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Revision History
Revision

 
Date

 
Description

 
1
 

23 February 2006
 

Initial Signa HDx 3.0T upgrades product release
 

2
 

30 March 2006
 

System Configuration Chapter:  per HDx Program Lead Hardware Integrator Release 12.x to Release
14.x Upgrade Catalogs illustration: 3T RFS Cabinet added Model Numbers 5110607-2; 3T EXCITE
System Cabinet Model Numbers deleted 2357500-2 (1.5T EXCITE II model). added catalogs for various
language keyboard and 23 inch monitor.
 
Room Layout Chapter:  added IPCM option equipment. MR System Interconnects Routing Require-
ments/Recommendations table: Row titled Entire MR System: recommendation for use of access
flooring deleted Magnet Room (changed to “recommended for use in ONLY the Equipment Room “);
Row titled Magnet Room: deleted “e.g. aluminum” from 1st bullet and Note. “seismic anchor holes”
changed to BRACKETS MOUNTING HOLES and brackets callout to “BRACKETS SUPPLIED WITH
CABINET FOR MOUNTING, IF REQUIRED.”
 
Site Environment Chapter:  added IPCM Option Chilled Air Blower (CAB) values to Maximum Heat
Output For Air Cooling table.
 
RF Shielded Room Chapter:  RF Shielded Room Requirements table, row titled Construction, Note text
deleted 'e.g. aluminum'. requirements reordered for clarity and completeness. Also added Notice per-
taining to Penetration Panel mounting hardware must not loosen over time to maintain RF attenuation
requirement. ”Magnet Room floor Requirements and Recommendations” table changes:

• Table row titled Floor Design: Bullet stating 42.125 dimension finished floor to center of Magnet
opening added missing minus (-) for tolerance +/- value. Access flooring Notice deleted “e.g. alu-
minum”.

• Through out table deleted “e.g. aluminum” for Notice! pertaining to removable panels known
source of RF Noise.

• Entire Floor Levelness row contents revised, Magnet Mounting recess area requirements including
tolerance (+/-) values changed and recommendation added.

• Majority of Floor Construction row revised: Magnet Mounting Recessed area required with and
without VibroAcoustic Damping Option and clarified requirements for both configurations. Added
RF Shield material seams MUST NOT be under projected areas for VibroAcoustic Damping Option
mats. Added Access flooring Notice.

• Added tables with illustrations & references of revised Magnet Load Pattern with & without Vi-
broAcoustic Damping Option.

 
Shipping and Delivery Data Chapter:  deleted 1.5T MNS Amp Cabinet info.
 
Tools and Test Equipment Chapter:  Added 3T shim related tools: -Shim case / cable kit 2135558,
LCC300 Shim Camera Kit 2386028, LCC300 Passive Shimming Kit 2386029. Updated several part
numbers: -Field Plotting Kit 46-251865G5 -Magnet Ramping Equipment Kit part number updated to
46-260703G5 -Non-Magnetic Tool Kit replaced by new Titanium Non-Magnetic Tool Kits.
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22 August 2006
 

Room Layout Chapter:  MR System Interconnects Routing Requirements/Recommendations table re-
formatted to number requirements and updated requirements to be consistent with revised Magnet
Room floor requirement of metal access floor tiles not allowed anywhere: Row titled Entire MR System;:
recommendation for use of access flooring deleted.; Row titled Magnet Room: deleted access floor note
and added metal floor access tiles not allowed with reference to Magnet Room Floors requirement in
RF Shielded Room chapter. added side Service Access Requirement. added section with reference to
Direction 5182674 GE Healthcare Signa MRI Scanners Customer Site Storage Requirements for size
and weight of surface coils and phantoms that require customer provided storage locations. SPT Phan-
tom Set Shipping/Storage Cart information included in Customer Site Storage Requirements subsec-
tion.
 
Site Environment Chapter:  Ventilation Requirements/Recommendations table reformatted for 1 column
with numbered list of requirements. Incorporated Magnet Room ventilation switch placement require-
ment (removed from RF Shielded Room Chapter).
 
Interconnect Data Chapter:  Reformatted Introduction section so subsections are now included in di-
rection table of contents.
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Date
 

Description
 

RF Shielded Room Chapter:  major changes incorporated:

• Rewrote entire section to simplify requirements, used feedback from Project Managers - Installa-
tions and Zone Support Engineers.

• Same levelness dimension requirements for all Magnet Room floor areas.

• Metal access floor time are NOT allowed in Magnet Room.

• Illustration revised to show recessed area with Vibroacoustic mats projected locations.
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5 April 2007
 

Interconnect routing requirements moved to Table titled “MR System Interconnects Routing Require-
ments/Recommendations”, row titled “Magnet Room” from RF Shielded Room Requirements table. Also
reworded moved requirements: - added anchors to mechanical fasteners list and clarified mechanical
fastener not allowed within 2 ft (0.61 m) of Gradient Cables; - added unsecured or overlapped electrically
conductive materials not allowed withing 2 ft (0.61m of Gradient Cables. [Resolution for iTrak 13067413,
iTrak 13066436]. RF Shielded Room Requirements table, Construction row deleted note concerning
access floor since that material is not allowed in Magnet Room [iTrak 13076809].

 
Room Layout dimensions revised for new OW Table configuration.
 
Site Environment requirements changed to DC Lighting required in Magnet Room and additional re-
wording for clarification of requirements [iTrak 13068863].
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25 July 2008
 

Update Preinstall introduction; Pre-Installation Checklist updated and moved to final chapter in book;
Glossary moved to Appendix; Cabling and Interconnection Updates: MCAT - PQR13131624, PCN
290178; Van Manufacturer Update; Proximity Limits Table; Update Minimum Room Size: Site Deviation
Process; Update Two Magnet Installation Drawing Missing "Magnet Interaction"; Update BRM Cart
Drawing Update length; VibroMat/Surface Mount: PQR13172417, 13066434, 13066774; White Pixel:
CSO and PQR13173912, 13066429; Water Chiller Update to simplify PQR13151021; EMC Update;
Removed Altitude Chapter; Design Center Issues PQR13101088; Acoustic Specifications:
PQR13121153; Cryogenic Venting/Cryogen Vent Sidewall Exit; Update for HDxt
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01 May 2009
 

Updated for : iTraks: 13210075: Removed high-resistance flooring requirement; 13209995; 13248165,
requirement 3.8.6.a is for 1.5T Twin and 3.0T only. Sprs MRIhc 40347 and MRIhc 40422: Update to
Required Power section. Other: Updated the following sections to match DV formatting, 2, 3.3, 4.5.1,
8.6.5.4. Removed “Tools and Test Equipment” section; Combined “Power Interconnects” section into
Power Distribution” section to remove repeated information.
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Chapter 1  Pre-Installation Introduction

1  Pre-Install Manual Introduction

PERSONNEL INJURY OR EQUIPMENT FAILURE
FAILURE TO IMPLEMENT ALL REQUIREMENTS AND ADHERE TO ALL
SPECIFICATIONS IN THIS MANUAL MAY RESULT IN PERSONAL INJURY,
EQUIPMENT DAMAGE, SCAN FAILURE, OR WARRANTY VOID.

THE IMPLEMENTATION OF ALL REQUIREMENTS AND ADHERENCE TO ALL
SPECIFICATIONS IN THIS MANUAL IS THE RESPONSIBILITY OF THE
CUSTOMER OR THEIR ARCHITECT AND ENGINEERS. REFER ANY
QUESTIONS TO THE GE HEALTHCARE PROJECT MANAGER OF
INSTALLATION (PMI).

The site must comply with all local and National codes and regulations.

1.1  Document Purpose

This pre-installation manual provides the necessary information to prepare a site for system
installation. Specifically, this manual provides information:

1. For the site to meet system requirements

2. For the effective arrangement and interconnection of system components

1.2  Intended User

The primary user of this manual is the installation or architectural planner who has knowledge of
the following:

1. MR nomenclature, system functions, and general characteristics

2. National and local building codes

3. Customer site procedures (medical, MR, safety, etc.)

4. Any special architectural requirements (e.g., seismic codes)

1.3  Document Overview

This manual describes requirements and specifications for the following:

1. General System Requirements

2. Shipping and Delivery
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3. Magnet Room

4. Equipment Room

5. Control Room

6. Interconnects
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Chapter 2  System Configuration

1  Upgrades 3.0T Configurations Introduction

NOTE: The upgrade information in this manual does not include changing the existing system
magnet. If a new magnet is being planned, then a site must comply with the
specifications in the appropriate MR system configuration latest released revision of
the pre-installation manual.

Magnetic Resonance (MR) 3.0T system upgrades to Signa HDxt hardware that may have site
impacts are documented throughout this manual. A specific upgrade hardware content is
dependent on the configuration of the system being upgraded. Refer to the appropriate section
listed below for an overview of the upgrade hardware content; refer to the remainder of this manual
for upgrade requirements.

• Signa HDxt 15x Upgrades:
○ 16 Channel Upgrade

○ 32 Channel Upgrade

• Signa EXCITE HD 12.x to Signa HDxt Upgrades

• Signa EXCITE 11.x to Signa HDxt Upgrades

• Signa Pre-EXCITE with 3.0T94 to Signa HDxt Upgrades

NOTE: Only catalogs that include hardware are documented in this manual.

The upgrades documented in this manual do not include changing the existing
system magnet. If a new magnet is being planned, then a site must comply with the
specifications in the appropriate MR system configuration latest released revision
of the pre-installation manual.
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2  Signa HDx 3.0T Upgrades

2.1  16 Channel Upgrade

Illustration 2-1 shows the equipment modified.

Illustration 2-1:  Signa HDxt 3.0T 16 Channel Upgrade Modified Equipment
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2.2  32 Channel Upgrade

Illustration 2-2 shows the equipment modified.

Illustration 2-2:  Signa HDxt 3.0T 32 Channel Upgrade Modified Equipment
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3  Signa EXCITE HD Release 12.x to Signa HDxt Upgrades

Signa EXCITE 3.0T (Release 11.x) systems upgraded to EXCITE HD Release 12.x
cabinet configuration is not the same as a new (forward production) Signa EXCITE
HD 3.0T. The Signa EXCITE HD upgrades modified many of the Release 11.x
existing system equipment cabinets. Therefore, determine the Release 12.x
configuration of the system to determine the Release 15.x upgrade catalogs
required.

The HDxt 3.0T (Release 15.x) upgrade for an existing Signa EXCITE 3.0T (Release 11.x) system
with LCC300 Magnet or an existing Signa 3.0T with EXCITE Technology (Release 11.x) with 3T/
94 Magnet performs modifications to the existing system equipment and cabinets. Table 2-1 lists
the illustration that shows the Major Equipment configuration for the various Signa EXCITE HD
forward production or upgraded systems.

Table 2-1:  Signa EXCITE HD (Release 12.x) to Signa HDxt (Release 15.x) Major Equipment
Configurations

Existing Signa EXCITE HD (Release 12.x) Configuration
 

Upgraded Signa HDxt Final Sys-
tem Major Equipment

 
Forward production Signa EXCITE HD 3.0T
 

Illustration 2-3
 

Release 11.x Signa EXCITE 3.0T with LCC300 Magnet upgraded to EXCITE HD
 

Illustration 2-4
 

Release 11.x Signa EXCITE 3.0T with 3T94 Magnet upgraded to EXCITE HD
 

Illustration 2-5
 

Illustration 2-6 shows the equipment modified and added by the upgrade.
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Illustration 2-3:  Signa EXCITE HD 3.0T Forward Production Release 12.x Upgraded to Release
15.x Major Equipment
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Illustration 2-4:  Release 11.x Signa EXCITE 3.0T with LCC300 Magnet Upgraded to EXCITE HD
Upgraded to Release 15.x Major Equipment
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Illustration 2-5:  Release 11.x Signa EXCITE 3.0T with 3.0T94 Magnet Upgraded to EXCITE HD
Upgraded to Release 15.x Major Equipment
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Illustration 2-6:  Signa EXCITE HD 3.0T Release 12.x to Release 15.x Upgrade Modified
Equipment
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4  Signa EXCITE 11.x to Signa HDxt Upgrades

Release 11.x systems upgraded to Release 15.x final cabinets configuration is not
the same as a new Signa HDxt 3.0T. Many of the existing system equipment
cabinets are modified by the Signa HDxt upgrade.

The HDxt 3.0T (Release 15.x) upgrade for an existing Signa EXCITE 3.0T (Release 11.x) system
with LCC300 Magnet or an existing Signa 3.0T with EXCITE Technology (Release 11.x) with 3T/
94 Magnet performs modifications to the existing system equipment and cabinets. Illustration
2-7 and Illustration 2-8 the systems major equipment after a Release 11.x to Release 15.x upgrade
is completed.

• Release 11.x with LCC300 Magnet see Illustration 2-9

• Release 11.x with 3.0T/94 Magnet see Illustration 2-10
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Illustration 2-7:  Release 11.x Upgrade To Release 15.x System With LCC300 Magnet Major
Equipment
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Illustration 2-8:  Release 11.x Upgrade To Release 15.x System With 3T94 Magnet Major
Equipment
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Illustration 2-9:  Release 11.x To Release 15.x System With LCC300 Magnet HDxt Upgrade
Modified Equipment
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Illustration 2-10:  Release 11.x To Release 15.x System With 3.0T94 Magnet HDxt Upgrade
Modified & Added Equipment
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5  Signa Pre-EXCITE with 3.0T94 to Signa HDxt Upgrades

Illustration 2-11 shows the Pre-EXCITE Signa with 3.0T94 Magnet system's major equipment after
HDxt (Release 15.x) upgrade.

Illustration 2-11:  Pre-EXCITE SIGNA 3T94 VH3 Upgraded to Release 15.x System Major
Equipment

The equipment modified and added is shown in Illustration 2-12.
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Illustration 2-12:  Pre-EXCITE Signa with 3.0T94 Existing Hardware Replaced or Modified by HDxt
Upgrade
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6  Additional System Options

This section lists options not listed in the upgrade catalogs flowcharts that have site planning
impact.

• Integrated Patient Comfort Module (IPCM) Option (M3033LH) for LCC300 Magnet ONLY: The
IPCM option adds a bore liner to the inside diameter of the RF Body Coil. The bore liner directs
chilled air from the Chilled Air Blower (CAB) to the inside diameter of the RF Body Coil. The
IPCM Option provides the following hardware components:
○ Chilled Air Blower (CAB) shown in Illustration 2-13

○ Chilled Air Blower Main Disconnect Panel (CAB-MDP) shown in Illustration 2-13

NOTE: The CAB-MDP requires an additional power feed, not powered from the MR
System MDP or PDU.

○ Thermal bore liner assembly

○ Modified penetration panel waveguide

○ Bridge with notched sides

○ Bore liner hardware including hoses and connectors

○ IPCM option key

Illustration 2-13:  IPCM Cabinet and Panel
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7  Relocatable Upgrade

Relocatable MR system upgrade catalogs are listed in the previous upgrade sections.

In addition to the system, the van may also need to be upgraded to accommodate the MR system
upgrades. It is the customer's responsibility to arrange with the appropriate van manufacturer for
any upgrade to be performed.

• Customer must contact van manufacturer to determine if the modular building upgrade is
needed, obtain quote of costs and timing, and schedule for van/system upgrade. Refer to Van
Manufacturers Contact Information.

• Customer is responsible for working with the van manufacturer for modular building upgrade
costs.

• MR system check and final calibrations will be performed by GE Field Service.
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8  Van Manufacturers Contact Information

• Ellis & Watts
4400 Glen Willow Lake Lane
Batavia, OH 45103
Telephone: 513-752-9000
FAX: 513-752-4983 USA

• PDC Facilities
700 Walnut Ridge Drive, PO Box 900
Hartland, WI 53029-0900
Telephone: 262-367-7700
FAX: 262-367-7744 USA

• SMIT Mobile Equipment
Buys Ballotstraat 6
3261 La Oud-Beijerland
Holland
Telephone: (31) 186-6-14322
FAX: (31) 186-6-19367

• Oshkosh Specialty Vehicles
16745 South Lathrop Avenue
Harvey, IL 60426
Telephone: 708-596-2480
FAX: 708-596-2480 USA
http://www.oshkoshsv.com//contactus.aspx
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Chapter 3  Room Layouts

1  Magnetic Field Proximity Limits

The table below lists stationary equipment known to be sensitive to high magnetic fields. The table
is provided as a guide only. Actual Gauss limits are equipment specific and must be determined
during the site planning process. Refer to Magnetic Field to define the magnetic field plots. Also
refer to Changing Magnetic Environment Specifications for requirements for moving object
sensitivity, including automobiles, elevators cages, etc.

Table 3-1:  Magnetic Proximity Limits

Gauss (mT) Limit
 

Equipment
 

0.5 gauss (0.05mT)
 

Nuclear camera
 

1 gauss (0.1mT)
 

Positron Emission Tomography scanner
 

Video display (tube)
 

Linear Accelerator
 

CT scanner
 

Cyclotrons
 

Ultrasound
 

Accurate measuring scale
 

Lithotriptor
 

Image intensifiers
 

Electron microscope
 

Bone Densitometers
 

Nuclear Camera (Discovery NM530c)
 

3 gauss (0.3mT)
 

Power transformers
 

Main electrical distribution transformers
 

5 gauss (0.5mT)
 

Cardiac pacemakers
 

Biostimulation devices
 

Neurostimulators
  

 
10 gauss (1mT)
 

Magnetic computer media
 

Telephone switching stations
 

Hard copy imagers
 

Water cooling equipment
 

Line printers
 

HVAC equipment
 

Video Cassette Recorder (VCR)
 

Major mechanical equipment room
 

Film processor
 

Credit cards, watches, and clocks
 

X-ray tubes
  

 
Large steel equipment, including:
 
Emergency generators
 

Air conditioning equipment
 

Commercial laundry equipment
 

Fuel storage tanks
 

Food preparation area
 

Motors greater than 5 horsepower
 

50 gauss (5mT)
 

Metal detector for screening
 

Telephones
 

LCD panels
  

 
No Limit
 

Digital Detectors
  

 
Note: Recommended limits given above are based on general MR site planning guidelines. Actual susceptibility of specific devices may vary
significantly depending on electrical design orientation of the device relative to the magnetic field and the degree of interference considered
unacceptable.
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2  Multiple MR Systems

2.1  Two Magnet Site Layout

Sites planning to install multiple magnets, independent of the MR supplier, must ensure the 3
gauss lines of each magnet do not cross. Crossover of one MR magnets 3 Gauss line into another
MR magnet 3 gauss line will result in service or down time for both machines when shim or magnet
ramps are performed.

Illustration 3-1:  Two Magnet Installation
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2.2  Equipment Room Shared by Multiple MR Systems

2.2.1  Introduction

When an Equipment Room is shared by more than one MR system of the same field strength there
is a potential for cross-talk of RF energy between the MR systems. RF cross-talk may cause noise
artifacts in images. Proper planning and installation of the multiple systems in the shared
Equipment Room can reduce the potential for cross-talk.

The potential for cross-talk exists when the RF transmit cables and equipment of two or more MR
systems are located in the same Equipment Room. For example, when one system is transmitting,
the other system could be in receive mode and therefore pick up the RF energy being transmitted.

NOTE: Cross-talk may also occur between GE Healthcare and non-GE MR Systems with the
same field strength.

The RF Shield of the Magnet Room for each system must meet the RF Attenuation
specifications in Chapter 8, RF Shielded Room Specifications.

The following subsections provide requirements for shared Equipment Room design, layout, and
installation which reduce the potential for RF cross-talk.

2.2.2  Equipment Cabinets Relative Locations

The following are requirements for locating equipment cabinets of one MR system relative to the
other MR system equipment cabinets.

• Maximize separation distance between the RF transmitter (RF Amplifier) of one MR system
and the RF receiver (RRF Chassis) of the other MR system of the same field strength.

• The RF transmitter (RF Amplifer) of one MR system and the RF receiver (RRF Chassis) of the
other MR system of the same field strength must be separated by a minimum of > 6.6 feet (2
meters) in all directions, see Illustration 3-2 and Illustration 3-3.

• Signa HDx 3.0T (Release 14.x) and Signa EXCITE 3.0T (Release 12.x): the RF Amplifier is
located in the NB RF Amp Cabinet and the RRF Chassis is located in the RFS Cabinet.
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Illustration 3-2:  Multiple Forward Production Release 15.x & Forward Production Release 12.x
Electronics Cabinets Spacing
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Illustration 3-3:  Multiple Forward Production Release 15.x & Upgraded Release 12.x Electronics
Cabinets Spacing

2.2.3  Penetration Panels Locations

The following are requirements for locating the RF Shielded Room Penetration Panel of one MR
system relative to the other MR system RF Shielded Room Penetration Panel.

All Penetration Panels must be located outside the 200 Gauss line.

There must be > 9.8 feet (3 meters) separation between the Penetration Panels of each system
sharing the Equipment Room space, see Illustration 3-4.
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Illustration 3-4:  Multiple MR Systems Penetration Panel Spacing

2.2.4  Excess System Cable Requirements

The following are requirements for locating and managing excess RF Receive and Transmit cables
of the MR systems sharing the Equipment Room.

• In the shared Equipment Room there must be > 6.6 feet (2 meters) separation between the
RF receive cables of one system and the RF transmit cable of the other system.

• There must be > 6.6 feet (2 meters) separation between the system interconnect cables of
each system sharing the Equipment Room space.

• Transmit cables in the Equipment Room must be cut to length to minimize excess cable length
reducing the potential for signal coupling with other cables. No excess transmit cable can be
stored in the Equipment Room.

• Receive cables excess length must be stored in a “figure 8" with overall dimension of <3.3 feet
(<1 meter), see Illustration 3-5.

Illustration 3-5:  Proper Storage Of Excess Receive Cables
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3  Minimum Delivery Route Sizes and Capacity

Enter descriptive content here.

Table 3-2 lists minimum actual clearance opening dimensions for doors and hallways required by
the MR system upgrade equipment. Installation or replacement of components listed in Table
3-2 must be taken into consideration when determining hallway and door dimensions. Clearance
for maneuvering around corners or turns must also be taken into consideration. Refer to Chapter
9, Shipment for upgrade components shipping dimensions.

Table 3-2:  Minimum Hallway/Door Dimensions

Component
 

Minimum Hallway/
Door Width*

 

Minimum Hallway/
Door Height*

 Comments
 in.

 
mm
 

in.
 

mm
 

Operator Workspace Table
 32

 
813
 

80
 

2032
 

 
 

Equipment Cabinets
 36

 
914
 

80
 

2032
 

 
 

Note * Minimum hallway and door dimensions are actual clearance openings. Width and height of rigging equipment is not included
in above dimension.
 

Table 3-3:  Component Dimensions For Installation/Replacement

Component
 

Approximate Weight lbs (kg)
 

Overall Dimensions W x D x H
in. (mm)

 
Comments

 
Split Bridge for LCC300 Magnet
Enclosure
 

40 (18)
 

21.5 x 77.3 x 7 (546 x 1969 x
177.8)

 

Room dimensions in front of the
Magnet MUST allow for bridge
installation/servicing and Gradi-
ent Coil Replacement.
 

Bridge for 3T94 Magnet Enclo-
sure
 

90 (39)
 

19.5 x 159 x 6 (495 x 4039 x
152.4)

 

Room dimensions in front of the
Magnet MUST allow for bridge
installation/servicing and Gradi-
ent Coil Replacement.
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4  MR System Interconnects Routing

The customer, architect/consultant, and contractor must meet the requirements in Table 3-4.

NOTE: Existing cable troughs and covers must be meet the requirements in this section.

Table 3-4:  MR System Interconnects Routing Requirements/Recommendations

Area
 

Requirements
 

Entire MR System
 1. Must protect fiber optic interconnects, water lines, hoses and tubing from physical damage including liquids

(i.e. condensation, coolants, etc.)

2. MR system cable routing must accommodates cable connector.

a. Raceway or conduit for routing interconnects must be sized to allow for the dimension of the con-
nectors.

b. Raceway or conduit always to be sized to allow the cable to pass through with all other cables already
installed.

3. The MR system interconnect cables are FT4 or equivalent rated, not plenum rated.

4. If the area under any access floor is used for an air plenum then the cables may have to be in raceway
depending on local and national codes.

5. MR system interconnects must be accessible for equipment servicing.
 

Magnet Room
 1. Metal access floor tiles are NOT allowed anywhere in the Magnet Room, refer to requirements in Chapter

8, Magnet Room Floors.

2. Only non-magnetic metal material can be used when routing cables in the Magnet Room.

3. Any electrically conductive materials utilized for interconnects routing (i.e. raceway, access flooring) must
comply with Chapter 8, RF Shielded Room Requirements to minimize the possibilities of electrical discharge
which can cause RF broadband noise.

a. All electrical and mechanical connections and fasteners including screws, nails, nuts, bolts, clips
clamps, concrete anchors, seismic anchors, etc. must be tightened and secured to supplier specifi-
cations so as not to become a potential broadband noise source.

b. No mechanical fasteners are allowed within 2 feet (0.61 m) of the Gradient Cables inside the RF
Shield due to the potential of screws and metal interaction becoming a source of broadband noise.

c. Unsecured or overlapped electrically conductive materials (e.g., cable routing dividers, trough/duct z-
joints) must not be located within 2 feet (0.61 m) of the Gradient Cables.

d. RF broadband noise can be avoided with quality design and construction that will remain solid over
time and usage (i.e. no loose or micro vibrating materials).

e. Liners must be continuous lengths, no butt joints, or seams.

f. Metal covers must be continuous.

g. All fasteners must be solid locking devices such as t-nuts, PEM nuts or welded nuts; no self tapping
screws allowed (e.g., fastening metal covers to liners).

4. Floor or wall ducts/raceways used in the Magnet Room must meet the requirements in Chapter 8, RF
Shielded Room Requirements and Chapter 8, Floors.

5. Cable routing methods must not interfere with an unobstructed path from the Patient Table to the area
directly behind the Magnet Enclosure Rear Pedestal for MR personnel usage.

 
Recommendations

 
• Raceway or conduit for routing interconnects should be oversized to allow for the possiblity of additional cables being added as the system

is upgraded in the future.

• Conduit should not be used for running the majority of GE MR system cables in the Magnet Room due to the number and size of conduits
needed.
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5  Flooring

Flooring consists of all materials above the structural floor support including subflooring and
equipment support/mounting. Refer to Table 3-5 for requirements and recommendations.

Table 3-5:  MR System Flooring Requirements/Recommendations

Area
 

Requirements
 

Recommendations
 

Entire MR System
 • Flooring materials must support the MR system equipment

weight, refer to Floor Loading.

• Floors must support the equipment and any transport de-
vice needed to move the equipment.

• Flooring throughout the system including Magnet Room
must be in accordance with local and national codes.

• Floor design must consider the MR system interconnect ca-
bles are FT4 or equivalent rated, not plenum rated.

 

The area under access flooring if used for an
air plenum is recommended to provide a min-
imum 10 in. (254mm) of clear space. Cabling,
plumbing (water lines), etc. routed under the
access floor may affect air flow and needs to
be considered if used as an air conditioning
plenum.
 

Magnet Room
 

Refer to Chapter 8, Magnet Room Floors
 

Signa HDxt, HDx 3.0T Upgrades Pre-Installation
GE Healthcare Direction 5159905, Revision 6.0

Chapter 3  Room Layouts 49



6  Upgrades Special Siting Considerations

6.1  System Monitoring and Support Connectivity

One of the system monitoring and support connectivity configurations listed inTable 3-6 must be
provided for system installation and serviceability purposes. The broadband network connection
and telephone lines are to be provided and paid for by the customer.

Table 3-6:  System Monitoring & Support Connectivity Requirements

Configuration
 

Connection Type
 

Use/Location
 

Broadband Network Connection &
Telephone Line (Recommended)
 

Two Broadband Internet Accessible connections
with individual Static IP addresses

See Note 1
 

One access located near the Operator Workspace
(OW) in the Control Room (RJ45 wall mounted con-
nection minimum speed of 10Mbps).
 
One access located near the Magnet Monitor
(MSM1) in the Equipment Room for remote moni-
toring of magnet pressure levels. This Broadband
connection must not lose power when the MR sys-
tem is shutdown (RJ45 wall mounted connection
minimum speed of 10Mbps, with Internet access).
 

One voice-grade telephone line (voice line)
 

Available for Service Personnel use, located in the
Control Room
 

Multiple telephone lines (Alternate)
 

One voice-grade telephone line (voice line)
 

Available for Service Personnel use, located in the
Control Room
 

One line must be a dedicated direct-distance-dialing
voice-grade line (data line)
 

Access located near the Operator Workspace (OW)
in the Control Room. See Notes 2 & 3. (Standard
RJ-11 connection is required)
 

One line must be a dedicated direct-distance-dialing
voice-grade line (data line)
 

Access located near the Magnet Monitor (MSM1) in
the Equipment Room for remote monitoring. See
Notes 2 & 3. (Standard RJ-11 connection is re-
quired )
 

Notes

1. For Europe:  An ISDN Connection with static IP address may be substituted for Broadband Internet Accessible connections.

2. A dedicated direct-distance-dialing voice-grade telephone line can be shared for Operator Workspace (OW) and Magnet Monitor (MSM1)
requirement through the use of a multiplexer box. The following multiplexer boxes are available for customer purchase.
46-328475P1 4 Line Phone Multiplexer box; 115 VAC input power
46-328475P3 4 Line Phone Multiplexer box; 220 VAC input power
If the customer chooses not to purchase the multiplexer box then the customer must provide an additional line for each requirement as
stated in this table.

3. If a Multiplexer Box is used then the Magnet Monitor MUST be Channel 1 to allow for call out after a power outage.
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6.2  Customer Site Storage Requirements

The MR system has several system accessories such as system phantoms and surface coils.
There are many optional surface coils available. Storage space for system accessories and
supplies must be planned for and included in room layout drawings. Contact the GE Healthcare
Project Manager of Installation for specific information.

SPT Phantom Set Shipping and Storage Cart is provided as part of the MR system. System
Performance Test (SPT) provides the customer and GE Service with a means to quickly verify
whether critical parameters affecting image quality are within specifications. The test uses a set a
phantoms and a nesting plate for proper positioning of the phantoms on the Patient Table. The
phantom set and nesting plate are provided on a cart which protects the pieces during shipment
and storage at site. The cabinet is not magnetic therefore it can be stored inside the Magnet Room
if so desired and moved to the Patient Table for ease of positioning the phantoms. SeeIllustration
3-6 for cart dimensions information.
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Illustration 3-6:  SPT Phantom Set Shipping/Storage Cart
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6.3  IPCM Option For LCC300 Magnets ONLY

Integrated Patient Comfort Module (IPCM) Option consists of hardware and software that can be
used in combination with fMRI scanning. The IPCM Option hardware consists of the Chilled Air
Blower (CAB), CAB Main Disconnect Panel (CAB-MDP), Bore Liner hardware, modified
Penetration Panel waveguide, Bridge with notched sides, Bore Liner hardware including hoses
and connectors, and IPCM Option Key.

The CAB provides chilled air to the 2 piece Bore Liner via an air hose routed through the
Penetration Panel (provided waveguide) to the back end of the Rear Pedestal. At the Rear
Pedestal additional provided hardware, hoses and connectors are used to connect the air hose to
both pieces of the Bore Liner.

NOTE: The CAB-MDP is not powered from the MR system MDP or PDU and therefore requires
facility provided power. The CAB-MDP must also be connected to the MR system MDP
Emergency Power Off control circuit via a customer supplied cable.

The CAB-MDP requires customer supplied facility power. Customer supplied Emergency Power
Off control wiring is required between the CAB and CAB_MDP. Refer to Chapter 6, IPCM Option
Power Requirements for power specifications.

The CAB requires airflow clearance for front, back, and top during operation. Refer to IPCM
Option for dimensions information.
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7  Floor Loading

It is the responsibility of the customer to obtain any and all approvals necessary for
the construction of equipment support and seismic anchoring.

7.1  MR System Components

Refer to weight and dimensions shown in the illustrations of the upgrade components for the
upgrade catalogs listed in Component Dimensions.
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8  Upgrade Component Dimensions

8.1  Component Dimensions

To assist in completing your room layout, refer toTable 3-7 for the list of component illustrations
and the upgrade catalog numbers which provide the new components. Included are items which
may impact site layout or need to be taken into consideration when determining delivery route.
Modifications to existing cabinets are not included. Catalogs may list the same equipment but differ
due to other modification hardware.

Table 3-7:  Component Information Listed By Upgrade Catalog

Upgrade Cata-
log
 

Equipment
 

Dimension Information Location
 

M3033LH
 

Integrated Patient Comfort Module (IPCM) Op-
tion
 

IPCM Option
 

M3334WH
 

Broadband RF Amplifier Cabinet
 

Broadband RF Amplifier Cabinet For 8KW MNS Option
 

M3335JP

M3335JR

M3335JZ

M3335K

M3335KA

M3335KB

M3335KC

M3335KD

M3335KE
 

Keyboard
 

Operator Workspace
 

M3335JS
 

Host Display Monitor
 

Host Display Monitor illustration in Operator Workspace
 

M3335PW
 

32 Channel Cabinet
 

32 Channel Cabinet Option
 

M3335RA
 

GOC Cabinet
 

Operator Workspace
 

M3335S
 

3T94 Magnet Enclosure Bridge
 

3T94 Magnet Enclosure Bridge
 

GOC Cabinet, mouse and pad, SCSI Tower
 

Operator Workspace
 

Pneumatic Patient Alert
 

Pneumatic Patient Alert
 

HFD/PDU Cabinet
 

HFD/PDU Cabinet (MR3)
 

3.0T RFS Cabinet
 

RFS Cabinet (MR2)
 

Penetration Panel
 

Penetration Panel
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8.2  IPCM Option

Magnetic Field Limit: 30 Gauss (3 mT)

Illustration 3-7:  Chilled Air Blower (CAB)
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Illustration 3-8:  Chilled Air Blower-Main Disconnect Panel (CAB-MDP)
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8.3  Broadband RF Amplifier Cabinet For 8KW MNS Option

Magnetic Field Limit: 50 Gauss (5 mT)

Illustration 3-9:  Broadband (BB) RF Amplifier Cabinet (MR9) - 8KW MNS Option
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8.4  Operator Workspace

Magnetic Field Limit: 50 Gauss (5 mT)

Illustration 3-10:  Operator Workspace (OW1) Overall Dimensions
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Illustration 3-11:  GOC Computer Cabinet (OW1 A2)
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Illustration 3-12:  Operator Workspace Components Position on Table Top - Host Display

Illustration 3-13:  Operator Workspace Components Position on Table Top - Keyboard
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8.5  32 Channel Cabinet Option

Magnetic Field Limit: 30 Gauss (3 mT)

Illustration 3-14:  3.0T 32 Channel Cabinet
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8.6  3T94 Magnet Enclosure Bridge

Illustration 3-15:  3T94 Magnet Enclosure Bridge
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8.7  Pneumatic Patient Alert

Magnetic Field Limit: 100 Gauss (10 mT)

Illustration 3-16:  Pneumatic Patient Alert Control Box (PA1)
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8.8  HFD/PDU Cabinet (MR3)

Magnetic Field Limit: 50 Gauss (5 mT)

Illustration 3-17:  HFD/PDU Cabinet (MR3)

Signa HDxt, HDx 3.0T Upgrades Pre-Installation
GE Healthcare Direction 5159905, Revision 6.0

Chapter 3  Room Layouts 65



8.9  RFS Cabinet (MR2)

Magnetic Field Limit: 30 Gauss (3 mT)

Illustration 3-18:  HDxt 3.0T RFS Cabinet
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8.10  Penetration Panel

Magnetic Field Limit: 200 Gauss (20 mT)

NOTE: The entire Penetration Panel must be outside the 200 Gauss (20 mT) line.

Illustration 3-19:  Penetration Panel (PP1)
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Chapter 4  Magnetic Field Considerations

1  Upgrades Magnetic Field Considerations

The upgrade catalogs documented in this manual do not change the existing magnet. Magnetic
Field Considerations remain the same as specified in the latest revision of the existing system pre-
installation document.
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Chapter 5  Site Environment

1  Introduction

Equipment Failure
Failure to maintain the required temperature or humidity at all times (i.e., both
working and non-working hours) may result in equipment failure, scanning failure,
or warranty void.

Ensure the HVAC system has the correct capacity for the room size, equipment
heat output, and environmental conditions to maintain proper temperature and
humidity.

The magnet, equipment room and operators rooms must be designed to maintain specific
environmental limits for proper use of the MR System.
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2  IEC EMC Compliance

Per IEC 60601-1-2 Edition 2 Medical Electrical Equipment requires special precautions regarding
Electromagnetic Compatibility (EMC) and must be installed and put into service according to the
EMC information provided in the following tables. Full declaration is stored on-site in the user
manual delivered with the system.

The MR system is designed and tested to the following standards:

Table 5-1:  Guidance And Manufacturer’s Declaration – Electromagnetic Emissions

Emisions Test
 

Type of Test
 

Compliance Level
 

CISPR 11
 

Conducted Emissions
 

Class A Group 2
 

Radiated Emissions
 

Class A Group 2
 

IEC 61000-4-3
 

E-Field RF Immunity
 

80-2500 MHz, 5 V/m with AM 80% @ 1kHz or 2 Hz
 

Table 5-2:  Guidance And Manufacturer’s Declaration – Electromagnetic Immunity

Immunity test
 

IEC 60601 test level
 

Compliance Level
 

Electrostatic discharge (ESD) IEC
61000-4-2
 

±8 kV air
 

Air 2, 4, 6, 8, 10kV
 

±6 kV contact
 

Contact 2, 4, 6, 8kV
 

 
 

Coupling Plane 2, 4, 6, 8kV
 

Electrical fast transient / burst IEC
61000-4-4
 

±2 kV for power supply lines
 

Power Lines 3kV
 

±1 kV for input/output lines
 

Interconnect Cables 1.5kV
 

Surge IEC 61000-4-5
 

±2 kV common mode
 

Common Mode ±2 kV
 

±1 kV differential mode
 

Differential ±1 kV
 

Power Frequency (50/60Hz) magnetic
field IEC 61000-4-8
 

3 A/m
 

4.5A/m at 50 Hz. and 60 Hz.
 

Voltage dips, short interruptions and volt-
age variations on power supply input lines
IEC 61000-4-11
 

<5 % UT (>95 % dip in UT) for 5 sec
 

5 sec @ >-95%, Each phase individually
 

Conducted RF IEC 61000-4-6
 

V1 = 3 Vrms 150 kHz to 80 MHz
 

0.15-80 MHz @5 VRMS with AM 80% @ 1kHz 1% Fre-
quency steps
 

Radiated RF IEC 61000-4-3
 

E1 = 3 V/m 80 MHz to 2,5 GHz
 

80-2500 MHz, 5 V/m with AM 80% @ 1kHz or 2 Hz
 

Signa HDxt, HDx 3.0T Upgrades Pre-Installation
GE Healthcare Direction 5159905, Revision 6.0

72 2  IEC EMC Compliance



3  Temperature and Humidity Specifications

This section lists the temperature and humidity specifications for the MR suite. Refer to Air
Cooling for heat load specifications.

3.1  System Suite

Equipment Failure
Failure to maintain the required temperature or humidity at all times (i.e., both
working and non-working hours) may result in equipment failure, scanning failure,
or warranty void.

Ensure the HVAC system has the correct capacity for the room size, equipment
heat output, and environmental conditions to maintain proper temperature and
humidity.

Use the specifications listed in Table 5-3 for designing your HVAC (heating, ventilation, and air
conditioning) system. Proper insulation and moisture barrier should be installed within the
environmental controlled space (e.g. area above drop ceiling) for humidity, condensation, and
temperature control.

Table 5-3:  Temperature And Humidity Specifications

Area
 

Temperature
 

Humidity
 

Max. Room Gradient °F
(°C)
 Range °F (°C)

 
Change °F/Hr (°C/

Hr)
 

Range %
 

Change %/Hr
 

Equipment Room at In-
let to Equipment
 

59-89.6* (15-32)*
 

5 (3)
 

30-75*
 

5
 

5 (3)**
 

Magnet Room
 

59-69.8 (15-21)
 

5 (3)
 

30-60*
 

5
 

5 (3)
 

Operator's Control
Room
 

59-89.6* (15-32)*
 

5 (3)
 

30-75*
 

5
 

5 (3)
 

Note

* Non-condensing humidity with 50% nominal at 65°F (18.3°C).

** Room temperature gradient specification applies from floor to height of top discharge of equipment cabinets.
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4  Air Cooling Specifications

The following table contains the heat output of the equipment listed in the typical site location.
These values do not include people, lights and non-MR equipment. Actual site average values will
vary depending on system use (e.g., protocols used, patient load, etc.). Note any variations of
equipment location for your site when calculating your cooling requirements for each room.

Table 5-4:  G3 System with LCC300 Magnet Maximum Heat Output For Air Cooling *

MR Component
 

Magnet Room

See Note 1 listed below
 

Equipment Room

See Note 2 listed below
 

Operator/Control
Room

 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

RF/Gradient Body Coil Assembly, Mag-
net Enclosure Equipment
 

8189
 

2400
 

 
 

 
 

 
 

 
 

Patient Blower Box
 1366

 
400

 
 
 

 
 

 
 

 
 

Penetration Panel
  

 
 
 

324
 

95
 

 
 

 
 

GE Main Disconnect Panel
  

 
 
 

900
 

264
 

 
 

 
 

NB RF Amp Cabinet
  

 
 
 

21,336
 

6253
 

 
 

 
 

3.0T RFS Cabinet
  

 
 
 10,263

 
3005

 
 
 

 
 

HFD/PDU Cabinet
  

 
 
 

34,120
 

10,000
 

 
 

 
 

Twin Accessory Cabinet
  

 
 
 

2354
 

690
 

 
 

 
 

Magnet Monitor
  

 
 
 

205
 

60
 

 
 

 
 

Operator Workspace with LCD Color Dis-
play (See Note 3)
 

 
 

 
 

 
 

 
 

4950
 

1450
 

Shield/Cryo Cooler Compressor (Water
Cooled)
 

 
 

 
 

Heat dissipation to air neglible
requires water cooling, See

Note 4
 

 
 

 
 

Air-Cooled Cryocooler Compressor

External Transformer
 

 
 

 
 

28,320

820
 

8300

240
 

 
 

 
 

Water cooled GWHX** option for provid-
ing Gradient Coil water cooling (requires
site provided cooling for Shield Cooler
Compressor) (See Note 4)
 

 
 

 
 

1707
 

500
 

 
 

 
 

MRCC** option for providing Gradient
Coil water cooling (See Note 4)
 

 
 

 
 

57,320
 

16,800
 

 
 

 
 

MRCC** option for providing Shield/Cryo
Cooler Compressor water cooling (See
Note 4)
 

 
 

 
 

52,550
 

15,400
 

 
 

 
 

Magnet Monitor UPS ** & Modem **
  

 
 
 

450
 

132
  
 

 
 

3T MNS Cabinet for 4KW MNS option **
  

 
 
 

5118
 

1500
  
 

 
 

BB RF Amp Cabinet **
  

 
 
 

24,600
 

7205
  
 

 
 

BrainWave HW Lite Cabinet ** (see Note
5)
 

 
 

 
 

2337
 

685
  
 

 
 

DC Lighting Controller Panel **
  

 
 
 

1024
 

300
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MR Component
 

Magnet Room

See Note 1 listed below
 

Equipment Room

See Note 2 listed below
 

Operator/Control
Room

 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

DC Lighting Controller Autotransformer
**
 

 
 

 
 

171
 

50
  
 

 
 

Chilled Air Blower (CAB) for IPCM Option
**
 

 
 

 
 

14,330
 

4200
  
 

 
 

3.0T 32 Channel Cabinet **
 

 
 

 
 1281

 
375

 
 
 

 
 

Notes

* Maximum heat output is defined for temperature and humidity as defined in Temperature and Humidity Specifications.

** Optional equipment

1. Magnet Room must be an individual temperature zone controlled by a separate thermostat to allow for adjustments to meet
room specifications as listed in Temperature and Humidity Specifications. It is recommended that cool inlet air be directed
towards the Blower Box intake which contain a patient cooling fan.

2. FOR EQUIPMENT ROOM ONLY: Although the air cooling load averaged over a 12 hour working day is approximately 1/2 of
the maximum value, the Equipment Room HVAC system must be sized such that Maximum Room Gradient, Temperature
Range, Temperature Change per Hour, and Humidity specifications per Temperature and Humidity Specifications are not ex-
ceeded at any point during the working day. Actual heat output is site specific and dependent on the specific MR system
configuration and customer usage of the MR system and options.

3. Operator Workspace equipment includes the following: LCD Color Monitor, GOC Computer Cabinet, Workspace Cabinet,
Mouse and Mouse Pad, LCD Panel, and Keyboard.

4. The MR System requires water cooling for the Gradient Coil and the Shield/Cryo Cooler Compressor.

○ Gradient Coil water cooling must be supplied by cooling equipment (MRCC or GWHX) supplied with the MR system to
prevent contamination/damage to the coil and for proper image quality.

○ The Shield/Cryo Cooler Compressor water cooling can be provided by a second MRCC or by customer provided facility
water cooling. MRCC can be located outdoor or indoor.

5. Addition of 3rd party provided audio-visual equipment to the BrainWave HW Lite Cabinet may increase cabinet heat maximum
output to 2781 BTU/Hr (815 Watts).

 

Table 5-5:  3T System with 3.0T94 Magnet System Maximum Heat Output For Air Cooling *

MR Component
 

Magnet Room

See Note 1 listed below
 

Equipment Room

See Note 2 listed below
 

Operator/Control
Room

 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

RF/Gradient Body Coil Assembly, Shim
Coils, 3T94 Magnet Enclosure Equip-
ment
 

14,000
 

4100
 

 
 

 
 

 
 

 
 

Patient Blower Box
 3415

 
1000

 
 
 

 
 

 
 

 
 

Penetration Panel
  

 
 
 

324
 

95
 

 
 

 
 

GE Main Disconnect Panel
  

 
 
 

900
 

264
 

 
 

 
 

NB RF Amp Cabinet
  

 
 
 

21,336
 

6253
 

 
 

 
 

RFS Cabinet
  

 
 
 

8640
 

2532
 

 
 

 
 

BB RF Amp Cabinet*
  

 
 
 

24,600
 

7205
 

 
 

 
 

HFD/PDU Cabinet
  

 
 
 

34,120
 

10,000
 

 
 

 
 

Accessory Cabinet
  

 
 
 

24,600
 

7205
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MR Component
 

Magnet Room

See Note 1 listed below
 

Equipment Room

See Note 2 listed below
 

Operator/Control
Room

 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

BTU/hr
 

Watt
 

Operator Workspace with LCD Color Dis-
play (See Note 3)
 

 
 

 
 

 
 

 
 

4950
 

1450
 

Air-Cooled Cryocooler Compressor

External Transformer
 

 
 

 
 

28,320

820
 

8300

240
 

 
 

 
 

Shield/Cryo Cooler Compressor (Water
Cooled)
 

 
 

 
 

Heat dissipation to air neglible
requires water cooling, See

Note 4
 

 
 

 
 

Water Chiller (WC1) for Gradient Coil
  

 
 
 

14,000
 

4100
 

 
 

 
 

Notes

* Maximum heat output is defined for temperature and humidity as defined in Temperature and Humidity Specifications.

** Optional equipment

1. Magnet Room must be an individual temperature zone controlled by a separate thermostat to allow for adjustments to meet
room specifications as listed in Temperature and Humidity Specifications. It is recommended that cool inlet air be directed
towards the Blower Box intake which contain a patient cooling fan.

2. FOR EQUIPMENT ROOM ONLY: Although the air cooling load averaged over a 12 hour working day is approximately 1/2 of
the maximum value, the Equipment Room HVAC system must be sized such that Maximum Room Gradient, Temperature
Range, Temperature Change per Hour, and Humidity specifications per Temperature and Humidity Specifications are not ex-
ceeded at any point during the working day. Actual heat output is site specific and dependent on the specific MR system
configuration and customer usage of the MR system and options.

3. Operator Workspace equipment includes the following: LCD Color Monitor, GOC Computer Cabinet, Workspace Cabinet,
Mouse and Mouse Pad, LCD Panel, and Keyboard.

4. The MR System requires water cooling for the Gradient Coil and the Shield/Cryo Cooler Compressor.

○ Gradient Coil water cooling must be supplied by cooling equipment (WC1) supplied with the MR system to prevent con-
tamination/damage to the coil and for proper image quality.

○ The Shield/Cryo Cooler Compressor water cooling requires customer provided facility water cooling.
 

4.1  Requirements

The Magnet Room must be an individual temperature zone controlled by a separate thermostat
to allow for adjustments to meet room temperature specification as listed in Temperature and
Humidity Specifications. It is recommended that cool inlet air be directed towards the Enclosure
Rear Pedestal and Blower Box air intake for patient cooling.

4.2  Recommendations

A dedicated air conditioner with a dual compressor is preferred to avert shutdowns during repair
of the primary air conditioner. Due to the large variation in heat loads, the compressors should be
equipped with unloaders or hot gas bypass to prevent moisture stripping of the evaporator coils.

It is recommended that a temperature and humidity recorder be used during preinstallation and
during actual installation and placed near the Gradient Cabinet air inlets to establish the true
criteria. Refer to cooling table calculator in this section for each room's cooling requirements.

GE recommends the use of a 12 inch high raised flooring system for the equipment room (10 inch
minimum clearance from floor slab to underside of access flooring). Care must be taken in locating

Signa HDxt, HDx 3.0T Upgrades Pre-Installation
GE Healthcare Direction 5159905, Revision 6.0

76 4  Air Cooling Specifications



the air conditioning supply vents in the floor. The air conditioning supply vents should be located
directly in front of the cabinet inlets
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5  Lighting

Magnet Room Lighting requirements are listed in Table 5-6

Table 5-6:  Magnet Room Direct DC Lighting Requirements

Requirements
 

Fluorescent lighting is not allowed in the Magnet Room due to the RF noise generated by the fluorescent light tubes.

1. Direct Current (DC) lighting is required in the magnet room to avoid RF broadband noise impacts to image quality.
NOTE: Sites previously designed to the GE Pre-Installation Manuals released between 2000 and 2007, and did install AC Lighting, will
be allowed to continue to use the AC lighting they have in place. The expectation is that the sites which have installed AC Lighting have
MR Systems that are sensitive to AC lighting broadband noise. These sites are expected to have found site specific incandescent bulbs
that emit low levels of RF noise; low levels that are not measurable nor do they impact image quality . This subset of sites can continue
to use AC Lighting provided their system is RF broadband noise free. In cases where the AC lighting broadband noise surfaces as am
image quality concern, the site may then have no choice other then to replace the AC lighting with a DC controlled system.

2. Illumination of 300 lux around the front of the magnet for patient access.

3. Need to provide 300 lux above the magnet service work (non-magnetic, portable lighting is acceptable).

4. The AC ripple from the DC power should be not greater than 5%.

5. Discrete switch or variable lighting level DC Lighting Controller (GE option available refer to Chapter 6, DC Lighting Controller (Facility
Option)) must be used for selectable light levels. Dimmers (i.e. SCR, rheostats, etc.) are not allowed.

6. Lighting fixtures selection and installation must comply with requirements in Chapter 8, RF Shielded Room Requirements to minimize the
possibilities of electrical discharge.

7. Light fixtures must have a ground wire from its power source and be grounded to the RF Shielded Room at the RF Common Ground Stud
as shown in illustration in Chapter 6, Grounding System Ground subsection.

8. Light Emitting Diode (LED) lighting, if used, must meet the following:

a. Power source must be located external to the Magnet Room RF Shield.

b. All wiring, filters, and ground requirements must be met, refer to Chapter 6, Grounding System Ground subsection.

9. Battery chargers (e.g. emergency lighting) are required to be located outside the Magnet Room.
 

Comments
 

• Short filament length is recommended, linear lamps are not recommended because of the filament length and high incidence of filament
failure.

• Track lighting fixtures do not comply with light fixtures requirement listed above.
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6  MR Suite Acoustic Specifications

6.1  Acoustic Specifications

Acoustic information is only provided as a guide. The actual room noise level may vary based on
room design, optional equipment, and usage.

Table 5-7:  Acoustic Specifications

 
 

GE Equipment Acoustic Output
 

Notes
 

Control Room
 55 dBA

 
 
 

Equipment Room
 75 dBA

 
The 75 dBA level is for GE equipment only.
The Equipment room acoustic level must not
exceed 85 dBA
 

Magnet Room
 127 dBA

 
 
 

Refer to acoustic guidelines in Acoustic Design Guidelines

NOTE: All GE equipment acoustic output values are for base equipment configuration in each
room.

6.2  Structureborne Vibration Control Specifications

Structureborne acoustic issues tend to occur at MR installations above the ground floor of the
facility. Two options to mitigate structureborne acoustic transmission are:

• GE Healthcare provides an available VibroAcoustic Damping Option. Contact the GE
Healthcare Project Manager of Installation for information

• The customer may design and implement a custom solution. See Illustration 5-1 for a typical
example

NOTE: The amount of vibration attenuation provided by the VibroAcoustic Damping Option will
be site dependent.
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Illustration 5-1:  Customer Designed Structureborne Vibration Control Example
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7  Water Cooling Requirements

The upgrade catalogs documented in this manual do not change the existing MR system water
cooling specifications.
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8  Room Ventilation Requirements

1. Sufficient air ventilation in the Magnet Room must be maintained for patient comfort during
scans and to maintain proper oxygen level during cryogen replenishment.

2. An exhaust fan to be placed above RF shielding with appropriate wave guide filtering for quick
removal of helium gas if large amounts of helium disperse into magnet room. Inert gas
containers, such as dewars, are not air tight.

3. The Magnet Room exhaust fan intake vent must be located at the highest ceiling point near
the magnet cryogen vent.

4. The Magnet Room exhaust fan to exhaust to safe outside area and be independent of
cryogenic venting.

5. The Magnet Room exhaust fan and air inlet must be sized for a minimum of 1200 CFM (34

m3/minute) and minimum of room 12 air exchanges per hour. See Illustration 5-2 and
Illustration 5-3

6. Two manual exhaust fan controls connected parallel, one to be located near the Operator
Workspace and second control located in the Magnet Room.

a. The Magnet Room ventilation switch should be mounted near the Magnet Room door and
is the responsibility of the architect and mechanical contractor.

b. Refer to the illustrations below for exhaust fan recommended set-up or recommended set-
up with optional Oxygen Monitor.

7. Exhaust fan (customer supplied) to be installed and operating before magnet is moved into
room.

8. Annual customer inspection and cleaning / maintenance of the exhaust fan system (fan, inlet
grill/filter, ducts, etc.) is needed to meet the minimum airflow requirement to an outside area.

9. Provide minimum 2 ft x 2 ft (0.61 m x 0.61 m) or 576 sq in. (372,100 sq mm) pressure equalizing
waveguide vent in the magnet room ceiling or in the wall (with waveguide top edge located at
ceiling) to prevent positive or negative pressures from interfering with opening of the magnet
room door

10. Minimum 5-7% of outside makeup air to be vented into the Magnet Room. For example, with
an air input rate of 1200 cubic feet per minute (CFM) (34 cubic meters per minute), there must
be a minimum of 60 CFM (1.7 cubic meters per minute) (5%) of outside makeup air..
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Illustration 5-2:  Exhaust Fan Set-Up

Illustration 5-3:  Exhaust Fan Set-Up With Optional Oxygen Monitor
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9  Alarm Devices, Water Sensors and Thermostats

9.1  System Cabinet

EXCITE (Release 11.x) systems upgrading to Release 15.x retain their EXCITE System Cabinet.

9.2  RFS Cabinet

Pre-EXCITE systems upgrading to Release 15.x will install an RFS Cabinet during the upgrade.

9.3  Water Sensor Alarm and Floor Drain

It is recommended that customer supplied water sensor alarms and floor drain be located on floors
where water cooled cabinets are positioned, especially under raised flooring.

9.4  Pneumatic Patient Alert

The Pneumatic Patient Alert Control Box provides an audible and visual alarm near the operator
when the patient depresses the hand held squeeze bulb. The control box is to be mounted with
consideration for ease of use by operator, remaining in sight of operator, and remaining within 5
ft (1.5 m) of an electrical outlet. Note, an outlet on the Operator Workspace may be used. Options
for control box location include mounting box vertically (on a wall or other vertical surface),
horizontally (place box on a counter top, desk top, or other horizontal surface), or under a shelf
within sight of operator.
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10  Ambient Radio Frequency Interference (RFI)

The MR System utilizes spatially encoded radio frequency information to create the MR image.
Therefore, it is sensitive to ambient RFI. To protect the MR from ambient RFI (as well as the local
environment from Magnetic Resonance RF), all sites require a 100 dB RF Shield, refer to Chapter
8, RF Shielded Room Requirements for exact requirements. It is very unlikely that local signals
will affect an MR System with a properly designed and installed RF Shield. During the site
evaluation visit, GE notes the location of nearby sources of RFI and will advise if further information
or on-site testing is required. Most sites do not require on-site testing. Listed in Table 5-8 are the
recommended centerband and bandwidth frequencies to be used when measuring radio frequency
interference. This table includes those frequency bands which are important for both proton
imaging and spectroscopy.

Table 5-8:  3.0T System Radio Frequency Survey Specifications

Isotope
 

Bandcenter MHz
 

Bandwidth Hz
 

1 H
 

127.72
 

681,183
 

19 F
 

120.23
 

641,229
 

31 P
 

51.75
 

276,010
 

23 Na
 

33.80
 

180,291
 

13 C
 

32.13
 

171,335
 

When required, RFI site surveys are to be performed by cycling through the preceding frequency
bands and a broad band range of 150MHz ± 10MHz. Special emphasis, however, should be placed
on the 1H band since this is used in proton imaging. The RFI site survey should be performed for
a length of time necessary to determine, within a reasonable degree of certainty, that the RFI noise
at the site will not exceed the 100 db attenuation provided by the RF shielded room. Note that any
RFI site survey no matter how thorough, will not preclude the possibility of future or unmeasured
RFI caused by new or intermittent sources.

The ambient RF noise measured should be less than 100 millivolt per meter (100 dB microvolt per
meter). When a RFI site survey is required, it must be completed before the purchase and
installation of the RF shielded room.

To ensure that 100 millivolt (or greater) RF noise peaks outside the bandwidths specified above
do not actually extend into these bandwidths and exceed the 100 millivolt limit, adjust the resolution
of the test equipment (spectrum analyzer) according to the equation:

BW (resolution) = f0 /50

where: BW = Bandwidth (resolution)

f0 = Center frequency (for 1H: at 3.0 Tesla 127.72 MHz)
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11  Pollution

The site must be clean prior to delivery of the equipment. Although individual components have
filters for optimum air filtration, care should be taken to keep air pollution to a minimum.

When cleaning tile floors, do not use steel wool which could enter cabinet enclosures and cause
internal shorts.

The computer/equipment area requires that the air be filtered to remove 90 percent of all particles
down to 10 microns and 80 percent of all particles from 10 to 5 microns in size.
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Chapter 6  Power Requirements

1  Facility Power Requirements

1. The facility is responsible for supplying system power and cabling to the Main Disconnect Panel
(MDP). Associated transformers and cables must be correctly sized for system power
requirements

2. Facility power is required at Magnet delivery and continuously thereafter

3. If a customer supplied Main Disconnect Panel (MDP) is used, it must have correctly sized wires
and rated components to meet the MR system power requirements

4. If an uninterruptible power supply (UPS) is used, it must meet system power requirements

Table 6-1:  Required Customer Power

Signa HDxt 3.0T System
 

MR Component
 

Voltage (VAC)
 

Frequency
 

Phase
 

Max. Amps
 

Comments
 

Main Disconnect
Panel (MDP) See
Notes 1, 2, 3, & 4
 

480Y/277 VAC ±
10% or

 

60 Hz
 

(3+GND) See
Comments

 

See Note 5
 

Recommend input configuration: 3
phase Grounded WYE with Neutral
and Ground (5 wire system). Note,
Neutral must be terminated prior to
PDU or inside the Main Disconnect
Panel and not brought to the PDU or
its cabinet. (See Note 6)

Optional input configuration: 3 phase
DELTA with Ground (4 wire) input, rec-
ommend corner Grounded Delta con-
figuration.
 

400Y/230 VAC ±
10%

 

50 Hz
 

Magnet Rundown
Unit
 

100-120 or
200-240

 

50/60 Hz
 

1
 

1.0
 

Hard wired in unit. Power must be
available 24 hours per day / 7 days per
week.
 

Magnet Monitor
 

100/120 or
200/220

 

50/60 Hz
 

1
 

0.75
 

Receptacle required. Power must be
available 24 hours per day / 7 days per
week. Also see Note 6.
 

Service Receptacle
in Magnet Room
 

110-120 See
Comments

 

50/60 Hz
 

1
 

2.0
 

Receptacle required for small power
tools. Local voltage and portable
transformers for voltages values.
 

* Remote Magnet
Rundown Unit
 

100-120 or
200-240

 

50/60 Hz
 

1
 

1.0
 

Hard wired in unit
 

* O2 Monitor
 

110-120 or
200-240

 

50/60 Hz
 

1
 

3.0
 

Hard wired in monitor
 

* Integrated Patient
Comfort Module
(IPCM) for G3 Mag-
net ONLY
 

200-240
 

50/60
 

1
 

30.0
 

Refer to IPCM Option Power Require-
ments
 

200-277
 

60
 

1
 

30.0
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Signa HDxt 3.0T System
 

MR Component
 

Voltage (VAC)
 

Frequency
 

Phase
 

Max. Amps
 

Comments
 

Notes

* Optional equipment.

1. Power phase conductors, neutral (if present), and ground conductor must be routed inside the same raceway, cable tray, trench
cable or cord

2. Signa TwinSpeed MDP controls power to the following system equipment:

○ Power Distribution Unit

○ Coldhead MRCC (option to provide water cooling for Shield/Cryo Cooler Compressor)

○ Gradient MRCC

○ Shield/Cryo Cooler Compressor

○ Magnet Monitor equipment including the Magnet Monitor, Modem, Uninterruptible Power Supply (UPS*) (optional) for
Magnet Monitor, Multiplexer Box (optional).

3. MDP power circuits for MRCC if providing Shield/Cryo Cooler Compressor water cooling, Magnet Monitor, and Shield/Cryo
Cooler Compressor Cabinet, along with cooling for these units, are required immediately upon magnet arrival to minimize
cryogen consumption. If permanent site power is not ready, temporary power drop line and cooling must be made available. If
site voltage is not any of the voltages listed above, customer must provide transformer and secondary circuit breaker to provide
correct voltage and/or configuration.
MDP power circuits for MRCC if providing Shield/Cryo Cooler Compressor water cooling, Magnet Monitor, and Shield/Cryo
Cooler Compressor Cabinet, along with cooling for these units, are required immediately upon magnet arrival to minimize
cryogen consumption. If permanent site power is not ready, temporary power drop line and cooling must be made available. If
site voltage is not any of the voltages listed above, customer must provide transformer and secondary circuit breaker to provide
correct voltage and/or configuration. Refer to Facility Options for listing of step up transformers options.

4. The complete MR System Digital Energy SG Series UPS 100 KVA (E4502FB) option requires 480 VAC, 3-phase, 4 wire +
ground, 60 Hz input power.

5. Maximum amps dependent on voltage selected. Refer to  Critical Power Requirements for configuration.

6. PDU Module is located in the lower portion of the HFD/PDU Cabinet (MR3) or HFD-S/PDU Cabinet (MR3).
 

Table 6-2:  Required Customer Power

Signa HDxt with 3.0T94 Magnet
 

MR Component
 

Voltage (VAC)
 

Frequency
 

Phase
 

Max. Amps
 

Comments
 

Power Distribution
Unit (PD1) Module
located in the lower
portion of HFD/PDU
Cabinet (MR3) See
Note 1
 

480Y/277 VAC ±
10% or

 

60 Hz
 

(3+GND) See
Comments

 

See Note 2
 

Recommend input configuration: 3
phase Grounded WYE with Neutral
and Ground (5 wire system). Note,
Neutral must be terminated prior to
PDU or inside the Main Disconnect
Panel and not brought to the HFD/
PDU Cabinet.

Optional input configuration: 3 phase
DELTA with Ground (4 wire) input, rec-
ommend corner Grounded Delta con-
figuration.
 

400Y/230 VAC ±
10%

 

50 Hz
 

Other system Com-
ponents
 

Systems with 3.0T94 : other system components which require power are not impacted by the upgrade, refer
to Direction 2221775 Signa 3.0T/94 & VH3 Pre-installation for power requirements.

 
Notes

* Optional equipment.

1. Power phase conductors, neutral (if present), and ground conductor must be routed inside the same raceway, cable tray, trench
cable or cord.

2. Maximum amps dependent on voltage selected. Refer to Critical Power Requirements for configuration.
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2  Critical Power Requirements

The power requirements for the upgraded system is dependent on the system configuration:
magnet type, MR system cooling equipment configuration present at site, and system Power
Distribution Unit (PDU) present. After the HDxt upgrade the system will have the PDU located
either a HFD/PDU Cabinet or a HFD-S/PDU Cabinet (an upgraded ACGD/PDU Cabinet).
Information below includes the PDU requirements.

Signa HDx 3.0T With 3.0T94 Magnet: After the HDxt upgrade the system will have
the PDU located in the lower portion of either a HFD/PDU Cabinet or a HFD-S/PDU
Cabinet (an upgraded ACGD/PDU Cabinet). System components beyond the PDU
in the HFD/PDU Cabinet which require power are not impacted by the upgrade,
refer to Direction 2221775 Signa 3.0T/94 & VH3 Pre-installation for other system
component power requirements.

Table 6-3:  Critical Power Requirements

Parameter
 

Requirements
 

Configuration
 • Recommend input configuration 3 phase solidly Grounded WYE with Neutral and Ground

(5 wire system). Note: Neutral must be terminated prior to or inside the Main Disconnect
Panel

• Optional input configuration 3 phase DELTA with Ground (4 wire) input, recommend
corner Grounded Delta configuration.

 
Frequency
 

50 ± 3 Hz or 60 ± 3 Hz
 

Regulation
 

4% maximum at system maximum power demand (averaged over 5 seconds) from source to
PDU (i.e. includes all feeders and transformer to utility)
 

Phase Balance
 

Difference between the highest phase line-to-line voltage and the lowest phase line-to-line
voltage must not exceed 2%
 

Daily Voltage Variation
 

10% from nominal under worst case line and load regulation
 

PDU Voltage
 

200/208/380/400/415/480 VAC 10%
 

Shield/Cryo Cooler Compressor Volt-
age
 

380/400/415 VAC 50 Hz or 460/480 VAC 60Hz
 

Coldhead MRCC Voltage
 

380/400 VAC 10% 50 Hz or 460/480 VAC 10% 60Hz
 

Magnet Monitor equipment Voltage
 

100/120 or 200/220 VAC
 

Voltage Transients
 

Phase-to-phase voltages must be within 2% of the lowest phase-to-phase voltage. Maximum
allowable transient voltage above or below nominal waveshape not to exceed 200 V at a max-
imum duration of 1 cycle and frequency of 10 times per hour.
 

Facility Zero Voltage Reference
Ground
 

• Main facility ground conductor to Main Disconnect Panel (MDP) must be copper

• Main facility ground wire must be insulated

• Ground impedance to earth at power source must be 2 ohms or less

• Main facility ground wire must be bonded at every distribution box in an approved
grounding block
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Parameter
 

Requirements
 

Maximum Momentary Demand
 For Signa HDx 3.0T With LCC300 Magnet & MRCC or GWHX System Cooling Equipment:

The power demands specified as a function of the duration of the power demand.

The power demands specified as a function of the duration of the power demand.

For all systems:

The power system feeding the Signa system must be designed to meet the specifications of
less than 4% regulation when loaded at the 5.0 second allowable consumption. For short in-
tervals the Signa system power demands can exceed the 5.0 second value and the line voltage
delivered to the system will sag below the 4% regulation. The Signa system is designed to
tolerate these short voltage sags.
 

Average (while scanning) Power De-
mand
 

For Signa HDx 3.0T With LCC300 Magnet & MRCC or GWHX System Cooling Equipment:

For Signa HDx 3.0T With LCC300 Magnet & TSCC or TGWC System Cooling Equipment:

Refer to Table 6-7
 

Standby (no scan) Power Demand
 For Signa HDx 3.0T With LCC300 Magnet & MRCC or GWHX System Cooling Equipment:

27.7 kVA at 0.9 lagging Power Factor including 4.4 kVA for PDU, 9.8 kVA for 2 MRCC units
for system water cooling, 9kVA (continuous operation) for Shield/Cryo Cooler Cabinet, and 1.5
kVA 1 phase for Magnet Monitor equipment (4.5 kVA 3 phase equivalent).

For Signa HDx 3.0T With LCC300 Magnet & TSCC or TGWC System Cooling Equipment:

26.9 kVA at 0.9 lagging Power Factor including 4.4 kVA for PDU, 9 kVA for for system cooling
equipment, 9kVA (continuous operation) for Shield/Cryo Cooler Cabinet, and 1.5 kVA 1 phase
for Magnet Monitor equipment (4.5 kVA 3 phase equivalent).
 

Table 6-4:  System With TRM Coil Peak Power Demand

Cooling Equipment ○
 

MR System Cooling Equipment For
Both Gradient Coil & Shield/Cryo

Cooler Compressor Water Cooling

See Note 1
 

MR System Cooling Equipment For Gradient Coil ONLY

See Note 2
 

System Equipment ○
 

2 MRCC Units
 

1 MRCC Unit
 

1 GWHX Unit
 

PDU draw for 5.0 sec
 

~61.2 kVA
 

~61.2 kVA
 

~61.2 kVA
 

PDU draw for 1.0 sec or less
See Note 3
 

~65 kVA
 

~65 kVA
 

~65 kVA
 

Magnet Monitor See Note 4
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

Shield/Cryo Cooler Compressor
 

9 kVA
 

9 kVA
 

9 kVA
 

System Cooling equipment
(configuration indicated in col-
umn heading)
 

15.8 kVA
 

7.9 kVA
 

0 kVA See Note 5
 

TOTAL for 5.0 sec
 

~90.5 kVA
 

~82.6 kVA
 

~74.7 kVA
 

TOTAL for 1.0 sec or less
 

~94.3 kVA
 

~86.4 kVA
 

~78.5 kVA
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Cooling Equipment ○
 

MR System Cooling Equipment For
Both Gradient Coil & Shield/Cryo

Cooler Compressor Water Cooling

See Note 1
 

MR System Cooling Equipment For Gradient Coil ONLY

See Note 2
 

System Equipment ○
 

2 MRCC Units
 

1 MRCC Unit
 

1 GWHX Unit
 

Notes

1. Two MRCC units are used to provide water cooling for the Gradient Coil and for the Shield/Cryo Cooler Compressor.

2. Customer provided water cooling for the Shield/Cryo Cooler Compressor is required when either 1 MRCC or the GWHX is used
to provide Gradient Coil water cooling. Customer provided water cooling equipment power demands are not included in the
values in this table.

3. The PDU draw on the line will not exceed list values. The ACGD Power Supply may provide up to 170 kVA for 0.003 seconds
from supply internal capacitance but the supply will recharge capacitors at a power level less than 65 kVA.
The PDU draw on the line will not exceed list values. The ACGD Power Supply may provide up to 170 kVA for 0.003 seconds
from supply internal capacitance but the supply will recharge capacitors at a power level less than 65 kVA.

4. The Magnet Monitor equipment power is 1.5 kVA 1 phase on an unbalanced leg of 3 phase input (4.5 kVA 3 phase equivalent).

5. The GWHX is powered from the PDU and therefore included in the PDU draw value.
 

Table 6-5:  System With TRM Coil Peak Power Demand

Cooling Equip-
ment ○

 

TSCC

See Note 1
 

TGWC

See Note 2
 

System Equip-
ment ○

 

Outdoor TSCC
 

Indoor Water
Cooled TSCC

 

Indoor Air Cooled
TSCC

 

Outdoor TGWC
 

Indoor Water
Cooled TGWC

 

Indoor Air
Cooled TGWC

 
PDU draw for 5.0
sec
 

~61.2 kVA
 

~61.2 kVA
 

~61.2 kVA
 

~61.2 kVA
 

~61.2 kVA
 

~61.2 kVA
 

PDU draw for 1.0
sec or less See
Note 3
 

~70 kVA
 

~70 kVA
 

~70 kVA
 

~70 kVA
 

~70 kVA
 

~70 kVA
 

Magnet Monitor
See Note 4
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

Shield/Cryo
Cooler Com-
pressor
 

9 kVA
 

9 kVA
 

9 kVA
 

9 kVA
 

9 kVA
 

9 kVA
 

System Cooling
equipment (con-
figuration indi-
cated in column
heading)
 

23 kVA
 

20 kVA
 

22.7 kVA
 

16 kVA
 

0 kVA See Note
5
 

11.6 kVA
 

TOTAL for 5.0
sec
 

~98.7 kVA
 

~948.7 kVA
 

~97.4 kVA
 

~90.7 kVA
 

~74.7 kVA
 

~86.3 kVA
 

TOTAL for 1.0
sec or less
 

~106.5 kVA
 

~103.5 kVA
 

~106.2 kVA
 

~99.5 kVA
 

~83.5 kVA
 

~95.1 kVA
 

Notes

1. TSCC provides water cooling for the Shield/Cryo Cooler Compressor and Gradient Coil.

2. TGWC provides water cooling for Gradient Coil ONLY. Customer/site provided water cooling is required for Shield/Cryo Cooler
Compressor. Customer provided water cooling equipment power demands are not included in the values in this table.

3. The PDU draw on the line will not exceed list values. The HFD Power Supply may provide up to 170 kVA for 0.003 seconds
from supply internal capacitance but the supply will recharge capacitors at a power level less than 65 kVA.

4. The Magnet Monitor equipment power is 1.5 kVA 1 phase on an unbalanced leg of 3 phase input (4.5 kVA 3 phase equivalent).

5. The GWHX is powered from the PDU and therefore included in the PDU draw value.
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Table 6-6:  System With TRM Coil Average (Continuous) Scanning Power Demand

Cooling Equipment ○
 

MR System Cooling Equipment For
Both Gradient Coil & Shield/Cryo

Cooler Compressor Water Cooling

See Note 1
 

MR System Cooling Equipment For Gradient Coil ONLY

See Note 2
 

System Equipment ○
 

2 MRCC Units
 

1 MRCC Unit
 

1 GWHX Unit
 

PDU draw See Note 3
 

48.1 kVA
 

48.1 kVA
 

49.5 kVA
 

Magnet Monitor
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

Shield/Cryo Cooler Compressor
 

9 kVA
 

9 kVA
 

9 kVA
 

System Cooling equipment
(configuration indicated in col-
umn heading)
 

12.4 kVA
 

6.2 kVA
 

0 kVA See Note 4
 

TOTAL See Note 5
 

74.0 kVA
 

67.8 kVA
 

63.0 kVA
 

Notes

1. Two MRCC units are used to provide water cooling for the Gradient Coil and for the Shield/Cryo Cooler Compressor.

2. Customer provided water cooling for the Shield/Cryo Cooler Compressor is required when either 1 MRCC or the GWHX is used
to provide Gradient Coil water cooling. Customer provided water cooling equipment power demands are not included in the
values in this table.

3. The PDU is rated for 50 kVA continuous power.

4. The GWHX is powered from the PDU and therefore included in the PDU draw value.

5. GE pre-engineered Main Disconnect Panel (MDP) is rated continuous power draw is 77 kVA but MDP continuous draw does
not exceed listed demands.

 

Table 6-7:  System With TRM Coil Average (Continuous) Scanning Power Demand

Cooling Equip-
ment ○

 

TSCC

See Note 1
 

TGWC

See Note 2
 

System Equip-
ment ○

 

Outdoor TSCC
 

Indoor Water
Cooled TSCC

 

Indoor Air Cooled
TSCC

 

Outdoor TGWC
 

Indoor Water
Cooled TGWC

 

Indoor Air
Cooled TGWC

 
PDU draw See
Note 3
 

48.1 kVA
 

48.1 kVA
 

48.1 kVA
 

48.1 kVA
 

49.5 kVA
 

48.1 kVA
 

Magnet Monitor
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

4.5 kVA
 

Shield/Cryo
Cooler Compres-
sor
 

9 kVA
 

9 kVA
 

9 kVA
 

9 kVA
 

9 kVA
 

9 kVA
 

System Cooling
equipment (con-
figuration indicat-
ed in column
heading)
 

18.3 kVA
 

14.0 kVA
 

13.0 kVA
 

15.0 kVA
 

0 kVA See Note
4
 

8.8 kVA
 

TOTAL See Note
5
 

79.9 kVA
 

75.6 kVA
 

74.6 kVA
 

76.6 kVA
 

63.0 kVA
 

70.4 kVA
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Cooling Equip-
ment ○

 

TSCC

See Note 1
 

TGWC

See Note 2
 

System Equip-
ment ○

 

Outdoor TSCC
 

Indoor Water
Cooled TSCC

 

Indoor Air Cooled
TSCC

 

Outdoor TGWC
 

Indoor Water
Cooled TGWC

 

Indoor Air
Cooled TGWC

 
Notes

1. TSCC provides water cooling for the Shield/Cryo Cooler Compressor and Gradient Coil.

2. TGWC provides water cooling for Gradient Coil ONLY. Customer/site provided water cooling is required for Shield/Cryo Cooler
Compressor. Customer provided water cooling equipment power demands are not included in the values in this table.

3. The PDU is rated for 50 kVA continuous power.

4. The Water Cooled TGWC is powered from the PDU and therefore included in the PDU draw value.

5. GE pre-engineered Main Disconnect Panel (MDP) is rated continuous power draw is 77 kVA but MDP continuous draw does
not exceed listed demands.
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3  Power Distribution System

3.1  Main Disconnect Panel (MDP) Requirements

PERSONNEL INJURY OR EQUIPMENT DAMAGE
CUSTOMER SUPPLIED MAIN DISCONNECT PANEL DESIGN MUST HAVE
CORRECTLY SIZED WIRES AND RATED COMPONENTS TO MEET THE MR
SYSTEM POWER REQUIREMENTS.

IF AN UNINTERRUPTIBLE POWER SUPPLY (UPS) PROVIDES POWER TO THE
ENTIRE MR SYSTEM THEN THERE IS A NEED TO MAKE SURE THE UPS
OPERATION PARAMETERS ARE COMPATIBLE WITH THE SIGNA SYSTEM
POWER AND REGULATION DEMANDS.

THE MDP CIRCUIT FOR THE SHIELD COOLER COMPRESSOR CABINET
AUTO RESTART FUNCTION MUST BE CONTROLLED BY THE EMERGENCY
OFF FUNCTION.

Upgraded MR System With LCC300 Magnet

After the MR system upgrade is installed the PDU will be located in the lower portion of the HFD-
S/PDU Cabinet (an upgraded ACGD/PDU Cabinet). The Main Disconnect must meet the PDU
requirements stated in Critical Power Requirements.

Upgraded MR System With 3.0T94 Magnet

After the MR system upgrade is installed the PDU will be located in the lower portion of either a
HFD/PDU Cabinet or a HFD-S/PDU Cabinet (an upgraded ACGD/PDU Cabinet). The Main
Disconnect must meet the PDU requirements stated in Critical Power Requirements.
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3.2  Power Distribution Unit (PDU) Requirements

The Power Distribution Unit (PDU) is located in the lower section of the HDF/PDU cabinet (MR3)
and has the following requirements:

1. The largest allowable phase conductor the PDU will accept is 3/0 AWG (83 mm2). Larger
feeder wires can be connected to the MDP with 3/0 AWG (83 mm2) between the MDP and
PDU

2. The ground conductor between the MDP and PDU must be at least 1/0 AWG copper (or the
same size as the feeder wire) whichever is larger. Lug connector for the ground wire must be
provided by the contractor (recommended Amp Inc. number 36919 lug)

3. The resistance between any two grounded devices in the MR system (e.g., PDU and MDP)
must not exceed 0.1 ohm

4. Neutral, if present, must be terminated prior to or inside the Main Disconnect Panel (MDP) and
not brought to the PDU Module in the HFD/PDU Cabinet (MR3)

5. When the full MR system UPS option [Signature 5000 Series 3 UPS 100KVA (E4502FB)] is
installed, the feeder wiring from the UPS to the PDU Module must be sized to maintain voltage
regulation of <5% at 100KVA.
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4  Grounding

4.1  Facility Ground

The ground for the MR system shall originate at the system power source, ie. transformer or first
access point of power into the facility, and be continuous to the MR system Main Disconnect Panel
(MDP) in the room. This ground can be spliced with “High Compression Fittings" and should be
terminated at each distribution panel it passes through. When it is broken for a connection to a
panel, it shall be connected into an approved non-insulated grounding block with the incoming and
outgoing ground in this same grounding block, which is then connected to the steel panel, never
using the steel or other material of the panel as the block. See Illustration 6-1.

The connection at the power source shall be at the grounding point of the “Neutral - Ground" if a
“Wye" transformer is used, or typical grounding points of separately derived system. In the case
of an external facility, it shall be bonded to the facility ground point at the service entrance.

Illustration 6-1:  Ground Wire To MR System & Ground Connection At Distribution Panel

Ground Wire

The main facility ground conductor to the MDP shall be copper wire and the minimum size as
required by the local coding regulations, such as the NEC. A dedicated copper ground wire the
same size as the feed wires or 1/0 AWG (which ever is larger) must be run from the MR system
MDP to the PDU. See Illustration 6-1. The ground wire impedance from the MR system disconnect,
including the ground rod, shall not have an impedance greater than 2 ohms to earth as measured
by one of the applicable techniques described in Section 4 of ANSI/IEEE Standard 142 - 1982
which can be accomplished using 3-point Fall Of Potential (3 point measurement) method or
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Clamp-On Ground Resistance measurement which requires a ground measurement device such
as AEMC 3730.

4.2  System Ground

The MR system is designed with minimum ground loops to prevent noise currents and natural
disturbances from flowing through the low-level signal reference path.

The three major grounding points in the MR system are: the system ground point (bus) in the
System PDU (PD1), the enclosure ground points (ground studs located in each cabinet or
enclosure), and the RF shielded room common ground point. This RF shielded room common
ground point is to be located within 6 in. (152 mm) of the GE supplied Penetration Panel. Refer to
Chapter 8, Electrical for a further description of the RF shielded room common ground point.

To ensure patient safety and system performance, the conditions defined in Illustration 6-2 must
be met when running power lines into the Magnet Room.

Any modifications or non-MR equipment grounds added to the MR ground system must be
approved by your GE Service Representative in order to ensure safety and performance.
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Illustration 6-2:  MR Magnet Room Grounding Requirements And Typical Diagram

Signa HDxt, HDx 3.0T Upgrades Pre-Installation
GE Healthcare Direction 5159905, Revision 6.0

98 4  Grounding



5  Power Source Monitoring

The facility input power for the proposed system should be checked using a power line disturbance
monitor for average line voltage, surges-sags, impulses, and frequency. Some of the
recommended line analyzers which are designed for unattended monitoring are the Dranetz
Models 656A or 658 and RPM Models 1651, 1656, or 1658.

Analysis should span a period to include two weekends so as to cover several days of normal use.
The possibility of “brown-out" conditions which may be experienced in summer must be
considered. Any existing power problems with large power consuming systems (x-ray units, CT
scanners, etc.) or other computer installations at the proposed site should be reviewed as they
may affect the MR system. Results of this analysis should be reviewed with your GE representative
to determine if line conditioning is needed.
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6  Emergency Power

Primary power should be distributed from the customer's emergency life-safety power branch to
an emergency lighting source in the Magnet Room. All input power lines must be filtered upon
entrance into the RF shielded room (Magnet Room) and grounded according to the requirements
listed under System Grounding heading in  Grounding. Always check national and local codes for
other emergency power requirements.
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7  DC Lighting Controller (Facility Option) Requirements

Direct current (DC) powered lighting is required in the Magnet Room per Chapter 5, Lighting. A
constant lighting level DC Light Controller is available from GE as well as a variable DC lighting
controller system. The wiring diagrams for these units are shown in Illustration 6-3 and Illustration
6-4. The input power, interconnect cabling, RF shielded room filters, lighting fixtures, and conduit
are customer furnished.

The DC lighting systems output is rated nominally 115 VDC. Determining whether the 20 or 28
Amp system is required can be calculated by: I = Total Lamp Wattage ÷ 115V. If I ≤ 20 then a 20
Amp system can be used. If I ≥20 but <28 then use the 28 Amp system.

Illustration 6-3:  DC Lighting Controller (Facility Option) Wiring Diagram

Illustration 6-4:  Variable DC Lighting Controller (Facility Option) Wiring Diagram

See DC Lighting Controller Option for equipment specifications.

Signa HDxt, HDx 3.0T Upgrades Pre-Installation
GE Healthcare Direction 5159905, Revision 6.0

Chapter 6  Power Requirements 101



8  IPCM Option Power Requirements

The IPCM Option hardware consists of the Chilled Air Blower (CAB), CAB Main Disconnect Panel
(CAB-MDP), Bore Liner hardware, modified Penetration Panel waveguide, Bridge with notched
sides, Bore Liner hardware including hoses and connectors, and IPCM Option Key.

The Chilled Air Blower (CAB) provides chilled air to the 2 piece Bore Liner via an air hose routed
through the Penetration Panel (provided waveguide) to the back end of the Rear Pedestal. At the
Rear Pedestal additional provided hardware, hoses and connectors are used to connect the air
hose to both pieces of the Bore Liner.

The CAB-MDP is not powered from the MR system MDP or PDU and therefore requires facility
provided power. The CAB-MDP must also be connected to the MR system MDP Emergency Power
Off control circuit via a customer supplied cable. Refer to Illustration 6-5 for IPCM Main Disconnect
Panel set-up.

Illustration 6-5:  IPCM Main Disconnect Panel Set-up
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Chapter 7  MR System Interconnects

1  MR System Interconnects Specifications

1.1  Introduction

The sections in the Interconnect Data Chapter contain details of GE supplied MR system
interconnections and customer supplied components for the MR system install.

1.2  Component Designators

GE uses a Component Designator System to identify system components. All subsystem cabinets
and other components are referred to by their component designators in the diagrams and tables
of the Interconnect Data sections.

1.3  Definition of Terms

The definition of terms used in the interconnects details tables throughout this chapter are:

1.4  Usable Cable Lengths

Usable Length

Amount of cable/wire/hose/etc. available for site routing point to point of the FROM and TO
equipment. The interconnect cable/wire/hose total length MINUS any required takeup at or within
both the FROM and TO equipment determines the usable length.

Group Number

Area

Cross-sectional area of the combined cables in a group.

NOTE: The group area was found by adding up the circular cross-sectional areas of all
individual cables within a group. It does not take any fill factors or space between cables
into account. Adhere to applicable electrical codes for fill factors.

Between Units (From/To)

Component Designators as found in interconnects list tables throughout this section.

Run Number

Unique number assigned to each GE-supplied cable.

NOTE: The Run Number must be used when making special cable order inquiries.
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Cable Diameter

Diameter of an individual cable

Plug Pulling Diameter x Length

Cable plug dimensions (e.g., 2.0 x 3.25 indicates a plug with dimensions of 2.0 in. diameter and
3.25 in. length). If a cable has more than one connector on an end, the number of connectors is
indicated at after the dimensions (e.g., 2.0 x 3.25 x 2).

1.5  Cable Group Lengths Provided

The table below lists the specific usable length provided for each interconnect Group to determine
the fixed site cable catalog that will best meet the specific site layout requirements.

Table 7-1:  Cable Groups Length Provided by Fixed Site Cable Catalogs

Location
 

Group
 

Between Units
 

Usable Length
 

From
 

To
 

M3335NY

M3335AG

ft (m)
 

M3335NZ

M3335AH

ft (m)
 

M3335P

M3335AJ

ft (m)
 

L1
 

42
 

PP1
 

EO1
 

68 (20.7) allows EO1 take-up of 15 ft (4.57 m)
 

45
 

PP1
 

MG2/3
 

19 (5.79)
 

19 (5.79)
 

40 (12.2)
 

See Note 1, 2 and 3.
 

48
 

MS4
 

MS1
 

81 (24.7) - See Note 3.
 

78
 

RF Com-
mon Ground

Stud
 

MS1
 

19 (5.79)
 

19 (5.79)
 

40 (12.2)
 

Minus take-up at RF Common Ground Stud
 

85
 

PP1
 

MG3
 

19 (5.79)
 

19 (5.79)
 

40 (12.2)
 

87
 

PP1
 

MG6
 

16 (4.88)
 

16 (4.88)
 

37 (11.3)
 

88
 

MG6
 

MG3
 

11 (3.35) allows 2 ft (0.6 m) take-up at MG6. See Note 4.
 

L2
 

11
 

TAC
 

PP1
 

21 (6.40)
 

55 (16.76)
 

21 (6.40)
 

12
 

TAC
 

PP1
 

43* (13.11*)
 

50* (15.24*)
 

43* (13.11*)
 

*Group 8 and Group 12 are both cut to length at site from the
total usable length of cable supplied.

 
23
 

MR2
 

PP1
 

25 (7.62)
 

55 (16.8)
 

25 (7.62)
 

30
 

PD1
 

PP1
 

59 (17.98)
 

31
 

MR3
 

PP1
 

25 (7.62)
 

61 (18.59)
 

25 (7.62)
 

75
 

MS5
 

PP1
 

42 (12.8) - See Note 3.
 

77
 

PD1
 

RF Common
Ground Stud

 
83 (25.3)

 
81
 

EO2
 

PP1
 

30 (9.14)
 

50 (15.24)
 

30 (9.14)
 

95
 

MSM1
 

PP1
 

67 (20.42) allows 8 ft (2.44 m) take-up at MSM1. See Note 1.
 

L1/L2
 71

 
MS5

 
MS1

 
42 (12.80) runs are routed through waveguides in PP1. Runs

have a 8 in. (203.2 mm) bend radius. See Note 3.
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Location
 

Group
 

Between Units
 

Usable Length
 

From
 

To
 

M3335NY

M3335AG

ft (m)
 

M3335NZ

M3335AH

ft (m)
 

M3335P

M3335AJ

ft (m)
 

72
 

MR2
 

MG2/3
 

46 (14.0)
 

88 (26.8)
 

88 (26.8)

68 (20.7)
 

These runs are RF Transmit Cables, and must be cut to length
and connected via PP1 at the site. Usable length provided for

routing in Equipment Room and Magnet Room.
 

86
 

MRCC/
GWHX See

Usable
Length

 

MG2
 

To determine FROM connection for length requirements and
details, refer to appropriate configuration.
 

L3
 

5
 

PD1
 

MR8
 

24 (7.315)
 

6
 

PD1
 

MR2
 

16 (4.88)
 

8
 

MR3
 

TAC
 

43* (13.11*)
 

50* (15.24*)
 

43* (13.11*)
 

*Group 8 and Group 12 are both cut to length at site from the
total usable length of cable supplied.

 
9
 

PD1
 

TAC
 

16 (4.88)
 

10
 

PD1
 

GWHX
 

Refer to appropriate configuration
 

15
 

MS5
 

MRCC Unit
#2
 

Refer to appropriate configuration
 

17
 

MDP
 

MUX
 

6 (1.8)
 

19
 

MR2
 

MR8
 

24 (7.315)
 

20
 

MR2
 

MR3
 

16 (4.88)
 

28
 

MSM1 &
MSM3

 
MSM4

 

6 (1.8) minus take-up at each end -

ONLY USED WITH UPS OPTION FOR MAGNET MONITOR:
Customer provided phone line, cable diameter and plug pull

information are estimates.
 

29
 

MDP
 

MSM4
 

6 (1.8) minus take-up at each end
 

32
 

MDP
 

MSM1 &
MSM3

 
6 (1.8) minus take-up at each end

 

36
 

MSM3
 

MUX
 

6 (1.8) minus take-up at each end -

ONLY NEEDED WHEN MULTIPLEXER FOR PHONE LINE IS
USED

 
38
 

MR3
 

TAC
 

16 (4.88)
 

L3 cont.
 51

 
MRCC Unit

#1
 

RCP
 

Refer to appropriate configuration
 

52
 

MRCC Unit
#2
 

RCP
 

Refer to appropriate configuration
 

69
 

MDP
 

MS5
 

27 (8.23) allows 3 ft (0.91 m) take-up at MDP. See Note 6
 

94
 

MSM1
 

MS5
 

49 (14.94) allows 8 ft (2.44 m) take-up at MSM1
 

96
 

MSM1
 

MR2
 

50 (15.24) allows 8 ft (2.44 m) take-up at MSM1
 

L4
 

79
 

OW1
 

PA1
 

5 (1.5) minus take-up at PA1
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Location
 

Group
 

Between Units
 

Usable Length
 

From
 

To
 

M3335NY

M3335AG

ft (m)
 

M3335NZ

M3335AH

ft (m)
 

M3335P

M3335AJ

ft (m)
 

80
 

PA1
 

MG2
 

72 (21.9.5) allows 5 ft (1.52 m) take-up at PA1. See Note 5.

Pneumatic tubing is continuously routed from PA1 through PP1
and MG3 to MG2.

 
92
 

PP1
 

OW1
 

80 (24.4)
 

L5
 

34
 

MSM1
 

OW1
 

75 (22.9)
 

43
 

MR2
 

RF Door
Switch

 
83 (25.3) allows 15 ft (4.57 m) take-up at RF Door Switch

 
90
 

PD1
 

OW1
 

80 (24.4)
 

91
 

MR2
 

OW1
 

80 (24.4)
 

Notes

1. 3.0T Magnet Catalog (M3335PF) provides Magnet Monitor interconnects and Shield/Cryo Cooler Compressor to
Magnet interconnects included in this Group.

2. 3.0T Magnet Catalog (M3335PF) provides some Penetration Panel to Magnet Enclosure interconnects included in
this Group.

3. 3.0T Magnet Catalog (M3335PF) provides Shield/Cryo Cooler Compressor to Magnet interconnects in this Group.

4. 3.0T Fixed Site Collector Catalog (M3335MW) provides Group 88 interconnect.

5. If installation requires pneumatic tubing greater than listed between the squeeze bulb, located on the front of the
Magnet Enclosure, and the Patient Alert Control Box (PA1), located near the Operator Workspace, an Extender Kit
(46-317758P2) must be ordered. The Extender Kit consists of a small Extender Box (to be mounted in Equipment
Room) and 95 feet (29.0 meter) of pneumatic tubing.

6. If the air-cooled cryocooler compressor option is selected, see Air-Cooled Cryocooler Compressor Requirements
and Specifications.
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Chapter 8  RF Shielded Room

1  RF Shielded Room Requirements

NOTE: The following information applies to areas of the site impacted by the MR system
upgrade.

Improvements in MR imaging technology have increased imaging capabilities. MR procedures
require a stable RF environment to achieve high resolution image quality. RF sources both inside
and outside the Magnet Room have the potential to adversely affect image quality. Therefore the
Magnet Room must be properly RF shielded to prevent external RF sources from entering the
room. In addition, the selection of materials and construction methods of the RF Shield must be
designed and installed to minimize the generation of adverse signals within the RF Shield and
Magnet Room.

1.1  RF Shielding Background

RF sources which can adversely affect image quality may be generated by discrete frequency or
broadband noise (RF) sources.

1.1.1  Discrete Frequency

Discrete RF interferences are narrowband and are fixed frequency in nature. The Magnet Room
must be RF shielded from RF sources so external RF energy does not degrade the MR system
RF receivers at the system imaging frequencies, refer to Chapter 5, Ambient Radio Frequency
Interference (RFI). Some potential sources for discrete frequency signals are radio station
transmitters, mobile or hand-held RF transmitting devices, etc.

1.1.2  Broadband RF Noise

Broadband RF noise is a single transient or continuous series of transient disturbances caused
by an electrical discharge, for system imaging frequencies refer to Chapter 5, Ambient Radio
Frequency Interference (RFI). Low humidity environmental conditions will have higher probability
of electrical discharge, refer to Chapter 5, Temperature and Humidity Specifications. The electrical
discharge can occur due to electrical arcing (micro arcing) or merely a static discharge. Some
potential sources capable of producing electrical discharge include:

• loose hardware/fasteners vibration or movement (electrical continuity must always be
maintained)

• flooring material including raised access flooring (panels & support hardware) and carpeting

• electrical fixtures
○ lighting fixtures

○ track lighting

○ emergency lighting

○ battery chargers

○ outlets

• ducting for HVAC and cable routing

Signa HDxt, HDx 3.0T Upgrades Pre-Installation
GE Healthcare Direction 5159905, Revision 6.0

Chapter 8  RF Shielded Room 107



• RF Shield seals (walls, doors, windows, etc.).

1.2  RF Shielded Room Requirements

The Magnet Room RF Shield must meet the requirements defined inTable 8-1 for the system to
produce high quality MR images.

NOTE: The RF Attenuation and Ground Isolation are intended to control discrete RF signals
and RF interference sources. The remaining parameters contained inTable 8-1 are
intended to minimize potential broadband noise sources.

Table 8-1:  RF Shielded Room Requirements

Parameter (See Note
*)
 

Requirements (See Note *)
 

RF Attenuation
 

100dB (150MHz ± 10MHz) planewave, refer to Chapter 11, RF Shielded Enclosure Test Guideline Frequency Range
subsection.
 

Ground
 1. Ground Isolation: 1,000 ohms or greater

2. Primary Ground: All RF Shield components (walls, floor, ceiling, etc) must be electrically bonded together to form
one common ground plane which is connected to the Facility Grounding Conductor.
The RF Shield must be grounded back to the facility ground via the RF Common Ground Stud connection to the
MR system PDU.

NOTE: Introduction of facility power into the RF Shielded Room must not compromise the RF Shield Pri-
mary Ground.

3. Secondary Ground (Other grounds that connect the outside of the RF Shield Room to earth grounds are called
secondary grounds): Secondary grounds must not compromise Ground Isolation of 1,000 ohms or greater.

 
Materials
 1. The choice of RF Shield material including fasteners is the responsibility of the customer's architect and RF vendor.

2. The choice of material must not affect magnet homogeneity (i.e. copper, brass or treated aluminum are non-
magnetic and will not affect Magnet homogeneity).

NOTE: Any steel RF Shield will affect the magnet's homogeneity and must be reviewed by GE Healthcare
MR Siting and Shielding Group.

3. The floor under the Magnet in a 10 ft x 10 ft (3.048 m x 3.048 m) area must not be fabricated from magnetic
materials, refer to Magnet Room Floors Magnetic Properties requirements in the pre-installation manual appro-
priate for the magnet system. Contact the GE Healthcare MR Siting and Shielding Group.

4. The Magnet Room floor materials must meet the requirements in Magnet Room Floors.

5. The door or any other moving or non-rigid parts must not be fabricated from magnetic materials.

6. The RF Shield integrity (attenuation) must not be compromised by corrosion for the anticipated duration of usage
for MR imaging. The following items are critical:

a. Avoid direct contact of materials of different solution potential (e.g. dissimilar metals galvanic corrosion) when
selecting fastens to secure the RF screen material to the RF supporting structure.

b. Ensure the RF shield seams/joints have overlaps that are properly dressed selecting proper material to avoid
galvanic corrosion.

c. Introduce sacrificial anodes to prevent corrosion of critical RF shield components.

NOTE: Typically the RF Shield surrounds the Magnet Room finished walls, ceiling, and floor. There-
fore the RF Shield may not be in a temperature and humidify controlled environment.

d. RF Screen Room including all openings (i.e. windows, doors, vents, etc.) need acoustic properties to meet
local regulations and customer requirements.

NOTE: RF Screen Room doors with <55 db acoustic attenuation have caused customer acoustics issues.
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Parameter (See Note
*)
 

Requirements (See Note *)
 

Construction
 1. The design of the shield support system is the responsibility of the customer's architect and RF vendor.

2. RF Shield construction methods must not compromise RF Shield integrity (attenuation) for the anticipated duration
of usage for MR imaging.

a. When RF shield seams/joints are sealed with solder: all solder drips, cold solder joints, and cracked solder
joints must be cleaned and repaired.

b. RF Shield movement can cause micro electrical arcs (static discharge or broadband RF noise) that will cause
MR image artifact known as White Pixel.

c. Physical fluctuation of the RF Shield material can result in RF leaks due to seam openings, cracks, enlarged
holes at fasteners. Physical fluctuation of the RF Shield can be generated by cyclic air pressure changes
and door closures/openings.

d. All electrical and mechanical connections and fasteners including screws, nails, nuts, bolts, clips clamps,
concrete anchors, seismic anchors, etc. must be tightened and secured to supplier specifications so as not
to become a potential broadband noise source.

e. All fasteners must be solid locking devices such as t-nuts, PEM nuts or welded nuts; no self tapping screws
allowed.

f. The Magnet Room floor design and construction must meet the requirements in Floors.

For safety reasons, magnetic materials must be secured to ensure magnetic components do not
become projectiles.

Methods of securing must not loosen due to repeated use, some options include (but not limited to)
redundant restrains straps or anchors/bolts with locking nuts.

 
Testing
 1. The customer's architect and RF vendor are responsible for conducting testing to verify compliance with the re-

quirements for RF attenuation and ground isolation.

2. The RF shielded room verification test is to be performed in the presence of a GE representative.

3. The FINAL RF Shielded room acceptance test shall be performed in accordance with Chapter 11, RF Shielded
Enclosure Test Guideline.

 
Maintenance
 1. The customer is responsible for maintaining the RF Shield service life integrity for the anticipated duration of usage

for MR imaging per the RF vendor's recommended maintenance.

2. The customer is responsible to notify the GE Service Representative of any RF shielded Room maintenance issues
since there may be system performance impacts.

 
NOTE: * The RF Shielded Room design, materials, construction, and installation shall be such to meet the requirements for the an-

ticipated duration of usage for MR imaging.
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2  Vents

2.1  HVAC

RF shielded room contractor is to install HVAC waveguides (open pipes or honeycomb-type) which
penetrate room and to ensure waveguides are non-magnetic and electrically isolated. HVAC
contractor is to determine size and number of vents, consistent with local codes.

Honeycomb-type waveguides must be accessible for annual customer inspection and cleaning /
maintenance.

An exhaust fan placed outside the RF shielding with appropriate wave guide filtering is required
for quick removal of helium gas in the event large amounts of helium disperse into the Magnet
Room. The exhaust fan can be connected to the output relay of the optional oxygen monitor. The
fan will then be activated in the event the room oxygen level is less than 18%. Refer to Chapter 5,
Room Ventilation for other exhaust fan requirements.
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3  Plumbing

All metallic pipes entering the RF Room, excluding cryogenic vent and floor drains, must be located
within 30 inches (762 mm) of the RF common ground.

Mounting and support of all metallic pipes must comply with requirements in RF
Shielded Room Requirements to minimize the possibilities of electrical discharge
which can cause RF broadband noise.

NOTE: When welding in an MR room with system equipment installed, the return path for the
welding must be in very close proximity to the welding. The close proximity is needed
to make sure the welding currents do not cause damage to the system. Never use the
building structure as a return path for welding.

3.1  Water

All pipe waveguides must comply with requirements in RF Shielded Room Requirements to
minimize the possibilities of electrical discharge which can cause RF broadband noise. All
plumbing must be in accordance with local and national codes.

3.2  Medical Gases

The customer should consider if medical gases are to be piped into the Magnet Room along with
suction service for patient life support. Remember, all non-electrical entries into the Magnet Room
must use appropriate waveguide. Special precaution must be taken to ensure that ferromagnetic
medical gas cylinders are not brought into the Magnet Room.

3.3  Sprinklers

If using sprinklers in the Magnet Room, dry pipe systems have the advantage of reducing ground
problems. However, all decisions regarding fire protection systems are the customer's
responsibility. If wet-type sprinkler system is used, pipe penetration should be limited to one
location.
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4  Electrical

4.1  Electrical Lines and Filters

The entry of any electrical lines into the RF Shielded Room must be filtered to ensure compliancy
with the RF Shielded Room attenuation requirements. The RF Shielded Room vendor must supply
filters for all penetrations of the RF shielding excluding the lines entering through the GE supplied
RF penetration panel. All filters (for electrical lines) must be located outside the 200 gauss line.

NOTE: All electricals lines and filters must comply with requirements in RF Shielded Room
Requirements to minimize the possibility of electrical discharge which can cause RF
broadband noise.

RF Shielded Room vendor must review with the electrical contractor the number of incoming power
lines to the Magnet Room to determine the number of filters needed for electrical requirements.

Grounding from customer supplied power filters to the RF Shield Common Ground Stud, see
Chapter 6, Critical Power Requirements and Chapter 6, Grounding for power and grounding
requirements of all incoming power lines to the RF shielded room.

Common ground connection for shielded room must be located within 6 in. (152 mm) of the RF
shielded room Penetration Panel with RF filters located within 2 feet (0.6 meters) of the RF
Common Ground Stud. RF shielded room vendor to provide this common ground connection on
both sides of shielded room by means of a stud extending through the shielded room (see Table
8-2). The RF Common Ground Stud and terminal bars must be accessible for servicing purposes
on both sides of shield room. It is recommended that the RF Common Ground Stud be positioned
above the Penetration Panel so it is concealed behind the Penetration Panel Covers (see RF
Penetration Panel).
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Table 8-2:  RF Common Ground Penetration Stud

 
NOTE: RF Common Ground Stud location to be per Chapter 6, Grounding
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4.2  Room Lighting

Installation and selection of lighting fixtures must comply with requirements in RF
Shielded Room Specifications to minimize the possibility of electrical discharge
which can cause RF broadband noise.

Fluorescent lighting is not allowed in the Magnet Room due to the RF noise generated by the
fluorescent light tubes. Dimmer switches must not be used; however, a selectable switch may be
used to change the light intensity.

For additional Magnet Room lighting information refer to Chapter 5, Lighting, Chapter 6,
Grounding, Chapter 6, Emergency Power, Chapter 6, DC Lighting Controller (Facility Option).
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5  RF Penetration Panel

The RF Shielded Room Vendor must provide the opening in the RF shielding and appropriate
mounting hardware for the GE Penetration Panel.

The entire Penetration Panel must be located outside 200 Gauss.

Penetration Panel electrical and mechanical connections, mounting hardware, and
installation must comply with requirements in RF Shielded Room Requirements to
minimize the possibilities of electrical discharge can cause RF broadband noise.

The Penetration Panel mounting hardware must not loosen over time to maintain
RF attenuation requirement in RF Shielded Room Requirements for the anticipated
duration of usage for MR imaging. Some of the design parameter that can contribute
to loosen of the Penetration Panel mounting hardware are: wall material
compression over time, insufficient fasteners quantity or spacing, over or under
tightness of mounting fasteners, insufficient locking mechanism (i.e. Locktight,
double/locking nuts), etc.

The RF shielded room acceptance test must be performed after the opening is cut in the RF
shielding for the GE Penetration Panel. This acceptance test must be conducted with vendor
supplied blank panel and the same mounting hardware to be used with the GE Penetration Panel.
It is the facility's responsibility to ensure that the RF Shielded Room Vendor testing meets the
attenuation specifications listed in RF Shielded Room Specifications.

The Penetration Panel must be covered on both sides for safety. If GE supplied adjustable covers
are not used, customer must furnish covers or enclosures with key or tool required for opening to
limit access to the panel. The mounting and clearance dimensions for the Penetration Panel GE
covering are shown in Penetration Panel/Covering Mounting Requirements illustration in Table
8-3.

Illustration 8-1 and Illustration 8-2 show two possible methods for mounting the GE MR Penetration
Panel. Either method may be used depending on RF shielded room wall thickness. Make sure if
the mounting method in Illustration 8-1 is used then the RF wall thickness must be 0.75 in. (19
mm) 0.0625 in. (1.6 mm). Refer to the two preceding Notices. Check with RF Shielded Room
Vendor to determine appropriate mounting method.

The Penetration Panel is to be mounted above the finished floor on the Equipment Room side of
the RF shielded room. GE supplies only the Penetration Panel as shown in Illustration 8-1 and
Illustration 8-2.

NOTE: The following illustrations are examples only and they remain responsible for this RF
integrity detail. The connection is dependent upon the thickness and flexibility of the
RF shield. The RF vendor is responsible for these details, not GEHC.
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Illustration 8-1:  Penetration Panel Cut Out For 0.75 Inch (19 MM) Thick RF Wall
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Illustration 8-2:  Penetration Panel Cut Out For RF Wall Thickness Varying From Small To Large
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Table 8-3:  Penetration Panel/Covering Mounting Requirements

 
NOTE: RF Commonn Ground Stud location to be per System Ground subsection in Chapter 6, Grounding
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6  Physical Considerations

6.1  Introduction

The RF shielded room can be either a free standing shielded structure or a shielded room within
an existing room. All styles of RF Shielded Rooms must be electrically isolated from earth ground
complying with requirements in RF Shielded Room Requirements.

NOTE: All physical considerations must comply with requirements in RF Shielded Room
Requirements to minimize the possibilities of electrical discharge that can cause RF
broadband noise.
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6.2  Doors and Other Openings

Shielded room doors are a major source of RFI leaks and must comply with requirements in RF
Shielded Room Requirements.

The door requires a minimum finished opening of 43 in. (1092 mm) to allow for helium dewars and
patient tables to pass through the opening. However, a 48 in. (1219 mm) wide door is
recommended for easy maneuvering of the Patient Table. Maximum door sill height is 1 in. (25
mm) with a 10 degree maximum threshold inclination.
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6.3  Walls

It is recommended that walls be covered to protect RF material and to add to the aesthetics of the
room. Fire retarding material must be used per building codes. Consult RF shield room vendor for
RF shielding service requirements prior to covering RF walls. Removable wall covering may be
needed if periodic RF shield servicing is required to maintain RF integrity.

NOTE: Walls materials and installation including all electrical and mechanical connections,
mounting hardware, and installation must comply with the requirements in RF Shielded
Room Requirements to minimize the possibilities of electrical discharge can cause RF
broadband noise.

The recommended patient viewing window dimensions are 48 in. wide by 42 in. high (1219 mm x
1067 mm). The location of the window is dependent on the position of Operator Workspace
position.

NOTE: The operator at the Operator Workspace must be able to view the patient during a scan.
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6.4  Magnet Room Floor Requirements

NOTE: The following information applies to areas of the site impacted by the MR System
upgrade.

1. The floor/flooring (i.e. structural, sub-floor and finished flooring) must meet local and national
codes.

2. The floor under the Magnet in a 10 ft x 10 ft (3.048 m x 3.048 m) area must not be fabricated
from magnetic materials per Magnet Room Floors Magnetic Properties in Construction
Materials.

3. Floor/flooring must support the weight of equipment during system installation and throughout
the operation and Service life.

4. Magnet, Enclosure, and Patient Table areas (shown below) must be level to 0.3125 in. (8 mm)
between high and low spots over any 120 in. (3048 mm) distance

5. For non-VibroAcoustic Damping Option sites: RF Shield Vendor to provide Aluminum, Brass
or Stainless Steel plates to support the Magnet feet (non-compressible material to maintain
the depth and level requirements stated in preceding requirements).

6. Metal access floor tiles are not allowed anywhere in the Magnet Room.

7. Rear Pedestal floor support:

a. The floor under the Rear Pedestal must support 550 lbs (250 kg) distributed across the 4
leveling feet (1.2 meter).

b. The Rear Pedestal leveling feet must be positioned on one solid floor member, no joints
or seams are allowed.

8. Electrically conductive materials utilized must comply with requirements in RF Shielded Room
Requirements to minimize the possibilities of electrical discharge which can cause RF
broadband noise.

9. The finished floor needs to be water resistant and protect the RF/Magnetic Shield and subfloor
from possible water damage.

10. MR System Interconnection cables are FT4 or equivalent rated; not plenum rated.

11. The flooring grounding device and fastener/securing equipment are supplied by the customer
or customer contractor and must be installed as the manufacturer defines.
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Illustration 8-3:  Magnet Room Floor Levelness Area
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Chapter 9  Shipping and Delivery

1  MR System Shipping and Receiving

All shipping dimensions and weights are approximate and may vary based on ship-
to location, required rigging, or other requirements. Some shipping or access routes
may have requirements in addition to those listed in this section. Contact the GE
Healthcare Project Manager of Installation (PMI) to verify magnet shipping, rigging,
and access.

1. The customer must provide an area for unloading system components

NOTE: Contact the GE Healthcare Project Manager of Installation (PMI) for a list of
experienced rigging companies.

2. At delivery, the customer is responsible for ensuring:

a. All floors along the route will support the weight of the magnet (GE Healthcare recommends
a structural analysis)

b. Doors or other openings are sufficiently wide to allow passage

c. Sufficient room is provided for any required dollies or rigging

Table 9-1:  Signa HDxt System Upgrades Shipping Data

MR Component
 

Approximate WxDxH
 

Approximate Weight
 Method Of Shipment

 in.
 

mm
 

lbs
 

kg
 

Rear Pedestal Assembly
with Rear Split Bridge
Assembly, Low Profile
Carriage Cover
 

34 x 58 x 48
 

864 x 1473
x 1219

 

310
 

132
 

box on pallet
 

Enclosure Top
 

48 x 36 x 36
 

1219 x 914
x 914

 

30
 

14
 

box
 

Enclosure Skirts
 

40 x 24 x 24
 

1016 x 610
x 610

 

30
 

14
 

box
 

Water-Cooled Cryocool-
er Compressor
 

29 x 42 x 33
 

737 x 1067
x 838

 

320 dry
weight

 

154 dry
weight

 

crate
 

Air-Cooled Cryocooler
Compressor
 

24 x 30 x 40
 

610 x 762 x
1016

 

370
 

168
 

Box on Pallet
 

Air-Cooled Cryocooler
Compressor Transform-
er
 

41 x 49 x 21.5
 

1041 x
1245 x 546

 

285
 

129
 

(height includes 4 in. runners for forklift access)
 

Patient Blower Box
 

24 x 30 x 24
 

610 x 762 x
610
 

30
 

14
 

box
 

HFD/PDU Cabinet with-
out Fan Module installed
 

24 x 37 x 75
 

610 x 940 x
1905

 

1810
 

823
 

on cabinet casters, wrapped with plastic
 

Fan Module for HFD/
PDU Cabinet
 

28 x 38 15
 

711 x 965 x
381
 

160
 

73
 

on pallet
 

RFS Cabinet
 

24 x 36 x 77
 

610 x 914 x
1956

 
785
 

356
 

on cabinet casters, wrapped with plastic
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MR Component
 

Approximate WxDxH
 

Approximate Weight
 Method Of Shipment

 in.
 

mm
 

lbs
 

kg
 

SPT Phantom Set
 

34 x 32.5 x 60
 

864 x 826 x
1524

 

350
 

159
 

on cart casters with box cover
 

Operator Workspace
Cabinet
 

24 x 35 x 31
 

600 x 900 x
780
 

243
 

110
 

wood pallet with cardboard cover
 

Operator Workspace
Host Display
 

27 x 33 x 27
 

686 x 838 x
686
 

125
 

57
 

skid
 

Operator Workspace
equipment
 

32 x 32 x 23
 

813 x 813 x
584
 

100
 

45
 

box
 

Operator Workspace Ta-
ble
 

45 x 54 x 37
 

1143 x
1372 x 940

 

180
 

82
 

box
 

VibroAcoustic Damping
Option *
 

36 x 65 x 12
 

914 x 1651
x 305

 

575
 

261
 

box on pallet
 

32 Channel Cabinet *
 

24 x 36 x 77
 

610 x 914 x
1956

 

471
 

214
 

on cabinet casters, wrapped with plastic
 

Chilled Air Blower for
IPCM Option *
 

24 x 42 x 45
 

610 x 1060
x 1140

 

375
 

170
 

special crate
 

Notes

* Optional Equipment
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Chapter 10  Site Planning Reminders

1  General Pre-Installation Reminders

The following Reminders define absolute minimum site planning issues that must be completed
prior to equipment delivery, installation and calibration. Tables below are organized to identify site
planning design requirements, safety requirements, then a list of tasks that must be completed
prior to delivery of the magnet or electronics into the MR site. The final group defines tasks that
must be completed prior to ramping the magnet to field.

The customer’s site planner/architect is expected to use this guide when performing final site
completion inspections. The items in the following tables assist subsequent inspections. This does
not relieve the customer's site planner/architect from meeting any other requirement in this manual.

All work must be in compliance with national and local codes.

Table 10-1:  Design/Engineering Requirements Review & Final Inspection

Step
 

Requirement
 

1
 

The customer’s site planner/architect must review customer supplied site planning construction drawings to
ensure the plans are in compliance with the requirements defines in the Pre-Installation Manual and the MR
Typical Drawings
 

2
 

Site construction plans identify means to contain the magnetic field and that the site design complies with the
external magnetic field requirements. Refer to:

Chapter 3, Magnetic Field Proximity Limits
 

3
 

Magnet Room floor level, locations (relative to magnetic shield, cryogenic vent), service area, and VibroAcoustic
Damping Kit, etc. meet site planning requirements. Refer to:

Chapter 8, Magnet Room Floors
 

4
 

The site main power details meet the power quality requirements. Refer to:

• Chapter 6, System Power Introduction

• Chapter 6, Critical Power Requirements
 

5
 

Magnet Room lighting design, material and construction techniques comply with RF Shielded Room Require-
ments, specifically broadband noise requirements. Refer to:

Chapter 8, RF Shield Room Requirements
 

6
 

Magnet and equipment room design will meet requirements should multiple MR scanners share common
rooms, areas. Refer to:

• Chapter 3, Two Magnet Site Layout

• Chapter 3, Equipment Room Shared By Multiple MR Systems
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GASEOUS HELIUM IS AN INVISIBLE, ODORLESS GAS THAT CAN CAUSE
ASPHYXIATION WHEN OXYGEN IS DEPLETED. HELIUM GAS, WHICH IS
LIGHTER THEN AIR, WILL RISE TO THE CEILING.
THE MAGNET WILL EXHAUST HELIUM GAS DURING MAGNET DELIVERY &
INSTALLATION.

THE FOLLOWING SAFETY ITEMS MUST BE STRICTLY ADHERED TO PRIOR
TO MOVING THE MAGNET FROM THE TRUCK INTO THE ROOM.

Table 10-2:  Site Safety Readiness

Step
 

Requirement
 

1
 

Magnet room ventilation must be installed and fully tested to ensure required air ventilation is available when
equipment delivers. Exhaust fans, fan controllers must be installed and functioning. Refer to:

Chapter 5, Room Ventilation
 

Table 10-3:  Actions to Be Completed Prior To Magnet Delivery (to site) and Move Into Magnet
Room

Step
 

Requirement
 

1
 

Room Ventilation completely installed and functioning. Refer to Safety Site Readiness, item 1 above.
 

2
 

The MDP has been installed (by certified electrician) and the MDP is fully operational with power available for
24 hour/day, 7 day/week to cool the Shield/Cryo Cool Compressor cabinet. Power must also support the
Magnet Monitor and the Coldhead Compressor Chiller – if customer provided. Refer to:

Chapter 6, System Power Introduction
 

3
 

The magnet delivery route is clear and ready for the magnet installation. Refer to:

Chapter 3, Minimum Delivery Route Sizes and Capacity
 

Table 10-4:  Actions to Be Completed Prior To System Delivery (to site) and Installation

Step
 

Requirement
 

1
 

All areas in the MR Magnet Room, Equipment Room and the Control Room are dust-free. Final room con-
struction, after magnet delivery, needs to protect the equipment from dust. Refer to:

Chapter 5, Pollution
 

2
 

Environmental systems and controls are fully functioning to provide the required site environment for all MR
System equipment. Refer to:

• Chapter 5, Temperature and Humidity Specification

• Chapter 5, Air Cooling

• Chapter 5, Water Cooling Requirements
 

3
 

MR System Interconnects routing has been installed. Refer to:

Chapter 3, MR System Interconnections Routing
 

5
 

The PDU power is ready for connection to the Main Disconnect Panel MDP). Refer to:

• Chapter 6, Main Disconnect Panel (MDP) Requirements

• Chapter 6, System Power Distribution Unit
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GASEOUS HELIUM IS AN INVISIBLE, ODORLESS GAS THAT CAN CAUSE
ASPHYXIATION WHEN OXYGEN IS DEPLETED. HELIUM GAS, WHICH IS
LIGHTER THEN AIR, WILL RISE TO THE CEILING.
THE MAGNET WILL EXHAUST HELIUM GAS DURING MAGNET DELIVERY &
INSTALLATION.

THE FOLLOWING SAFETY ITEMS MUST BE STRICTLY ADHERED TO PRIOR
TO MOVING THE MAGNET FROM THE TRUCK INTO THE ROOM.

Table 10-5:  Actions to Be Completed Before Magnet Ramp-up

Step
 

Requirement
 

1
 

The Magnet Room RF Shield has been fully installed, including magnet dock anchor and tested to meet the
RF attenuation and room isolation requirements. Refer to:

Chapter 8, RF Shielded Room Specifications
 

2
 

The Magnet Room construction has been completed and all ferrous metal objects have been removed from
the room.
 

3
 

Power has been connected from the Main Disconnect Panel to the Power Distribution Unit. Refer to:

• Chapter 6, Main Disconnect Panel (MDP) Requirements

• Chapter 6, System Power Distribution Unit
 

4
 

The Penetration Panel has been installed. Refer to:

Chapter 8, RF Penetration Panel
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Chapter 11  Appendicies

1  Glossary

BB

Abbreviation for Broadband

Cryogen

A substance for producing low temperatures. Liquid helium is the cryogen used to cool the magnet
to approximately 4 Kelvin (-269°C or -452°F).

Cryostat

An apparatus maintaining a very low constant temperature. The cryostat consists of one
concentric, cylindrical container housed in an outer vacuum tight vessel. The magnet and shim
coils are mounted in the inner container. The container is filled with liquid helium. The shields
surrounding the inner container are kept cold by a refrigeration device.

Dewar

A container with an evacuated space between two highly reflective walls used to keep low
temperature substances at near-constant temperatures. Liquid helium is usually stored and
shipped in dewars.

Exclusion Zone

Area where the magnetic flux density is greater than five gauss. Personnel with cardiac
pacemakers, neurostimulators and other biostimulation devices must NOT enter this zone. Signs
are posted outside the five gauss line alerting personnel of this requirement. Since the magnetic
field is three-dimensional, signs are also posted on floors above and below the Magnet Room in
which the five gauss line exists.

Ferrous Material

Any substance containing iron which is strongly attracted by a magnetic field.

Gauss (G)

A unit of magnetic flux density. The earth's magnetic field strength is approximately one half gauss
to one gauss depending on location. The internationally accepted unit is the tesla (1 Tesla =
10,000G and 1 milli Tesla = 10G).

Gradient

The amount and direction of the rate of change in space of the magnetic field strength. In the
magnetic resonance system, gradient amplifiers and coils are used to vary the magnetic field
strength in the x, y, and z planes.
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Homogeneity

Uniformity. The homogeneity of the static magnetic field is an important quality of the magnet.

Isocenter

Center of the imaging volume ideally located at the magnet center.

Isogauss Line

An imaginary line or a line on a field plot connecting identical magnetic field strength points.

Magnetic Field (B)

A condition in a region of space established by the presence of a magnet and characterized by
the presence of a detectable magnetic force at every point in the region. A magnetic field exists
in the space around a magnet (or current carrying conductor) and can produce a magnetizing force
on a body within it.

Magnetic Resonance (MR)

The absorption or emission of electromagnetic energy by nuclei in a static magnetic field, after
excitation by a suitable radio frequency field.

Magnetic Sheilding

Using material (e.g. steel) to redistribute a magnetic field , usually to reduce fringe fields.

NB

Abbreviation for Narrow Band

Quench

Condition when a superconducting magnet becomes resistive thus rapidly boiling off liquid helium.
The magnetic field reduces rapidly after a quench.

Radio Frequency (RF)

Frequency intermediate between audio frequency and infrared frequencies. Used in magnetic
resonance systems to excite nuclei to resonance. Typical frequency range for magnetic resonance
systems is 5-130 Mhz.

Radio Frequency Shielding

Using material (e.g. copper, aluminium, or steel) to reduce interference from external radio
frequencies. A radio frequency shielded room usually encloses the entire magnet room.

Resonance

A large amplitude vibration caused by a relative small periodic stimulus of the same or nearly the
same period as the natural vibration period of the system. In magnetic resonance imaging, the
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radio frequency pulses are the periodic stimuli which are at the same vibration period as the
hydrogen nuclei being imaged.

Security Zone

Area within the Magnet Room where the magnet is located. Signs are posted outside the Magnet
Room warning personnel of the high magnetic field existing in the Magnet Room and the possibility
of ferrous objects becoming dangerous projectiles within this zone.

Shield Cooler Coldhead

An external refrigeration device which maintains the shields inside the cryostat at a constant
temperature.

Shim Coils

Shim coils are used to provide auxiliary magnetic fields in order to compensate for inhomogeneities
in the main magnetic field due to imperfections in the manufacturing of the magnet or affects of
steel in the surrounding environment.

Shimming

Correction of inhomogeneity of the main magnetic field due to imperfections in the magnet or to
the presence of external ferromagnetic objects.

Superconducting Magnet

A magnet whose magnetic field originates from current flowing through a superconductor. Such a
magnet is enclosed in a cryostat.

Superconductor

A substance whose electrical resistance essentially disappears at temperatures near zero Kelvin.
A commonly used superconductor in magnetic resonance imaging system magnets is niobium-
titanium embedded in a copper matrix.

Tesla

The internationally accepted unit of magnetic flux density. One tesla is equal to 10,000 gauss. One
milli Tesla is equal to 10 gauss.
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2  RF Shielded Enclosure Test Guidelines

2.1  Introduction

This document describes the procedure and methodology of performing an RF shielding
effectiveness verification testing on enclosures that will house GE Healthcare Magnetic
Resonance Imaging (MRI) equipment. MRI equipment is sensitive to RF energy from sources
outside of the shielded enclosure. To ensure proper operation of the MRI equipment, the shielded
enclosure must attenuate local RF signals to levels that do not cause interference.

NOTE: RF Shielding Performance is based on plane-wave measurements. H and F field tests
are not required, but are allowed as needed for diagnostic purposes.

2.1.1  Purpose of Test Plan

The purpose of this test plan is to describe a series of RF shielding effectiveness tests to
demonstrate compliance of an MRI shielded enclosure to the requirements of GE Healthcare.

The test procedure described in this guideline is a modification of MIL-STD-285 and IEEE Std
299-1991. This procedure provides a thorough evaluation of the shield integrity at the upper end
of the frequency range of interest showing any RF leakage that may cause imaging problems.
These testing guidelines ensure that the electromagnetic environment inside of the enclosure will
meet the requirements of GE Healthcare.

2.1.2  Not used

2.2  Applicable Documents

MIL-STD-285
 

MILITARY STANDARD ATTENUATION MEASUREMENTS FOR ENCLOSURES, ELECTRO-
MAGNETIC SHIELDING, FOR ELECTRONIC TEST PURPOSES, METHOD OF; 25 June 1956
 

IEEE Std 299-1991
 

IEEE STANDARD FOR MEASURING THE EFFECTIVENESS OF ELECTROMAGNETIC
SHIELDING ENCLOSURES; 2 July 1991
 

2.3  Test Sample Set-Up

The shielded enclosure under testing will be set up in a normal configuration that consists of:

• Magnet installed including all floor mounting bolts

• RF shielded door(s)

• Waveguide penetrations, HVAC, vents, medical gas lines, etc.

• AC power supplied through low-pass filters

• Patient view window, skylights, windows, hatches, etc.

• Blank penetration panel installed, dimensionally equivalent to the GE panel and the same
mounting hardware to be used with the GE penetration panel.

For safety reasons, the enclosure will be electrically grounded during the shielding effectiveness
test. Any variances from the normal configuration will be noted in the certification report.
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2.4  Shielding Effectiveness

This test procedure determines the worst case shielding effectiveness based on the lowest test
point reading obtained. The lowest reading obtained will be the reading of the room.

2.5  Measurement Procedure

To simulate the effects of external RF sources, the transmitting antenna will be located outside
the enclosure on a plane parallel to the face of the enclosure wall at a distance of 6 ft. (1.8 m)
unless physically constrained to a lesser separation. The areas of least effectiveness are located
by searching the inside of the enclosure with the antenna connected to the spectrum analyzer.

2.5.1  Test Position

The transmitting antenna will be positioned in front of all critical areas (doors, windows, filters,
penetration areas, etc.) at a minimum of every 20 ft. (6.1 m) of the wall. The receiving antenna is
scanned over all panel section joints (where accessible) at the floor, wall, and ceiling for a minimum
of 10 ft. (3.05 m) in all directions from the location of transmitting antenna. The receiving antenna
will be at a minimum of 1 ft. (0.3 m) from the shield. For areas that are inaccessible for direct
location of the transmitting antenna, the inside of that area will still be scanned using the receiving
antenna with the transmitting antenna positioned in front of the adjacent wall or test position.

2.5.2  Frequency Range

The standard frequency for shielding measurements will be 100 mHz ±10 mHz (150 mHz ±10 mHz
for 3T). This allows the frequency to be adjusted slightly to avoid interference from local active
transmitters and/or RF noise from other sources. Test frequency utilized will be noted in the
certification report.

2.5.3  Free Field Calibration

The incident field (free field) is measured by the following procedure:

Position the transmitting antenna parallel to the exterior wall of the enclosure at a distance of 6 ft.
(1.8 m) using horizontal polarization, unless physically constrained to a lesser separation, in which
case a separate reference will be established and documented at the new test distance. The
receiving antenna will be placed between the transmitting antenna and 1 ft. (0.3 m) from the exterior
wall of the enclosure. The receiving antenna will be moved vertically and horizontally to achieve
maximum signal strength. The receiving antenna will be placed no closer than 2 in. (51 mm) from
the exterior wall of the enclosure and in line with the transmitting antenna. The maximum received
voltage at the test frequency will be recorded.

2.6  Enclosure Power Reference Isolation

This section does not apply to upgrades.

To prevent personal hazard, it is necessary for the enclosure to be properly grounded.
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To minimize common mode currents, the ungrounded enclosure should be isolated from the
ground with a minimum of 1000 ohms of DC resistance. The isolation measurement is performed
by the following procedure:

• All power to the enclosure is removed. For safety reasons, an AC voltage measurement will
be made to verify that no power is connected.

• With electrical power and intentional ground disconnected, connect the test instrument
between the shielded enclosure and AC power ground.

• Take a reading and record the value.

NOTE: This test must be made using either an isolated, current limited, high-voltage (>150
VDC) DC source and DMM to read drop across the limiting resistor or a Megger
instrument capable of reading values less than 1000 ohms. Conventional resistance
meters employing test sources of 9 VDC or less will not be used.

2.7  Test Equipment

Test equipment will be selected to provide measuring capabilities as described in these testing
guidelines. The signal source, amplifier, antennas, and receiver or spectrum analyzer will be such
that the difference between the induced reference voltage and the receiver sensitivity is at least 6
dB greater than the required attenuation specification.

The signal source and power amplifier will output a CW signal for a nominal test frequency of 100
mHz (150 mHz for 3T). The receiver or spectrum analyzer and preamplifier (if required) will provide
adequate sensitivity to permit attenuation measurements to be made at the specified limits. Dipole
antennas and other miscellaneous equipment required to transmit and receive the proper RF fields
will be used.

The absolute performance calibration of the equipment requiring calibration will be performed on
an as-needed basis in accordance with MIL-STD-45662. The calibration period will not exceed
one year. The test equipment tolerances of at least ±2% frequency and ±2 dB amplitude will be
met. Equipment certifications will be traceable to the National Institute of Standards and
Technology (NIST). All equipment will be verified for proper operation between and after each
series of tests by repeating the reference readings at the specified frequency(s).

2.8  Data Recording and Verification

Measurements will be performed by qualified responsible EMC test personnel. The test must be
performed in the presence of a GE Healthcare representative unless other arrangements were
made by GE Healthcare. All data collected during the course of the tests will be recorded on
standardized data sheets. The data sheets will include the test location, frequency, reference level,
measured enclosure level, and attenuation level.

2.9  Test Report

A final certification report will be provided after the test is performed. This report will include all
recorded data necessary for the evaluation of the shielded enclosure test results and will list any
changes pertinent to the test set-up or shielding effectiveness. The certification report will also
include the test procedures and a list of the actual equipment used during the test. Along with the
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data sheet, there will be a presentable drawing showing the shape of the enclosure, all test point
locations, doors, filters, windows, and existing building walls.
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3  Acoustic Background and Design Guidelines

The acoustic information is provided for site planning and architectural design activities to address
acoustics to meet local regulations and customer requirements. For more information about
recommended safety procedures regarding patient exposure to MR generated acoustic levels, see
the MR Safety Guide included with the system Users Manual.

3.1  Acoustic Background

A typical MR suite has two types of acoustic noise issues. The first is the acoustics within the rooms
in which the patients and technicians are impacted by the noise of the MR system as the gradients
are pulsed. The second is noise transmitted to other spaces via airborne and structureborne paths.

3.1.1  Airborne

The airborne transmission path entails the excitation of air within the magnet room; the resonator
module consisting of the magnet, RF coil, and gradient coil generates acoustic noise similar to an
intense loud speaker. The airborne noise passes through walls via any openings, i.e. small holes,
cracks, HVAC ducts, and waveguides, into surrounding spaces within and possibly beyond the
confinements of the building. Acoustic energy can transmit across distances of significant length.

Examples of airborne acoustics issues may include the following (not limited to only these) :

• MR Operator exposure at Operator Workstation (i.e. Operator viewing in-line with the patient
inside the magnet may require a higher acoustic attenuation window)

• Image reading rooms adjacent to Magnet Room, may be separated by hallways

• Secretarial, offices, meeting rooms, patient rooms (ICU, exam, primary care, etc.)

• Adjacent residential areas/spaces

• In-house library facilities

3.1.2  Structureborne

The structureborne transmission path is the result of mechanical excitation of the floor/building
structure causing the building to vibrate. The vibration of the surfaces at surrounding spaces then
radiates as acoustic noise. Acoustic energy can transmit across distances of significant length.

NOTE: Less than 5% of installed base sites have experienced structureborne acoustic issues.

Examples of structureborne acoustics issues may include the following (not limited to only these):

• Areas directly above or below the Magnet Room, may not always be an issue

• Image reading rooms adjacent to Magnet Room, may be separated by hallways

• Secretarial, offices, meeting rooms, patient rooms (ICU, exam, primary care, etc.)

• Adjacent residential areas/spaces

• In-house library facilities
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3.2  Acoustic Design Guidelines

3.2.1  Magnet Room

Noise generated by the MR system is inherent to the operation of the system. The sound quality
(human perception) within the Magnet Room can be modified by including sound absorbing
materials to make the room sound more subdued and less harsh. The measured sound levels via
a sound level meter will not change. However, the measured sound levels can be reduced only
when the sound level generated by the MR System is reduced.

Sound quality improvements can be achieved by the following:

• Use ceiling tiles with fiberglass panels having a 2 inch (51mm) thickness set into the standard
T-bar grid system.

• Adding fiberglass panels to the side walls covering approximately 20% of the side wall surface
area. The panels should focus on covering the top half of the side walls. Panels could take
many different and decorative shapes to improve the sterile look of the rooms. Typically panels
might be on the order of 4ft x 6ft (1.2m x 1.8m) with a thickness of 4 inches (102mm) or
equivalent. Panels shape could vary to produce mosaic effects to meet the customer
preference. Any decorative materials used to cover the wall panels must be porous so that
sound waves can pass through with ease. In principle, a person should be able to breath
through the material with ease. Fire retardant cloth should be used. The NRC (Noise Reduction
Coefficient) of the panels should be 0.95 or better when mounted against a hard surface such
as drywall or concrete.

3.2.2  Inter-Spacial Areas

Acoustic Noise Control to mitigate noise from being transmitted to other spaces often amounts to
paying attention to small details while working with ordinary construction materials. The key
objectives are to eliminate all cracks and gaps in the wall construction while making sure that the
doors, walls, floor, and ceiling have adequate transmission loss via mass or special double wall
construction along with good fitting massive doors.

The entire Magnet must be surrounded by walls with substantial mass and/or double wall
construction so that noise is contained in the room and not allowed to pass through into nearby
spaces. Wall junctions must be sealed with acoustical sealant so that noise waves to do not escape
from the room. In principle, if the room were filled with smoke and under a positive pressure, no
smoke would leak from the room.

3.2.2.1  Wall Construction

Wall Construction will entail ordinary building materials in a careful configuration.

• The preferred wall would have an ASTM STC 50 construction which entails the use of standard
wall construction of steel studs (typically 3-5/8 inch (92 mm)) with 2 layers of Type X drywall
(typically 5/8 (16 mm)) on each side totaling 4 layers and fiberglass batt in the stud cavity. All
drywall must be overlapped by 6 inches (152 mm) or more. Beads of (USG) Acoustical Caulking
(non-hardening) would be used around the entire perimeter of the drywall. Any form of wall
penetration should be avoided. Any necessary wall penetrations must be sealed using
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combination of Acoustical Caulking (non-hardening) and fiberglass batt material. See
examples of wall construction shown inIllustration 11-1 and Illustration 11-2.

• The top of the wall must join the ceiling/floor above so that no cracks or gaps occur. If metal
pan is used on the ceiling/floor (above), then flute seals would be used to seal the gaps between
the drywall and the pan. Alternately drywall can be cut out to fit into the flutes. Acoustical
caulking (non-hardening) will be used to seal the remaining cracks and gaps.

Illustration 11-1:  Example Of Wall Construction For Airborne Noise Control - Option 1
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Illustration 11-2:  Example Of Wall Construction For Airborne Noise Control - Option 2

3.2.2.2  High Bay RF Room

A high bay RF Room is a self contained RF Room which has open air space between the RF Room
ceiling and the building floor above. The air space is an acoustic transmission path. Acoustic
energy must be reduced to minimize this transmission of energy through this path.

In cases where the Magnet is to be installed in a high bay, it may be most effective to enclose the
RF Room with its own drywall and steel stud room. The key difference being a ceiling assembly
that mimics the sidewall construction to contain noise.

• Normal high STC stud walls from above would be used to support a ceiling assembly
constructed of structural C channel with two layers of drywall on each side (total of 4 layers)
with fiberglass batt in the cavity.

• Penetrations should be avoided via the use of surface mounted lights. HVAC and ducts passing
through the ceiling, party wall or side walls would require acoustic noise attenuation in the form
of inline silencers. Gaps and cracks would be sealed between the ceiling, party wall or vertical
side walls and the cryogen vent plumbing. In essence the Magnet would be enclosed in a
drywall "doghouse".

3.2.2.3  Miscellaneous Plumbing, RF Windows and RF Doors

Other construction details are equally important to mitigate noise transmission to meet the intended
goal.

• Pipes (gas or water) and electrical conduit or Magnet Room signal cables must be sealed
where they penetrate the walls or ceiling. A heavy mastic material such as Duxseal™ is
appropriate.
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• RF windows should be purchased as window/frame units with an STC rating obtained from
laboratory testing per ASTM standards. STC 50 to 60 windows are needed. The installation
must include proper sealing to avoid sound leaks.

• RF doors should be selected to provide an STC 50 to 60 to quell the noise. Contact RF Shield
Room supplier for selection of RF doors that meet the local acoustic codes and site acoustic
requirements. RF door seals must be selected to prevent small gaps around the door perimeter
and at the door threshold. RF door seals would either require periodic replacement or a door
seal that would last the life of the Magnet Room.
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