LCLS Magnets
New Power Supplies
September 30, 2005
The tables below lists the number of new powers supplies for LCLS for the Injector (INJ), BC1, Linac (LI21-LI30), Beam Switch Yard (BSY), Linac to Undulator (LTU) and the Undulator (UND). Carl Rago’s master magnet list and a version of this list massaged by Paul Bellomo for PE needs were used to compile these tables. I also used Paul Bellomo’s presentations for the Injector, BC1 and Linac Power Supply Proposals as a guide in addition to the LCLS Sector 20 Electrical Power Supply Rack Profiles, drawing number ID 381-201-01-C0. I have provided the magnet lists and presentations are listed below.
http:\\www.slac.stanford.edu\grp\lcls\controls\global\subsystems\mgnt\hw\LCLS LCLS Magnets_R7.xls



http://www.slac.stanford.edu/grp/lcls/controls/global/subsystems/magnet/hw/Bellomo_05-11-07_LCLS_Power_Supply_List.xls
http:\\www.slac.stanford.edu\grp\lcls\controls\global\subsystems\mgnt\hw\Injector Intermediate Power Supplies.ppt
http:\www.slac.stanford.edu\grp\lcls\controls\global\subsystems\mgnt\hw\Sector 21 and BC1 Power Supplies.ppt
To interpret the tables below for power supplies connected to an MCOR chassis, note that each MCOR chassis has 16 channels. The distribution of these channels is such that a single MCOR12 power module utilizes one channel where as an MCOR30 power module utilizes two channels. An MCOR12 power module can distribute up to 40V/12A of the bulk, where as an MCOR30 can distribute up to 50V/30A. In addition, an MCOR chassis can be connected to one or two intermediate power supplies connected in parallel. The size of the bulk power supply and number is determined by the power requirements of the magnets.
It is now also important to define a few terms. The first is “Intermediate PS”. An intermediate power supply is a rack mountable powers supply (ie: ≤ 15kW). The second term to define is “Large power supply”, which is any power supply that is larger than 2*15kW or 30kW. A 15kW power supply would be rack mountable whereas a > 30kW supply would be a free standing. The reasons that a 30kW power supply would not be rack mountable is because of weight, size excessive power taken from the rack. In some instances where 30kW is needed to power a magnet or magnet string, two intermediate power supplies of 15kW connected in series or parallel can be used as rack mountable units. The next term is a “Small power supply”, which defines any power supply 2.5kW or less..
A few comments should be made regarding how costs for power supplies can be calculated. An estimate of cost $1 per kW can be used for power supplies, which means that a 60kW power supply would cost approximately 60K or $60,000.00.  The price for small power supplies can be estimated at $1,500 to $2000 each. Kicker power supplies are very special and a rough cost is $50,000. The $50k price tag would include design work be done by the vendor rather than LCLS.  Currently there are two new kickers for LCLS.
The formula to calculate watts is V*A=W. If the required magnet current is known but not the voltage, the following formula can be used to provide a rough estimate of  voltage, V=3/4A. Note: If no magnet specifications are currently available, an estimate of 10kW is used.

In the tables below a magnet strings connected in series is designated in the Name column by

1) A list of device names separated by commas. An example of three magnet dipoles connected in series BX11, BX13, BX14

2) Two device names separated by two dots.  An example would be of four dipole magnets connected in series would be BXH1..BXH4
In addition, some dipole and quadrupoles have trim coils in addition to an intermediate or large power supply. The trim coils require a small power supply, which typically uses an MCOR. So for example, a dipole magnet string configured in series, with four magnets in the string, and two trim coils may have one intermediate supply and two MCOR channels listed.

Table 1-1
Table 1-1 provides a list of the new magnet power supplies for the LCLS Injector. Please note that the dipole magnets have trim coils installed which require small power supplies in addition to an intermediate power supply. There are a total of 5 MCOR crates used for the injector. The MCOR channels in table 1-1 below are color coded according to crate.
Note:  * indicates fast feedback

	Area


	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note 

	INJ
	Bend
	BXG
BXS

BXH1,BXH2,

BXH3,BXH4
BX01,BX02
	60V,165A,10kW

25V,375A,10kW
25V,375A,10kW
	2
2
6
2
	1

2
1
	
	60V,165A,10kW
3 trim coils @30A
Trim coil @ 30A

	
	Quad
	CQ01

SQ01

QG01

QG02

QG03

QA01

QA02

QE01

QE02

QE03

QE04

QM01

QM02

QM03

QM04
QB

QS01

QS02

QS03
	
	2
2
1

1

1

1

1

1

1

1

1

1

1

1
1
2
1
1

1
	
	
	@ 30A
@ 30A
Share bulk with correctors and bend trims
30A@4.2V

	
	Xcor
	XC00

XC01

XC02

XC03

XC04 *
XC05 
XC06
XC07 *
XC08

XC09

XC10

XCG1

XCG2

XCS1
XCS2
	60V,165A,10kW
	1
1

1

1

1

1
1

1

1

1

1

1

1

1

1
	1
	
	Share bulk with ycors, quads and bend trims

	
	Ycor
	YC00

YC01

YC02

YC03

YC04 *
YC05
YC06

YC07 *
YC08

YC09

YC10

YCG1

YCG2

YCS1

YCS2
	60V,165A,10kW


	1
1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

	
	Share bulk with quad, xcors and bend trims
FF @ 10Hz

FF @ 10Hz

	
	Soln
	S1BK
SOL1

SOL2
	33V,300A,10kW

33V,300A,10kW
	2
	1

1
	
	Bucking coil @ 30A

	
	Kick
	
	
	
	
	
	

	Total
	
	
	
	66 chans
	8
	0
	


Table 1-2
Table 1-2 provides a list of the new magnet power supplies for the LCLS Linac sectors 21-31, inclusive. These Linac sectors are referred to as LI21 through LI30. Note that some quadrupole magnets are configured in string series and the power supplies for the string include a bulk power supply in addition to a boost power supply. It is important to note that each quadrupole in the magnet string would not necessarily have an individual boost supply. To find out this type of information.
Please refer to Carl Rago’s master magnet list as well as Paul Bellomo’s presentation on Linac Sector 21 and BC1 Power Supply presentation. Both documents are provided on page one herein. There are a total of 2 MCOR crates used for Linac Sector 21. The MCOR channels are color coded according to crate with BC1 MCOR channels shown in blue.
	Area
	Type
	Name
	PS Family
	Mcor

Chans
	Intermediate PS
	Large PS
	Note

	LI21
	Bend
	BX11,BX12, BX13,BX14
	25V,375A,10kW
	6
	2
	
	3 Trim coils @ 30A

	
	Quad
	QA11

QA12

QM14

QM15

CQ11

CQ12

QM11

QM12

QM13
	60V,165A,10kW
	1

1

1

1

1

1

1

1

1
	1
	
	Bulk ps

	
	Xcor
	XC11

XC21202
XC21302
XCA11

XCA12

XCM14
XCM11

XCM13
	
	1

1 
1

1

1

1
1

1
	
	
	Share bulk with ycors, quads and bend trims

	
	Ycor
	YC11

YC21203

YC21303

YCA11

YCA12

YCM15

YCM12

YCM11
	
	1

1

1

1

1

1

1

1
	
	
	Share bulk with xcors, quads and bend trims

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	31 chans
	3
	0
	


	Area
	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note

	LI22
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	0 chans
	0
	0
	

	Total
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	LI23
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total
	
	
	
	0 chans
	0
	0
	

	
	
	
	
	
	
	
	

	LI24
	Bend
	BX21,BX22,BX23,BX24
	
	6 
	2 
	
	3 @30A

	
	Quad
	Q24701A,

Q24701B
Q24901A,

Q24901B
Q24601
YC24900 *
CQ21

CQ22
QM21

QM22
	
	1

1

1


	3
1
1

1
1

1
	
	2 Power Ten
FF @ 10Hz
MCOR bulk supply



	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total
	
	
	
	9 chans
	10
	0
	


	Area
	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note

	LI25
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	XC25202 *
XC25503 *
	
	1
1
	1
	
	FF @ 10Hz
FF @ 10Hz

	
	Ycor
	YC25503 *
	
	1
	
	
	FF @ 10Hz

	
	Soln
	
	
	
	
	
	

	
	Kick
	BXKIK
	
	
	
	1
	$50k

	Total
	
	
	
	3 chans
	1
	1
	

	
	
	
	
	
	
	
	

	LI26
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	0 chans
	0
	0
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Area
	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note

	LI27
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total
	
	
	
	0 chans
	0
	0
	

	
	
	
	
	
	
	
	

	LI28
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	0 chans
	0
	0
	

	
	
	
	
	
	
	
	

	LI29
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	0 chans
	0
	0
	

	
	
	
	
	
	
	
	

	LI30
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	
	
	
	
	
	

	
	Ycor
	
	
	
	
	
	

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	0 chans
	0
	0
	

	
	
	
	
	
	
	
	


Table 1-3
Table 1-3 provides a list of the new magnet power supplies for the LCLS Beam Switch Yard Area (BSY) area of the existing machine. Please note that some of the new quad strings have boost power supplies installed as well.

	Area
	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note

	BSY
	Bend
	
	
	
	
	
	

	
	Quad
	
	
	
	
	
	

	
	Xcor
	XC6
XCA0
	
	1
1
	
	
	

	
	Ycor
	YC5
YCA0
	60V,165A,10kW
	1
1
	1
	
	Share bulk with xcor

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	4 chan
	1
	0
	


Table 1-5=4
Table 1-5 provides a list of the new magnet power supplies for the LCLS Linac to Undulator .

	Area


	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note 

	LTU
	Bend
	BY1..BY2 

BX31,BX32,

BX35,BX36 

BYW1,BYW2,

BYW3


	
	1

4
1
	1

1
2
	1
	2 30A trim coils
.
trim coils share bulk with xcors. 

	
	Quad
	QVM1

QVM2

QVB1, QVB2, QVB3
QVM3
QVM4
QDL31..QDL34

QT11,QT13,

QT21QT23,

QT31,QT33,

QT41,QT43

QT12,QT22, QT32,QT42

QEM1

QEM2

QEM3

QEM3V

QEM4

QE31..QE36

QUM1

QUM2

QUM3

QUM4
	
	
	1

1

1

1
1
2
2
2
2
2
2
1
2
1

2
2
2
2
	
	

	Area


	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note 

	
	Xcor
	XCVM2
XCVB2

XCVM3

XCDL1

XCQT12

XCDL2

XCQT22

XCDL3

XCQT32 *
XCDL4   *
XCQT42

XCEM2

XCEM4

XCE31

XCE33

XCE35

XCUM1

XCUM4
	60V, 165A, 10kW


	1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	1

	
	Share bulk with quads @10V/10A

FF @ 120Hz

FF @ 120Hz

	
	Ycor
	YCVM1

YCVB1
YCVB3

YCVM4

YCDL1

YCQT12

YCDL2

YCQT22

YCDL3

YCQT32

YCDL4

YCQT42

YCEM1

YCEM3

YCE32

YCE34

YCE36

YCUM2

YCUM3
	60V, 165A, 10kW
	1
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
	2
	
	Share bulk with xcors @10V/10A

	
	Soln
	
	
	
	
	
	

	
	Kick
	BYKIK
	
	
	
	1
	$50K

	Total 
	
	
	
	43 chans
	36
	1
	


Table 1-5
Table 1-5 provides a list of the new magnet power supplies for the LCLS Undulator .

Please note that the Undulator PS Families listed above only provide a guess as to what might be used. This guess was based on the family of PS that were used in the Injector, BC1 and LI21.  The Note column will list the actual voltage and amperage called for in Carl Rago’s master magnet list.
	Area


	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note 

	Und
	Bend
	
	
	
	
	
	

	
	Quad
	QF01

QD01
QF02

QD02

QF03

QD03

QF04

QD04

QF05

QD05

QF06

QD06

QF07

QD07

QF08

QD08

QF09

QD09

QF10

QD10

QF11

QD11

QF12

QD12

QF13

QD13

QF14

QD14

QF15

QD15

QF16

QD16

QF17
	60V,165A,10kW
	33
	5
	
	


	Area


	Type
	Name
	PS Family
	Mcor Chans
	Intermediate PS
	Large PS
	Note 

	
	Xcor
	XCUM1 *
XCUM2  

XCUM3

XCUM4 *
XCUM5

XCUM6

XCUM7

XCUM8

XCUM9

XCU1M0

XCUM11

XCUM12

XCUM13

XCUM14

XCUM15

XCUM16

XCUM16

XCUM18

XCUM19

XCUM20

XCUM21

XCUM22

XCUM23

XCUM24

XCUM25

XCUM26

XCUM27

XCUM28

XCUM29

XCUM30

XCUM31

XCUM32

XCUM33
	60V,165A,10kW
	33
	1
	
	FF @ .1-.01 Hz
FF @ .1-.01 Hz

	
	Ycor
	YCUM1 
YCUM2 *
YCUM3 *
YCUM4 
YCUM5

YCUM6

YCUM7

YCUM8

YCUM9

YCUM10

YCUM11

YCUM12

YCUM13

YCUM14

YCUM15

YCUM16

YCUM16

YCUM18

YCUM19

YCUM20

YCUM21

YCUM22

YCUM23

YCUM24

YCUM25

YCUM26

YCUM27

YCUM28

YCUM29

YCUM30

YCUM31

YCUM32

YCUM33
	60V,165A,10kW
	33
	1
	
	FF @ .1-.01 Hz

FF @ .1-.01 Hz

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	99 chans
	7
	0
	


Table 1-6
Table 1-6 provides a list of the new magnet power supplies for the LCLS Dump.
	Area


	Type
	Name
	PS Family
	Mcor Chans


	Intermediate PS
	Large PS
	Note (*)

	Dump
	Bend
	BYD1..BYD3
	25V,375A,10kW
	
	1
	
	

	
	Quad
	QUE1

QUE2

QDMP
	25V,375A,10kW
25V,375A,10kW

25V,375A,10kW
	
	1

1

1
	
	

	
	Xcor
	XCUE1
XCD3

XCDD
	60V,165A,10kW
	3
	1
	
	

	
	Ycor
	YCUE1
YCE3

YCDD
	
	3
	
	
	Share ps with xcors

	
	Soln
	
	
	
	
	
	

	
	Kick
	
	
	
	
	
	

	Total 
	
	
	
	6 chans
	5
	0
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