auxiliary systems at the level of the supervision system (e.g. for the powering interlock controller with the cryogenics) have to be either operational or masked during these tests.

Timing and Data Acquisition (Post Mortem) 

The interlock controller will receive the UTC time via Ethernet. Data acquisition and time stamping of events is essential for the understanding of possible errors during hardware commissioning and the corresponding systems have to be operational. 

4. conditions required DURING the tests
4.1 The powering interlock CONtroller and its test system
The powering interlock controller under test has to be connected to

· UPS for each powering interlock controller managing equipment in the powering subsector being commissioned
· The PIC test system
All interfaces of the interlock controller that are to be connected to a power converter, the QPS, AUG or UPS have to be connected during this test to the PIC test system. The ‘Power Permit Loop’, the ‘Powering Failure Loop’, the ‘Quench Loop’ and the ‘Discharge Loop’ need to be established for every electrical circuit.
· The Ethernet
The powering interlock controller has to be connected to the Ethernet to communicate with its supervision and to download its configuration files. 
4.2 Infrastructures

Nominal operating conditions are required for: 

· the electrical distribution system 

· the UPS systems

· Ethernet

· Supervision systems in the FCR or local PC console

4.3 Access Conditions
Access to the powering subsector where independent system test for the powering interlock controller take place is not required to be restricted. No powering of converters is permitted by the interlock controller during this phase (interlock cables not yet connected).
4.4 Safety Systems

Level 3 Alarms (including e.g. AUG), ODH and fire detection must be active throughout the tests.
5. The procedures

After the pre-requisites listed in chapter 4 are satisfied, independent system tests for the powering interlocks can start according to the following procedures. (For details on the assignment of electrical circuits to the different classes see Annex). The following procedures need be performed to successfully complete the system test for a powering interlock controller:
· Give and remove power permit for each individual circuit (circuit types A, B1, B2, C)

· Give power permit for each individual circuit and initiate a powering failure for the circuit (circuit types A, B1, B2, C)

· Give power permit and abort powering by simulating a quench in the corresponding circuit (circuit types A, B1, B2)

· Give power permit and abort powering by simulating a PIC Fast Abort Request in the corresponding circuit (circuit types A, B1, B2)

· Give power permit and abort powering by simulating a discharge request by the corresponding power converter (only circuit type A)

· Give power permit and abort powering by simulating a PIC discharge request (only circuit type A)

· Hardware Matrix?

· Tests of global protection mechanisms and auxiliary systems

· Tests for a global powering subsector abort

· Simulation of UPS failure

· Simulation of AUG 
5.1 integrity tests of connections
For the integrity tests it is important to verify the correctness and consistency of each interlock interface for all electrical circuits independently from subsector spanning protection mechanisms such as a global ‘powering subsector abort’. The powering interlock controller will be configured without these protection mechanisms to verify the correct connection of individual signals. These global functionalities will be verified in a later stage. The integrity tests are performed at minimum stable current of the converter. 
The following steps will be carried-out in sequence during the integrity tests:

	
	
	Action
	Reaction required

	1
	For each individual circuit
	Give power permit and remove it after some seconds
	The corresponding power converter receives the power permit signal and initiates a slow abort after removal

	2a
	For each individual circuit of type A, B1 and C (except the main triplet circuit)
	Give power permit and issue a powering failure by the converter after some seconds
	The powering interlock controller will receive the powering failure signal and remove the power permit signals for the corresponding converter

The power converter will receive a slow abort signal (removal of power permit)



	2b
	For each individual circuit of type B2 and main inner triplet circuit
	Give power permit and issue a powering failure by the first power converter. 
Repeat procedure for second (and third) power converter.
	The powering interlock controller will receive the powering failure signal and remove the two power permit signals for a B2 circuit and the permit signal for the main inner triplet circuit.

Both (all three) power converters will receive a slow abort signal (removal of power permit)



	3a
	For each individual circuit of type A
	Give power permit and issue a quench signal by the QPS for the circuit after some seconds
	The powering interlock controller will receive the quench signal, remove the power permit and ask for a discharge request

The power converter receives a fast abort 

The quench protection will monitor the initiated quench and receive a discharge request. The energy extraction systems for the main circuits or the ‘firing heater’ for the inner triplet are activated

	3b
	For each individual circuit of type A
	Give power permit and trigger an opening of the quench loop by the energy extraction system for the circuit after some seconds
	The powering interlock controller will receive the quench signal, remove the power permit and ask for a discharge request

The power converter receives a fast abort (and the power permit will be removed) 

The energy extraction system will be activated and open the quench loop.

Comment: One may add here the test of the fire all heater option for the main circuits (the so-called full house quench in case things are really powered)

	3c


	For each individual circuit of type B1
	Give power permit and issue a quench signal by the QPS for the circuit after some seconds
	The powering interlock controller will receive the quench signal and remove the power permit 

The power converter receives a fast abort (and the power permit will be removed)

The quench protection will monitor the initiated quench

	3d


	For each individual circuit of type B2
	Give power permit and issue a quench signal by the QPS for the circuit after some seconds
	The powering interlock controller will receive the quench signal and remove the two power permit signals 

Both  power converters receive a fast abort (and the power permit will be removed)

The quench protection will monitor the initiated quench

	4a
	For each individual circuit of type A
	Give power permit and issue a discharge request by the power converter
	The powering interlock controller will receive the signal PC Discharge request and ask for a PIC discharge request

The power converter receives a fast abort (and the power permit will be removed) 

The quench protection will receive a discharge request. The energy extraction systems for the main circuits or the ‘firing heater’ for the inner triplet are activated.

	4b
	For each individual circuit of type A
	Give power permit and issue a discharge request by the powering interlock controller
	The powering interlock controller will ask for a PIC discharge request

The power converter receives a fast abort (and the power permit will be removed) 

The quench protection will receive a discharge request. The energy extraction systems for the main circuits or the ‘firing heater’ for the inner triplet are activated.


Note: “The quench protection monitors” means actually that a post mortem block for the corresponding event will be generated by the QPS supervision system.
After completing the integrity tests, the interlock cabling in between the converters, the QPS and the interlock controllers has been commissioned. Labelling of cables and connectors with the corresponding circuit names and colour coding (procedures to be defined) will decrease the risk of exchanging cables during later interventions. 
In parallel to these tests, interfaces of the powering interlock controller towards the beam interlock controller (BIC) will be prepared and tested. For circuits considered to be essential or auxiliary for beam operation, two additional signals are sent via a hardwired interface to the beam interlock controller to request a beam dump. 
The signal generation is internal to the PIC and can be monitored in parallel with the integrity tests, while the commissioning of these interfaces will take place during a later stage together with the commissioning of the beam interlock system. 
5.2 TESTS of global protection mechAnisms and auxiliary systems
The auxiliary systems connected by hardwired interfaces to the powering interlock controller are the emergency stop system (AUG) and the uninterruptible power supplies (UPS). Global protection mechanisms shut down the complete powering subsector in case of failure of auxiliary systems or failures in the powering of designated electrical circuits. 

For these tests the configuration of the powering interlock controller will contain the information on global protection mechanisms. After the successful test, the configuration data is considered as being commissioned together with the hardware for the powering interlocks.

The following steps will be carried-out in sequence during the tests:

	
	
	Action
	Reaction required

	1
	For each individual circuit considered essential for powering in the subsector
	Give power permit to all circuits in the subsector and issue a quench signal for the circuit 
	The powering interlock controller will receive the quench signal and remove the power permit signals for all power converters in the powering subsector, asking for a fast abort or a discharge of energy if applicable

The power converters will receive a slow abort signal (removal of power permit) or a fast abort signal depending on the electrical circuit

The quench protection system will receive discharge requests for all circuits of type A

	2
	For each individual circuit of class A
	Give power permit to all circuits in the subsector and issue a PC discharge request by the power converter
	The powering interlock controller will receive a PC discharge request  signal and remove the power permit signals for all power converters in the powering subsector, asking for a fast abort or a discharge of energy if applicable
The power converters will receive a slow abort signal (removal of power permit) or a fast abort signal depending on the electrical circuit
The quench protection system will receive discharge requests for all circuits of type A

	3
	For one circuit being considered essential for powering in the subsector
	Give power permit to all circuits in the subsector and issue a powering failure in the circuit. After some seconds issue a PC discharge request by the converter
	The powering interlock controller will receive a powering failure and issue a slow abort only to the issuing converter. When the discharge request is issued, the interlock controller removes the power permit signals for all power converters in the powering subsector, asking for a fast abort or a discharge of energy if applicable

The power converter sending the powering failure will first receive a slow abort signal. After sending the discharge request, a fast abort will be requested by the PIC and all other converters in the subsector are shut down.

The quench protection system will receive discharge requests for all circuits of type A when the discharge is requested.

	4
	For each UPS system connected to the PIC
	Give power permit to all circuits in the subsector and simulate a failure of the UPS by opening the relay contact
	All powering interlock controllers in this IR will receive the UPS failure signal, remove the power permit for all converters and ask for a discharge request for circuits of type A
The power converters will receive a slow abort signal (removal of power permit) or a fast abort signal depending on the electrical circuit

The quench protection system will receive discharge requests for all circuits of type A when the discharge is requested.

	5

	For each AUG system connected to the PIC
	Give power permit to all circuits in the subsector and simulate an emergency stop of the machine by opening the relay contact in the AUG rack
	All powering interlock controllers in this IR will receive the AUG request, remove the power permit for all converters and ask for a discharge request for circuits of type A

The power converters will receive a slow abort signal (removal of power permit) or a fast abort signal depending on the electrical circuit

The quench protection system will receive discharge requests for all circuits of type A when the discharge is requested.


Note: The loss of the UPS redundancy should additionally generate an alarm, which can be tested in parallel to the arrival of the hardwired signal.
5.3 The status of the set-up after the tests

After the successful integrity tests, tests of the supervision links and tests of the auxiliary systems, the commissioning phase ‘Interlock tests prior to powering’ is finished. The interfaces between the quench protection system, power converters and the powering interlock controllers have been commissioned and the system is operational. Interfaces to the beam interlock system have been tested and are ready for connection to the beam interlock client interface. The powering interlock system is ready for powering of magnets. 

5.4 documenting the commissioning procedures

To keep track of the progress and difficulties during the interlock commissioning of a powering subsector, a common platform for the exchange of information between the different teams involved in the commissioning is recommended. Such logbooks have proofed their usefulness already during String 2 commissioning and will be of even greater use during LHC commissioning. Electronic Logbooks for each powering subsector are envisaged, providing a simple platform to document the work progress of each team.

6. REFERENCES
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[2]
R.Schmidt: ‘Commissioning the electrical circuits: Powering, Protection and Interlocks’, Chamonix proceedings, 2004

[3]
R.Schmidt, B. Puccio, M. Zerlauth: ‘The hardware interfaces between powering interlock system, power converters and quench protection system’, EDMS Doc.Nr.:368927
7. Questions to be answered before issuing 
· This commissioning scenario proposes a simultaneous connection and commissioning of all involved systems. Assuming the availability of automatic test procedures (battery tests) this could safe time with respect to the original proposal to test the interfaces PIC-QPS and PIC-PC independently before connecting all systems together. Are the independent tests necessary or valuable for any other reason? (In any case for first sector(s))
· How to know the correct global quench detector is connected to the correct interlock channel (forcing quenches in dedicated corrector circuits possible?) Verification at warm by sending small currents and monitoring the global quench detector?
· Procedures for the exchange of signals at the supervision levels need to be defined (‘Cryo OK’ per subsector, ‘QPS OK’ for each single circuit or only powering subsector, but what if only some heaters do not work?-> no ‘QPS OK’ and as such no partial commissioning possible, ‘Power Permit for 60 A orbit correctors to converter supervision) … to be discussed with Reiner, Hugues and Luigi
8. possible failure scenarios

Possible failure scenarios during commissioning will be subject to an independent ES. As decided by EEWG. Some ideas are listed here but will not be included in the final version of this document.
· Different understanding of hw-interfaces by the implied systems could lead to hw changes in a large scale
· Downloading wrong configuration files for a powering subsector
· Changing power converter cables after commissioning

· What if wrong cables are pulled / wires broken

· Water from cables passing by

· Necessity of foreseeing ‘partial’ commissioning?

· QPS configuration not fully O.K. (e.g. 2 HDS in a sector bad)

9. ANNEX #1
	HW
	 
	 
	 
	Essential  

Circuit
	Powering 
Subsector Off
	Quantity

	Interface
	Circuit
	Current
	Energy Extraction
	
	
	

	A
	RB
	.Axy
	13.0
	External DQS & DQR
	YES
	YES
	8

	
	RQD
	.Axy
	13.0
	External DQS & DQR
	YES
	YES
	8

	
	RQF
	.Axy
	13.0
	External DQS & DQR
	YES
	YES
	8

	
	RQX
	.R(L)x
	6.96
	None
	YES
	YES
	8

	
	RTQX2
	.R(L)x
	11.41
	None
	YES
	YES
	8

	
	RTQXT1
	.R(L)1,5
	3.9
	None
	YES
	YES
	4

	
	RTQX1
	.R(L)x
	0.6
	None
	YES
	YES
	8

	 
	
	
	
	
	
	
	32

	B2
	RQ4
	.R(L)xB1(2)
	3.9 (or 4.65)
	None
	YES
	YES
	20

	
	RQ5
	.R(L)xB1(2)
	3.9 (or 4.65)
	None
	YES
	YES
	24

	
	RQ6
	.R(L)xB1(2)
	3.9 (or 4.65)
	None
	YES
	YES
	20

	
	RQ7
	.R(L)xB1(2)
	5.82
	None
	YES
	YES
	20

	
	RQ8
	.R(L)xB1(2)
	5.82
	None
	YES
	YES
	24

	
	RQ9
	.R(L)xB1(2)
	5.82
	None
	YES
	YES
	24

	
	RQ10
	.R(L)xB1(2)
	5.82
	None
	YES
	YES
	24

	 
	
	
	 
	
	
	
	78

	B1
	RD1
	.R(L)2(8)
	6.283
	None
	YES
	YES
	4

	
	RD2
	.R(L)1,2,5,8
	4.67 (or 6.533)
	None
	YES
	YES
	8

	
	RD3
	.R(L)4
	6.533
	None
	YES
	YES
	2

	
	RD4
	.R(L)4
	6.533
	None
	YES
	YES
	2

	
	 
	 
	 
	 
	 
	 
	16

	
	RQ6
	.R(L)3(7)B1(2)
	0.45
	Ext. Switch & Resistor
	YES
	 
	8

	
	RCD
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RCS
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	ROD
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	ROF
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RQS
	.AxyB1(2),.L/R
	0.6
	Ext. Switch & Resistor
	YES
	 
	24

	
	RQTD
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RQTF
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RQTL9
	.R(L)3(7)B1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	8

	
	RSD1
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RSD2
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RSF1
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RSF2
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RSS
	.AxyB1(2)
	0.6
	Ext. Switch & Resistor
	YES
	 
	16

	
	RQT12
	.R(L)xB1(2)
	0.6
	Internal Crowbar
	YES
	 
	32

	
	RQT13
	.R(L)xB1(2)
	0.6
	Internal Crowbar
	YES
	 
	32

	
	RQTL10
	.R(L)3,7B1(2)
	0.6
	Internal Crowbar
	YES
	 
	8

	
	RQTL11
	.R(L)xB1(2)
	0.6
	Internal Crowbar
	YES
	 
	32

	
	RQTL7
	.R(L)3,7B1(2)
	0.6
	Internal Crowbar
	YES
	 
	8

	
	RQTL8
	.R(L)3,7B1(2)
	0.6
	Internal Crowbar
	YES
	 
	8

	
	RCBC6-10
	.R3B1(2)
	0.6
	None
	YES
	 
	10

	
	
	
	 
	
	
	
	346

	
	RCBXH1
	.R(L)3(7)B1(2)
	0.6
	None
	 
	 
	8

	
	RCBXH2
	.R(L)3(7)B1(2)
	0.6
	None
	 
	 
	8

	
	RCBXH3
	.R(L)3(7)B1(2)
	0.6
	None
	 
	 
	8

	
	RCBXV1
	.R(L)3(7)B1(2)
	0.6
	None
	 
	 
	8

	
	RCBXV2
	.R(L)3(7)B1(2)
	0.6
	None
	 
	 
	8

	
	RCBXV3
	.R(L)3(7)B1(2)
	0.6
	None
	 
	 
	8

	
	RQSX3
	.R(L)1,2,5,8
	0.6
	None
	 
	 
	8

	
	RU
	.R(L)4
	0.6
	None
	 
	 
	2

	
	RCO
	.AxyB1(2)
	0.12
	None
	 
	 
	16

	 
	 
	 
	 
	 
	 
	 
	74

	C
	RCBCH5
	.R(L)1,5 B1
	0.08
	None
	YES
	 
	4

	
	RCBCH6
	.R(L)1,5&L3 B2
	0.08
	None
	YES
	 
	7

	
	RCBCH7
	.R(L)1,5 B1
	0.12
	None
	YES
	 
	0

	
	RCBCH8
	.R(L)1,5 B2
	0.12
	None
	YES
	 
	0

	
	RCBCH9
	.R(L)1,5 B1
	0.12
	None
	YES
	 
	0

	
	RCBCH10
	.R(L)1,5 B2
	0.12
	None
	YES
	 
	0

	
	RCBCV5
	.R(L)1,5 B2
	0.08
	None
	YES
	 
	4

	
	RCBCV6
	.R(L)1,5&L3 B1
	0.08
	None
	YES
	 
	7

	
	RCBCV7
	.R(L)1,5 B2
	0.12
	None
	YES
	 
	0

	
	RCBCV8
	.R(L)1,5 B1
	0.12
	None
	YES
	 
	0

	
	RCBCV9
	.R(L)1,5 B2
	0.12
	None
	YES
	 
	0

	
	RCBCV10
	.R(L)1,5 B2
	0.12
	None
	YES
	 
	0

	
	RCBCH6
	 R(L)2,8
	0.12
	None
	YES
	 
	4

	
	RCBCV6
	.R(L)2,8
	0.08
	None
	YES
	 
	4

	
	RCBCH7
	.R(L)1,2,4,5,7,8&L3
	0.12
	None
	YES
	 
	13

	
	RCBCV7
	.R(L)1,2,4,5,7,8&L3
	0.12
	None
	YES
	 
	13

	
	RCBCH8
	.L1-8, R1-2, R4-8
	0.12
	None
	YES
	 
	15

	
	RCBCV8
	.L1-8, R1-2, R4-8
	0.12
	None
	YES
	 
	15

	
	RCBCH9
	..L1-8, R1-2, R4-8
	0.12
	None
	YES
	 
	15

	
	RCBCV9
	.L1-8, R1-2, R4-8
	0.12
	None
	YES
	 
	15

	
	RCBCH10
	.L1-8, R1-2, R4-8
	0.12
	None
	YES
	 
	15

	
	RCBCV10
	.L1-8, R1-2, R4-8
	0.12
	None
	YES
	 
	15

	
	RCBYH6
	.R(L)4
	0.08
	None
	YES
	 
	2

	
	RCBYV6
	.R(L)4
	0.08
	None
	YES
	 
	2

	
	RCBYH5
	.R(L)4
	0.08
	None
	YES
	 
	2

	
	RCBYV5
	.R(L)4
	0.08
	None
	YES
	 
	2

	
	RCBYH5
	.R(L)2,6,8
	0.08
	None
	YES
	 
	6

	
	RCBYV5
	.R(L)2,6,8
	0.08
	None
	YES
	 
	6

	
	RCBYHS5
	.R(L)2,8
	0.08
	None
	YES
	 
	8

	
	RCBYVS5
	.R(L)2,8
	0.08
	None
	YES
	 
	8

	
	RCBYH4
	.L1,5 B1(2)
	0.08
	None
	YES
	 
	10

	
	RCBYV4
	.R(L)1,5 B1(2)
	0.08
	None
	YES
	 
	10

	
	RCBYHS4
	.L1,5 B1(2)
	0.08
	None
	YES
	 
	16

	
	RCBYVS4
	.R(L)1,5 B1(2)
	0.08
	None
	YES
	 
	16

	
	 
	 
	 
	 
	 
	 
	234

	
	RCOSX3
	.R(L)1,2,5,8
	0.12
	None
	 
	 
	8

	
	RCOX3
	.R(L)1,2,5,8
	0.12
	None
	 
	 
	8

	
	RCSSX3
	.R(L)1,2,5,8
	0.12
	None
	 
	 
	8

	
	RCSX3
	.R(L)1,2,5,8
	0.06
	None
	 
	 
	8

	
	RCTX3
	.R(L)1,2,5,8
	0.08
	None
	 
	 
	8

	 
	 
	 
	 
	 
	 
	 
	40

	D
	RCBV(H)
	.R(L)1-8
	0.06
	None
	 
	 
	752


PIC and PC teams





PIC, QPS and PC teams














PIC,QPS and PC teams





PIC , QPS and PC teams





PIC,QPS,  PC AUG and UPS and UPS teams








