LCC300 Active Shield Magnet and Cryogens Subsystem

GE Healthcare Direction 2325852, Revision 13
8 Shimming
8.1 Personnel Requirements
Personnel - o
Requirements Preliminary Reqs Procedure Finalization
2 Included in Procedure 10 hours (excluding Included in Procedure
field stability check)

8.2 Overview

Shimming is the process of measuring the magnet's field over a fixed volume and then calculating
and installing active (superconducting) and passive (steel) shims to improve field homogeneity.
The factory shimming results for LCC300 magnets are in the Acceptance Test Report (ATR)
shipped with the magnet. On-site shimming is performed to compensate for unequal distribution
of room steel that is affecting field homogeneity. Additional shimming may be required following
any significant environmental changes near the magnet. It is important to perform shimming after
the magnet is sited and ramped and the magnetic field stabilized.

NOTE: . After factory superconducting (S/C) shim currents are reapplied to the magnet, use
ShimTool software to calculate any additional passive and S/C (active) shimming
required on site. Flowcharts of shimming prerequisites and the shimming process
are shown in lllustration 3-95 and lllustration 3-96.

« Allow the magnet to stabilize to <0.1 ppm/hr. main field drift before shimming. This
will take 12 hours. Other commissioning functions can be performed during this time.

e The minimum helium level to start shimming is 80%.
NOTE: Always use the most recent revision of GE ShimTool Software CD, 5102783. The

LCC300 Shimming procedure stated here includes shimming of WB Series LCC300
magnets, which requires 5102783 Revision 6, minimum.
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lllustration 3-95: Pre-Shimming Flowchart

Shimming

Prerequisites

Set-Up for Field Mapping
{refer to Preparations for Field Measurement procedure)

L]

Frepare for Shimming
{refer to Preparations for Shimming subsection of Shimming
procedure)

Check ATR:
Magnet shimmed using 25 or 41 positions?

L]

NOTICE

ShimTool magnet 'subtype’ and passive

L

Reestablish ATR S/C Shimming
{refer to Reestablishing ATR SC Shimming subsection of Shimming
procedure)

Are All

No Shimming

Prerequisites
Met?

Center Mapping
Fixture

 J

Take Field Map for Mapping Fixture Centering
{refer to Field Map Acquisition subsection of Shimming procedure)

Is "Harmmonic

v
(11.0)" > -1.0 ppm =

shimming 'calibration’ files MUST MATCH the
ATR as to 25 or 41 position shimming.

SHIMMING PREREQUISITES
(Conditions Required before Running ShimTool)

+ Helium level: = 80%
+ Magnet pressure; 3.9 psig-4.1 psig
+ Drift rate: < 0.1 ppmihr

+ ATR S/C currents reestablished

MNote
Ferform helium fill in conformance with
Liguid Helium Fill procedure.

and < +1.0 ppm?

Adjust Probe Amray Centering
{refer to Field Map Acquisition subsection of Shimming procedure)

\

f
Shim Using
ShimTool

Continue with Shimming Flowchart

Procedures Referenced

Liquid Helium Fill

Section 8.4.1, Preparations for Shimming

Preparations for Field Measurement

Section 8.4.2, Re-establishing ATR SC Shim Currents

Section 8.4.3.1, Field Map Acquisition
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lllustration 3-96: Shimming Flowchart

Continued from Pre-Shimming Flowchart ' NOTICE

. ShimTool magnet 'subtype’ and
passive shimming 'calibration’ files
MUST MATCH the ATR as to 25 or 41

Start Shimming
Using ShimTool

* position shimming.
Run ShimTool on CENTERED map for S/C ONLY Make sure to use the correct magnet
using same magnet 'subtype’ as shown in ATR sucllntype : actl;_e Sh'.mm.'"gl.-tfla' file
(refer to Running ShimTool subsection of Shimming procedure) and passlve shimming; ca’ Ihe

settings for the magnet's series and
shim trays positions.

Are PPM Values
For All 4 Yolumes Under
"Quantized (Predicted)"
Within Spec?

Yes

Install S/C Shim Currents
{refer to Superconducting Shimming subsection
of Shimming procedure)

YvYy

Take NEW field map & run ShimTool
for S/C OMLY using same magnet 'subtype’
Run ShimTool on same CENTERED map for Passive & 5/C as sh%wn in ATRg P

RS . US'E% Samte mﬁgﬂlﬁt ]le.ubt%;p_e' . - {refer to Running ShimTool subsection
same 25 vs. 41 position ".cal" file choice shown in of Shimming procedure
{refer to Running ShimTool subsection of Shimming procedure) A )

L]

Install Passive Shims
{refer to Passive Shimming subsection of Shimming Procedure)
Install SAC Shim Currents
{refer to Superconducting Shimming subsection
of Shimming procedure)

L]

Take NEW field map & run ShimTool for Passive & S/C
using same magnet 'subtype’
AMND same 25 vs. 41 position ".cal" file choice shown in ATR

: ; : s Wrap-Up Shimming
{refer to Running ShimTool subsection of Shimming procedure) (refer to Finalization subsection

of Shimming procedure)

L]

Finished
Shimming

Note

Are PPM Values
For All 4 Volumes
Under "Recomp Field
Inhomogeneity"
Within Spec?

i J

Passive Shim
Change < 5 mm and
< 5 Positions?

Mo

; Run Shim Tool for S/C ONLY + For field adjustments after shimming see Field
using same magnet 'subtype’ as shown in ATR

. ; : el Adjustments after Shimming
{refer to Running ShimTool sub;echon of Shimming procedure) - For magnetic field stability checks see Field

Stabhility Check

Procedures Referenced

Section 8.4.3, Running ShimTool Field Adjustment after Shimming

Section 8.4.4, Passive Shimming Chapter 4, Field Stability Check

Section 8.4.5, Superconducting Shimming

Finalization, Step 1
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8.3 Preliminary Requirements

8.3.1 Tools and Test Equijpment

Item Qty Effectivity Part# Manufacturer
3.0T Warning Sign & Label 1 - 2379494 -
Kit
Portable Oxygen Monitor 1 kit - 2287000 -

per
perso
n
Cryogen Safety Wear Kit 1 set - 46-271137G1 -
per
perso
n
Nonabsorbent protective 1 pair - - -
clothing (long sleeve shirt per
and pants) perso
n
Nonferrous Safety Shoes 1 - - -
Brass Master Padlock with 1 - 46-194427P320 -
Brass Shackle
Brass Master Transition 1 pkg. - 2387081 -
Padlock of 25

Black & White on Red
Lockout Tag

46-194427P322

Transition LOTO Tag

46-194427P313

Line Cord Plug Cover, Plugs
<3 in. wide x £ 5.875 in. long
(76 mm x 149 mm), Cords
<1.25in. (31 mm) diameter

46-194427P321

Shim Power Supply

46-260777G3

ordered with the magnet)

750 Amp Ramp Cable Kit 1 - 2135435 or -
2135435 or 1000 Amp Ramp 2353394

Cable Kit with Ground

2353394

Shim Cable Kit (if not already| 1 - 2135558 -

MetroLab Teslameter Kit

46-251865G4
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Item Qty Effectivity Part# Manufacturer

No. 5 MetroLab Probe 1 - 46-255839P104 -
(included in MetroLab
Teslameter Kit
46-251865G4)

No. 6 MetroLab Probe 1 - 2295525-5 -
(included in MetroLab
Teslameter Kit
46-251865G4)

LCC300 Shim Camera Kit 1 - 2386028 -

GE ShimTool Software CD, 1 - 5102783 -
5102783 (included in
LCC300 Shim Camera Kit,
2386028). NOTE: Use the
most recent revision.
Shimming WB Series
LCC300 magnets requires
Revision 6, minimum.

LCC300 Passive Shimming 1 - 2386029 -
Kit (includes LCC300 Field
Mapping Fixture 2380758)

LCC300 Field Passive Shim 1 - 2385710 -
Kit

LCC300 Passive Shimming 1 - 5104145 -
Pull Assist Kit

Titanium Tool Kit, Basic Set 1 - 5113258 or -
5113258, Titanium Tool Kit, 5112581

Installation Set 5112581 or
other non-ferromagnetic
tools (magnets with
magnetic fields >1.5T)

HDx Service Platform: Can 1 - 5155291 (or -
use Universal Service 2319156)
Ladder/Platform 2319156 if
service space =30 inches
(762 mm)
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Item Qty Effectivity Part# Manufacturer
Service Methods 1 - - -
documentation for the
magnet/enclosures

(available through the
Common Document Library
at www.gehealthcare.com or
through your local GE
Healthcare Service
Representative)

8.3.2 Consumables

Item Qty Effectivity Part# Manufacturer

Optional field-supplied item: 1 - - -
10 mil thick flexible plastic
sheets (x-ray film, Mylar or
equivalent), 10 in. x 14 in.
(250 mm x 350 mm),
minimum. Must be free of
sharp edges and bent
corners.

8.3.3 Safety

ADANGER

POTENTIAL FATAL INJURY!

MAKE SURE TO REVIEW AND FULLY UNDERSTAND ALL
SUPERCONDUCTING MAGNET PORTIONS OF CHAPTER 1, MR MAGNET -
SAFETY REQUIREMENTS BEFORE SHIMMING THE MAGNET.

ADANGER

POTENTIAL FATAL INJURY!

MAKE SURE TO FULLY COMPLY WITH ALL REQUIRED ITEMS FOR
SHIMMING IN THE 'MAGNET & CRYOGEN SERVICE SAFETY
REQUIREMENTS' SUBSECTION OF CHAPTER 1, MR MAGNET - SAFETY
REQUIREMENTS BEFORE AND WHILE SHIMMING THE MAGNET.
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ADANGER

POTENTIAL FATAL INJURY!

@.

HAVE ALL WORK ASSISTANTS OR WORK OBSERVERS COMPLY WITH THE
'BUDDY SYSTEM REQUIREMENTS & CERTIFICATION' SUBSECTION OF
CHAPTER 1, MR MAGNET - SAFETY REQUIREMENTS BEFORE SHIMMING
THE MAGNET.

AWARNING
ASPHYXIATION HAZARD!

THE SHIMMING PROCEDURE GENERATES ODORLESS, COLORLESS
HELIUM GAS THAT DISPLACES OXYGEN IN THE AIR.

MAKE SURE MAGNET ROOM VENT EXHAUST FAN IS ON BEFORE SHIMMING
THE MAGNET.

AWARNING
ELECTRICAL SHOCK HAZARD
/ CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER
B SUPPLY CAN CAUSE ELECTRICAL SHOCK.
FOLLOW LOCKOUT/TAGOUT PROCEDURES WHILE MAKING ELECTRICAL
CONNECTIONS TO A MAIN POWER SUPPLY OR A SHIM POWER SUPPLY.
(SEE CHAPTER 1, OSHA LOCKOUT-TAGOUT.)

NOTICE

Verify that Magnet Monitor is on and operational. If using proprietary Magnet
Monitor software, verify that Magnet Monitor Pressure Control is enabled and
operational.

NOTICE

Moving articles or equipment in the Magnet Room may affect field readings.
Do not move articles or equipment in the Magnet Room while adjusting shim
currents.

NOTICE

ONLY use nonmagnetic tools when working in the Magnet Room.

8.3.4 Required Condijtions

Condition Reference Effectivity

Make sure the area is secure and that all |Chapter 1, MR Magnet - Safety -
required Warning Signs are posted to meet|Requirements
the safety requirements stated in the
following document before starting the
Shimming procedure.

Chapter 3 Set-Up and Calibration 257



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

Condition Reference Effectivity

The removal of some magnet enclosure |Chapter 5, Upper and Side -
components may be required to complete [Enclosure Removal (Wide
the Shimming procedure. Refer to the Open Enclosures)
appropriate document below andthe
appropriate Service Methods
documentation (available through the
Common Document Library at
www.gehealthcare.com or your local GE
Healthcare Service Representative) before
continuing with the Shimming procedure if
cover removal is required.

(continued) Chapter 5, Introduction to HDe -
& HDx Enclosures

Verify that the magnet helium level is 280%. | Liquid Helium Fill -
Fill the magnet in conformance with the
document below to make sure the helium
level is at this level before shimming.

Verify that the magnet's magnetic field drift| Shimming -
rate is <0.1 ppm/hr. and that the Magnet
Monitor is on and operational. If using
proprietary Magnet Monitor software, verify
that the Magnet Monitor Pressure Control is
enabled and operational. Verify that the
magnet pressure is steady at 3.9 to 4.1
psig, both conditions in conformance with
Section 8.4.1.3, Field Stability Check
subsection below before starting Section
8.4.3, Running ShimTool.

Make sure to reestablish the SC Shim Shimming -
Currents stated in the magnet's
Acceptance Test Report (ATR) in
conformance with Section 8.4.2,
Reestablishing ATR SC Shim Currents,
before starting Section 8.4.3, Running
ShimTool.

Make sure the magnet room exhaust fan is - -
on and operational before starting the
Shimming procedure.

Make sure the magnet room door is - -
propped open before starting the Shimming
procedure.

258 8 Shimming



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

8.4 Procedure
8.4.1 Preparations for Shimming
8.4.1.1 Initial Preparations

NOTE: Section 8.4.1, Preparations for Shimming, must be completed before shimming the
magnet.

1. Prepare for field mapping in conformance with Preparations for Field Measurement before
shimming if not already done.

2. Allow the magnet to stabilize to <0.1 ppm/hr. main field drift before shimming. This will take 12
hours. Other commissioning functions can be performed during this time.

3. Verify that the magnet helium level is 280%. Fill the magnet in conformance with Liquid Helium
Fill to make sure the helium level is 280% before continuing.

8.4.1.2 Shim Coil Power Supply Connections

1. Verify that the Shim Lead Pigtail Cable (2135362) is connected to P1-A on the Shim Lead
Assembly in conformance with the Superconducting Shim Coil Power Supply Connections to
Magnet subsection of Connections for Ramping and Shimming. (See the illustration below.)

lllustration 3-97: Shim Power Supply Connections to P1-A

Superconducting Shim Power Supply (4B6-260777G1)

K O
F1
Shim Lead > ] P
Connector Shim Lead FAN FAN O 2
Housing o Mupro Vent 9
Walve é\ /é é\ /é
) Fa
o 0 o O
HTRA1 HTRZ HTR=
FOWER
P1-A '
[}
J3 Jz Jz-ny
DHUET’Q,‘:.TEPS SHIM OUTPUTS
St 0.0 Q-0
ot
3 PHASE o] a =) o
&
P2 20
P2 J2
/ N\
Shim Lead Pigtail Cable \ / Superconducting Shim Coil Cahle
(2135362) P2 J2owy (46-260726G1)

2. Make sure the Shim Lead Assembly is engaged in conformance with Shim Lead Engagement
and Disengagement.
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3. Open the NuPro Shim Lead Vent Valve to increase the Shim Leads' ability to carrying current.

|

Do not connect input power to the Superconducting Shim Coil Power Supply until
® it is verified that ALL current controls are set to zero (turned fully counterclockwise,
CCW) and the supply is turned off.

Connecting the Superconducting Shim Coil Harness to the magnet when the
Superconducting Shim Coil Power Supply is turned on may cause irreparable
damage to the vapor-cooled shim leads.

NOTICE

Equipment damage is possible if heater currents are not set correctly.

4. Remove LOTO and connect input power to the Superconducting Shim Coil Power Supply.
Make sure the Heater Currents are: T1 =610 mA 5 mA, T2 =610 mA 5 mA and Axial =710
mA £10 mA. (See Section 4 of the vendor's service manual for details.)

NOTE: Always check the ATR for any possible magnet-specific current settings.

5. After sufficient cooling of the Shim Lead Assembly, verify that all six shim power supply
channels operate at both positive and negative 250 mA polarities for the Axial, Transverse 1
and Transverse 2 shim groups. (See the illustration below.)

lllustration 3-98: Shim Power Supply Controls (Front Panel)

7 )
7 A
[ [
Q| | PR R @ CurrentAoltage
| ,—@o-@ Qw.- Current | / Displays
Shim Group g | INEEES | )
Select [ @ 8 /9()“‘: I‘/
| N | | |
e < Voltage | \@ Channel Select
| @019 é e . Pushbuttons
[ 1 2 3 4u:p B o {In = See Reading)
; ©® @ 6 @@ Polarity —l |
| @@ EE@E coase - . Polarity Switches
| N N N o™ (Up = Normal;
2 e Fie ‘é . Down = Reverse)
Q| P~ :
/ | | | Coarse Current Adjust
@ @ Potentiometers
| I
/ \ Fine Current Adjust
Switch Heater 1:  Switch Heater 2:  Switch Heater 3: Potentiometers
Axial (AX) Transverse 1 (T1) Transverse 2 (T2)
Shim Group Shim Group Shim Group

{Up = Heater On) (Up=Heater On} {(Up = Heater On)
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@ AWARNING
| ELECTRICAL SHOCK HAZARD
\ O /

CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER
SUPPLY CAN CAUSE ELECTRICAL SHOCK.

FOLLOW LOCKOUT/TAGOUT PROCEDURES WHILE MAKING ELECTRICAL
CONNECTIONS TO THE SHIM POWER SUPPLY.

6. Disconnect and LOTO the input power to the Shim Coil Power Supply. Verify that no voltage
is present by using a DVM or equivalent measuring device.

7. Verify that connectors P2 and P2W on Superconducting Shim Coil Cable 46-260726G1 (Run
603) are connected to the J2 and J2-W Shim Output connectors on the back of the Power
Supply Cabinet, MS7-A1. (See lllustration 3-97.)

8. Verify that connectors J2 and J2-W on the other end of Superconducting Shim Coil Cable
46-260726G1 are connected to the Shim Lead Pigtail Cable 2135362. (See lllustration 3-97.)

9. Connect P703 on Switch Heater Cable 46-260724G1 (Run 604) to connector J3 on the back
of the Superconducting Shim Coil Power Supply Cabinet, MS7-A1. (See the illustration below.)

lllustration 3-99: Shim Power Supply Connections to J5-1
Superconducting Shim Power Supply (46-260777G1)

-,

[ [
@I I@
| I
| ?/—\% ?/—\i O F1 |
| |
: FAN FAN (52 :
I %_ _/é é\ /é O e I
| |
I () Fa I
| O s |
| o ] = !
@| HTR1 HTRZ HTRZ |®
T T
FOWER
2 I I
| ( 22 2£ :' |
| & |
I P4 HEATER B e I
| Gl SHIM OUTPUTS I 3
| P o o ] oo Shim Lead
l 208220 VAL O O l Connector
763 HZ N A ;
| 2 PHASE o o (] [ HDusmg
| |
@| |

Switch Heater Cable
(46-2607245G1)

NOTICE

Connect only one Heater Wire Harness to the Shim Lead Assembly.
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10. Verify that connector P5 on the Switch Heater Cable (Run 604) is connected to connector J5-1
or J5-2 on the Shim Lead Assembly. (See lllustration 3-99.)

8.4.1.3 Field Stability Check

This check requires 12 hours between the first measurement and the second.
1. Verify that magnet pressure is 4.0 psig 0.1 psig:

« Initial on-site shimming - Turn on the T1, T2, and Axial heaters as required to increase
magnet pressure to 4.0 psig 0.1 psig.

« If any currents loaded (reshimming) - Adjust magnet pressure to 4.0 psig 0.1 psig
using Magnet Monitor.

|

Do not turn on the Superconducting Shim Coil Power Supply until it is verified that
ALL current controls are set to zero (turned fully counterclockwise).

NOTE: Make sure the Teslameter is on at least one hour before taking either measurement to
ensure Teslameter stabilization.

2. Remove LOTO and connect input power to the S/C Shim Coil Power Supply and turn on (1) all
Shim Coil Switch Heaters for five (5) minutes to dump any residual shim currents.

3. Turn off (O) the Switch Heaters. Allow 3 to 5 minutes for the switch heaters to go persistent
before continuing with Step 4.

4. Disconnect the Heater Cable (P703) from the Shim Coil Power Supply.

5. Turn off the Shim Coil Power Supply.

\ % :' ELECTRICAL SHOCK HAZARD

\ CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER

_’ SUPPLY CAN CAUSE ELECTRICAL SHOCK.
FOLLOW LOCKOUT/TAGOUT PROCEDURES WHILE MAKING ELECTRICAL
CONNECTIONS TO THE SHIM POWER SUPPLY.

6. Disconnect and lockout/tagout input power to the Shim Coil Power Supply. Verify that no
voltage is present by using a DVM or equivalent measuring device.

7. Measure and record the magnetic field (center frequency), “Frequency 1.

NOTE: The Frequency 1 measurement should be taken as soon after ramping as
possible.
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NOTICE

Do not move the probe between the first and second measurements.
Do not move or rearrange any articles or equipment in or near the exam room during
the test.

8. After 12 hours repeat Step 2 through Step 7. Measure and record this as “Frequency 2”.

9. Verify that the magnet has stabilized (0.1 ppm/hr. maximum drift) by using this formula:

(Freq 1-Freq2)x 10° Where:
(Freq 1) x N Freq 1 = Initial Reading (Hz)
Freq 2 = Reading (Hz) after N Hours
N = Number Hours between Readings

Drift Rate (ppm/hr)

(Freq 1- Freq 2)

Drift Rate (Hz/hr) N

17 Oct. 2006

8.4.1.4 Magnet Pressure, Helium Level and Coldhead Supercon Shield
1. On the Magnet Monitor:

'

Shimming is affected by magnet pressure. Make sure the Magnet Monitor
@ Pressure Controller is functioning properly and that magnet pressure is steady
at 3.9 to 4.1 psig before starting shimming procedure.

a. Check magnet pressure. Make sure it is maintained within the 3.9 to 4.1 psig range
when taking maps of the magnetic field.

b. Verify that the magnet helium level is 280%. Fill the magnet in conformance with Liquid
Helium Fill to make sure the helium level is 280% before continuing.

2. Turn the Cryocooler off for 10 minutes. This will quench the Supercon Shield around the
Coldhead.

NOTE: This only needs to be done before the initial shimming, but not between each
shimming iteration.

8.4.1.5 Field Camera Set-Up Using ShimTool

|

Always use the most recent revision of GE ShimTool Software CD, 5102783. The
LCC300 Shimming procedure stated here includes shimming of WB series LCC300
magnets, which requires 5102783 Revision 6, minimum.

1. Connect the Shim Camera to the PC's COM port. Make sure all connections are secure.

2. Install the Mapping Fixture's Probe Array in conformance with Preparations for Field
Measurement if not already installed.

Chapter 3 Set-Up and Calibration 263




GE Healthcare

LCC300 Active Shield Magnet and Cryogens Subsystem
Direction 2325852, Revision 13

3. If the most recent version of GE ShimTool Software CD, 5102783 is not installed on the
computer being used:

a.

C.

Insert the CD into the computer, automatically launching the installation program.
Select the operating system, either Windows 2000 or Windows XP, for the computer
in use when asked. The CD should automatically install all ShimTool files at D:
\MRshim (Windows XP) or C: \MRshim (Windows 2000).

Create a subdirectory for this magnet's .map, .cur and .shm files inside the D:
\MRshim (Windows XP) or C: \MRshim (Windows 2000) directory where ShimTool
was installed.

o For W Series magnets, name the subdirectory Wo####0, substituting the
magnet's serial number for the ####. For WB Series magnets, name the
directory WB####0.

o Add extra zeros as necessary to ensure the subdirectory name is seven
characters/numbers long. For example, the subdirectory for the W Series
Magnet 22 should be W000220.

Copy the magnet's ATR shim file from the ATR floppy to the PC to the subdirectory
created in Step 3.b.

4. Double-click on the CoronaShim icon or ShimTool25C. exe in the ShimTool directory in
Windows Explorer.

5. When the screen shown in lllustration 3-100 displays:

a.

d.

Verify that the entry beside the word Series: matches the W or WB of the magnet to
be shimmed.

Type W into the box beside Test Cell:.
NOTE: Use “W’ for all shimming done at a customer site.

Adjust the number displayed beside Number : to the serial number of the magnet to
be shimmed.

Click [OK].

NOTE: If a subdirectory for storing all .map, .cur and .shm files was not manually

created in Step 3.b, ShimTool will create one automatically at D: \MRshim
\WO####0 for W Series magnets or at D: \MRshim\WB####0 for WB Series

magnets. (### represents the serial number selected.)
Windows XP installations use D: \ drive; Windows 2000 installations use C:\

drive.
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lllustration 3-100: Register Magnet Type Screen

W Series LCC300 Magnet WB Series LCC300 Magnet

Seies:  [W TestCel  [W Series: [WE TestCel  [W
Nurnber: |”””9 E He Vessel |D Murnber, |DDD2 Hi HeVesset [0

Drives and Directories Dirives and Directories
Metwiork: ID:KM.F!Sﬁim\WUODDSD' Mehwcirk: ID;'\MH';himRWBD_DD%'
Laocal: |D:\MF_I'Shim'AWDUE]DSD Lacak lD:\MHs}‘ﬂm\WBUDDED
ok | Cancel | oK | Carcel |

A7 Dot 2006

6. Click the [Camera Controls] button (fifth button from right) when the screen shown in lllustration
3-101 displays.

lllustration 3-101: ShimTool Main Screen Button Definitions

Eile  wiew Help

co|ws ||| 4 |[2| S|2] Hmvlw|e| |

BUTTON DEFINITIONS (left te right):
G0 = hegin shimming
Zhange magnet registration
Cipen an existing file
Save the active document
Cut
Copy
Faste
Print
About

Camera controls

Acquire a field map

Scan & graph field at current position
Zontinuously manitor field

Check current field map against specification

Ready [ [cap [um &

7. Verify that the Magnetic Field Camera Conftrols window (shown in lllustration 3-102) displays
aCenter Freq: of 127.7 mHz (rounded).
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NOTE: |If the program did not find a camera attached to the PC's COM port (as in the
upper left example in lllustration 3-102:
« Verify that power to the camera is turned on and that all connections between
the probe array, camera and PC are secure, then

o Click the [Find Port] button to reestablish camera to PC communications.

« Exit any programs that Windows Task Manager (accessed by pressing
<Ctrl> + <Alt> + <Delete>) reports are running on the PC besides ShimTool
and Windows Explorer shows.

lllustration 3-102: Magnet Field Camera Controls: PC-Probe Communications

Mo PC-Probe Communication

Magnetic Field Camera Controls
Fange [FPM]: ;E _j:j Measurements: IU __,:33 ak

Cancel

Central Freq ;D MHz Field Search |

FindPott | ~ae— Find Port

L

Central Freq. 512?-?299999 MHz Field Search l

Buttan
!D.DDDD Gauss Center Eameral
Apply
# |
Fort: |NUNE
Frab :ID o .
R Good PC-Probe Communication
Magnetic Field Camera Controls Field
Search
Range [PRM]: 1000 = Measurements: |?U __% ‘% Buttan
‘l I Cancel |

ferage; I— PR I— ;D.DDDD Gauss EenterEamera!

Tdinimum: | Mar:imum:l # I
Part: |CDM1
Frobes: |32

Scan

Button
4] | /

Averane: | FPM: l Scan i W tutorange
| I Save Scani

P inimm: b @i

8. Choose an option on the Magnetic Field Camera Controls screen shown in lllustration 3-102:

a. Click the [Field Search] button to automatically find the center frequency of the magnet
and update the Center Freq: displayed. (See lllustration 3-103.) An initial listing of
(left to right) probe number, frequency in mHz, magnetic field strength in Gauss,

266 8 Shimming



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

standard deviation in Gauss and measurement count readings from each probe in the
array is also displayed in the text box.

NOTE: The measurement counts should all read close to the number
displayed beside Measurements: at the top of the screen.

b. Click the [Scan] button to verify probe functioning by updating the scrolling text box.
lllustration 3-103: Magnet Field Camera Controls with Field Search Button

Magnetic Field Camera Controls
Riange [PPM]: |1043 =5 Measurements: I-_"'D __1: 0K |
Cancel |
Central Freq, |127. 7306316 MHz i Fi e
ind Fort |
|3DDDD.5543 Gausz Center Came[ai i I
#] FegMiz]]  Field[E]] st [ R -
00 1276747630 23987.56785 120 070 Por:  [COMI
0 127 6754108 29387.71852 1.20 070

02 1276762736 29957.92124 120 070 |—
03 127.676E01S 2998799833 240 OG5 Probes: |32
04 1276763190 29997.93191 240 052

05 1276761938 29957.00015 240 043

05 1276770099 29955.09418 360 041

07 1276729044 2999853915 490 050

05 1276510453 29990.04270 240 070

09 1276827492 2999044234 120 070

10 1276847966 29999.92308 1.20 070 fhd

Average: i12?.?‘28?‘2 PEM: |8?4.?DB Scan | ¥ Autorange
Peitirncarn: 112?5?4?5 Mamirniirm: |12??BE45 Save Scanl

9. Select [OK] to finish camera setup and close the Magnetic Field Camera Conftrols screen.
10. Continue with Section 8.4.2, Re-establishing ATR SC Shim Currents.

8.4.2 Re-establishing ATR SC Shim Currents

ADANGER

POTENTIAL FATAL INJURY!

MAKE SURE TO REVIEW AND FULLY UNDERSTAND ALL
SUPERCONDUCTING MAGNET PORTIONS OF CHAPTER 1, MR MAGNET -
SAFETY REQUIREMENTS BEFORE STARTING THE SHIMMING PROCEDURE.

AWARNING

ASPHYXIATION HAZARD!

THE SHIMMING PROCEDURE GENERATES ODORLESS, COLORLESS
HELIUM GAS THAT DISPLACES OXYGEN IN THE AIR.

MAKE SURE MAGNET ROOM VENT EXHAUST FAN IS ON BEFORE STARTING
THE SHIMMING PROCEDURE.
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A CAUTION

Potential Magnet Quench

The magnet may quench if the Nupro Valve on the Shim Lead is closed or the Shim
Lead is not cold.

Make sure the Nupro Valve is fully open and the valve is frosted before slowly
engaging the Shim Lead. Do not remove the Shim Lead's Orifice Cap that controls
helium gas flow. Always engage/disengage the Shim Lead in conformance with
Shim Lead Engagement and Disengagement.

NOTICE

Make sure that the shim power supply is calibrated in conformance with the
vendor's manual and that the shim heater currents are set as below before use.
¢ Transverse 1 Shim Heater Current: 610 mA £5 mA

o Transverse 2 Shim Heater Current: 610 mA £5 mA
« Axial Shim Heater Current: 710 mA 10 mA

NOTICE

Before turning on the shim coil power supply and applying shim currents, make
sure the following conditions exist to prevent irreparable damage to the vapor-
cooled Shim Leads:

o Orifice on the Shim Lead Nupro Vent Valve is in place.

« Shim Lead is frosting and venting.

o Shim Power Supply current controls are set to zero (fully CCW).

NOTICE

The “Recommended Total Current” values found on the Acceptance Test Report
(ATR) that shipped with the magnet must be entered into the Superconducting (S/
C) Correction Coils before performing field mapping and any further S/C or passive
shimming.

The coil groups are:

¢ Transverse 1 Coils: T1-1 to T1-6
¢ Transverse 2 Coils: T2-1 to T2-6
¢ Axial Coils: AX1 to AX6

Each coil group is connected to one heater circuit on the shim power supply. If the
only current change was in the Axial 2 Coil, turning the Axial Switch Heater on would
dump the currents in Axial Coils (AX1 to AX6) and the appropriate currents for each
Axial Coil would need entering.

NOTE: Always check the ATR for any possible magnet-specific current settings.
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1. Make sure vapor is escaping from the Shim Lead and the lead is frosted, then turn on the

power supply.

® currents.

|

Do not move articles or equipment in the Magnet Room while adjusting shim

2. Repeat the following steps (Step 2.a through Step 2.9) to input ATR shim currents for each
shim group in sequence: T1, then T2 and Axial. (See Table 3-11.)

a. Set the Shim Group Select Switch to the appropriate group: T1, T2 or Axial. (See

lllustration 3-104.)

Table 3-11: S/C Shim Groups

Transverse 1 Shim Group

Transverse 2 Shim Group

Axial Shim Group

“Shim Group Select” Switch Setting

Middle

Course/Fine Adjust Potentiometer Bottom Top
& Polarity Light/Switch Coil (Circuit) Coil (Circuit) Coil (Circuit)
1 T1-1 (Z X2Y?) T2-1 (ZXY) AX1(Z)
2 T1-2 (X) T2-2 (Y) AX2 (22)
3 T1-3 (Z2X) T2-3 (Z2Y) AX3 (29
4 T1-4 (ZX) T2-4 (2Y) AX4 (2%
5 T1-5 (X2Y?) T2-5 (XY) AX5* (Z5)*
6 T1-6* (X" T2-6* (Y3)* AX6* (Z)*

* Not applicable to W0 Series LCC300 magnets.
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lllustration 3-104: Shim Power Supply Controls (Front Panel)

7 ~)
" A
[ [
g | P P @ CurrentAoltage
| ,—@o-@ Qw.- Current | / Displays
Shim Group o | INEEES | )
Select | @ 8 /9()“‘: l‘/
| N | | |
") < Voltage | \@ Channel Select
| @019 é e 9 . Pushbuttons
[ I 2 3 &5 8 o {In = See Reading)
) e ® e & @@Polanty*____‘
| ®EE®E@E coase oy . Polarity Switches
| NN N N NN o™ (Up = Normal;
2 e Fie ‘é . Down = Reverse)
OI Iw\ \ 2
/ | | | Coarse Current Adjust
@ @ Potentiometers
| I
/ \ Fine Current Adjust
Switch Heater 1:  Switch Heater 2:  Switch Heater 3: Potentiometers
Axial (AX) Transverse 1 (T1) Transverse 2 (T2)
Shim Group Shim Group Shim Group

{Up = Heater On) (Up=Heater On} {(Up = Heater On)

b. Setthe Course/Fine Current Adjust potentiometers on the Shim Power Supply to zero
(0) amps (fully CCW).

NOTE: The polarity relays will not change polarity if there is any current
flowing through their respective channels. The current must be
reduced to zero before the relays will change to the position indicated
by the external switches on the power supply.

NOTICE

Magnet damage is possible if heater currents are not set correctly.

c. Turn on the selected group's Switch Heater (Transverse 1, Transverse 2 or Axial) and
wait 30 seconds for the switches to go resistive.

d. Setthe ATR “total” currents and polarities for the shim coil group.

|

Since the LCC300 magnet correction coils have a greater time constant
(inductance : resistance ratio) than those of a 1.5T magnet, a longer settling
time is required for the shim currents. It is important that the shim current settling
time is in conformance with Table 3-12 to prevent subsequent current drift after
settling.

e. Allow the shim current to settle for the time shown in Table 3-12.
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Table 3-12: Shim Current Settling Times (Re-establishing ATR)

Shim Coil Group Settling Time
T1
20 minutes
T2
Axial* 45 minutes®

* Axial times represent minimum times. Axial coupling may require longer wait times to meet the magnetic field stabilization requirements stated
in Step 3 below.

Failure to accurately set the power supply currents and polarity can greatly
@ increase the number of plotting iterations (j.e., time to shim the magnet).

]

f. Verify the ATR currents, then turn off the heater group and wait five (5) minutes.

g. After waiting five minutes, gradually turn the power supply Current Adjust
Potentiometers down to zero.

3. For axial currents only, monitor magnetic field drift until it stabilizes (i.e., <2 Hz change in total
magnetic field strength over a two-minute period):

a. Click the [Continuously Monitor Field] button (second button from right) from
ShimTool's main screen. (See the illustration below.)

lllustration 3-105: ShimTool Main Screen Buttons
pl} ShimTool |_ (O] x|

File Wiew Help

cofme|S|6l| ||@| Z|2| Mlwle]| |

Continuausly Maonitor Field Buttan

b. Make sure the probe array is in the 30° position (slice/arc 2 in Table 3-13), then select
Probe 22.

Table 3-13: Field Camera Mapping Slices (Positions)

Slice/Arc? (Posi- Degrees Slice/Arc? (Posi- Degrees Slice/Arc? (Posi- Degrees Slice/Arc? (Posi- Degrees
tion) tion) tion) tion)
0 0/360° 6 90 12 180° 18 270
1 15 7 105 13 195 19 285
2 30 8 120 14 210 20 300
3 45 9 135 15 225 21 315
4 60 10 150 16 240 22 330
5 75 11 165 17 255 23 345
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Slice/Arc? (Posi- Degrees Slice/Arc?® (Posi- Degrees Slice/Arc? (Posi- Degrees Slice/Arc® (Posi- Degrees
tion) tion) tion) tion)

a The slice/arc number shown here and in ShimTool corresponds with the number stamped on the mapping fixture's Positioning Wheel.
® The remote box flashes slower at these positions.

c. Select [Start] on the screen that displays to begin measuring field strength and drift.
Record the starting frequency for use in Step 3.d.

d. Wait two (2) minutes, select [Stop], and record the change between the starting and
present frequencies.

« If the change is <2 Hz, continue with Step 4.

« If the change is 22 Hz, repeat Step 3.c and Step 3.d.

4. Once the magnetic field is stable and the Axial settling time stated in Table 3-12 has elapsed,
turn the Axial Switch Heater off, and allow the Heater to cool for five (5) minutes.

5. Slowly turn all the Course/Fine Current Adjust Potentiometers on the shim power supply back
down to zero (0) amps (fully CCW).

6. Close the Shim Lead's Nupro Vent Valve.
7. Continue with Section 8.4.3, Running ShimTool.

8.4.3 Running ShimTool
8.4.3.1 Field Map Acquisition

|

The magnet's center frequency must be stable in conformance with the Section
® 8.4.1.3, Field Stability Check, before any alteration to the magnet's S/C or passive
shims are made.

|

Moving articles or equipment in the Magnet Room may affect readings of magnetic
field strength.

NOTE: Locate the Mapping Fixture and Shim Camera at the magnet's approximate center in
conformance with Preparations for Field Measurement before centering the Probe Array

using ShimTool.

1. Click the [Acquire Field Map] button (fourth button from right) from ShimTool's main screen.
(See below.)

8 Shimming



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

lilustration 3-106: Acquire Field Map Button on ShimTool Main Screen

El}_ShimTuul

=] ES
File Wiew Help
colws B[l & |22 &[2| Amlm|e] ||

Acquire Field Map Button

2. Click the [Static] button when the screen shown in lllustration 3-107 displays, and then select
W_CoronaCamera50dsv from the Map/Camera Type drop-down menu.

NOTE: Leave the default number beside Slices: and the file name beside Map
Name : unchanged.

lllustration 3-107: Acquire Field Map

' Slatic Slices: |24 _Ij & Shatic Slices: |24 _Ij
C Dt Delay [ms): |1 Carcel |  [Drift Deay sl |0 Cancel |
tdap Name; tdap Mame: IWDDDDSDDDDDMW.I‘HED
Map/Camera Type: ILEE-Eamera ;I Map/Camera Tvps:  [LCC-Carmera ;I

LE-Eamera

w' Coronalamerabldsy

Std Drew Limit [Hz]: I'I 0 Fietry Lirnit: |'ID Std Dev Limit [Hz]:

¥ Auto Range Camera Frequency

¥ Auto Range Camel

Comments

- Comments

3. Make sure the curved part of the field camera's probe array faces directly up (0° position).

|

Moving any articles or equipment in or near the Magnet Room may affect the field
° map.
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NOTICE

Do not allow nonessential conversation/distractions during map acquisition. If an

error occurs during field map acquisition:

e Click the [Abort] button in the Acquire Progress window (shown in lllustration
3-108), and press the field camera's remote box switch one more time.

« Retake the map starting at Step 1.

4. Select [OK] to begin mapping the magnet's magnetic field.

NOTE: The field map screen will display with the Acquire Progress window overlaid.
(See the illustration below.) The field camera's remote box should also start to
flash repeatedly.

lllustration 3-108: Field Map Being Acquired

_,'}_Shiannl - W00009000000AW.map

File Edit [ata Harmonics  Aiew ‘Window  Help

T X5 7| »l@|E]e] |

Scardre 2 of 23 - 30 Deqrees

[

P 2003, Total &couisition Time 0 3min
FEM: BtdDew: 35443, in: -421 24, Max 45374, P-P: 87402

Abort |

Front or Bottom (2
Back ot Top(Z+H

Ready Cirt 24, Pos: 0, Field: 30012,136890, PPM = 396,57 (396.57) (0, 17025,0,0000C [CAR [MOM v

5. Press the field camera's remote box switch when it starts flashing repeatedly. The light will
stop flashing and stay on while one slice of the field map will be acquired (except after the last
slice when the light will go off).

6. When the camera's push-button switch starts flashing repeatedly again, slowly and smoothly
rotate the camera one position (15°) clockwise.
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7. Repeat Step 5 and Step 6 until 24 map slices (slice 0 at 0°/360° through slice 23 at 345°) are
taken. (See Table 3-13 for a summary of the slices.)

NOTE: The remote box will flash slower at positions 0 (0°/360°), 6 (90°), 12 (180°) and
18 (270°).

NOTE: When all 24 slices are taken, the finished map displays on the field map screen
shown in lllustration 3-109. ShimTool automatically assigns a sequential
alphabetic name to both the displayed map and the .map file it creates. The file
name consists of:

« The magnet series and number information entered on the Register Magnet
Type screen shown in lllustration 3-100, Field Camera Set-Up Using
ShimTool (WO + 0009 becomes W00009; WB + 0002 becomes WB0002.)

« A sequential alphabetic character (A, B, ... C becomes 0000A, 00008, ...
0000C.)

« The test cell entered on the Register Magnet Type screen shown in
lllustration 3-100, Field Camera Set-Up Using ShimTool. Always use test cell
“W” when shimming at a customer site.

e Plus the .map file extension.

8. Record the mapped peak-to-peak (P-P) ppm figure displayed on the Fie/d Map screen (shown
below) in Chapter 8, Shimming Process Data on the same line as the map name.
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lllustration 3-109: Sample First Field Map Screen for Axial Centering

_;i‘}_Shiannl - WO0009000000AW.map
File Edit Data Harmonics ‘iew \Window Help

co|we | 5|W| 1 ||| &[2| Mp|m[e]|
:WDDDDBDDDDDAW.map

Mlap Started ®Ved Aug 27 11:50:52 2003, Total Acquisition Time 6 3min
DAV 50 0cm, |Ywe: 30000.7650205, PRI BtdDew: 350.00, Min: -443.93, Max; 48717, P-P: 931.10

Front or Bottom (2-)
Back or Top (24

Read Cir: 16, Pos: 21, Fisld: 0,000000, FRM = -12+ |06 (-1e+006) (0,24971,-0.76540 [CAP MM
¥ ) - %

ShimTool-Generated File Name IMapped Peak-to-Peak (P-F1 PP

9. If this is the first field map taken since the mapping fixture was installed or moved in any
substantial way, use this map to axially center the probe array:

a. Choose Decompose (F6) from the Harmonics menu (fourth menu from the left in
lllustration 3-109).

b. Select [OK] when the screen shown below displays.

lllustration 3-110: Select Harmonics

Select Harmonics
0 setAll | Ceaall |
S R SetThisW | Clear This M |

Setalls | T Remember

Cancel | Load File... | Save File... |

c. Examine the PPM value at the right end of Line 11 when the screen below displays.

276 8 Shimming



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

lllustration 3-111: Field Map Harmonics

ShimTookGenerated File Mame

{

W0o009000000AW.map - Harmonics

Fisld Map: [WOOOOS000000AW. map Eaiined I

S aeicris saveSel | Save |

‘ R sqrd: |D-E|E|33U5EI Chi sqrd: |150.?2|:|?8 ‘ Append Sel | Load |

Copy Sel | Hecomposel

EQ |30000.ssu4ss £ |12?.?3051212 MHz
Copy I
Radi [ml |D.25 Zpply |

n] m] Coeff [Gimon] | PEM on 0.25m | = |
10 65.215 543,45
2 0 7.208 15,003
30 23738 12363
4 0 94.935 12361
5 0 30,77 22745
£ O 22513 16321
7o -3021 61462
8 0 16293 8,267
3 0 42197 059655
0 0 33605 1.0708
Ling 1] —1 0 87133 DEIZIE el | 12 11 PPM WalLie
120 -1.1856e+007 23566
17 N 9R1N2+00R 4774

d. If the PPM value on Line 11 (harmonic 11, 0) is >-1.0 ppm and <+1.0 ppm, the probe
array is centered axially. Continue with Step 10, and use this centered map to run
ShimTool set for S/C shimming.

e. Verify that the mapping fixture's Positioning Wheel is in the groove labelled LCC. (See
the illustration below.)
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lllustration 3-112: Mapping Fixture 2380758's Axial Positioning Screw

Patient End bt
Support Bracket

Faositioning
Viheel

M apping Fixture
Shaft

Fositioning Block

Groove Groove Axial Positioning Aoxial Camera
Labelled "0BQ"  Labelled "LCC" Screw Locking FPositioning Fotation
17 Dok 2006 (Mot LCC300) (LCC300) Wiheel Screw Handle

f. Divide this PPM value by 1.7 as shown below.

PPM Value on Line 11 __Number of Turns
= of Mapping Fixture's Axial Positioning Screw
1.7 Required to Axially Center Probe Array

NOTE: On normal polarity magnets:
o Positive (+) PPM value: Turn clockwise (CW).

« Negative (-) PPM value: Turn counterclockwise (CCW).

NOTE: Turning in increments smaller than a quarter turn is not necessary.

g. Loosen the axial positioning screw locking wheel, carefully turn the axial positioning
screw (shown in lllustration 3-112 and lllustration 3-113) the number of full turns
calculated in Step 9.f, and tighten the locking wheel.
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lllustration 3-113: LCC300 Field Mapping Fixture 2380758 Basic Components

P

Service End
Support Bracket

Mapping
Fixture Shaft
Positioning
Block
Positioning
& s Wheel
‘.’- End 9

) o
/ #1
End
o
Probe Array

{for shimming; shown)
R Patient End
Single Probe Mounting Board Support Bracket

{for ramping & stability check)

Camera

Probe Array Cable Rotation Handle

Axial Positioning Screw \ Axial Positioning
Locking Wheel Screw

h. Record the ShimTool-generated .map file name in Chapter 8, Shimming Process
Data in the upper section: Maps for Probe Cenftering.

i. Repeat Step 1 through Step 7 and Step 9.a through Step 9.d to verify axial centering
of the probe array.

10. Record the ShimTool-generated .map file name in the appropriate place(s):

« Record map names used for hybrid shimming (passive and superconducting) in
Chapter 8, Shimming Process Data, Chapter 8, Passive Shimming Data, and Chapter
8, SC Shimming Data.

« Record map names used when running ShimTool for superconducting only in Chapter
8, Shimming Process Data and Chapter 8, SC Shimming Data.

11. Close ShimTool's harmonics window(s).
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llustration 3-114: Sample Field Map Screen for Shimming

_;i‘}_Shiannl - W00009000000BW.map
File Edit Data Harmonics ‘iew \Window Help

col=|S|M| |%[0] S[2]| HB|H|e]
& WO0009000000AW.map

Mlap Started: Wed Aug 27 11:50:52 2003, Total Acquisition Tie 6 3min
DIV 51

" ¥00009000000BW.map

Mlap Started @Ved Aug 27 12:100:28 2003, Total Acquisition Time 5 5min
DAV 50 0cm, Jawe: 30000752133, PRI BtdDew: 35007, Min: -444.36, hMax: 487 .53, P-P: 031 28

Front or Bottom (2-)

Front or Bottom (Z-)
Back or Top (24

Ready

|Cir: 16, Pos: 0, Field: 30000.9358606, PPM = 6.2156 (6.2156) (0:249?130.0000[ CAP MM 5

ShimTool-Generated File Mame

8.4.3.2 Acquiring a Shim File

1. Click the [GO] button (first button on left) from ShimTool's main screen. (See the illustration
below.)

lllustration 3-115: ShimTool Main Screen Buttons

#r ShimTool

File Wiew Help

solw|SWl| k|8 S5|2] HimlE|e]|

GO Button

=] B3

2. Select the [Shim or Reshim a Magnet] radio button and [GO] when the following screen
displays.
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lllustration 3-116: What Would You Like to Do? Screen

% Shim or Feshim a Magret
" Create a Uniform Field Map
" Create a Blank Scan Arc

" Create an Empty Shim Fils

GO |

3. When the Select the Type of Shim to Perform screen shown in lllustration 3-117 displays:
a. Verify that the Magnet Type field reads Cylindrical.
lllustration 3-117: Select the Type of Shim to Perform Screen

] ) Select the Type of shim to Perform E
"Cylindrical" Magnet Type
' Mew Magnet Type: | Culindrical .'..I
= Add Only B ﬂ

€ Subtract Only Corona
Subtype: === and Subtract [Fe-Shim) EEE::E%:"

W Series Magnet, 25-Position = "Caorona” : e
W Series Magnet, 41-Fosition = "CoranaP4 1" rremus ik wEM

WEB Series Magnet, 41-Position = "WE_41" I Biase

Select the Type of Shim to Perform

© Mew tdagret Type: Ir.'uiir--Ju-:.e.I ;l
 Add Orily S II.'.-:-!-'-n'u :_I
£ Subtract Only

" i4dd and Subtract [Fe-Shimf

= Previous Shim File

IWDDDDSDDDDDDEW. =1

< Back I Mext » I Cancel

"Browse" Button

"&dd and Subtract
(Fe-Shim}" Button

< Back I Mext s I Cancel l Frevious Shim

File Mame

2 Dot 2006

b. Select the correct Magnet Subtype stated in Table 3-14.
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Table 3-14: Magnet Subtype and Calibration File Choices

Series Positions Correct Choices
Magnet Subtype Passive Calibration File Active Calibration File

W 252 Corona W_CoronaP.cal W_CoronaSC.cal

W 412 CoronaP41 W_CoronaP41.cal W_CoronaSC.cal

WA 41 CoronaRW W_CoronaP41.cal W_CoronaSC_Markll

WwB 41 G3_41 W_CoronaP41.cal WB_CoronaSC_Marklll
aW Series LCC300 magnets with serial numbers W00006, W00029, W00044 (on site), W00058, W00069 and = W00100 use 41-position passive
shimming. All WB Series LCC300 magnets are shimmed using 41 positions.

c. Click the [Add and Subtract (Re-Shim)] button.

NOTE: Verify the information in the Magnet Type and Subtype fields before
selecting [Add and Subtract (Re-Shim)] since these fields cannot be
changed after this button is selected.

ShimTool is only run with the [New] button selected at the factory.

NOTICE

Do not use incorrect file names.

Keep track of file names and iterations used and what they were used for by
entering this information in Chapter 8, Shimming Process Data (master log of the
shimming process) and the Data Sheets affected by superconductive shimming
(Chapter 8, SC Shimming Data) and by hybrid shimming (Chapter 8, Passive
Shimming Data and Chapter 8, SC Shimming Data) so that accurate file names
can be used at any later time.

NOTICE

Use the ATR . cur/ . shm file names as “Previous Shim File” for the first iteration
of ShimTool after the ATR S/C currents are reestablished. Make sure these files

are copied to the computer's subdirectory for the magnet (created in Section
8.4.1.5, Step 3.b) before starting the iteration.

4. Accurately select the Previous Shim File name (the last file with the . cur extension for S/C

shimming or . shm extension for passive shimming) from the list beside Previous Shim
File:.

NOTE: If the output file is not located as stated in Table 3-15 and the full path to the

correct shim file cannot be recalled, click the [Browse] button, locate the correct
file, select it, and open the file.
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Table 3-15: Directory Path, File Names & File Format

Magnet Series File Type Directory Path to File
Windows 2000 Windows XP
SC C:\MRshim\WO#HHO\WO##H0.cur D:\MRshim\WO##H#H#0\WO##HH0.cur
W Passive C:\MRshim\WO#HHH#0\WO0##HH0.shm D:\MRshim\WO#HH#0\WO##HH0.shm
Map C:\MRshim\WOHHH0\WO##HH0.map D:\MRshim\WO#H#0\W0####0.map
SC C:\MRshim\WA###H0\WA#HH0.cur D:\MRshim\WA#HHO\WA##HHO.cur
Lgé()s,Too WA Passive C:\MRshim\WA###H#0\WA##HH0.shm D:\MRshim\WA#HH0\W A#HHE0.shm
Map C:\MRshim\WA#HHHO\WA##H#0.map D:\MRshim\WA#HHO0\WA#HH0.map
SC C:\MRshim\WB###HHO\WB##HH0.cur D:\MRshim\WB####0\WB###H#0.cur
WB Passive C:\MRshim\WB#HH0\WB###H0.shm D:\MRshim\WB#HH0\WB##HH0.shm
Map C:\MRshim\WB#HHO\WB##H###0.map D:\MRshim\WB#HH0\WB##HH0.map
Directory path format: Drive letter + : \MRshim\ + seven (maximum) character Subdirectory Name + \ + File Name.
Seven-character Subdirectory Name format: Series Number (box beside Series: + 0 (if required) + Magnet Number (box beside Number:) +
Helium Vessel Number (assigned at the factory).

5. Verify all information on the Select the Type of Shim to Perform screen is accurate, then select
[Next>].

6. When the Select the Input Field Map screen shown in lllustration 3-118 displays, accurately
type the file name of the last field map (.map extension) taken in Section 8.4.3.1, Field Map

Acquisition.

NOTE:

If the output file is not located as stated in Table 3-15 and the full path to the
correct map file cannot be recalled, click the [Browse] button, locate the correct
file , select it, and open the file.
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lilustration 3-118: Select the Input Field Map Screen

Select the Input Field Map (the map to be shimmed)

Browse... |

¢ Back I Mext » | Cancel

7. Select [Next>].

NOTE: ShimTool will look at the data contained in the file specified in Step 6.
« If the map file specified contains bad data, the alert shown in lllustration
3-119 displays. (If the specified map file is good, this illustration will not
display.)
« Select [No] and retake the map in conformance with Section 8.4.3.1, Field
Map Acquisition, making sure all connections are good and that the cable is
not wrapping around the mapping fixture.

lllustration 3-119: Bad Data Point(s) Alert

Bad Data Point(s)

i USE THIS MaP #
a ! This map contains at least one large standard deviation

Some measurement points may be erroneous
Maz Skd Dew: 11.3 Hz (limit: 10,00

] w |

8. SelectUnified/Multi-Volume Shimming when the Shim Target and Tolerance
Controls screen (shown in lllustration 3-120) displays.

a. Make sure the Map Typefield reads G3UnifiedTarget.
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lllustration 3-120: Shim Target and Tolerance Controls

Shim Target and Tolerance Controls When ATR Includes

Tolerance Shimming

V¥ Unified/Muli-Volume Shimming  Map Tupe: IGBUnifiedTargel ;i | Path to Tolerance File
& Target [TOL] File: |'\MHshim'\ShimTnnl'\G3UnifiedTarget.toi Browse. . I
= Matwal Targst | PP [Comma Separated)

[ &uto-Tolerancing [ Critical Targeting

PPM Threshold: i'-' Release Amount [PPM]: i'-"
Change Limit: i'

¢ Back ] Mext = l Cancel l

shim Target and Tolerance Controls Only When
ATR Includes
Surface Shimming
¥ Unified/Multi’olume Shimming  Map Type: IGSUnifiedE‘J L‘ Five Surface Shim
Mumbers from ATR
" Target (TOL) File; |9.5.5.5.2,.3,.05 i Browse. ., |
" Manual Target I PPM [Comma Separated)
I Auto-Tolerancing [ Critical Targeting

PPM Threshold: |':' Release Amount [PRM]: I':'
Change Limit: |':i

< Back I Mewt » I Cancel

b. Select [Target (TOL) File] radio button.

» Ifthe ATR was produced using Tolerance Shimming, the path to
G3UnifiedTarget. tol displaysinthefield to therightof Target (TOL)
File:.
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NOTE:

The Windows XP path to the tolerance file should be: D : \MRshim
\ShimTool\G3UnifiedTarget. tol. Windows 2000
installations use the C: drive instead of the D : drive. If the correct

tolerance file is not located there and the full path to the correct
location cannot be recalled, click the [Browse] button, locate the
correct file, select it, and open the file.

If the ATR was produced using Surface Shimming, a string of five numbers
separated by commas displays in the field to the right of Target (TOL)

File:.

NOTE:

The choice between Tolerance and Surface Shimming is made
at the factory to give the best shimming results. This choice only
affects the screen shown in lllustration 3-120, the ShimTool text
file shown in lllustration 3-127 and lllustration 3-128 and the
quantity of shims used, but has no procedural impact on the Field
Engineer.

9. Click [Next>] to proceed to the Select the Calibration File screen shown below.
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lllustration 3-121: Select the Calibration File Screen
For Supreconducting (A ctive) Shimming ONLY

select the Calibration File

i~ Pazzive Calibration File

I‘--'J'_IZ:'-!cu 13 cal

V¥ Dizable

— Active Calibration File

[rAMB ghimsShim Tooltw_CoronaSCcal
[\ _Coronal cal ﬂ

W CoronaPal.cal [~ Dizable

' _CoronaSC.cal For BOTH Passive & Active Shimming

Wi_ComonaSc_mMarkll

WEB_CoronaSC_Marklll _"_l Select the Calibration File E3
Betive to Passive Weighting Fatio: ID-1 ~Passive Calibration File

|W_CoronaF'.caI

w_CoronaP41.cal

WE_CoronaSC_Marklll

= dctive Calibration File

Fassive Shim DR shimbShimT aolw_Caronasi.cal Brawse...
Calibration File W ool
Disahle” Buttan W:l:ornnaFm.caI ﬁ i Disable

W' CoronaSC.cal
W CoronaSC_karkl!

_ _ e T k| B
Active Shim
Calibration File
"Dizable" Button Active bo Passive \Weighting Fatio: |D-'I
¢ Back I Mest » Cancel

17 Dct 2006

10. Select the . cal file from the scrolling list of available calibration file list below Passive
Calibration File (shown in lllustration 3-121) to match the number of shim positions
stated in the ATR. Table 3-14 shows the correct selection choices.

NOTE: LCC300 magnets with serial numbers W00006, W00029, W00044 (on site),
WO00058, W00069 and 2W00100 use 41-position passive shimming. All WB
Series LCC300 magnets are shimmed using 41 positions.
Shim tray positions are shown Section 8.4.4, Passive Shimming.

11. For W Series LCC300 magnets, select W_CoronascC. cal from the scrolling list of available
calibration files listed below Active Calibration File. For WB Series LCC300 magnets,
select WB_CoronaSC_MarkIII. (See lllustration 3-121 and Table 3-14.)
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NOTE: If either the active or passive calibration files do not display in the respective
scrolling lists, click the [Browse] button, locate the correct file, select it, and open
the file. The Windows XP paths to the calibrations files should be D: \MRshim
\Shimtool\*.cal (where the * represents the correct calibration file as stated
in Table 3-14). Windows 2000 installations use the C: drive instead of the D :
drive.

12. If only one type of shimming (passive or active) will be done during this iteration (shown in
lllustration 3-96, Shimming Flowchart), select the [Disable] box (shown in lllustration 3-121) as
follows:

+ Select the [Disable] box beside Passive Shim Calibration File if preparing to
only perform superconducting (active) shimming (Section 8.4.5, Superconducting
Shimming).

+ Select the [Disable] box beside Active Shim Calibration File if preparing to

only perform passive shimming (Section 8.4.4, Passive Shimming). (Not
recommended.)

NOTE: Normally, the Active Shim Calibration File is never disabled.

NOTICE

ShimTool will allocate the results of its calculations to all forms of shimming that
are not disabled. Extra shimming iterations may result from not setting the disable
boxes accurately for the type of shimming being done.

13. Click [Next>].

14. Click [Next>] without making changes to the Disable Shims/Change Limits screen (shown
below) when it displays.
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lllustration 3-122: Disable Shims/Change Limits Screen

Disable Shims/Change Limits

 Active Coil

I awimurn Current/Thickness:

6.00

Slot:

1- Odeg, a
2- 10dea

3- 20deg.

4. 30 dea

5. 40 deg.

E- 50 dea

7 - B0 deg.

8- 70dea

9. 80 deg.
10 - 90 dea,
11 - 100 deg
12- 110deg x|

Enable All |
Enable Ring |

Dizable Al |
Dizable Ring |

Dizable Emplyl

< Back I Next » I

Cancel |

15. Click [Next>] without making changes to the Couple Passive Shim Positions (Optional) screen

(shown below) when it displays.

lllustration 3-123: Couple Passive Shim Positions (Optional) Screen

Couple Passive shim Positions {Optional})

Ring;

Hingl Slots! Seqments |« Caunle Bing
1 * ®
2 * 6 Lol i
3 6 *
5 ® & _ Ao Couple |
5 6 *
B 6 *
7 * ®
8 * *
5 % *
10 % =
1 % *
12 % *
13 % i

Uncouple Al |

< Back | Nest » 1

Cancel |

16. Verify that the output file name on the Select Shim Target PPM screen (lllustration 3-124) that
displays next, matches the .map file name, but with a . shm or . cur extension. Make no other

changes to the this screen.
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NOTE: If the output file is not located as stated in Table 3-15 and the full path to the
correct map file cannot be recalled, click the [Browse] button, locate the
correct .map file, select it, and open the file. Once opened, change the file
extension to . shm for passive shimming output or to . cur for S/C shimming

output.

lllustration 3-124: Select Shim Target PPM Screen

Select Shim Target PPM

—irgin Field Statistics -

PER: 1931.429155
Average Field: |3UUUU.?55095

Post Quantization 200 =i

Cutput File

Browze, . |

< Back I Finizh I Cancel |

17. Use the [<Back] button as required to review and verify all entries and choices on previous
screens are correct.

18. Click [Finish]. ShimTool will begin processing the shimming information.

NOTE: A Shim Statuswindow will display while ShimTool is processing and close when
the processing is complete.

8.4.3.3 After ShimTool Processing

1. Click [Dismiss] when the Shim Summary screen (similar to the following illustration) displays.
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lllustration 3-125: Shim Summary Screen

S sy —wooavsoaoaoostw | -
Total Shim Positions Changed
Tatal Shirns: !97 Changed Shims: !07 el (SDEC.: < 5)
Tatal Maszz [ag] W Net Mazs Change [g]; {00000 M T0ta| Shir M azs Changed
(Spec. =9 mm)
[terations: IE”_
- Predicted Fisld
Target FPM: W
Unrounded——— Quantized

PP: |52.524E PP 152_5245
Average; |300032?5 Awerage: |3DDD32?9

2. When the more complete shim iteration results display (similar to those shown in lllustration
3-126), print the ShimTool results:

e The .cur / .shmtextfile is automatically saved by ShimTool. It can be printed from

NotePad, WordPad or a word processor for pages similar to lllustration 3-127 and
lllustration 3-128. ShimTool can also open previously saved files for on-screen viewing
by selecting Show the output SHM file from the Shim menu.

« To obtain a multi-page paper version of the ShimTool results similar to lllustration
3-129 through lllustration 3-133:

1. Choose Print Lists... from the Fi/le menu,
2. Set the page orientation to Landscape, and

3. Click the [OK] button. (The multi-page paper version is generally easier to use while
placing shims in the shim trays.)

NOTE: The "Passive Shims - Incremental Rounded Shim" information on Page 3 of
ShimTool's printout (lllustration 3-131 and lllustration 3-132) is the same
information as contained under "Incremental - Quantized" in the . shm file
(lNlustration 3-128). This page now shows the amount of change and the resulting
total at each shim position to be changed. (. cur files do not contain incremental
information.)

The "Passive Shims - Total Rounded Shim" information on Page 4 of ShimTool's
printout (lllustration 3-131 and lllustration 3-133) is the same information as
contained under "Total - Quantized" in the . shm file (lllustration 3-128).

NOTE: The following illustrations show the C: drive directory paths used by Windows
2000 ShimTool installations. Windows XP installations use D: drive directory
paths instead.
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lllustration 3-126: Shim Iteration Results Displays

25-Position #1+ ShimTool - W00009000000BW.cur
LCC300 o
Shim

File Edit Wew shim Window Help

Iteration Hew Cerl+h | ||@|\/|
Results Chrl+0 J 5*'

Cpen...
{right) Clnse.

Save Ctr+5

Save As...

Prink Lisks. ..
Print Graphics
Prirt Preview Rshin WOODDIOVWO 0009000000 B W cur

Print Setup, . Corona

(FOETL-SOOVIT2-LENV) T2-20Y) T2A(EIVIT24(EY) T2-500  AM1 AXZ A3 A

1 WOODOS000000EW, cur
2 Di\Rskimt.. W _CoronasC,cal

3 WOONOI0O0000BW, map = S
4 B\ MPskimt, . 3 Coronalcal
5 WONDOSOO00004YW, map o Bhim
& RO29900000006Y. cur D 101112131415 16 17 15 1920 21 22 23 24 25 26 27 38 29 30 31 32 33 34 35 36 1
41-Position 7 RO2990000000GY, map
LCC300 & WIDO00000000AY, map
Shim
Iteration Exit

21

Results |§' g
{below) - 4

'+ shimTool - W00029000000G0 . =hm
File  Edit “iew | shim  Window  Help
60 | res | = E Shaw SUmmarsy I_IW|_ 7
Change Inpuk Map
il e Change Calibration Map
I ?m Requantize Masses
™, 1[\]-_ E Zero amall Changes
& G = Predicted Map From.., 3
il mToolshimTaol2 5a-PAVADD029200WWO0029000000C0 st
~Ha2la specific, ., vy
ralles || 2
£ g @ TLDEYITICD TLHENTIENTIS00Y TR D 12200 TRENTIMEN THON A A0 A8 AN
2= |8
=] [
o | A - - —— | e
h bl B |
=
L] - - s
E ] e Passive Shims - Total Rounded Shim
,_:—_':‘\ = 1 12345672 9101112131415161718192031222324235262728393031 3233343536 1
@/ g —— = = — = = = = = 11
2l&
e | & 31
=] =
w8 41
aREy B
|
|T1-2(><), Total 3.3, Incr 3.3, Prey 0.0 [&mps] LI - R
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lllustration 3-127: Sample ShimTool Text File Displays (1 of 2)

Using Tolerance P wOonz71000000GCOR.SHM - NOTEPAD =] E3
Shlmmlng File Edit Format  View Help
SHIM OUTRPUT FILE -- Generated By ShimTool 2.5cC S
SHIM MAGMET TYPE @ Cylindrical
MAGHMET T¥FE : CoronaP4l
AUTO-TOLERANCE o 0L0000 &8 0.0000 PPM
CRITICAL TARGET 10,0000 PPM
INPUT FIELD FILE @ wWO0271000000C0R.map
QUTPUT FILE DoDrmrshimswo02 FLONW0 02 71000000C0R . shm
PREVIOUS FILE oDrmrshimswo02 7F10Nw0 027100000080k . S hm
CALIBRATION FILE : wW_CoronaP4l.cal
AMALYSIS OPTICOM: ADDITION AMD SUBTRATION (RE-SHIMMIMNG)
MIMIMIZATION TECHMICUE @ ABSCOLUTE
. o ROUNDED
Shim Positions to Change T
Spec.: < 5 — Total Mumber of shim rPockets 183
( pec.. ) -~ Changed Mumber of Shim Pockets 24
Changed nNumber ﬁf sC ShiTsh ) 5
Total Passive Shim Mass (shims 826.0000
: = ot Passive shim mass change (shims " +28. -1.
Net Mass Change _, ive shi h (shims) 27.0000 (+28.0000/-1.0000)
(Spec-,SfC Or“Y-< 5) L anticipated Field Tolerances (pPM) 10,357

Predicied PPM

Present (& Spec.) Values
48 x 45 EV Peak-to-Peak —

_____',40 cm dsy '
40 cm DSV Peak-to-Peak _-..-—-—-"‘" gg Em 325 :

= fied shim Info:
/Tar'get File

30 cm DSV Peak-to-Peak ™|
20 cm DSV Peak-to-Peak

Predicted Values
{After This Iteration}

40 cm DSV Peak-to- Peak /

30 cm DSV Peak-to-Peak

The recump field inhomogeneity is 12.25 ppm
=

Unrounded:

Quantized:

48 x 45 DSV Peak-to- Peak—F 48

AVERAGE FIELD (Gauss) Initial= 29991.18

Final= 2595951.145

FIELD TOLERANCE (PPM)
requested= Unified
Final pefore Rounding=  9.408

The mapped field inhomogeneity s ¢ 768 pts)
The reported field inhomogeneity is ( 788 pts)
IM SPEC

24.77

MUMBER OF LP ITERATIONS
RUN COMPLETED wed Jul 19 03:5%:05 2006 (1153295945)

3.0x45.0 cm dsw @ -6.36 To +5.89 (spec <= 12.00 PPM peak-to-peak)

: 2,57 o +2.64 (spec <= 3.25 PPM peak-to-peak) o©UT OF SPEC
-1.20 to +1.47 (spec <= 1.00 PPM peak-to-peak) oOUT OF SPEC

-0.77 To 4+0.91 (spec <= 0.25 PPM peak-to-peak) o©OUT OF SPEC

G3UnifiedTarget
: G3unifiedTarget.tol

CPredicted)

48.0x45.0 cm dsv 1 9.41PPM (-4.45/44.96])
40 cm dsv o Z.07PPM (-1.13/40.94)

30 cm odsv @ 0.22PPM (-0.07/+0.16)

20 ¢cm dsv : 0.05PPM (0,02 /40.08)
Crredicted)

LOx45.0 cmodsy ¢ 10.40PPM (-4, 88/45.51)
amodsv 1 2037FPPM (=113 /+41.24)

am dsv o 0.65PPM (-0.20/+0.36)

am dsv 1 0.30PPM (=0.11/+0.10)

24.77 (spec <= 26.00 Peak-to-reak PPM]

ouT OF SPEC

-

4

20 cm DSV Peak-to-Peak

18 Oct. 2006
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lllustration 3-128: Sample ShimTool Text File Displays (2 of 2)
Using P wEOOO4OOOOOBGS.SHM - NOTEPAD =] E3
Surface Shimming File Edit Format Yiew Help
SHIM OUTRPUT FILE -- Generated By ShimTool 2.5cC -

Shim Positions to Change
(Spec.. = 5)

i

SHIM MAGMET TYPE
MAGMET TYPE
AUTO-TOLERAMCE
CRITICAL TARGET
IMPUT FIELD FILE
QUTRPUT FILE
FREVIOUS FILE
CALIERATICN FILE
ANALYSIS OPTION:

: Cylindrical
oWB_41

o 0L0000 &8 00000 PRM

0. 0000 PPM

T WEBOOO400000BGS. ma
oDvmrshimswB0004 0hNWEOO04 00000BGS. shm
: WBOO0400000BFS. shm

t W_Coronap4l.cal

ADDITION AMD SUBTRATION (RE-SHIMMIMNG)

MINIMIZATION TECHMIQUE : ABSOLUTE
ROUMNDED
Total Mumber of shim rPockets 214

-~ Changed Mumber of Shim Pockets
Changed Wumber of sSC sShims =]

Total Passive Shim Mass (shims) 880, 0000
Net Mass Char:lge e 1ot Passive shim Mass change (shims) 13,0000 (+15.0000/-2.00000
(Spec., S/C only: < §) | anticipated Field Tolerances (rpM) 8.245

Predicied PPM

Present (& Spec.) Values

48 ¥ 45 EV Peak-to-Peak ———» 48

45 cm DSV Peak-to-Peak =
40 cm DSV Peak-to-Peak =
30 cm DSV Peak-to-Peak ™|
20 cm DSV Peak-to-Peak

Predicted Values
{After This Iteration}

AVERAGE FIELD (Gauss) Initial= 2999%97.68

Final= 2599597.48

FIELD TOLERANCE (PPM)
requested= Unified
Final pefore Rounding=  7.577

The mapped field inhomogeneity s ¢ 768 pts) 20.48
The reported field inhomogeneity is ( 788 pts) 20,48
MUMEER COF LFP ITERATIOMNS = 278

RUM COMPLETED wed Jul 05 15:30:01 2008 (1152127801)

The recomp field inhomogeneity is 13.65 ppm

LOx45.0 cm dsv @ -7.40 to +6.25 (spec <= 26.00 PPM peak-to-peak) IMW SPEC
L______'AIS am dsy @ —4.38 to +3.55 (spec <= 12.00 PPM peak-to-peak) 1IN SPEC
40 cm dsw @ -3.28 to +2.56 (spec <= 3.25 PPM peak-to-peak) oOUT OF SPEC
/ 30 am dsv @ -2.10 to +1.68 (spec <= 1.00 PPM peak-to-peak) OUT OF SPEC
20 am dswv @ -1.27 to +1.05 (spec <= 0.25 PPM peak-to-peak) OUT OF SPEC

W shim Info: G3unifiedsv
rarget File : 9.5,6.5,2,0.3,0.03

48 x 45 DSY Peak-to-Peak ———# 48

Unrounded: (Predicted)
48,0x45.0 cm dsv : 7.98PPM (-3.48/+44.09)
45 cm dsv ;1. 55PPM (-0.69/40.846)
40 cm dsv o 0.61PPM (-0.23/40.38)
30 cm odsv o 0.Z0PPM (-0.01/+0.20)
20 ¢cm dsv : 0.00PPM (#0.05/40.14)
quantized: (Predicted)
LOx45.0 cmodsv ¢ B.25PPM (-3.78/44.47)
| 45 om dsv @ 2.36PPM (-1.10/41.25)
am dsv o 1.23PPM (=0.45/40.77)

45 cm DSY Peak-to-Peak
40 cm DSV Peak-to-Peak

20 cm DSV Peak-to-Peak

I 40

= ' :
30 cm DSV Peak-to-Peak ™

30 cmodsv @ 0.56PPM (=0.15/+0.41)

R

18 Oct. 2006
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lllustration 3-129: Example ShimTool Printed Report, W Series LCC300, Pages 1 and 2

Db R shimiy 000320000 0330000040, shim
Corana Fg. 1ofd
Shim File: WWO00F#00000A DYV shim
Magnet Type: Cylindrical - Corona
Shim Solution Time: Sathar13 04:03:53 2004
Total Murmber of Shim P ositions: 95
Changed Mumber of Shim Pasitions: 3% e | : .
Total Shim Mass: 336.0000 Shims Shim Positions to Change (Spec.: < 5)
Net.nn?ass Ch?nge: . B6.0000 (+66.0000/0.0000) ShirS  -ej———— Net Mass Change (Spec.: z 5 mm)
Anticipated Field Inhomaogeneity: 0.000 PPM ‘
Active: W_CoronaP = 25 Position;
Input Field File: D:IMRShimIWDDD#DIWUDD#DDDDDAW _ W _CoronaP41 =41 Position
Fassive Calibration File: Covkd R=himishimtoolyy_CoronaP.cal /r Passwe: W_CoronaSC.caI
Active Calibration File: Lok Rshimishimtoaldy_CoronaSc cal |
Db R shimiyW000#200A 00 03380000040, shm
Corana Fg 2ofd
Active Shim Currents
CoillSupply FPrevious Change (R
T1-1(ZR2¥2) 00004 0.000A 0.0004A
T1-204) 0.886A 0.324 A 1.210A
T1-3(Z2X) 0.000A 0.000A 0.000A
T1-4(2) -14.620A -0165 A -14.785A
T1-5(43%2) 26344 00444 2.678A
T2-1(ZXY) 0.0004A 0.000A 0.0004A
T2-2(¥) 44734 0.384 A 4857 A
T2-3Z3Y) 0.000A 0.000A 0.000A
T2-4(ZY) -8.227A 0.0004A -8.227A
T2-5(Y) 2,491 A 0.000A 2,491 A
A -0.937 A 04144 -0LBZ23A
Note AX2 B BSE A 0.000A B.BSEA
Use these
ShimTool AX3 41714 06784 48494
results with Axd -3138A 0.233A -2.905A
the Super-
conducting
{active)
Shimming
subsection of
this chapter.
27 Oct, 2006
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lllustration 3-130: Example ShimTool Printed Report, WB Series LCC300, Pages 1 and 2

DM Rshirmi B 000N BO0#0000000R. shin
Fg. 1ofd

Shim File: WEOD00000DDR. shim
Magnet Type: Cylindrical - G3_41

Shim Solution Time: FriSep 16 20:03:31 2005
Total Murmber of Shim P ositions: 110

Changed Mumber of Shim Pasitions: 0

Total Shim Mass wzm
Met Mass Change: 0.0000 ¢+0,0000/-0.0000) Shims

Anticipated Field Inhomaogeneity: 9376 PPM ‘\

= Shim Positions to Change (Spec.: < 5)
~Net Mass Change (Spec.: < 5 mm)

Input Field File: DM R shirmiyy BOD#00E 00#200000DDR. shin - Passive: W_CoronaP41.cal
Fassive Calibration File: Lokt Rshimishimtoaly_CoronaFd1. cal /’ ACtiVE: WB_CoronaSC_MarkIII
Active Calibration File: Lok RshimishimtoalWWB_CaronaS C_Marklll cal |
DA R shimiy B0 04200V BO0##000000DR. shm
G3_41 Pg. 2af4
Active Shim Currents
CoillSupply Frevious Change [ e
T1-1ZA 27 D) -0.041 4 0.011 4 00524
T1-204) 48234 -0.0054 45184
T1-3(Z2) -0.099A S0.016A 0154
T1-4(24) 29224 00134 2.9084
T1-5(272) -12.9024 0.0054 2807 A
T1-B(3) 0,567 A& 0.025 4 0,582 4
T2-1(Z4) 0.0934 0.001 4 0.094 4
T2-200) 00114 -0.0034 00144
T2-3Z2V) 0.0864 0.0184 0.0684
T2-4(ZV) 0741 A -0.006 A 0747 A
T2-5047) -0.0134 0.0254 -0.0124
T2-Br3) 0.5304 -0.003A 05274
Note
Use these 41 3601 A -0.0304 363 A
reSQL:WST\?Vci)tIh AX2 53454 S0146A 51994
the Super- AX3 -4 G5B A 0.0284 -4 G30A
conducting A4 0457 A 01824 -0.2754
(active) AXE 7.9684 -0.0234 70454
Sh'm".’""g AXE 1,293 4 01724 11214
subsection of
this chapter.
27 Oct. 2008
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lllustration 3-131: Example ShimTool Printed Report, 25 Position Shim, Pages 3 and 4

[
25-Position Passive Sh'm“’““ﬂ DM Rshirrld00 03000004000 00ADYY. shim
Corana Fg. 30fd
FPassive Shims- Incremental Rounded Shim
Tray —=1 2 3 4 § 6 7 8 3 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 35
1 212 1
2 2
3 3
4 4
5 5
B B
7 7
] ]
] ]
10 10
11 | 11
% Change, i Total v
5 This lteration | After lteration ‘.'. o
14 \ // 14
15 I 15
16 214 215 16
17 212 414 11 17
18 (33| (a3 /6 /6 111 | 414 42 414|115 33|10 11| 18
19
0 DM Rshirriw00 030000 03#00000ADY. shim
7 Corana Fg 4ofd
— Passive Shims- Total Rounded Shim
Tray i B 1 2 3 4 5 B 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3
L 1.0]1.0 20 1
2 | | 5
B, 5
f 4 4
5 5
B ]
Position 7 7
] ]
] g
10 6.0|3.0 10
11 6.0 11
12 10 12
13 13
14 14
15 1.0|6.0{6.0 15
16 6040 50 16
17 20 40 20 10 1.0|6.0 17
18 |20 30|6.0|6.0[6.0]6.0|6.0/6.0 a0 6.0 40 1.0 1.0/40 20 4n|s0f1.0|20(1.0 10| 18
Note 19 |20(50(6.0|3.0{6.0/4.0 B0 40 6.0(1.0 6.0 20|60 6.0|6.0|6.0|30|60] 19
Use these 20 1.0 40|40{1.0/40 6.0 2ol |zol1o 6.0|6.0|2.0]3.0/3.0{4.0 20
ShimTool 21 a0(40| |40(3.0[20 1.0 21
{l?es%tassvsvil\t.rg 22 |20 1.0]1.0 20 20|60 40 22
Shimming 23 30|a0|6.0040 10 1.0/40{10[10 23
subsection of | 24 24
this chapter. | 25 25
19 Oct. 2006
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lllustration 3-132: Example ShimTool Printed Report, 41 Position Shim, Page 3

[
41-Position Passive Shlmmlng' Db R shimiby D00#300Y 00042000008 54, shm
CoronaF 41 Fg. 30fd

Faszsive Shims- Incremental Rounded Shim

Tray —_— 1 2 3 4 5 B 7T 8B 9 1011 121314 15 16 17 18 19 20 21 22 23 24 25 26 27 2829 30 31 32 33 34 35 36
1 1

Position ——# : L B B
3 3
4 4
L} 3 g
[} 4}
7 T
g - g
. Change, Total .
- This lteration - After Iteration | &
" \\ / 1M "
12 216 12
13 206 B
14 1 2i2 i 3 14
=) 10 242115
16 |22 AiG BiG {101 205 474 16
17 m 4i4 ai5 3 17
18 18
18 18
20 3|22 221101 20
21 al
22 22
23 105 23
24 I 6| 206|555 24
25 25
26 26
27 27
28 28
28 28
30 m a0
M GiG 206|212 34 3 242 146 ] M
32|11 |66 G| 252 202|414 /G 33 46101 |33 M BiG | 101 32
33 BiG | Br6 a0 Bif Ai5 | 416 1m0 x5
34 a5 34
35 A5
36 36
37 37
a8 a8
] 38
40 40
41 41

18 Oct. 2006
Note

Use these ShimTool results
with the Passive Shimming
subsection of this chapter.

298 8 Shimming



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

lllustration 3-133: Example ShimTool Printed Report, 41 Position Shim, Page 4

[
41-Position Passive Shimmingl

Db Rshirnibty 000#00A 00033000008 5. shim

CoronaF 41 Fg. 4ofd

Faszsive Shims- Total Rounded Shim

Tray_—--1 2 3 4 5 B 7T 8B 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
1 6.0{6.0(6.0 1

Position — 2 6.0(6.0(3.0 2
3 3
4 4
5 [6.0[3.0 5
6 [6.0[6.0 60| &
7 |6.0[6.0 60 7
8 [6.0(6.0[6.0 30(60( 8
9 [6.0(6.0[6.0 ]
10 1.0 10
11 1.0 11
12 6.0(6.0 6.0|6.0(6.0[6.0 12
13 6.0{4.0 6.0(6.0 6.0(6.0|6.06.0[6.0 i3
14 20(1.0 6.0(6.0{6.0 5.0(6.0 3.0 6.0[1.0] 14
15 [4.0(2.0 6.0(4.0 1.0 4.0 20| 15
16 2.0 6.0(6.0 6.0(1.0 6.0 1.0(4.0 5.0 16
17 1.0|6.0(6.0(4.0 2030 17
18 3.0 18
19 19
20 3.0(2.0 20
21 4.0 21
22 6.0 1.0 22
23 6.0 40(4.0 5.0 2.0 23
24 2030 3.0|6.0(6.0(50 4.0 24
25 1.0 25
26 26
27 27
28 28
29 5.0 29
30 6.0(4.0 6.0 1.0 30
31 6.0({6.0(6.0[2.0 4.0 3.0 2.0(6.0|6.0(6.0(6.0(6.0(6.0 31
32 [1.0(6.0|6.0|6.0|2.0 2.0(4.0 6.0(6.0(6.06.0[6.0 3.0(6.0(6.0(6.0(1.0{3.0 1.0|6.0(6.0(6.0({6.0(6.0|{6.0/6.0/1.0 32
33 |6.0(6.0|6.0|6.0|6.0 6.0|6.0(6.06.0 4.0(6.0(6.0 50(6.0|6.0(6.0(60(1.0(6.0] 33
34 |6.0(6.0(|20 5.0 1.0 6.0(6.0| 34
35 |60 40| 35
36 36
37 37
38 38
39 39
40 40
41 41

19 Oct. 2006

Note
Use these ShimTool results
with the Passive Shimming
subsection of this chapter.

3. Record the “Anticipated Field Tolerance (PPM)" value shown in the .cur / .shmfilein
Chapter 8, Shimming Process Data under “Predicted PPM” for the current iteration.
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4. Record the “Total Passive Shim Mass (shims)” value showninthe .cur / .shmfilein Chapter
8, Shimming Process Data under “Passive Shim Mass (mm)” for the current iteration.

NOTE: Shim mass (shims) refers to the total thickness in millimeters of shims in all shim
tray positions.

5. On the first iteration, using the centered map set to calculate S/C shimming only, examine the
four volumes: 48.0 x 45.0 cm DSV, 40 cm DSV, 30 cm DSV and 20 cm DSV listed under The
recomp field inhomogeneity is ..... Compare these values to the specifications
shown in Table 3-16.

NOTE: This step corresponds to the diamond-shaped decision box labelled Are PPM
Values For All 4 Volumes Under “Quantized (Predicted)” Within Spec?in
lllustration 3-96, Shimming Flowchart.

NOTE: The “45 cm DSV’ volume displayed, when the ATR includes Surface Shimming,
is not important during field shimming and can be ignored.

Table 3-16: Volumetric Specifications

Volume Peak-to-Peak PPM Specification
48.0 x 45.0 cm (elliptical) DSV 12.00 ppm
40 cm DSV 4.00 ppm
30 cm DSV 1.20 ppm
20 cm DSV 0.30 ppm

o Ifall four volumes listed under The recomp field inhomogeneity
is ... .are within specification, then the magnet is shimmed. Continue with
Finalization, Step 1.

o Ifany volume listed under The recomp field inhomogeneity is ... is not
within specification, compare the “Quantized (Predicted)" values for the four volumes
to the specifications shown in Table 3-16.

o Ifallfour volumes listed under Quantized (Predicted) are within specification:

1. Apply the S/C shim currents called for by ShimTool in conformance with Section
8.4.5, Superconducting Shimming.

2. Return to Section 8.4.3.1, Field Map Acquisition, to take a new map and run
ShimTool for S/C shimming only.

3. Continue with Step 7.
o Ifany volume listed under Quantized (Predicted) is not within specification:

1. Return to Section 8.4.3.2, Acquiring a Shim File, and run ShimTool for both
passive and S/C shimming.

2. Continue with Step 6.
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6. After running ShimTool set for both passive and S/C shimming, examine the Net Mass
Change and the Changed Number of Shim Positions values in the ShimTool reports summary
shown in: lllustration 3-125, printed .cur / .shm files shown in lllustration 3-127 and
lllustration 3-128 or ShimTool-printed shown in: lllustration 3-129 through lllustration 3-133.
Compare these values to the specifications shown in Table 3-17.

NOTE: This step corresponds to the diamond-shaped decision box labelled Passive
Shim Change < 5 mm and < 6 Positions?in lllustration 3-96, Shimming
Flowchart.

Table 3-17: Passive Shim Change Specifications

Measure Specification
Net Mass Change <5 mm
Changed Number of Shim Positions <5 Positions

« If the specifications in Table 3-17 were not met (either Net Mass Change is 25 mm or
Changed Number of Shim Positions is =5):

1. Install the passive shims called for by ShimTool in conformance with Section
8.4.4, Passive Shimming.

2. Once the passive shims are installed, apply the S/C shim currents called for by
ShimTool in conformance with Section 8.4.5, Superconducting Shimming.

3. Return to Section 8.4.3.1, Field Map Acquisition, to take a New map and run
ShimTool for both passive and S/C shimming.

4. Repeat Step 6.

« If the specifications in Table 3-17 were met (both Net Mass Change is <5 mm and
Changed Number of Shim Positions is <5):

1. Return to Section 8.4.3.2, Acquiring a Shim File, to run ShimTool for S/C shimming
only.

2. Apply the S/C shim currents called for by ShimTool in conformance with Section
8.4.5, Superconducting Shimming.

3. Return to Section 8.4.3.1, Field Map Acquisition, to take a New map and run
ShimTool for S/C shimming only.

7. Examine the ShimTool text file's four volumes (48.0 x 45.0 cm DSV, 40 cm DSV, 30 cm DSV
and 20 cm DSV) listed under The recomp field inhomogeneity. .. (lllustration 3-127
and lllustration 3-128). Compare these values to the specifications shown in Table 3-16.

« Ifany volume is not within specification, return to Section 8.4.3.1, Field Map Acquisition,
to take a New map and run ShimTool for S/C shimming only.

« Ifall volumes are within specification, the screen shown in lllustration 3-134 will display.

1. Click [No].
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2. Exit ShimTool and continue with Finalization, Step 1.

NOTE: The Congratulations screen means the magnet is shimmed to specification.
Writing an ATR file is not needed after the magnet has left the factory.

lllustration 3-134: Congratulations Screen

CONGRATULATIONS!

This Map is in Spec! Write ATR File?

8.4.4 Passive Shimming
8.4.4.1 Shim Tray Removal

1. Do not attempt to passive shim a 3.0T magnet without reading, understanding and following
these safety alerts:

ADANGER

POTENTIAL FATAL INJURY!

MAKE SURE TO REVIEW AND FULLY UNDERSTAND ALL
SUPERCONDUCTING MAGNET PORTIONS OF CHAPTER 1, MR MAGNET -
SAFETY REQUIREMENTS BEFORE STARTING TO PASSIVE SHIM THE
MAGNET.

ADANGER

POTENTIAL FATAL INJURY!

MAKE SURE TO FULLY COMPLY WITH ALL REQUIRED ITEMS FOR THE
SHIMMING PROCEDURE IN THE 'MAGNET & CRYOGEN SERVICE SAFETY
REQUIREMENTS' SUBSECTION OF CHAPTER 1, MR MAGNET - SAFETY
REQUIREMENTS BEFORE AND WHILE PERFORMING MAGNET PASSIVE
SHIMMING.

ADANGER

POTENTIAL FATAL INJURY!

HAVE ALL “WORK ASSISTANTS” OR “WORK OBSERVERS” COMPLY WITH
THE 'BUDDY SYSTEM REQUIREMENTS & CERTIFICATION' SUBSECTION OF
CHAPTER 1, MR MAGNET - SAFETY REQUIREMENTS BEFORE STARTING TO
PASSIVE SHIM THE MAGNET.
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/\

AWARNING
POTENTIAL PROJECTILE HAZARD
FERROMAGNETIC OBJECTS IN A STRONG MAGNETIC FIELD CAN BECOME
DANGEROUS PROJECTILES. STEEL SHIMS IN A MAGNETIC FIELD ARE
SUBJECT TO AFORCE PROPORTIONAL TO THE STEEL'S MASS AND TO THE
FIELD'S STRENGTH. IN A 3 TESLA FIELD FORCES >50 POUNDS (22.6 KG)
MAY BE ENCOUNTERED. AN ATTRACTING FORCE PULLING A SHIM TRAY
INTO THE MAGNET WILL BE ENCOUNTERED WHEN A LOADED TRAY IS
BROUGHT WITHIN 3 FEET (1 METER) OF THE MAGNET BORE. AN
ATTRACTING AND/OR REPELLING FORCE WILL BE ENCOUNTERED WHEN
INSERTING/REMOVING A LOADED SHIM TRAY INTO/FROM A TRACK INSIDE
THE MAGNET BORE. A REPELLING FORCE ON A SHIM TRAY INSIDE THE
MAGNET'S BORE MAY PROPEL THE TRAY OUT FROM THE MAGNET WHEN
THE TRAY IS RELEASED FROM ITS FIXED POSITION.
MAKE SURE TO FOLLOW THESE SAFETY REQUIREMENTS DURING
PASSIVE SHIM INSTALLATION/REMOVAL:
o ASSEMBLE ALL EQUIPMENT AND CHECK FUNCTIONALITY IN
CONFORMANCE WITH THE PASSIVE SHIM INSTALLATION PROCEDURE.

o LOAD SHIM TRAYS OUTSIDE THE MAGNET ROOM & NEVER LOOSE
INDIVIDUAL SHIMS INSIDE THE MAGNET ROOM.

o SECURE SHIMS IN SHIM TRAYS AND INSTALL TRAYS INTO THE MAGNET
IN STRICT CONFORMANCE WITH THE PASSIVE SHIM INSTALLATION
PROCEDURE.

o WEAR SAFETY GOGGLES/GLASSES DURING SHIM TRAY
INSTALLATION/REMOVAL TO PREVENT EYE INJURY FROM SUDDEN
TRAY MOVEMENT.

o  WEARLEATHER GLOVES DURING SHIM TRAY INSTALLATION/REMOVAL
TO PREVENT SKIN INJURY FROM FIBERGLASS SLIVERS.

o HOLD SHIM TRAYS FIRMLY IN PLACE WHEN RELEASING INSTALLED
TRAYS AND MAKE SURE ALL LOADED SHIM TRAYS ARE RESTRAINED
(BY HAND, SHIM TRAY PULLER OR FIXED INTO ITS TRACK), ESPECIALLY
TRAYS MARKED ON THE END FLANGE AS MOUNTED IN AN OUTWARD
REPELLING FORCE.

o INSERT/REMOVE SHIM TRAYS WITH A GRADUAL MOTION.

o MAKE SURE TWO PEOPLE ARE AVAILABLE TO INSTALL/REMOVE
TRAYS.

o DO NOT LOAD SHIM TRAYS WHILE ANYONE IS DIRECTLY IN LINE WITH
THE TRAY ON EITHER END OF THE MAGNET, AND

o NEVER POSITION YOURSELF BETWEEN A SHIM TRAY AND THE
MAGNET.
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e ACLEAR PATH PER CHAPTER 1, MR MAGNET - SAFETY
REQUIREMENTS IS REQUIRED FOR PASSIVE SHIM REMOVAL AND
INSERTION.

A | ACAUTION
| Potential Skin Injury
/ Fiberglass from the shim trays can splinter while inserting/removing trays.

Wear nonslip gloves during shim tray insertion/removal to protect against fiberglass
splinters from the trays.

NOTICE

The LCC300 Field Mapping Fixture's patient end support bracket will have to be
detached from the magnet in conformance with Preparations for Field
Measurement while accessing the shim trays behind it and reattached before
further mapping.

2. Align LCC300 Shim Tray Puller 2379661 with the shim tray to be pulled. (See the illustration
below.)

lllustration 3-135: Align Shim Tray Puller with Shim Tray

LCC300 Shim Tray Puller
(2379661)

Lock Lock Tray LCC300 Shim Tray
Full Engage Feleasze Feleasze Engage
Hradle Wheel Push Fingers Sorew
Handle

NOTICE

The shim tray puller MUST be fully and solidly engaged with the shim tray.

3. Insert the shim tray puller's tray engage screw into the threads at the end of the shim tray, then
turn the puller's tray engage wheel to fully engage the screw with the tray. (See the following
illustration.)
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llustration 3-136: Engage Shim Tray Puller with Shim Tray

LCCao0 o gl 8
Shim Tray Puller =——rr—1=
(2379661)

Tray Engage
Wheel

L

4. Push the shim tray puller's push handle to release the locking prongs on the tray. (See
lllustration 3-135 and lllustration 3-137.)

lllustration 3-137: Release Shim Tray Puller

LR - 1
i H

Lock Release
FPush Handle
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ﬁ A CAUTION
Potential Projectile Hazard

Ferromagnetic objects in a strong magnetic field can become dangerous
projectiles.

Be prepared to manage the effects of a 3.0T field on the shim tray during tray
insertion/removal. Adhere to all safety material listed above.

A CAUTION

Potential Skin Injury

Fiberglass from the shim trays can splinter while inserting/removing trays.

Wear nonslip gloves during shim tray insertion/removal to protect against fiberglass
splinters from the trays.

5. Carefully slide the shim tray straight out from its track. Have the work assistant hold onto the
tray as soon as possible.

lllustration 3-138: Shim Tray Removal

/ r" --.

LCC300 i =, ' ——— i Tray
Shimn Tray Puller =———pe =5 i d ] - 1 . &
(2379661 \ \ i
bt
|

6. Work Assistant: Securely hold the shim tray, and carry it and the puller away from the magnet's
field to a shim tray loading area in another room.

8.4.4.2 Loading Passive Shims

|

Load shims into the shim tray in a room away from the magnet's field.

1. First person: Identify which component shims are required to meet the total shim mass
specified by ShimTool for each position in each tray.
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NOTE: See lllustration 3-139 for a sample ShimTool shimming report, lllustration
3-140 for the LCC300 shim tray layout, and lllustration 3-141 for assembly of
component shim per shim position. lllustration 3-139 shows the C : drive directory
paths used by Windows 2000 ShimTool installations. Windows XP installations
use D: drive directory paths instead.
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lllustration 3-139: Example ShimTool Printed Report (Pages 3 and 4 of 25-Position Report)

[
| 25-Position Passive Sh'm“’““ﬂ DM Rshirrld00 03000004000 00ADYY. shim
Corana Fg. 30fd
FPassive Shims- Incremental Rounded Shim
Tray —=1 2 3 4 § 6 7 8 3 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 35
1 212 1
2 2
3 3
4 4
5 5
B B
7 7
] ]
] ]
10 10
11 | 11
% Change, i Total v
5 This lteration | After lteration ‘.'. o
14 \ // 14
15 I 15
16 214 215 16
17 212 414 11 17
18 (33| (a3 /6 /6 111 | 414 42 414|115 33|10 11| 18
19
0 DM Rshirriw00 030000 03#00000ADY. shim
7 Corana Fg 4ofd
— Passive Shims- Total Rounded Shim
Tray i B 1 2 3 4 5 B 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3
L 1.0]1.0 20 1
2 | | 5
B, 5
f 4 4
5 5
B ]
Position 7 7
] ]
] g
10 6.0|3.0 10
11 6.0 11
12 10 12
13 13
14 14
15 1.0|6.0{6.0 15
16 6040 50 16
17 20 40 20 10 1.0|6.0 17
18 |20 30|6.0|6.0[6.0]6.0|6.0/6.0 a0 6.0 40 1.0 1.0/40 20 4n|s0f1.0|20(1.0 10| 18
Note 19 |20(50(6.0|3.0{6.0/4.0 B0 40 6.0(1.0 6.0 20|60 6.0|6.0|6.0|30|60] 19
Use these 20 1.0 40|40{1.0/40 6.0 2ol |zol1o 6.0|6.0|2.0]3.0/3.0{4.0 20
ShimTool 21 a0(40| |40(3.0[20 1.0 21
{l?es%tassvsvil\t.rg 22 |20 1.0]1.0 20 20|60 40 22
Shimming 23 30|a0|6.0040 10 1.0/40{10[10 23
subsection of | 24 24
this chapter. | 25 25
19 Oct. 2006
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lllustration 3-140: Shim Tray Layout

= 0° Shim Trays Channels
Angle-0c=0 (36 Total: Every 10° from 0°/360° to 350)

Gradient Coil

Z+
{Service
. 41 End)
37 f:
33
29

Center of 25 ——=f:{=— 17
Magnet ———————p=:

Center of
}: Magnet
@y 47 (13)

25-Position Shimming
41-Position Shimming <

Note
Component shim
assembly options per
shim position shown
elsewhere.

7
{Patient
End)

Tray Handle

21 August 2006
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lllustration 3-141: Assembly of Component Shims Per Shim Position

HEADS FACE CRYOSTAT
6 mm
Iron
Shim

NOTICE

Make sure screws are tight.
Loose screwsishims can
cause white pixels.

L

3 mm Iron

- (2379197-2):

usein4, 5and
6 mm shims

LCC300
Shim Tray
(2335438; detail
1mm shown only)
Iron
Shim
M4 x 8 FH Screw > 3 mm Iron
(2385706-4) % (2379197-5)
2 mm Iron
3 mm Aluminum __——p (2379197)
(2379093-2);
usein 1, 2and Half Width
3 mm shims 2 mm Iron

(2379197-4);
: always orient
3 mm Alternate: as shown

3 mm Iron P . 1 mm Iron
(2379197-5) ‘ (2379197-3)

2 mm Iron
(2379197)

2 mm lron
(2379197)

Half Width

2 mm Iron
(2379197-4);
always orient

as shown

1 mm Iron
(2379197-3)

2 mm Iron
(2379197)

THREADS FACE GRADIENT COIL

NOTICE

Make sure screws holding shims to shim tray are fully tightened. Use Torque
Screwdriver 46-294167P81. Loose screws/shims can cause white pixels.

2. Securely screw the component shim arrangement to the shim tray position as shown in
lllustration 3-141. Torque each screw to 10 inch-pounds using torque screwdriver
46-294167P81 (included in LCC300 Passive Shimming Kit 2386029). Orient every position in
each tray identically (screw heads facing the same way, etc.)
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3. Second person (not the first): Verify that incremental shims were added/subtracted in
conformance with the “Passive Shims - Incremental Rounded Shim” information on Page 3 of
ShimTool's printout. (lllustration 3-139).

|

Do NOT change the name of the . shm file. During the next shimming iteration

® ShimTool uses the steel quantity/location information from this iteration's .shm file
and a new map of the field with that steel installed to calculate its new report.

4. Both people separately: Verify that the total shims at each tray position equals the total shims
for that tray position specified in the “Passive Shims - Total Rounded Shim” information on
Page 4 of ShimTool's printout (shown in lllustration 3-139).

« If the actual shim totals in each position match ShimTool's printout/. shm file, then
continue with Section 8.4.4.3, Shim Tray Insertion.

« If the actual shim totals do not match ShimTool's printout/. shm file in any position:

1. Edit this iteration's . shm file's “Total - Quantized” pages to reflect the actual steel
on the trays.

2. Save the edited . shm file using its existing name.

3. Continue with Section 8.4.4.3, Shim Tray Insertion.
8.4.4.3 Shim Tray Insertion

—_—

/ A | ACAUTION
d

| Potential Skin Injury
/ Fiberglass from the shim trays can splinter while inserting/removing trays.
Wear nonslip gloves during shim tray insertion/removal to protect against fiberglass
splinters from the trays.

NOTICE

Field-supplied flexible plastic sheets must be free of sharp edges and bent corners.

1. If 10 mil thick flexible plastic sheets (x-ray film, mylar or equivalent), 10 in. x 14 in. (250 mm x
350 mm) minimum are available, bend 1.5 in. (40 mm) of one short edge to ~ 90°. Carefully
slide the sheet between the shim tray guide of the tray to be inserted and the gradient coil wrap
to protect the gradient coil wrap from damage.

|

Reconnect the shim tray puller to the shim tray in a room away from the magnet's
® field.

2. Screw the shim tray puller to the end of the shim tray.
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ﬁ A CAUTION
Potential Projectile Hazard

Ferromagnetic objects in a strong magnetic field can become dangerous
projectiles.

Be prepared to manage the effects of a 3.0T field on the shim tray during tray
insertion/removal. Adhere to all safety material listed above.

3. Securely carry the puller and tray to the magnet.

4. Align the end of the shim tray with the tray's track. Orient every tray in conformance with
lllustration 3-142.

lllustration 3-142: Proper Shim Tray Orientation

Heads Face Cryostat

i

Threads Face Gradient Coil

3 A CAUTION
Potential Pinch Hazard

Fingers can get pinched during tray insertion when magnetic field pulls tray into
magnet.

Guide trays into the tracks using a flat hand or fist, not fingers. (See lllustration
3-143.)

|

Make sure the passive shim trays do not touch the gradient coil wrap during
insertion to prevent damage to the gradient coil wrap.

5. Begin to carefully slide the shim tray straight into its track using a flat hand or fist as in the
following illustration. Have the work assistant help guide the tray into the track. Visually make
sure the tray does not touch the gradient coil wrap as the tray enters the track.
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lllustration 3-143: Hand Guidance of Shim Tray Insertion

Afinger can get pinched

if incarrect hand positianing
iz used on a shim tray
when the tray is being
inserted into a LCC300
magnet.

This iz due to the force
in the magnetic field pulling
the tray into the magnet.

IMote the positioning

of the hand on the shim
tray. The hand can guickly
be pulled from the tray
when the tray is pulled
into the magnet.

The hand that guides the tray inta the magnet
should be flat against the tray as seen below.

Different locations on the shim drum will

require some repositioning of the hands, Here are two examples of the guide hand guiding a tray into the magnet.

but the guide fingers should always he The left picture is a fist pushed flat against the shim tray, and the right

flat against the shimtray. picture iz an open hand pushed flat against the shim tray.
|

Chapter 3 Set-Up and Calibration 313



LCC300 Active Shield Magnet and Cryogens Subsystem

GE Healthcare Direction 2325852, Revision 13

6. Pullthe shim tray puller's push handle back to allow the locking prongs on the tray to re-engage.
7. Turn the shim tray puller's wheel until the puller is disengaged from the tray.

8.4.5 Superconducting Shimming

1. Do not attempt to superconductive shim a 3.0T magnet without reading, understanding and
following these safety alerts and notices:

ADANGER

POTENTIAL FATAL INJURY!

MAKE SURE TO REVIEW AND FULLY UNDERSTAND ALL
SUPERCONDUCTING MAGNET PORTIONS OF CHAPTER 1, MR MAGNET -
SAFETY REQUIREMENTS BEFORE STARTING TO S/C SHIM THE MAGNET.

ADANGER

POTENTIAL FATAL INJURY!

MAKE SURE TO FULLY COMPLY WITH ALL REQUIRED ITEMS FOR THE
SHIMMING PROCEDURE IN THE '"MAGNET & CRYOGEN SERVICE SAFETY
REQUIREMENTS' SUBSECTION OF CHAPTER 1, MR MAGNET - SAFETY
REQUIREMENTS BEFORE AND WHILE PERFORMING S/C SHIMMING THE
MAGNET.

ADANGER

POTENTIAL FATAL INJURY!

HAVE ALL “WORK ASSISTANTS” OR “WORK OBSERVERS” COMPLY WITH
THE 'BUDDY SYSTEM REQUIREMENTS & CERTIFICATION' SUBSECTION OF
CHAPTER 1, MRMAGNET - SAFETY REQUIREMENTS BEFORE STARTING TO
S/C SHIM THE MAGNET.

AWARNING
ASPHYXIATION HAZARD!

THE SHIMMING PROCEDURE GENERATES ODORLESS, COLORLESS
HELIUM GAS THAT DISPLACES OXYGEN IN THE AIR.

MAKE SURE MAGNET ROOM VENT EXHAUST FAN IS ON BEFORE STARTING
TO S/C SHIM THE MAGNET.

A CAUTION

Potential Magnet Quench

A closed Nupro Valve during Shim Lead engagement can cause a magnet quench.
Make sure the Nupro Valve is fully open and the valve is frosted before slowly
engaging the Shim Lead. Do NOT remove the Shim Lead's Orifice Cap that controls
helium gas flow. Always engage/disengage the Shim Lead in conformance with
Shim Lead Engagement and Disengagement.

314

8 Shimming



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

NOTICE

Make sure that the shim power supply is calibrated in conformance with the
vendor's manual, and the shim heater currents are set as shown below before use.
o Transverse 1 Shim Heater Current: 610 mA 5 mA

o Transverse 2 Shim Heater Current: 610 mA £5 mA
« Axial Shim Heater Current: 710 mA £10 mA

NOTICE

The “Recommended Total Current” and polarity values calculated by the shim
program must be entered into the S/C Correction Coils before performing
subsequent field mapping.

The coil groups are:

o Transverse Coils, Odd: T1-1 to T1-6
¢ Transverse Coils, Even: T2-1 to T2-6

» Axial Coils: AX1 to AX6

Each coil group is connected to one heater circuit on the shim power supply.
Therefore, if the only current change was in the Axial 2 Coil, turning the Axial Switch
Heater on would dump the currents in Axial Coils (AX1 to AX6) and the appropriate
currents for each Axial Coil would need entering.

NOTICE

Before turning on the shim coil power supply and applying shim currents, make
sure the following conditions exist to prevent irreparable damage to the vapor-
cooled Shim Leads:

o Orifice on the Shim Lead Nupro Vent Valve is in place.

« Shim Lead is frosting and venting.
« Shim Power Supply current controls are set to zero (fully CCW).

NOTICE

Do NOT move articles or equipment in the Magnet Room while adjusting shim
currents.

2. Make sure the Shim Lead is engaged (Shim Lead Engagement and Disengagement), the Shim
Lead Nupro Vent Valve is open, vapor is escaping from the Shim Lead and the lead is frosted,
then turn on the power supply.

3. Repeat the following steps: Step 3.athrough Step 3.h to input shim currents for each shim
group in sequence: T1, then T2 and Axial. (See Table 3-18.)
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a. Set the Shim Group Select Switch to the appropriate group: T1, T2 or Axial. (See
lllustration 3-144.)

Table 3-18: S/C Shim Groups

Transverse 1 Shim Group Transverse 2 Shim Group Axial Shim Group
Course/Fine Adjust Potentiometer “Shim Group Select” Switch Setting
& Polarity Light/Switch Middle Bottomn Top
Coil (Circuit) Coil (Circuit) Coil (Circuit)
1 T1-1 (Z X2Y?) T2-1 (ZXY) AX1(Z")
2 T1-2 (X) T2-2(Y) AX2 (22)
3 T1-3 (Z2X) T2-3 (Z%Y) AX3 (2%)
4 T1-4 (ZX) T2-4 (ZY) AX4 (24
5 T1-5 (X2Y?) T2-5 (XY) AX5* (Z5)
6 T1-6 (X3)* T2-6 (Y3)* AXB* (Z8)*
* Not applicable to WO Series LCC300 magnets.

lllustration 3-144: Shim Power Supply Controls (Front Panel)

7 ~)
" '
| |
g | P P @ CurrentAoltage
| ,—@o-@ Qw.- Current | / Displays
Shim Group o | INEEES | )
Select | @ 8 /9()“‘: l‘/
| N | | |
") < Voltage | \@ Channel Select
| @019 é pme s ML L Pushbuttons
[ I 2 3 &5 8 o {In = See Reading)
) e ® e & @@Polanty*____‘
| ®EE®E@E coase oy . Polarity Switches
| NN N N NN o™ (Up = Normal;
2 e Fie hd Down = Reverse)
@ &
{ l I \., Coarse Current Adjust
/ Q| @ \ Potentiometers
/ \ Fine Current Adjust
Switch Heater 1:  Switch Heater 2:  Switch Heater 3: Potentiometers
Axial (AX) Transverse 1 (T1) Transverse 2 (T2)
Shim Group Shim Group Shim Group

{Up = Heater On) (Up=Heater On} {(Up = Heater On)
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NOTE: The present current/polarity, referred to in the following steps, is the
current/polarity that presently exists in each shim coil. The present
currents/polarities are those ShimTool calculated/reported (in the
Previous column under Active Shim Currents shown in lllustration
3-145 or lllustration 3-146) in its previous iteration, and then loaded
into the shim coils and recorded in Chapter 8, SC Shimming Data in
the New column.
lllustration 3-145 and lllustration 3-146 show the C: drive directory
paths used by Windows 2000 ShimTool installations. Windows XP
installations use D: drive directory paths instead.
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llustration 3-145: Example ShimTool Printed Report, W Series LCC300, Pages 1 and
DM Rshirrly00 03000 00##00000ADW. shim
Corana Fg. 1ofd
Shirm File: WOODH00000A DW. shrm
Magnet Type: Cylindrical - Corona
Shim Saolution Time: Sat Mar13 04:03:53 2004
Total Mumber of Shim P ositions: 95
Changed Mumber of Shim Positions: 35 e |
Total Shim Mass: 336.0000 Shims ‘ Shim Positions to Change (Spec.: < §)
Met Mass Change: 66,0000 (+66.0000/0.0000) Shims -smm—— |
4 ; : Net Mass Change (Spec.: < 5 mm)
Anticipated Field Inhomogeneity: 0.000 PPM ‘
Active: W_CoronaP = 25 Position;
Input Field File: D:IMRShimIWDDD#DIWUDD#DDDDDAM ~ W_CoronaP41 = 41 Position
Passive Calibration File: DamRshimishimtool_CoronaP.cal /l' Passive: W_CoronaSC.caI
Active Calibration File: DM R=himishimtooly_CoronaSc cal |
DM Rshirry00 03000003000 00ADYW. shim
Carona
Active Shim Currents
CoillSupply Previous Change (R
T1-1(TH YD) 0.0004 0.0004 0.0004
T1-204) 08864 03244 1.2104
T1-3Z2H) 0.0004 0.0004 0.0004
T1-4(Z) 14,6204 01654 14,7854
T1-6(42v2) 2EI4A 00444 2ETEA
T21(THY) 0.0004 0.0004 0.0004
T220¢) 44734 03844 4.8ET A
TZ-3Z2Y) 0.0004 0.0004 0.0004
T2-4(Z¥) B22TA 0.0004 B.22TA
TZ-6(Y) 24814 0.0004 24814
A1 0937 A 04144 -0B23A
Note A2 B.B56 A 0.0004 B.B56A
Use these
ShimTool a3 4AT1A 06734 48404
results with A 31384 0.2334 -2.9054
the Super-
conducting
{active)
Shimming
subsection of
this chapter.
27 Oct. 2006
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llustration 3-146: Example ShimTool Printed Report, WB Series LCC300, Pages 1
and 2
DM R shimiyWBO0RHWYBO0F000000DDR. shm
Fg. 1ofd
Shim File: WHOOFFI0000DDR. shm
Magnet Type: Cylindrical - G3_41
Shim Solution Time: FriSep 16 20:03:31 2005
Total Murmber of Shim P ositions: 110
Changed Mumber of Shim Positions: o
Total Shim Mass: J;M : =
- T
Met Mass Change; 0.0000 ¢+0.0000/-~0.0000) Shims .‘\ Shlm POSItIOﬂS to Change (Spec" 5)
Anticipated Field Inhomogeneity: 9376 PPM - Net Mass Change (Spec.: - 5 mm)
Input Field File: D:IMRShimIWEIDD#DIWEIDD#DDDDDDDT‘VN//‘— Passive: W_CoronaP41.cal
Faszsive Calibration File: Com Rshimishimtooly_CoronaP41 . cal 3 ACtIVE. WB_CoronaSC_MarkIII
Active Calibration File: DM R=himishimtooWWB_CoaranaS C_Marklll cal |
DM R shimiyy BOORFOWYBO0#F00000DDR. shm
G3_41
Active Shim Currents
CoillSupply Frevious Change (R
T1-1(ZR3Y2) -0.041 A 0.011 A -0.082A
T1-204 4.523A -0.005A 45184
T1-3(Z2X) -0.099 A -0.016A -0 115A
T1-4(2x%) 208227 -0.013A 2.8084
T1-5(43%2) -12.902 A 00054 -2.897 A
T1-B(43) 0.567 A 0.025A 0:592 A
T2-1(ZXY) 0.093A 0.001A 0.094 A
T2-2( -0.011 A -0.003A -0.014A
T2-3(Z3Y) 0.086A 00184 0.068 A
T2-4(ZY) -0.741 A -0.006A -0.747 A
T2-5(Y) -0.013A 0.0254 -0.012A
T2-B(Y3) 0.530A -0.003A 0.527A
Note
Lé?_l‘? t']l_es? 251 -3.601A -0.0304 3B A
im 09 AX2 53454 -0146 A 51994
results with
the Super- A3 -4.B58 A 0.0284 -4.B30 A
conducting AR 4 -0.457 4 01824 -0.2754
(active) AXE 7.9684 -0,0234 70454
Shlmmmg AHE 1.293 A -0472A 1421 A
subsection of
this chapter.
27 Oct. 2006

Fg. 2ofd
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b. Match the Shim Power Supply current and polarity of each channel (coil) in each group
to the present current and polarity in the selected shim coil group. (See lllustration

3-144.)

Set the Polarity Toggle Switches (Up = normal/positive polarity and Down
= reversed/negative polarity) as required for to match the present polarity
for the each coil in the group.

Set the Course/Fine Current Adjust Potentiometers on the power supply to
match the present current level for the each coil in the group.

NOTE: The polarity relays will not change polarity if there is any current
flowing through their respective channels. The current must be
reduced to zero before the relays will change to the position indicated
by the external switches on the power supply.

NOTICE

Magnet damage is possible if heater currents are not set correctly.

NOTICE

When the Switch Heaters are tumed on, any existing currents in the Shim Coils
will be discharged into the power supply. To prevent dumping excessive
currents through the Shim Leads, match the existing shim currents at the power
supply with those in the magnet before turning on the Switch Heaters. The
current then can be adjusted to the required new levels after the Switch Heaters
are activated.

Verify that all shim power supply currents/polarities match the currents/polarities in the
selected shim coil group.

Turn on the selected group's Switch Heater (Transverse 1, Transverse 2 or Axial), and
wait 30 seconds for the switches to go resistive.

Set the
“Active

NOTE: |If there is a polarity change from the present to the new current, set
the current to zero before changing the polarity switch.

new “total” currents and polarities for the shim coil group using ShimTool's latest
Shim Currents” values (i.e., the currents listed in the column labelled New on

the Active Shim Currents page of the ShimTool report shown in Illustration 3-145).

NOTICE

Since the LCC300 magnet correction coils have a greater time constant
(inductance : resistance ratio) than those of a 1.5T magnet, a longer settling
time is required for the shim currents. Itis important that the shim current settling
time is in conformance with Table 3-19 to prevent subsequent current drift after
settling.
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f. Allow the shim currents to settle for the time shown in Table 3-19.

Table 3-19: Settling Times for New Shim Currents After Re-establishing ATR

Shim Coil Group Settling Time
T1
10 minutes
T2
Axial* 20 minutes™
* Axial times represent minimum times. Axial coupling may require longer wait times to meet the magnetic field stabilization requirements stated
in Step 5 below.

g. Verify the new currents, then turn off the heater group and wait five (5) minutes.

h. After waiting five minutes, gradually turn the power supply Current Adjust
Potentiometers down to zero.

NOTE: |If repeated iterations of the shim program call for the same current
increment in a shim coil, indicating the Shim Switch not going
resistive, then one of the two following actions may help drive the
Shim Switch resistive:

e Make sure the Heater current is set properly, or

e Set 20 amps in the coil, then lower the current to the required
value.

Adjust slightly, as required. (1 mA high is better than 1 mA low.)

NOTE: Failure to accurately set the power supply currents and polarity can
greatly increase the number of plotting iterations (i.e., time to shim
the magnet).

4. Make sure the field camera is in the 0° position.

5. For axial currents only, monitor field drift until it stabilizes (i.e., <2 Hz change in total field over
a two-minute period):

NOTE: In some cases, the frequency could vary as much as 100 Hz. Shutting off the
Coldhead Compressor during acquisition/mapping of shim data may help reduce
the frequency change.

a. Click the [Continuously Monitor Field] button (second button from right) from
ShimTool's main screen. (See the following illustration.)
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lllustration 3-147: Continuously Monitor Field Button on ShimTool Main Screen
M=l

#l+ ShimTool
Eile Wiew Help

cofme|S|i| |2 52| Mlm|e] |

Continuaushy Manitor Field Button

b. Select Probe 22.
c. Select [Start] on the screen that displays to begin measuring field strength and drift.
d. Record the starting frequency for use in Step 5.e.

e. Wait two minutes, then click [Stop] and record the change between the starting and
present frequencies.

« If the change is <2 Hz, continue with Step 6.

« If the change is 22 Hz, repeat Step 5.c and Step 5.e.

o

Once the magnetic field is stable, turn off the last Switch Heater that was turned on, and allow
the Heater to cool for five (5) minutes.

~

Slowly turn all the Course/Fine Current Adjust potentiometers on the shim power supply back
down to zero (0) amps (full CCW).

A CAUTION
Potential Quench Hazard
The axial shim currents may quench if the Shim Switch is in the Axial position when
the Shim Power Supply is turned off.
Make sure the Shim Power Supply's Shim Switch is in the Transverse 1 or
Transverse 2 position before turning it off.

®

When S/C shimming is complete:

a. Turn off the power supply.

@ AWARNING
) 4 ELECTRICAL SHOCK HAZARD

CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER
SUPPLY CAN CAUSE ELECTRICAL SHOCK.

FOLLOW LOCKOUT/TAGOUT PROCEDURES WHILE MAKING
ELECTRICAL CONNECTIONS TO THE SHIM POWER SUPPLY.

b. Disconnect and LOTO input power to the Shim Coil Power Supply. Verify that no
voltage is present by using a DVM or equivalent measuring device.
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c. Disconnect all leads between the magnet and the Shim Coil Power Supply (P2, P2-W,
Heater Cable).

9. Close the Shim Lead Nupro Vent Valve.

|

Make sure the cap is replaced and does NOT leak, which could result in gaseous
L helium loss or frosting.

10. Retract the Shim Lead in conformance with Shim Lead Engagement and Disengagement,
tighten the brass cap and check for leaks.

8.5 Finalization
1. Make sure the shimming results are available to other personnel for future shimming:

a. Copy all .map, .cur and. shm files generated during shimming to a CD.
b. Copy the .map, .cur and. shm files to the console.

c. Record the directory path of files copied to the console in the Shim Process Log of
theChapter 8, Shimming Process Data.

d. Leave the CD on site with this Magnet and Cryogens Subsystem manual.

2. Put the magnet back in normal condition in conformance with Preparations for Field
Measurement and the appropriate Service Methods documentation.

NOTE: For Field Adjustments after Shimming, refer to Field Adjustment after
Shimming.
For Magnetic Field Stability Checks, refer to Chapter 4, Field Stability Check.
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9 Polarity and Functional Checks

9.1 Personnel Requirements

Personnel _ T
Requirements Preliminary Reqs Procedure Finalization
2 Included in 'Procedure’ As Required Included in 'Procedure’
9.2 Overview

Follow the procedures below if problems are encountered in shimming a W-Series LCC300
magnet with the Superconducting Shim Coils. These procedures will help to identify a Shim Cable
wiring error, a Shim Coil switch malfunction, a Switch Heater malfunction or a defective/misaligned
Shim Coil. If problems are encountered, refer to Chapter 6, Magnet System Wiring, Chapter 6,
RuO Circuits and Pinouts and Chapter 4, Magnet Electrical Checks for troubleshooting assistance.

9.3 Preliminary Requirements
9.3.1 Tools and Test Equijpment

Item Qty Effectivity Part# Manufacturer
3.0T Warning Sign & Label 1 - 2379494 -
Kit
Portable Oxygen Monitor 1 - 2287000 -

Cryogen Safety Wear Kit;
one Kit per person

46-271137G1

Nonabsorbent protective
clothing (long sleeve shirt
and pants); one set per
person

Nonferrous Safety Shoes;
one pair per person

MetroLab Teslameter Kit

46-251865G4

Fixture (included in LCC300
Passive Shimming Kit
2386029)

#6 MetroLab Probe (included| 1 - 2295525-5 -
in MetroLab Teslameter Kit

46-251865G4)

LCC300 Field Mapping 1 - 2380758 -

Shim Power Supply

46-260777G3
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Item Qty Effectivity Part# Manufacturer

Field Shim Cable Kit (if not 1 - 2135558 -
already ordered with the
magnet)

Service Methods 1 - - -
documentation for the
magnet/enclosures
(available through the
Common Document Library
at gehealthcare.com or
through your local GE
Healthcare Service
Representative)

9.3.2 Required Conditions
Condition Reference Effectivity

The removal of some magnet enclosure [Chapter 5, Upper and Side -
components may be required to complete [Enclosure Removal
the Polarity and Functional Checks
procedure. Refer to Chapter 5, Upper and
Side Enclosure Removal (Wide Open
enclosures) or to Chapter 5, Introduction to
HDe & HDx Enclosuresandthe appropriate
Service Methods documentation (available
through the Common Document Library at
gehealthcare.com or through you local GE
Healthcare Service Representative) before
continuing with the Polarity and Functional
Checks procedure if cover removal is
required.

(continue) Chapter 5, Introduction to HDe -
& HDx Enclosures

9.4 Procedure
9.4.1 Axial Correction Coil Checks

1. Connect the Superconducting Shim Power Supply and cable in conformance with the
'Preparations for Shimming' subsection of Shimming.

2. Setup LCC300 Field Mapping Fixture 2380758 with its Single Probe Mounting Board, a
Teslameter and a #6 Probe in conformance with the 'Preparation for Field Mapping' and
Teslameter Adustment and Resynchronization' subsections of Preparations for Field
Measurement.
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3. Turn on all Switch Heaters for 5 minutes, then turn the heaters off to produce a virgin magnetic
field. See lllustration 3-148.

lllustration 3-148: Shim Power Supply Controls (Front Panel)

';’ -\'\I
ll'l r-\i
'B‘l [EEEN K | — . P Durrnn'l.l'i..‘bll;gn
P E [ | " Displays
Shim Group Seled - L3 o L-"""
: i 2 a4 68 == Ib_l CE:E:E;::I
800000y .',____J (in = See Reading
| BEREEEE e g | I Puiarity Switches
g 666006 e W o
L il Digwn = Reverse)

l Coarse Current Adjust
?\\- Paotantiometers

[ R

|III 1|'l Fine Curment Adust
Heater 1; Heater 7 I eater 1 Potentiometers
Audal (AX) Trangverse 1 (T1) Traneverse 2 (T2)

Ehim Group Shim Group Shim Group
Up=Heataer On}  (lUp=Heater Oni  (Up=Haater On)

4. Verify that the #6 Teslameter Probe is at the physical center of the magnet (radius = 0 cm,
axial = 0 cm and 0 degree rotation). Adjust Probe position radially, angularly and axially as
needed in conformance with Preparations for Field Measurement.

5. Record the virgin magnetic field at the magnet center (Z = 0 cm) in Table 3-20.

Table 3-20: Axial Coil Data

Gauss Reading (XX, XXX.X)

S/C Coil Z = -10 cm (Patient End) Z=0cm Z = +10 cm (Service End)

Virgin Map

Axial 1

Axial 2

Axial 3

Axial 4

Axial 5*

Axial 6*

* WB-series LCC300 magnets only.

6. Move the Probe along the Z-axis and record the virgin magnetic field at Z =-10 cm (-3.94 in.)
andatZ = +10 cm (+3.94 in.).

AWARNING
POTENTIAL MAGNET QUENCH
ACTIVATING THE MAIN SWITCH HEATER WHILE THE MAGNET IS AT FIELD
WILL RESULT IN A QUENCH.
DO NOT TURN ON THE MAIN MAGNET SWITCH HEATER WHILE THE
MAGNET IS AT FIELD.
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7. Turn on the Axial and Transverse Switch Heaters. Allow the heaters to warm up for 5 minutes.

8. Set the Axial 1 Shim Coil Power Supply to 10 amps, thereby applying 10 amps to the Axial 1
Coil.

9. Turn off the Axial and Transverse S/C Switch Heaters and allow the heaters to cool for 5
minutes.

10. Ramp the Axial 1 Shim Coil Power Supply down to 0 amps.

11. Position the Probe at Z=-10 cm (-3.94 in.), Z=0cmand Z = +10 cm (+3.94 in.), recording
the measured gauss value at each location in Table 3-20.

12. Subtract value found in Step 11 from the corresponding point in the virgin map measured in
Step 5. Compare these “Gauss Differences” with the Axial 1 coil map in lllustration 3-149.

NOTE: If the polarity is correct for the Axial 1 Coil, the gauss value at the Patient End (Z
=-10 cm) will be approximately 180 gauss less than the -10 cm virgin map value.
However, the gauss value at the Service end (Z = +10 cm) will be approximately
180 gauss greater than the +10 cm virgin value.

13. Repeat Step 7 through Step 12 for each of the other Axial S/C Coils. Compare the gauss
differences for:

e Axial 1 and 2 of W-series LCC300 magnets with the plots in lllustration 3-149,
« Axial 3 and 4 of W-series LCC300 magnets with lllustration 3-150,

¢ Axial 1 and 2 of WB-series LCC300 magnets with lllustration 3-151,

« Axial 3 and 4 of WB-series LCC300 magnets with lllustration 3-152

« Axial 5 and 6 of WB-series LCC300 magnets with lllustration 3-153.
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lllustration 3-149: W-Series LCC300 Magnet Axial 1 and Axial 2 Correction Coil Plots (Normal
Polarity & Positive Shim Currents)

W-Series LCC300 Magnet
Axial 1 =10 Amps

Z+
{Service

10

3 -4 ]

-10

7
{Patient
End)

End)

Z-Podis

W-Series LCC300 Magnet
Axial 2=10 Amps

-33.5

Z+
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End)

Z
{Patient
End)
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Z+
{Service
End)

Polarity & Positive Shim Currents)
W-Series LCC300 Magnet
Axial 3=10 Amps

10

0
Z-Podis

>
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0.2

lllustration 3-150: W-Series LCC300 Magnet Axial 3 and Axial 4 Correction Coil Plots (Normal
06

ssneg)

7
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End)

W-Series LCC300 Magnet
Axial 4 =10 Amps

-8.60

Z+
{Service

End)
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lllustration 3-151: WB-Series LCC300 Magnet Axial 1 and Axial 2 Correction Coil Plots (Normal
Polarity & Positive Shim Currents)
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Z+
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End)

WB-Series LCC300 Magnet
Axial 3=10 Amps

Polarity & Positive Shim Currents)

10

0
Z-Podis

-
_2I [

>

lllustration 3-152: WB-Series LCC300 Magnet Axial 3 and Axial 4 Correction Coil Plots (Normal
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Polarity & Positive Shim Currents)
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0
Z-Podis

-
—
5

>

-10

lllustration 3-153: WB-Series LCC300 Magnet Axial 5 and Axial 6 Correction Coil Plots (Normal
15
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End)

WB-Series LCC300 Magnet
Axial 6 = 10 Amps

ssneg)

Z+
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10

E -4 .
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Z-Podis

End)
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End)

9.4.2 Transverse Correction Coil Checks

1.

After completing Section 9.4.1, Axial Correction Coil Checks, dump any remaining current in

the Correction Coils by turning on both the Axial and Transverse Switch Heaters for one minute.

See lllustration 3-148.
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2. Position the #6 Probe in the groove on the LCC300 Field Mapping Fixture's Single Probe
Mounting Board marked “Transverse” with the Probe's sensor against the wall of the groove
marked “Axial Even” as in lllustration 3-154.

lllustration 3-154: Probe Set-Up for Single Probe Transverse Coil Measurement

Single Probe "Axial Odd"  "Axial Even" Probe #6 Probe in
Mounting Board Slot Slot Retainer "Transverse" Slot

Mapping Sensor
Fixture Support
Shatft Frame

Service End Patient End

o

3. Measure and record in Table 3-21 a new “Virgin (0 Amps)” magnetic field map as follows:
a. Position the Probe axially at Z =-10 cm (-3.94 in.).

b. Rotate the Probe to 0°, 45°, 90°, 135°, 180°, 225°, 270° and 315° angular positions,
recording in Table 3-21 the “Virgin (0 Amps)” magnetic field reading at each angular
position.

c. Repeat Step 3.a and Step 3.b with the Probe repositioned first to Z = 0 cm and then
repositioned to Z=+10 cm (+3.94 in.).

Table 3-21: Transverse Coil Data

Correction Coil Configuration Gauss Reading OO¢XXX.X) with Probe at 15 cm Radius
Map | Lower ﬁ:gﬁ:'(’;) 2 0° 45° 90° 135° | 180° | 225° | 270° | 315°
+10 cm
VIRGIN [ Virgin (O Amps) Ocm
-10 cm
+10 cm

T1-1 T1-1 =10 Amps 0cm

-10cm

+10 cm

T1-2 T1-2 =10 Amps Ocm

-10 cm
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Correction Coil Configuration

Map

Power Supply
Current Input(s)

Z-Axis

Gauss Reading QO(XXXX) with Probe at 15 cm Radius

oa

45°

90°

135°

180°

225°

270°

315°

T1-3

T1-3 =10 Amps

+10cm

0cm

-10 cm

T1-4

T1-4 =10 Amps

+10 cm

0Ocm

-10 cm

T1-5

T1-5 =10 Amps

+10cm

0cm

-10 cm

T1-6*

T1-6* =10 Amps

+10 cm

0cm

-10cm

T2-1

T2-1 =10 Amps

+10 cm

0Ocm

-10 cm

T2-2

T2-2 =10 Maps

+10cm

0cm

-10 cm

T2-3

T2-2 =10 Amps

+10 cm

0cm

-10cm

T2-4

T2-4 = 10 Amps

+10cm

0cm

-10 cm

T2-5

T2-5 =10 Amps

+10cm

0cm

-10 cm

T2-6*

T2-6* =10 Amps

+10 cm

0cm

-10 cm

* WB-series LCC300 magnets only.

4. Turn on the Transverse and Axial Switch Heaters. Allow the heaters to warm for 2 minutes.

5. Measure and record in Table 3-21 all available T1 and T2 “Correction Coil Configuration” maps

(W-series: T1-1 - T1-5 and T2-1 - T2-5; WB-series: T1-1 - T1-6 and T2-1 - T2-6) as follows:

a. Ramp the correct power supply to the current specified in Table 3-21 for the map.
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b. Turn off the Axial and Transverse Odd and Even Switch Heaters. Allow the heaters to
cool 2 minutes.

c. Ramp down each power supply mentioned for the map to 0 amps.
d. Position the Probe axially at Z = -10 cm (-3.94 in.).

e. Rotate the Probe to 0°, 45°, 90°, 135°, 180°, 225°, 270° and 315° angular positions,
recording in Table 3-21 the map's magnetic field reading at each angular position.

f. Repeat Step 5.d and Step 5.e with the Probe repositioned first to Z = 0 cm and then
repositioned to Z = +10 cm (+3.94 in.).

g. Subtract the corresponding “Virgin (0 Amps)” magnetic field value from each data point.
With W-series LCC300 magnets compare these “Gauss Differences” with Illustration
3-155 - lllustration 3-160, and with WB-series LCC300 magnets compare them with
lllustration 3-161 - lllustration 3-166.

NOTE: The lead connections for any individual coil could be interchanged
(mirrored) with another coil. See lllustration 3-167 for determining
where wiring problems could occur.

h. Turn on both the Axial and Transverse Switch Heaters. Allow the heaters to warm up
for 5 minutes.

i. Repeat Step 5.a - Step 5.h for the next “Correction Coil Configuration.”
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lllustration 3-155: W-Series LCC300 Magnet T1-1 and T1-2 Transverse Correction Coil Plots

(Normal Polarity & Positive Shim Currents)
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2(X%2Y?)
T1-1 = 10 Amps

_
.................. ).
|
_
I .| s s s E
_
£
o _
— | R S e B
- |
1]
N g
_
£
[5]
0 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII .y
]
N
_
i — RPN ISR I B
_
£
= _
= 1
i ki B ] 0l i
1]
N g
& EEEETOURRTH R B
_
_ |
1 1
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00
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00
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z
{Patient End)

W-Series LCC300 Magnet
X
T1-2 = 10 Amps

90° 180° 270° 360°

00

90° 180> 270° 360°

00

180° 270° 360°
Midplane 3 Circles
20.5 cm Radius

90°

00

13 Oct. 2006

Z+
{Service End)

zZ-
{Patient End)
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lllustration 3-156: W-Series LCC300 Magnet T1-3 and T1-4 Transverse Correction Coil Plots
(Normal Polarity & Positive Shim Currents)

gnet

W-Series LCC300 Ma:

22X
T1-3 = 10 Amps

-05

-1.0
-15

90° 180° 270° 360°

00
360°

90° 180> 270° 360°
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zZ-
{Patient End)

W-Series LCC300 Magnet

T1-4 = 10 Amps

06
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0.2

-06
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lllustration 3-157: W-Series LCC300 Magnet T1-5 Transverse Correction Coil Plot (Normal
Polarity & Positive Shim Currents)

W-Series LCC300 Magnet
X2y+
T1-5 =10 Amps
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T2-1 =10 Amps

W-Series LCC300 Magnet
ZXY

(Normal Polarity & Positive Shim Currents)

lllustration 3-158: W-Series LCC300 Magnet T2-1 and T2-2 Transverse Correction Coil Plots
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Y
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lllustration 3-159: W-Series LCC300 Magnet T2-3 and T2-4 Transverse Correction Coil Plots

(Normal Polarity & Positive Shim Currents)
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lllustration 3-160: W-Series LCC300 Magnet T2-5 Transverse Correction Coil Plot (Normal
Polarity & Positive Shim Currents)

W-Series LCC300 Magnet
XY
T2-5 =10 Amps

1.5 - - ; . . ;
P Z=-10cm | o Z=0cem P Z=10cm |
to 4 bl -
0.5+ ; E |
" e e e
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(D 1 1 1 1 1 1
-05 : : : ' : :
Aot A At
15 i i i i . ' i i i
0° 90° 180° 270" 360° 0° 90° 180° 270° 360°
0° 90° 180° 270" 360°
Z- Midplane 3 Circles Z+
{Patient End) 20.5 cm Radius {Service End) 13 0ot 2006
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lllustration 3-161: WB-Series LCC300 Magnet T1-1 and T1-2 Transverse Correction Coil Plots
(Normal Polarity & Positive Shim Currents)
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lllustration 3-162: WB-Series LCC300 Magnet T1-3 and T1-4 Transverse Correction Coil Plots

(Normal Polarity & Positive Shim Currents)
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lllustration 3-163: WB-Series LCC300 Magnet T1-5 and T1-6 Transverse Correction Coil Plots
(Normal Polarity & Positive Shim Currents)
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lllustration 3-164: WB-Series LCC300 Magnet T2-1 and T2-2 Transverse Correction Coil Plots

(Normal Polarity & Positive Shim Currents)
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lllustration 3-165: WB-Series LCC300 Magnet T2-3 and T2-4 Transverse Correction Coil Plots
(Normal Polarity & Positive Shim Currents)
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lllustration 3-166: WB-Series LCC300 Magnet T2-5 and T2-6 Transverse Correction Coil Plots

(Normal Polarity & Positive Shim Currents)
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Problems: Crossed Wires (W-Series LCC300

Example Shown)
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9.5 Finalization

No finalization steps.
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10 Field Adjustment after Shimming

10.1 Personnel Requirements

Personnel .. e
Requirements Preliminary Reqs Procedure Finalization
2 Included in Procedure 4 hours Included in Procedure

10.2 Overview

The operational field strength for a MR750 Magnet is 30,000 gauss, +26.0 gauss (127.72 MHz,
1110 kHz). If the magnetic field is out of range after performing LVShim, field adjustment is
required.

10.3 Preliminary Requirements
10.3.1 Tools and Test Equipment

Item Qty Effectivity Part# Manufacturer
3.0T Warning Sign & Label 1 - 2379494 -
Kit
Portable Oxygen Monitor 1/ - 2287000 -

perso
n
Cryogen Safety Wear Kit 1 kit/ - 46-271137G1 -
perso
n
Nonabsorbent Protective 1 set/ - - -
Clothing (long sleeve shirt | perso
and pants) n
Nonferrous Safety Shoes 1pr./ - - -
perso
n
Brass Master Padlock with 1 - 46-194427P320 -
Brass Shackle
Brass Master Transition 1 - 2387081 -
Padlock
Black & White on Red 1 pkg. - 46-194427P322 -
Lockout Tag of 25
Transition LOTO Tag 1 - 46-194427P313 -
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Item

Effectivity

Part#

Manufacturer

Line Cord Plug Cover, Plugs
<3in.wide by <5.875in. long
(76 mm by 149 mm), Cords
<1.25in. (31 mm) diameter

46-194427P321 -

750 Amp TCR 7.5T750 Main
Power Supply 46-260776G3
or 1,000 Amp ESS
7.5-1000-2-D-1236 Main
Power Supply 46-260776G4

46-260776G3 or -
46-260776G4

Shim Power Supply

46-260777G3 -

750 Amp Ramp Cable Kit 1 - 2135435 or -
2135435 or 1,000 Amp 2353394

Ramp Cable Kit with Ground

2353394

Shim Cable Kit (if not already| 1 - 2135558 -

ordered with the magnet)

MetroLab Teslameter Kit

1 kit

46-251865G4 -

No. 6 MetroLab Probe
(included in MetroLab
Teslameter Kit
46-251865G4)

2295525-5 -

Digital Voltmeter (DVM)

Ammeter

Titanium Tool Kit: Basic Set
5113258, Installation Set
5112581, or other
nonferromagnetic tools
(magnets with magnetic
fields >1.57)

5113258 or -
5112581

HDx Service Platform - Can
use Universal Service
Ladder/Platform 2319156 if
service space 230 in. (762
mm)

5155291 or -
2319156

Cardboard Box or
nonferromagnetic frame

350

10 Field Adjustment after Shimming



GE Healthcare

LCC300 Active Shield Magnet and Cryogens Subsystem
Direction 2325852, Revision 13

(available through the
Common Documentation
Library at
www.gehealthcare.com or
your local GE Healthcare
Service Representative)

Item Qty Effectivity Part# Manufacturer
Service Methods 1 - - -
documentation for the
magnet/enclosures

10.3.2 Safety

ADANGER

POTENTIAL FATAL INJURY!
BEFORE AND WHILE PERFORMING THE FIELD ADJUSTMENT AFTER

SHIMMING PROCEDURE:
o MAKE SURE TO REVIEW AND FULLY UNDERSTAND ALL
SUPERCONDUCTING (S/C) MAGNET PORTIONS OF, AND

e MAKE SURE TO FULLY COMPLY WITH ALL REQUIRED ITEMS FOR THE
FIELD ADJUSTMENT AFTER SHIMMING PROCEDURE IN THE MAGNET &
CRYOGEN SERVICE SAFETY REQUIREMENTS SUBSECTION OF
CHAPTER 1, 2301164PRE MR MAGNET SAFETY REQUIREMENTS.

(®

@ | POTENTIAL FATAL INJURY!
W@/  BEFORE STARTING THE FIELD ADJUSTMENT AFTER SHIMMING

- PROCEDURE:

HAVE ALL WORK ASSISTANTS OR OBSERVERS COMPLY WITH THE BUDDY
SYSTEM REQUIREMENTS & CERTIFICATION SUBSECTION OF “2301164PRE

MR MAGNET SAFETY REQUIREMENTS.”

AWARNING

ASPHYXIATION HAZARD!
THE FIELD ADJUSTMENT AFTER SHIMMING PROCEDURE GENERATES

ODORLESS, COLORLESS HELIUM GAS THAT DISPLACES OXYGEN IN THE

AIR.

MAKE SURE MAGNET ROOM VENT EXHAUST FAN IS ON BEFORE STARTING
THE FIELD ADJUSTMENT AFTER SHIMMING PROCEDURE.
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AWARNING
POTENTIAL QUENCH HAZARD!
THE MAGNET MAY QUENCH, RAPIDLY RELEASING CRYOGENIC GASES, IF
ITS LIQUID HELIUM LEVEL DROPS TOO LOW DURING THE FIELD
ADJUSTMENT AFTER SHIMMING PROCEDURE.
MAKE SURE THE MAGNET 290% FULL OF LIQUID HELIUM BEFORE
STARTING THE FIELD ADJUSTMENT AFTER SHIMMING PROCEDURE.

AWARNING
POTENTIAL QUENCH HAZARD!
APPLYING POWER THROUGH THE SHIM LEAD BEFORE THE SHIM LEAD IS
SUFFICIENTLY COOLED OR WHILE THE SHIM LEAD'S VENT VALVE IS
CLOSED MAY RESULT IN A MAGNET QUENCH.
MAKE SURE THE SHIM LEAD'S NUPRO VENT VALVE IS OPEN AND
FROSTING IS VISIBLE ON THE SHIM LEAD HOUSING BEFORE TURNING ON
THE SHIM COIL POWER SUPPLY.

AWARNING
ELECTRICAL SHOCK HAZARD!
CONNECTING THE MAIN LEAD EXTENSIONS WHILE THE MAIN POWER
SUPPLY IS ON WILL CREATE A RAPID ELECTRICAL DISCHARGE OF 100
VOLTS OR MORE.
MAKE SURE INPUT POWER TO THE MAIN POWER SUPPLY IS
DISCONNECTED WHEN CONNECTING THE MAIN LEAD EXTENSIONS.

AWARNING
ELECTRICAL SHOCK HAZARD!
TOUCHING BOTH MAIN LEAD EXTENSIONS AT THE SAME TIME OR
ALLOWING THEM TO CONTACT EACH OTHER WHILE THE MAGNET IS AT
FIELD WILL RESULT IN A RAPID DISCHARGE THROUGH THEIR CONTACT
POINTS IF THE SWITCH HEATER IS ACTIVATED OR CIRCUIT RESISTANCE
DEVELOPS AT THAT MOMENT.
DO NOT TOUCH BOTH MAIN LEAD EXTENSIONS AT THE SAME TIME. DO
NOT ALLOW THE MAIN LEAD EXTENSIONS TO CONTACT EACH OTHER.

AWARNING
POTENTIAL COLD BURN HAZARD!
EXPOSURE TO CRYOGENS AND CONTACT WITH COLD OBJECTS IS
POSSIBLE DURING THE FIELD ADJUSTMENT AFTER SHIMMING
PROCEDURE.
WEAR PROTECTIVE CLOTHING, NONABSORBENT GLOVES AND GOGGLES
WHEN PERFORMING THE FIELD ADJUSTMENT AFTER SHIMMING
PROCEDURE.
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AWARNING

ELECTRICAL SHOCK HAZARD!
CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER

SUPPLY CAN CAUSE ELECTRICAL SHOCK.

FOLLOW CHAPTER 1, OSHA LOCKOUT/TAGOUT (LOTO) PROCEDURES

WHILE MAKING ELECTRICAL CONNECTIONS TO A MAIN POWER SUPPLY
OR A SHIM POWER SUPPLY. SEE .

10.3.3 Required Conditions

Condition

Reference

Effectivity

Make sure the area is secure and that ALL
required Warning Signs are posted to meet
the safety requirements stated in the
following document before starting the Field
Adjustment after Shimming procedure.

Chapter 1, 2301164PRE MR
Magnet Safety Requirements

Removal of some magnet enclosure
components may be required to complete
the Field Adjustment after Shimming
procedure. Refer to the appropriate
document that follows and to the Service
Methods documentation (available through
the Common Documentation Library at
www.gehealthcare.com or your local GE
Healthcare Service Representative) before
continuing if cover removal is required.

Chapter 5, Upper and Side
Wide-Open Enclosure Removal

(continued)

Chapter 5, Introduction to HDe
& HDx Enclosures

Make sure the Shim Power Supply is
calibrated in conformance with the vendor
manual (46-294439P7) and that the heater
currents are set to Transverse 1 =610 mA,
+5 mA, Transverse 2 =610 mA, 5 mA and
Axial = 710 mA, £10 mA.

Make sure the liquid helium level is 290%
before starting the Field Adjustment after
Shimming procedure.

Liquid Helium Fill

The Shim Lead must be engaged,
precooled and frosted in conformance with
the following document before entering
shim currents.

Shim Lead Engagement and
Disengagement

Chapter 3 Set-Up and Calibration

353



LCC300 Active Shield Magnet and Cryogens Subsystem

GE Healthcare Direction 2325852, Revision 13

Condition Reference Effectivity

Make sure the Magnet Room exhaust fan is - -
on and operational and the Magnet Room
door is propped open before starting the
Field Adjustment after Shimming
procedure.

10.4 Procedure
10.4.1 Removing Transverse and Axial Shim Currents

1.

@ﬁ AWARNING
| ELECTRICAL SHOCK HAZARD!
A\ U 4

Top fill the magnet to >90% helium level in conformance with Liquid Helium Fill before
continuing with the Field Adjustment after Shimming procedure.

Replace the Main Lead Extension's Contact Bands in conformance with Chapter 5, Main Lead
Extension Contact Band Replacement.

A CAUTION

Potential Magnet Quench!

The magnet may quench if the Nupro Valve on the Shim Lead is closed or the Shim
Lead is not cold.

Make sure the Nupro Valve is fully open and the valve is frosted before slowly
engaging the Shim Lead. Do not remove the Shim Lead's Orifice Cap that controls
helium gas flow. Always engage/disengage the Shim Lead in conformance with
“Shim Lead Engagement and Disengagement.”

Make sure the Shim Lead Assembly is engaged in conformance with Shim Lead Engagement
and Disengagement.

Set up a Teslameter and No. 6 Probe for single point field measurement in conformance with
Preparations for Field Measurement and make sure the probe is at the physical center (R =0,
Z = 0) of the magnet.

Make sure the Main and Shim Power Supplies are checked and adjusted in conformance with
the vendor manuals supplied with each unit.

NOTE: Refer to the vendor manuals for power supply control locations and descriptions.

Make sure the Shim Lead Vent Valve is open and frost is present on the Shim Lead Connector
Housing before removing shim currents.

CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER
SUPPLY CAN CAUSE ELECTRICAL SHOCK.

FOLLOW LOTO PROCEDURES WHILE MAKING ELECTRICAL CONNECTIONS
TO A MAIN POWER SUPPLY OR A SHIM POWER SUPPLY.
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7. Disconnect and LOTO input power to both the Main and Shim Coil Power Supplies. Verify that
no voltage is present by using a DVM or equivalent measuring device.

8. Measure the present Base Frequency of the magnet's magnetic field and from this, subtract
the desired Center Frequency to calculate the Delta Frequency.

Base Fregency - Center Frequency = Delta Frequency

Delta Frequency = Hz

9. Connect the Shim Power Supply to the magnet in conformance to the Shim Coil Power Supply
Connections subsection of Shimming.

10. Remove LOTO and connect input power to the Shim Coil Power Supply.
11. Switch on main power to the Shim Power Supply.

12. Set the Shim Group Select Switch to the appropriate group (T1, T2, and Axial). It is
recommended that the Transverse Coils be ramped down first, then the Axial Coils.

lllustration 3-168: Shim Power Supply Controls (Front Panel)
7 )

~
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|
1234586 @
o I Current/oltage
@ élé’“’ Current / Displays 9

Shim Group I |
| "
Select T@ —@0—’9'@{: i R ) | {/
| L | | |
e [o Voltage | \@ Channel Select
| @019 é e 8 : Pushbuttons
| 1 2 34 .5 8 . {(In = See Reading)
) e ® e & @@Polanty*____‘
| POeE @@ Coarse | . Polarity Switches
2 B 8 2. Up = Normal;
/GI POOE® Fie }E\ DE)wFr)1 = Reverse)
2| &

Coarse Current Adjust

[ R
[ [ T Potentiometers
q / \ |

@
. . . Fine Current Adjust
Switch Heater 1:  Switch Heater 2:  Switch Heater 3: Potentiometers
Axial (AX) Transverse 1 (T1) Transverse 2 (T2)
Shim Group Shim Group Shim Group

{Up = Heater On) (Up=Heater On} {(Up = Heater On)

13. Dial into the Shim Power Supply all last recorded Shim Currents from Chapter 8, SC Shimming
Data. Make sure the shim current polarities are correct.

14. Turn on the appropriate Switch Heater (T1, T2 or Axial) on the Shim Power Supply.

a. Verify that the heater currents are set to Transverse 1 = 610 mA, £5 mA; Transverse
2=610 mA, £ 5 mA; and Axial =710 mA, £ 10 mA.

b. If any current level is not correct, adjust the corresponding T1, T2 or AX Switch Heater
Adjustment Screw on the rear of the Shim Power Supply.
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15. Allow five (5) minutes for the Switch Heater to drive the switches resistive.

16. Slowly adjust the Current Controls for the appropriate shim group (T1, T2 or Axial) to zero.
17. Turn off the appropriate Switch Heater (T1, T2 or Axial).

18. Repeat Step 12 through Step 17 for the Transverse 2 Coils, then for the Axial Coils.

19. Turn off main power to the Shim Power Supply.

20. Disconnect the heater cable from Shim Power Supply.

@ AWARNING
| ELECTRICAL SHOCK HAZARD!
\ VU 4

CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER
SUPPLY CAN CAUSE ELECTRICAL SHOCK.

FOLLOW LOTO PROCEDURES WHILE MAKING ELECTRICAL CONNECTIONS
TO THE SHIM POWER SUPPLY.

21. Disconnect and LOTO input power to the Shim Coil Power Supply. Verify that no voltage is
present by using a DVM or equivalent measuring device.

10.4.2 Resistance Checks

/ » | AWARNING
| ELECTRICAL SHOCK HAZARD!
\ / CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER
- SUPPLY CAN CAUSE ELECTRICAL SHOCK.
FOLLOW LOTO PROCEDURES WHILE MAKING ELECTRICAL CONNECTIONS

TO THE MAIN POWER SUPPLY.

1. Disconnect and LOTO input power to the Main Power Supply. Verify that no voltage is present
by using a DVM or equivalent measuring device.

2. If resistance checks were not previously performed on the ramping circuit, connect the Main
Power Supply and Main Lead Extensions to the magnet in conformance with Connections for
Ramping and Shimming.

3. Make sure all power supply Heater Switches are set to off or O. (See the two illustrations
below.)
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lllustration 3-169: 750 Amp TCR 7.5T750 S/C Main Coil Service Power Supply Cabinet
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lllustration 3-170: 1,000 Amp ESS7.5-1000-2-D-1236 S/C Main Coil Service Power Supply
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4. Set the Current and Voltage Adjustment Controls on the Main Power Supply to zero (fully
CCW).

5. Remove LOTO and connect input power to the Main Power Supply.

AWARNING
POTENTIAL MAGNET QUENCH!
TURNING ON THE MAIN HEATER SWITCH WHILE PERFORMING THESE
RESISTANCE CHECKS WILL CAUSE A MAGNET QUENCH.
MAKE SURE THE MAIN HEATER SWITCH STAYS OFF DURING RESISTANCE
CHECKS.

6. Turn on the Main Power Supply's Input Power Switches. (There are duplicate Main Power and
Power On switches on the front and back of the Main Power Supply.)

7. Make sure the Main Heater Switch is off, then turn on the Axial Shim Heaters.

a. Observe the currentrise in the Main Power Supply Ammeter (710 mA, £10 mA) to verify
circuit continuity.

b. If the heater current is not correct, adjust it with the Current Adjustment control on the
rear of the Power Supply.

358 10 Field Adjustment after Shimming



LCC300 Active Shield Magnet and Cryogens Subsystem
GE Healthcare Direction 2325852, Revision 13

8. Connect a Digital Voltmeter (DVM) to the end of the Voltage Sense Leads.

9. Set the power supply Voltmeter Toggle Switch to the MAIN COIL position.

10. Set the Current Adjustment Coarse Control on the power supply to maximum (fully CW).

11. Observe the Main Power Supply's Ammeter, and slowly turn the Voltage Adjustment Control
CW to set a 375 amp current through the Main Leads, Main Lead Extensions, and persistent

Main Switch.

12. Record the voltage reading on the DVM in Chapter 8, Magnet Ramping and Parking Current
Log.

A CAUTION

Potential Magnet Quench

Voltage readings >100 millivolts (mV) at 375 amps indicate unacceptable internal
contact resistance at the Main Lead Extensions. Higher resistances will add more
heat to the magnet, increasing boil-off and possibly causing a quench during
ramping.

Make sure the voltage readings are <100 mV at 375 Amps.

13. If the DVM voltage is >100 mV, perform one or more of the following to reduce contact
resistance:

a. Wait approximately one minute with current running, readings may drop as the Main
Lead Extensions cool.

b. Tighten the nuts (one flat at a time) on top of the Hold-Down Tool while measuring DVM
readings.

c. If the reading still exceeds 100 mV:

i. Turn the Voltage and Current Adjustment controls to zero (fully CCW).

@ﬁ AWARNING
| ELECTRICAL SHOCK HAZARD!
A\ U 4

CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED
POWER SUPPLY CAN CAUSE ELECTRICAL SHOCK.

FOLLOW LOTO PROCEDURES WHILE MAKING ELECTRICAL
CONNECTIONS TO ANY POWER SUPPLY.

ii. Turn off the Main Power Supply input power, and disconnect and LOTO
input power to the Main Power Supply. Verify that no voltage is present by
using a DVM or equivalent measuring device.

iii. Check and tighten the bolts securing the Ramp Cables to the Power Supply
and Main Leads Extensions.

iv. Lift and reseat the Main Leads.
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v. Remove LOTO and reconnect input power to the Power Supply.

d. Repeatedly failing the contact resistance check may indicate one of the following:

e.

« Main Lead Extension Contact Bands replaced as directed in Connections
for Ramping and Shimming are not performing correctly and need replacing
in conformance with Chapter 5, Main Lead Extension Contact Band
Replacement.

« Main Leads are damaged and need replacing.

If changes are made in the previous step, repeat Step 13.a through Step 13.d.

NOTICE

Do NOT continue to the next step until after the DVM voltage is <100 mV.

14. Set the power supply's Voltmeter Select Switch to the MAIN POWER SUPPLY position so the
voltmeter will display the power supply output to the output lugs. If the voltage exceeds 2.2 V
at 375 amps during the test, repeat Step 13.

NOTE: A voltage less than 2.2 V at 375 amps indicates acceptable system resistance.

15. Turn the Current and Voltage Adjustment Controls to zero (fully CCW), and continue to the
next section.

10.4.3 Main Field Adjustment

AWARNING

POTENTIAL QUENCH HAZARD!

INCORRECT CONNECTION POLARITY AND POWER SUPPLY CURRENT
SETTINGS CAN CAUSE THE MAGNET'S MAIN COILS TO QUENCH AND CAN
BURN UP THE POWER SUPPLY WHEN TURNING ON THE MAIN SWITCH.
MAKE SURE THE CONNECTION POLARITY AND POWER SUPPLY CURRENT
SETTINGS ARE THE SAME AS LAST RECORDED IN CHAPTER 8, MAGNET
RAMPING AND PARKING CURRENT LOG.

AWARNING

POTENTIAL QUENCH HAZARD!

IF THE AXIAL SHIM HEATER SWITCH IS NOT ON DURING THE ENTIRE MAIN
FIELD ADJUSTMENT PROCESS, A MAGNET QUENCH CAN OCCUR AND
IRREPARABLE DAMAGE SHIM COIL DAMAGE CAN BE DONE. THE POWER
SUPPLY WILL NOT PASS CURRENT TO THE MAIN LEAD EXTENSIONS WITH
THE AXIAL SHIM HEATER OFF.

MAKE SURE THE AXIAL SHIM HEATER SWITCH REMAINS ON DURING THIS
FIELD ADJUSTMENT AFTER SHIMMING PROCEDURE.
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AWARNING
POTENTIAL QUENCH HAZARD!
THE MAGNET MAY QUENCH IF THE MAIN POWER SUPPLY EXPERIENCES
LARGE OUTPUT FLUCTUATIONS AND/OR EXCESSIVE RIPPLE.
MAKE SURE THE MAIN POWER SUPPLY IS ROUTINELY CALIBRATED AT AN
APPROVED FACILITY.

|

If a Quench occurs during change of magnetic field, immediately turn the Voltage
and Current Adjustment Controls to zero.

1. Retrieve the last recorded Main Coil Connection Polarity from Chapter 8, Magnet Ramping
and Parking Current Log.

« Center Frequency will change by about 359 kHz per amp of change in Main Coil current.

« Main field will have either increased or decreased by the amount recorded in Section
10.4.1, Step 8. For example, a Delta Frequency of +64 kHz indicates the Main Field is
too high and will have to be decreased by this amount.

lllustration 3-171: Magnet Polarity Ramped Normal
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2. Make sure the Axial Shim Heater is on, and the Main Leads are connected with the polarity
retrieved in Step 1.

3. Set the power supply's Voltmeter Select Switch to the MAIN COIL position. (See lllustration
3-169 or lllustration 3-170.)

4. Set the power supply's Current Adjustment Control to maximum (fully CW).
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5. Adjust the power supply's Voltage Adjustment Control to the Parking Current value retrieved
in Step 1.

6. Turn on the Main Switch Heater.

7. Make sure the Axial Shim Switch Heater power supply is on, and left on throughout the Main
Field Adjustment procedure.

8. Allow approximately three (3) minutes for the Main Switch to go resistive.

9. When the Main Switch is resistive, slowly adjust the Voltage Adjustment Control until the
measured main magnet field Base Frequency matches the desired Center Frequency. This
will counter the Delta Frequency calculated in Section 10.4.1, Step 8.

NOTE: For example, where the calculated Delta Frequency calculated is +64 kHz, the
main magnet field Base Frequency needs a -64 kHz adjustment to match the
desired Center Frequency.

10. Allow six (6) minutes for field to stabilize, then turn Off the Main Switch Heater.

11. Wait a minimum of 15 minutes for the switch to fully cool and go persistent, then record the
current value at which the switch went persistent in Chapter 8, Magnet Ramping and Parking
Current Log.

12. When the switch goes persistent, slowly turn the power supply's Voltage Adjustment Control
to zero (fully CCW) over a two-minute period.

« Only the last two digits of the Teslameter reading should change while the Voltage
Adjustment Control is turned to zero.

« Any larger decrease in the Teslameter reading indicates the Main Coil Switch is not
persistent, and the Voltage Adjustment Control must be slowly returned to the magnet's
parking field.

13. Turn off the Axial Shim Heater.
14. Gradually turn the Current Adjustment Controls to zero (fully CCW) over a one-minute period.

. Turn the Main Power Supply off.

15

ﬁ AWARNING

{ ] ELECTRICAL SHOCK HAZARD!
\ & 4

CONTACT WITH CONNECTORS LEADING TO AN ENERGIZED POWER
SUPPLY CAN CAUSE ELECTRICAL SHOCK.

FOLLOW LOTO PROCEDURES WHILE MAKING ELECTRICAL CONNECTIONS
TO THE MAIN POWER SUPPLY.

16. Disconnect and LOTO input power to the Main Power Supply. Verify that no voltage is present
by using a DVM or equivalent measuring device.
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AWARNING
POTENTIAL MAGNET QUENCH!
IMPROPER ENGAGEMENT/DISENGAGEMENT OF THE MAIN LEAD
EXTENSIONS WITH THE MAIN LEAD PINS CAN CAUSE A RAMPED MAGNET
TO QUENCH.
INSERT MAIN LEAD EXTENSIONS ONE AT A TIME AND ALLOW THEM TO
COOL SUFFICIENTLY (A FOG OR WATER VAPOR FORMS AROUND THE
LEAD EXTENSIONS) BEFORE THEY CONTACT THE MAIN LEAD PINS.

AWARNING
ELECTRICAL SHOCK HAZARD!
TOUCHING BOTH MAIN LEAD EXTENSIONS AT THE SAME TIME OR
ALLOWING THEM TO CONTACT EACH OTHER WHILE THE MAGNET IS AT
FIELD WILL RESULT IN A RAPID DISCHARGE THROUGH THEIR CONTACT
POINTS IF THE SWITCH HEATER IS ACTIVATED OR CIRCUIT RESISTANCE
DEVELOPS AT THAT MOMENT.
DO NOT TOUCH BOTH MAIN LEAD EXTENSIONS AT THE SAME TIME. DO
NOT ALLOW THE MAIN LEAD EXTENSIONS TO CONTACT EACH OTHER.

AWARNING

ELECTRICAL SHOCK HAZARD!

> B P

DO NOT ALLOW EXPOSED BODY AREAS TO COME IN CONTACT WITH THE
CRYOSTAT OR PLUMBING WHILE INSERTING OR EXTRACTING THE MAIN

LEAD EXTENSIONS.
/ A | AWARNING
| POTENTIAL COLD BURN HAZARD
\ / CONTACT WITH COLD OBJECTS IS POSSIBLE DURING THE FIELD

B ADJUSTMENT AFTER SHIMMING PROCEDURE.
WEAR NONABSORBENT LEATHER GLOVES WITH NO HOLES OR TEARS
DURING INSERTION OR EXTRACTION OF THE MAIN LEAD EXTENSIONS.

NOTICE
Follow the next step precisely to avoid an excessive heat load being applied to the
L magnet cartridge and a possible quench following a magnet ramp.

17. After parking the magnet, disconnect and LOTO input power to the Main Power Supply. Verify
that no voltage is present by using a DVM or equivalent measuring device. Plug and remove
one Main Extension at a time in the following sequence:

a. OpenValve V2, and bleed vessel pressure down below 1.0 psig. (Do not allow pressure
to go below 0.5 psig as read on the magnet pressure gauge or Magnet Monitor.) Close
V2.
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b. Remove all ice around the Ramp Lead Port Compression Fitting on the Main Lead
Extension that is being removed first. (See the illustration below.)

lllustration 3-172: Main Lead Extension and Ramp Ports
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AWARNING
POTENTIAL MAGNET QUENCH!
PLUGGING THE FLOW HOLE OF AN ENGAGED MAIN LEAD EXTENSION
WILL CAUSE THE MAGNET TO QUENCH.
DO NOT INSERT FLOW HOLE SCREWS INTO MAIN LEAD EXTENSIONS
UNTIL AFTER EXTENSIONS ARE REMOVED.

c. Unscrew the Ramp Lead Port Compression Fitting, and remove the first Main Lead
Extension from the magnet. Immediately replace the cap onto the Ramp Lead Port.

d. Remove all ice around the Ramp Lead Port Compression Fitting on the other Main
Lead Extension.

e. Unscrew the Ramp Lead Port Compression Fitting, and remove the second Main Lead
Extension from the magnet. Immediately replace the cap onto the Ramp Lead Port.

f. Install the flow hole screws in the flow hole of both Main Lead Extensions after both
leads are removed.

g. Check the Main Leads and fill port cap for leaks.
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10.4.4 Input Shim Currents

A CAUTION
Potential Magnet Quench!
The magnet may quench if the Nupro Valve on the Shim Lead is closed or the Shim
Lead is not cold.
Make sure the Nupro Valve is fully open and the valve is frosted before slowly
engaging the Shim Lead. Do not remove the Shim Lead's Orifice Cap that controls
helium gas flow. Always engage/disengage the Shim Lead in conformance with
“Shim Lead Engagement and Disengagement.”

NOTICE

Before turning on the Shim Coil Power Supply and applying shim currents, make
sure the following conditions exist to prevent irreparable damage to the vapor-
cooled Shim Leads:

« Orifice on the Shim Lead vent is in place,

o Shim Lead is frosted, and

« Power Supply current controls are set to zero (fully CCW).

1. Make sure the Shim Lead Assembly is engaged in conformance with Shim Lead Engagement
and Disengagement.

NOTE: To frostthe Shim Lead, open the Shim Lead Vent Valve. Do not remove the Shim
Lead's calibrated orifice.

2. Remove LOTO and reconnect the Shim Power Supply to the magnet in conformance to
Connections for Ramping and Shimming. Verify that the Shim Lead Vent Valve is open and
the Lead is sufficiently cooled.

3. Switch on the main power to the Shim Power Supply.

4. Input shim currents for one group at a time in the following order:
e Transverse 1 Coils
« Transverse 2 Coils)
« Axial Coils

5. Repeat the following steps for each group in sequence:

a. Set the Shim Group Select Switch to the appropriate group (T1, T2 or Axial). See
lllustration 3-168 and the table below.
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Table 3-22: S/C Shim Groups
Transverse 1 Shim Group Transverse 2 Shim Group Axial Shim Group
Course/Fine Adjustment Potenti- Setting for Shim Group Select Switch
ometer & Polarity Light/Switch Middle Bofiomn Top
Coil (Circuit) Coil (Circuit) Coil (Circuit)
1 T1-1 (ZX2Y?) T2-1 (ZXY) AX1(ZY)
2 T1-2 (X) T2-2(Y) AX2 (22)
3 T1-3 (Z2X) T2-3 (Z2Y) AX3 (29)
4 T1-4 (ZX) T2-4 (ZY) AX4 (2%
5 T1-5 (X2Y?) T2-5 (XY) AX5* (Z5)*
6 T1-6 (X3)* T2-6 (Y3)* AXB (Z5)*
* Not applicable to W0 Series LCC300 magnets.

NOTICE

When the Switch Heaters are turned on, any existing currents in the Shim Coils
will be discharged into the Power Supply. To prevent dumping excessive

currents through the Shim Leads, match the existing shim currents with the
power supply before turning on the heaters. The current then can be adjusted
to the required new levels after the heaters are activated.

Dial into the Power Supply the last recorded shim currents and polarities from Chapter
8, SC Shimming Data. Make sure the shim current polarities are correct.

Make sure the Shim Lead Extension is frosted, then turn on the appropriate Switch
Heater.

Verify that the T1, T2 and Axial heater currents are within range (T1: 610 mA, £5 mA;

T2: 610 mA, £5 mA; Axial: 710 mA, £10 mA). Use the Adjustment Screw on the rear

of the Shim Power Supply to make sure the current is within range.
Allow five (5) minutes for the heater to drive the Switches resistive.

After all the Correction Coil currents are set, make sure each power supply is delivering
the appropriate amount of current at the correct polarity.

Check the Teslameter's frequency reading to make sure the Correction Coils are stable
(i.e., no more than a 20 Hz change in the total magnetic field over a two-minute period).

Once the field is stable in the above step, turn off the Switch Heater and allow the heater
to cool for 15 minutes.

Turn the Shim Power Supply back down to zero amps (fully CCW).

Repeat Step 5.a through Step 5.i for the Transverse 2, and Axial Shim Coil groups.
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10.5 Finalization

1. Disconnect all cables between the magnet and Shim Power Supply.

|

Make sure the Shim Lead Vent Valve and Ramp Lead Port Caps are closed, sealed
L and do not leak to prevent gaseous helium loss and/or frost and ice formation in

the Vertical Penetration.

2. Close the Shim Lead's Nupro Vent Valve.

3. Turn off input power to the Shim Power Supply, and disconnect and LOTO all power supply
cables. Verify that no voltage is present by using a DVM or equivalent measuring device.

4. Check the magnet's helium level, and add liquid helium in conformance with Liquid Helium
Fill if the level is <75%.
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