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PHENIX MM Coil - Top Level Requirements —

e Amp-turns: 300,000 nominal
(587,700 calculated maximum)

e Coil Temperature: <32°C average temperature preferred
50.0°C maximum allowed average

* Final "potted" coil dimensions consistent with Tom Shea's
configuration control drawing

* Design consistent with muon chamber and facility
requirements
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PHENIX Muon Magnet - Coil Parameters

Amp-Turns
Configuration
Cond Material
Inside Dia (mm)
Outside Dia (mm)
# of Turns

Cond Size (mm)
Cond Hole g (mm)
Cond Length (m)
Current (amps)
Voltage (volts)
Power (kwatts)
Flow rate (gpm)
Weight (kg)

Avg Coil Temp °C

RMY-01
7/28/8

Small #1 Coil

2 Layer Solenoid
Copper

1623.8

1740.4

51

24.13 square
15.49

270

35.5
35.3

951
25.6

Muon Magnet

300,000

Large #2 Coil

2 Layer Solenoid

2941

225

Copper
1880.6
1997.2

51

24.13 square
15.49

311

41 .1
32.6

1096
27.1



PHENIX Muon Magnet - Coil Parameters - Max L3

Muon Magnet

Small #1 Coil Large #2 Coil
Amp-Turns (nominal) 300,000
Amp-Turns (maximum) 587,700
% Increase 96
Current (amps) 5762
Voltage (volts) 164
Power (kwatts) 9441
Avg Coil Temp °C 42.9 49.2

1 Power supply sized @ 450 kw

RMY-01
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PHENIX MM Coil - Design/1

« Coil is made up of two individual solenoidal coils:
- a small (#1) coil and a large (#2) coil

« Coils are identical except for:
- overall diameters
- detail of bus flags

« Coils are:

- made from square hollow copper conductor
bifilar wound (two in-hand)
2 layer solenoids
cooled in parallel - 8 inlet & 8 outlet water fittings
(each layer of coil cooled individually)
vacuum epoxy impregnated

RMY-01
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PHENIX MM Coil - Design/2

[
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Coils run electrically in series

utilizes one power supply

uses a single pair of water cooled leads

(actual coil conductor used - has its own independent
cooling circuit)

inlet and outlet power physically attached to coils between
the end of coil #1 and the beginning of coil #2

power leads come from the bottom of the magnet at 22.5°
from the vertical centerline (west side of magnet) and hides
in the shadow of the muon chambers support structure

an intermediate bus station somewhere on the detector floor
connects the 4/0 cables coming from the power supplies

to the water cooled bus leads that attach to the coil flags

(8 supply and 8 return power cables are required to carry
the 3000 amperes of current to the coils)



PHENIX MM Coil - Design/3

- Final "potted" coil dimensions consistent with Tom Shea's
mid-July configuration control drawing

- Because of piston steel saturation concerns, all clearances
required between the OD of the muon piston and the ID of the
coil are taken up by enlarging the ID of the coil

Tom Shea Small #1 Coil Large #2 Coil Piston Steel

Radius 808.70 mm 811.15 mm 808.20 mm
812.67 mm 808.70 mm
937.40 mm 939.55 mm 936.90 mm
941.07 mm 937.40 mm
Radial
Clearance: +2.45 mm +2.15 mm

Length: 700.00 mm 677.93 mm 677.93 mm >695.00 mm

RMY-01
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PHENIX Muon Magnet - Overall Layout
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PHENIX Muon Magnet - Large (#2) Coil |
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PHENIX Muon Magnet - Coil Cross-section
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PHENIX Muon Magnet - Transition Detail
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PHENIX Muon Magnet - Bus Flag Detail
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PHENIX Muon Magnet - Coil Jumper Detail 1S
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SYSTEM: PHENIX Magnet Subsystem

PROJECT ENGINEER: R.M. Yamamoto

DATE: August 2-3, 1993 REVISION: 0
SUBSYSTEM: Muon Magnet Coil SHEET 1 OF 2
1 2 3
— COMPONENT HAZARD PREVENTATIVE
|ICLASS ACTION
NO.| DESCRIPTION MODE EEFECT 1|23 |P*
1 | Break in water line Normal Overheating of X L | Use of interlocked
operation coil or electrical instrumentation: "Klixon"
shorting of coil temperature switches and
creating a fire in-line flow switches
2 | Electrical shock Normal Personnel X L | All electrical areas on the
operation could be coil & bus will be shielded;
electrically administrative control will
shocked and be used to ensure that no
injured personnel enter the
detector area while the
coils are energized
3 | Magnetic field Normal Heart pace X L | Administrative control will
operation makers and be used to ensure that no
- some electronic personnel enter the
devices become detector area while the
inoperative coils are energized

*HAZARD CLASS: 1-MINOR, 2-MODERATE, 3-MAJOR

**P=PROBABILITY: L=LOW, M=MEDIUM; H=HIGH




SYSTEM: PHENIX Magnet Subsystem

PROJECT ENGINEER: R.M. Yamamoto

shocked and
injured

DATE: August 2-3, 1993 REVISION: 0
SUBSYSTEM: Muon Magnet Coil SHEET 2 OF 2
1 2 3
COMPONENT HAZARD PREVENTATIVE
|CLASS ACTION
NO.| DESCRIPTION MODE EFFECT 11213 |P**
4 | Over pressure and Normal Overheating of X L | Use of interlocked
rupture of water lines | operation coil, floodin? of instrumentation: multiple
detector hal pressure relief valves;
use of hoses/fittings which
are rated much higher than
normal operating pressure
5 | High voltage in area Normal Personnel X L | Area to be secured and
by power supplies operation could be locked,; dgrounding hooks
electrically supplied; proper safety

training of personnel

*HAZARD CLASS: 1-MINOR, 2-MODERATE, 3-MAJOR

**P=PROBABILITY: L=LOW, M=MEDIUM; H=HIGH




PHENIX MM Coil - Facility Interfaces

« Hydraulic Interfaces:
- Required flow rate: approx. 70 gpm total
- Inlet pressure: 80 PSI
- Outlet pressure: 20 PSI (AP=60 PSI)

~ « Electrical Interfaces:
- Approx. 3000 amp current carrying capability
- Requires 8 supply & 8 return 4/0 power cables from power
supply to intermediate bus station in detector hall

« System Interlocks:
- Coil temperature sensors
- Water pressure sensors
- Water flow switches
- Computer monitoring and control

RMY-01
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PHENIX MM Coil - Cost Summary ' =

(coil costs include conductor and coil winding/epoxy impregnation only;
water manifolds, support structure and hardware, and special
handling/installation fixtures are in addition to these estimates)

Muon Magnet Coil
(estimates based on tapered coil design -
vendors estimate a 10% cost savings for
two cylindrical coils)

CDR 10/92 $157,000

KEK/TOKIN 1/93 $150,000+ (@ $1 = ¥125)

US Vendor #1 1/93 $108,000

US Vendor #2 2/93 $85,000

RMY-01
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PHENIX MM Coil - Power Supply Estimates 1S

Muon Magnet Power Supply (1)
(450 kw - 125 volts @ 3600 Amps)

US Vendor #A 3/93 $46,000
(24 weeks ARO)

US Vendor #B 4/93 $70,000

Power supply specifications were as follows:

Input Voltage 13.8 kv - 3 phase

Rectifier Configuration 12 phase

Output Voltage Ripple 5 volts (use output filter)

Long Term Reproducibility 0.1% (one year)

One Hour Stability 0.01%

One Minute Stability 0.001%

Control and Status Interface Digital (Optional)

Trim Input Analog Range 1%

Input Tap Switch Settings 100%, 50% and 25%, (Optional)
Reversing Switch Mechanical (Optional)

RMY-01
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PHENIX Magnet Subsystem - Muon Piston Magnet Rev ‘A’
1992 1993 1994 1995 1996 1997 1998
PHENIX Milestones PO IO
CDR Submitted Cost & Schd Review
Overall Magnet System Design S —7
Conc. Dsgn ; Final Design
Muon_ Piston Magnet _ | "
Engineering/Design of Muon Coil T A
FDR
Procure/Award Muon Coil Subcontracts P
Muon Coil Procurement
Fabricate Copper Conductor L T A = A fod
Fab Muon Coil Conductor
Fabricate Muon Coil (includes tooling) A
Fab Muon Coil
Ship Muon Coil to BNL I T ~ A .
Ship Muon Coil to BNL
Engineering/Design of Steel _‘A . AWA
PDR FDR
Procure Non-Russian Steel Subcontracts Pl E=A
Non-Russian Procurements
Fab Piston/lampshade/end plate in Russia A
Russian Fabrication
Ship Russian Fabricated Steel to BNL S
Ship Steel from Russia to BNL
Fabricate Doors/Hydraulics & Misc A { | 1
(includes floor plates) Fab Doors/Hydraulics & Misc
Ship Doors/Hydraulics & Misc to BNL P BN L
Ship Doors/Hydraulics & Misc to BNL
N I = AN

Assemble/Install Mag Steel, Piston and Coil

Assemble/Install Muon Magnet

(includes alignment)

Check-out/Test Muon Magnet

I B~ AR

Check-out/Test CM & MM

(includes Central Magnet)

Wednesday, July 28, 1993



PHENIX MM Coil - Schedule

MM coil is NOT on the critical path

MM coil procurement can start Jan '94
- after Nov '93 cost and schedule review
- fabrication drawings will be complete in Aug '93

MM coil fabrication will take approx. 1 year
- 3 months for procurement

- 2-3 months for conductor fabrication

- 9 months for coil fabrication

MM coil to be shipped to BNL the 1st qtr. '95

MM coil test/checkout 2nd & 3rd qgtrs. '95

RMY-01
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PHENIX MM Coil - Appendix
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Coil engineering analysis summary sheets (Art Harvey)

Drawings (Winston Wong)

- AAA93-101857-00
- AAA93-XXXXX-00
- AAA93-101856-00
- AAA93-101899-00
- AAA93-104152-00
- AAA93-104153-00
- AAA93-101897-00
- AAA93-101898-00
- AAA93-104150-00
- AAA93-104151-00

Coil #2 Assembly

MM Coil Layout

Coil Transition

Bus Flag - Inner Lead
Bus Flag - Outer Lead
Coil Jumper

Outlet Conductor Fitting
Inlet Conductor Fitting
Shorting Pad
Shorting Block

(4
(1
(1
(2
(2
(1
(1
(1
(1

e

sheets)
sheet)
sheet)
sheets)
sheets)
sheet)
sheet)
sheet)
sheet)
sheet)

Tom Shea's configuration control drawings (2 sheets)



MUON PISTON COILS
CONFIRMING COMPUTATIONS
A R.HARVEY JULY 4, 1993

INPUT

AMP_TURNS := 300000 WATER_IN TEMP =20 degC
PRESSURE_DROP =60 psi MAX_WATER_OUT TEMP =80  deg C
COND_OD , :=0.95 COND_BORE ;,, :=0.610

LARGE_COIL_ID ;, :=74.04 SMALL_COIL_ID ; := 63.93

INS_COND ;,,:=1.01 INTERLAYER_INS ;,, :=0.045
GROUND_INS ;, :=0.125 AXIAL_COND_SPACES =27
COIL_LENGTH ; :=27.56 END_RING_THK ; :=0.125
NO_TURNS_PER_PATH :=12.75 PATHS_PER_COIL :=4

DMENSIONAL COMPUTATIONS

AX_COND_SPACE ;;, :=AXIAL_COND_SPACESINS_COND ;,
AX_COND_SPACE ;, ~27.27

COIL_BUILD ;=2 (ms_com) in+ GROUND_INS ;) + INTERLAYER_INS ;,

COIL_BUILD ;,=2.315

LARGE_COIL_OD ;, :=LARGE_COIL_ID ;, + 2 COIL_BUILD ;;, LARGE_COIL_OD ;;, =78.67
SMALL_COIL_OD j, :=SMALL_COIL_ID ;;, + 22COIL_BULLD ;;, SMALL_COIL_OD ;;, =68.56
COND_OD .1y, =25.4-COND_OD ;, COND_OD . =24.13

COND_BORE -, i=25.4-COND_BORE ;;, COND_BORE ., = 15.494

MEAN_DIA, := SMALL _COIL_ID ;;+ 2:GROUND_INS ; + INS COND ;;, MEAN_DIA, =65.19
MEAN_DIA, :=MEAN_DIAg + 2 (INTERLAYER INS;, + INS_COND ;) ~ MEAN_DIA, =67.3
MEAN_DIA, :=LARGE_COIL _ID ;;,+ 22GROUND_INS ; + INS COND ;;, MEAN_DIA, =75.3
MEAN_DIA, :=MEAN_DIA, + 2 (INTERLAYER_INS int INS_COND ;)  MEAN_DIA; =77.41
i:=0.3

PATH_LENGTH, =% MEAN_DIA;NO_TURNS_PER_PATH

PATH_LENGTH,
ol 12

Ly=217.6 L, =224.644 L, =251.347 L, =258.39

Page 1



MUON PISTON COILS
CONFIRMING COMPUTATIONS
A.R.HARVEY JULY 4, 1983

SMALL_COIL_CON_LGT g =2 (Ly + L) SMALL_COIL_CON_LGT p, =884
LARGE_COIL_CON_LGT p =2 (L, + Ly) LARGE_COIL_CON_LGT g =1019
SMALL_COIL_CON_LGT  ‘=0.3048-SMALL_COIL_CON_LGT g SMALL_COIL_CON_LGT , =270
LARGE_COIL_CON_LGT  ‘=0.3048 LARGE_COIL_CON_LGT g LARGE_COIL_CON_LGT =311

CON_AREA ; *= COND_OD ;” - 0.25-% COND_BORE;,”  CON_AREA ; =0.61

ELECTRICAL AND PHYSICAL COMPUTATIONS

TOTAL_TURNS :=8-NO_TURNS_PER_PATH TOTAL_TURNS =102
AMPERES := -~MP_TURNS AMPERES =2941
TOTAL_TURNS
815101
RESIST_20, = —————
CON_AREA i,
056
GPM, := 68.5- (PRESSURE—DROP) .COND_BORE ; >
FT. ,=( 1628 \> GPM
! \AMPERES/ RESIST_20;
0.9214 + WATER_IN_TEMP- (FT, + 0.001965)
WATER_OUT_TEMP; :=
FT; - 0.001965

AVE_TEMP; :=0.5- (WATER_N_TEMP + wm_om_mi)
OP_RESIST, :=RESIST_20;1 + 0.00393- (AVE_TEMP, - 20) |
SMALL_COIL_OP_RESIST :=2- (OP_RESISTO + OP_RESISTl)
LARGE_COIL_OP_RESIST :=2- (OP_RESISTZ + OP_RESISTS)

SMALL_COIL_VOLTS := AMPERES-SMALL_COIL_OP_RESIST
LARGE_COIL_VOLTS := AMPERES-LARGE_COIL_OP_RESIST
TOTAL_VOLTS ‘= SMALL_COIL_VOLTS + LARGE_COIL_VOLTS
POWER ;. '= TOTAL_VOLTS- AMPERES-0.001 POWER y ,, =225
LPF, =L, TAVE, '=AVE_TEMP, TOUT, := WATER_OUT_TEMP,
SMALL_COIL,_RT RESIST :=2- (RESISI‘_ZOO + REsxs'r_zo,)
LARGE_COIL_RT_RESIST :=2- (12:»zsxls'r_zo2 + REsm_zo,)
SMALL_COIL_WT y, :=3.88-CON_AREA ; -SMALL_COIL_CON_LGT p,

A LARGE_COIL_WT p ‘= 3.88-CON_AREA ; -LARGE_COIL_CON_LGT g

Paae 2



COIL LAYER
SMALL 1

2
LARGE 1

2

MUON PISTON COILS
CONFIRMING COMPUTATIONS
A.R.HARVEY JULY 4, 1983

t

2 (GPM, + GPM) =35.3

808| 272 [343] 2 (GPM,+GPM;) =326

LPF, GPM; TAVE; TOUT;
218| 189 [254] |30.9
225| |8.74] 125.7] |[31.5
251| [8.21] |26.9] [33.7
258
i

SMALL_COIL_OP_RESIST =0.012072 Ohm

LARGE_COIL_OP_RESIST =0.01399 Ohm

SMALIL,_COIL_VOLTS =33.5

LARGE_COIL,_VOLTS =41.1

SMALL_CON._RT_RESIST =0.011812
LARGE_COIL,_RT_RESIST =0.013615

POWER }, =225.5

SMALL_COIL_CON_LGT g =884 SMALL_COIL_CON_LGT ,, := 0.3048 SMALL_COIL_CON_LGT

LARGE_COIL_CON_LGT  =1019 LARGE_COIL_CON_LGT , :=0.3048 LARGE_COIL_CON_LGT p

SMALL_COIL_WT yp, =2094 SMALL_COIL_WT ., :=0.454-SMALL_COIL_WT

LARGE_COIL_WT j, =2414 LARGE_COIL_WT kg = 0.454-LARGE_COIL_WT j;,

SMALL_COIL_WT ., =951

SMALL_COIL_CON_LGT , =270

LARGE_COIL_WT ., =1096 LARGE_COIL_CON_LGT , =311

TOTAL_GPM :=2) |GPM,

1

TOTAL_GPM =67.8

Page 3
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