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1 INTRODUCTION
NOTE

The new systems Intera Power and Intera Master are the successors of NT PT3000 and NT PT6000
respectively. Be aware of the name Intera MASTER being very confusing, since we have a master gradient
cabinet and a slave gradient cabinet in that system. Furthermore there is a master DC power supply and a

slave DC power supply within each Copley 274 cabinet.

WARNING

Be aware of the high voltage (420 Volt) present inside the gradient amplifier cabinet(s), on the connections at

the gradient coil and in the system filter box. Make sure that the AC power has been switched off for at least 2

minutes before starting to work on the gradient chain. It is advised to watch the high voltage value on the EMI

20kw/420V DC power supply meters and make sure that the supply capacitors have discharge to less than 2
Volt.

1.1 CONFIGURATION OF THE GRADIENT AMPLIFIER CABINETS

PT1000A, PT3000 and Intera POWER:
The gradient system of a PT1000A, PT3000 and Intera POWER consists of one cabinet (a master cabinet).
This PT1000A, PT3000 or Intera POWER master cabinet contains:
e The gradient interface cabinet (DI) with:
- The gradient interface controller (mother and daughter board)
- 3 waveform generator WFG/ECC 2 boards
e 3 Copley 274 axis amplifiers;
e A power distribution unit (PDU);
e Two parallel switched EMI 20 kW/420 V DC power supplies (a master and a slave DC power supply).

PT6000 and Intera MASTER:
The gradient system of a PT6000 and Intera MASTER consists of two cabinets: a master cabinet and a slave

cabinet.
This PT6000 or Intera MASTER master cabinet contains:
e The gradient interface cabinet (DI) with:
- the gradient interface controller (mother and daughter board)
- the 3 waveform generator WFG/ECC 2 boards
- the interconnection board (master slave connection)
e 3 Copley 274 axis amplifiers;
e A power distribution unit (PDU);
e Two parallel switched EMI 20 kW/420 V DC power supplies (a master and a slave DC power supply).

The slave gradient cabinet has the same configuration as the master cabinet but does not contain a gradient
interface cabinet.

Gradient coils:
The PT1000A uses the air-cooled gradient coil.
The systems PT 3000, Intera Power, PT6000 and Intera Master all use the same water-cooled gradient coil.

452298124592 (04.0) 5
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2 PROGRAMMING

2.1 BEFORE SWITCHING ON

Before switching on the cabinet(s) first check all DIP switches and jumper settings:

1. The DIP switch settings of the power modules and the controllers.
See Table 1, Table 2, Table 3 and Table 4. The power module DIP switches are accessible from the
rear of the cabinets. For the location of the DIP switches see Figure 2.

2. The jumper setting of the gradient interface controller (DIBA/DIBB).
See Figure 1.
For the Copley 274 jumper W10 is not required: the clock signal is directly connected from the gradient
interface controller daughter board to the Copley controller via a separate coaxial cable. The clock
signal does not go through the gradient interface controller mother board and waveform boards, as
with the Copley 234 gradient amplfiers.
If the jumper is accidentally installed, it can generate signal interference, which can affect the image
quality.

3. For all system configurations with a Copley 274 gradient amplifier, the jumper W6 on all three
WFG/ECC2 bhoards (DID/DIE/DIF) is not installed.
See Figure 1.

Notice that every controller inside a Copley 274 axis has a set of '1' and a set of '2' potentiometers.
The set of '1' potentiometers is used in PT3000 and Intera POWER systems.
The set of '2' potentiometers is used in PT1000A, PT6000 and Intera MASTER systems.

These potentiometer sets are selected with the DIP switches ‘M1’ and ‘M0’ on each controller.
These different potentiometer sets are necessary, because of the difference in gradient coil load (one or two
coil-halves).

A PT1000A system uses an air-cooled gradient coil, of which the load is only slightly different from one half of
a water-cooled gradient coil. This is the reason that PT1000A systems use the set of '2' potentiometers.

6 (04.0) 452298124592
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Figure 1 - Jumper settings of the gradient interface boards
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The gradient system interconnections are tightened properly.

The grounding straps of the side panels and doors of the cabinets have been checked.

All power module fan assemblies are properly mounted.

The rear door(s) are closed. Notice the door switch in the upper right corner of the cabinet. It
should be pushed inwards properly. If you want to operate the gradient amplifier with opened
doors or without doors, for troubleshooting, you have to pull the switch pin outwards.

No gk

CAUTION

Before switching on the cabinets, all magnet covers must be mounted, the water-cooling must be operational,
and the temperature sensor on the gradient coil must be connected.
If the magnet covers are not yet mounted or the RF room is not yet operational, overrule the
gradient air-pressure sensor temporarily. To do so, just short-circuit the two wires connected directly to the air-
pressure sensor.

452298124592 (04.0) 7
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Figure 2 - DIP switches location at the Copley 274 power module
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Table 1 - Address selection of the master cabinet (PT1000A, PT3000, PT6000, Intera POWER and Intera

MASTER).
DIP switches on the Copley 274 Power Module
FUNCTION Master cabinet DIP switches (MSB-LSB)
address Power module 1 00000001
address Power module 2 00000010
address Power module 3 00000011
address Power module 4 00000100
address Power module 5 00000101
address Power module 6 00000110
address Power module 7 00000111
address Power module 8 00001000
address Power module 9 00001001
address Power module 10 00001010
address Power module 11 00001011
address Power module 12 00001100
Address DIP switches located on the Copley 274 Controller ~ see remark
address Controller X 13 dddduudu
address Controller Y 14 dddduuud
8 (04.0) 452298124592

(c) 2004 Koninklijke Philips Electronics N.V.
ALL RIGHTS RESERVED



Service Procedure Document Gyroscan NT/Intera

address Controller Z 15 dddduuuu

Remark: In some controllers the DIP switches of the address selection are reversed (MSB - LSB, M1-
MO0), see Figure 4.
Always check the label, behind the 'hatch' of the controller panel.

Table 2 - Address selection of the slave cabinet (PT6000 and Intera MASTER).

DIP switches located on the Copley-274 Power Module

FUNCTION Slave cabinet DIP switches (MSB-LSB)
address Power module 17 00010001
address Power module 18 00010010
address Power module 19 00010011
address Power module 20 00010100
address Power module 21 00010101
address Power module 22 00010110
address Power module 23 00010111
address Power module 24 00011000
address Power module 25 00011001
address Power module 26 00011010
address Power module 27 00011011
address Power module 28 00011100

Address DIP switches located on the Copley 274 Controller ~ see remark
address Controller X 29 ddduuudu
address Controller Y 30 ddduuuud
address Controller Z 31 ddduuuuu

Table 3 - Coil_1 mode and the clock signal selection of the PT3000 and Intera POWER cabinet

Copley-274 Controller DIP switches
FUNCTION POWER
UNCTIONS © M1,M0,0SC S/M,0OSC ON,3/4 MOD

coil mode(s), clock Controller X,Y and Z dduud

Table 4 - Coil_2 mode and the clock signal selection of the PT1000A, PT 6000 and Intera MASTER
master and slave cabinets

Copley-274 Controller DIP switches
FUNCTIONS MASTER Master and Slave ML.M0.OSC S/M.OSC ON.3/4 MOD

coil mode(s), clock Controller X,Y and Z duuud * see remark
Remark: In some controllers the DIP switches of the address selection are reversed (MSB - LSB, M1-

MO0), see Figure 4.
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Always check the label, behind the hatch' of the controller panel.

See Figure 3, for the lay-out of the DIP switches of the address selection for the majority of the controllers in

the installed base.

Figure 3 - DIP switch location Copley-274 Controller
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Some controllers however, have a different lay-out.
With these controllers the DIP switches MO and M1 are reversed; also the DIP switches for the address

selection are reversed. See Figure 4.

Figure 4 - DIP switch location Copley 274 Controller (reversed)
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To make sure that you set the DIP switches correctly, ALWAYS check the label behind the hatch of the
controller. If, for instance, a controller has been exchanged, the DIP switch label on the fan unit is not

changed.
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2.2 VERIFY GRADIENT AMPLIFIER PARAMETERS AND DRIVERS IN ASW AND TSW

Procedure:

1. Login GYROTOOL

2. Enter <RETURN> To enter the main menu.
3. Select Modify system configuration

4, Select Scanner hardware configuration

5. Check Gradient amplifier type COPLEY-274S or COPLEY-274D
6. Check Grad. coil type Water-cooled

7. Select <Proceed>

8. Select <Exit>

Check the gradient amplifier drivers in TSW:

1. Login TSW

2 Select CONF

3. Select EDIT

4. Check Line 696

5 696 Gradient amplifier type = COPLEY-274S or COPLEY-274D

6 Press <CTRL>Z

7 Enter <Exit>

8 Select <Quit>

If gradient amplifier type has been changed, you have to perform a GYRORESTART, before you continue

scanning.

1. Login GYRORESTART

2. Enter YES

452298124592 (04.0) 11
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2.3 SETTING TO INTERNAL CLOCK FOR TEST PURPOSES

Introduction:
The clock for the Copley 274 gradient amplifier(s), is generated on the transceiver board inside the NTDAC

and supplied to the gradient interface through the BCP board inside the NTDAC.

When you have clock problems, you can configure the gradient amplifier to internal clock for test purposes.
Operating the gradient amplifiers on the internal clock can slightly decrease the image quality of the system. In
order to verify the behavior of the gradient amplifier over a longer time span, with the clock set to internal, you
can decide to give the system back to the customer and continue with trouble-shooting at a more convenient

time.

Procedure:

Figure 5 - Clock signals on the PT6000 / Intera MASTER

sl Clock signals:
' DI-R-#6E System Clock
DI-R-x67 Clock to master
DI-R-#68 Clock to slave

LS
For a PT1000A, PT3000 and Intera POWER disconnect DIB-X58 on the gradient interface controller daughter
board.

For a PT6000 / Intera MASTER:
1. Disconnect the coax cable from DIR-X66 (now the system clock is disconnected)

2. Disconnect the cable from DIR-X67 (clock to master cabinet) and connect it to DIR-X66.

Now all master and slave amplifier clocks are connected together.

Figure 6 - DIP switches
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3. To activate the internal clock of the master X controller set the ‘OSC S/M’ and ‘OSC ON'’ DIP switches

to ‘down’.

(04.0) 452298124592
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The DIP switches ‘OSC S/M’ and ‘OSC ON'’ have to be set like xxDDx.
e Now the master X controller generates the clock for all master and slave controllers.

If this does not work, it is likely that you have a problem with the interconnect board.

To check this, disconnect the cable from DIR-X67 (clock to master cabinet) and disconnect the cable

from DIR-X68 (clock to slave cabinet).
Connect these two cables together with a coaxial I-piece or T-piece.

Now you have skipped the interconnect board for the clock signal.

2.4 CONFIGURE 3 POWER MODULES FOR TEST PURPOSE

Introduction:
If there is one power module defective in an axis amplifier, the corresponding controller can be configured for

operating with just 3 power modules. However this results in a 25% performance reduction of the gradient
orientation. Therefore the system can have scan aborts, simply because the gradient amplifier cannot supply

enough current in this configuration.

Switch off the gradient amplifier(s)

1.
2. Open the small front cover of the controller of the affected axis amplifier.
3. Set the ‘3/4 MOD’ dip switch from ‘down’ to ‘up’. See Figure 7.
4, Switch on the gradient amplifier(s)
Figure 7 - DIP switch location Copley-274 Controller
3/4 MOD
! !
f !
|'I i UP ..' currenT !
j ——t MOHITOR |
! |E|E|m|w|m|mlmﬂm|'I’|m'|m|'z'.i|EIZ & EEEHEEEH | | |E|| ; i'
I o ey £y Gty O S H90 (00w VOLTAGE |
| EEEs.oElse 2B B 2RTT (@i |
I| —~ oo oor-rITTJdJCoooor T a AODRESS EEI:IEF\"I I|
I \/ !
NOTE
Do not for get to configure the controller for 4 power modules again after repair of the system!
Otherwise the gradient system will not be able to supply the maximum gradient strength.
452298124592 (04.0)
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3 TEST PROCEDURES

To diagnose faults in the Copley 274 gradient amplifier, there are several tools available for the service

engineer:

Test software (TSW):

System Tuning Tools (STT):

Application software (ASW)

Displays:

TSW is available for R5.X and R10.X systems

The TSW contains:

- Automatic tests, no operator actions are required after this test has been
started.

- Interactive tests, the operator is requested and instructed to perform
actions during the test.

STT is embedded in ASW for R5.X and R10.X systems.

The STT contains:

- System Tuning Tools (STT) diagnostic tests (service dongle level 1
required).

ASW contains:

- Logging in the application software (ASW). The ASW logging monitors
the system, included the Gradient amplifiers. Any error in the gradient
amplifier can be found in the ASW logging.

- In case of gradient errors, also a 'gradient dump file' is logged. This log
file lists detail information about the error and the status in general of the
gradient amplifier.

A display on each gradient amplifier axis and on each DC power supply shows
the actual status of the unit.

Procedure to start ASW (R5.x to R9.x):

1. Logon: Gyroscan

2. Continue with the required test.

Procedure to start ASW (R10 ->)

1. Logon: MR Service + Password (Case sensitive)
2. Select: Intera in the MR Boot Configuration manager and press Start
3. Continue with the required test.

Additional for R11:

When the ASW is started up set the scan definition context to scan list.
4., Select: System — Scan Definition Context —» Scan List

NOTE

For monitor setup in the technical room, refer to paragraph 6.8.

14
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3.1 HOw TO VERIFY THE GRADIENT CABLE CONNECTIONS

3.1.1 PT3000/INTERA POWER

Before switching the gradient amplifier on, you must check the gradient cable connections for possible shorts.
Checks are done with a digital multi meter (DMM) with an Ohms range.

See Table 5, where the measurement points are given.

The following measurements are made:

e The resistance of the X, Y and Z gradient coils ;

e The resistance between the X, Y and Z gradient cails;

e The resistance between each coil and ground.

WARNING

For this measurement the gradient amplifier must be switched OFF. Make sure that the AC power has been
switched off for at least 2 minutes before starting to work on the gradient chain. It is advised to watch the high
voltage value on the EMI 20kW/420V DC power supply meters and make sure that the buffer capacitors have

discharged to less than 2 Volt.

Figure 8 - Gradient cable connections at rear of the gradient amplifier

CABLES NOT DRAWN, BUT MUST HAVE BEEN CONNECTED

Q0| Q| ©
©

Q|0 ©

Q
Q
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Table 5 - PT3000 / Intera POWER gradient cable connection checks

Measuring points: Spec. [Q] Measured [Q]

X+ X- <10

Y+ Y- <10

Z+ Z- <10

X+ Y+ > 1000
X+ Z+ > 1000 *
Y+ 7+ > 1000 *
X+ ground >1000*
Y+ ground > 1000~
Z+ ground >1000*

*) If measurement results are slightly out of spec, retry the measurement with a different DMV or disconnect
the positive gradient cable and measure between the gradient cable and ground.

3.1.2 PT6000/INTERA MASTER

Before switching the gradient amplifiers on, you must check the gradient cable connections for possible
shorts.

Checks are done with a digital multi meter (DMM) with an Ohms range. See Table 6, where the measurement
points are given. The following measurements are made:

e The resistance of the X, Y and Z gradient coils ;

e The resistance between the X, Y and Z gradient cails;

e The resistance between each coil and ground.

WARNING

For this measurement the gradient amplifier must be switched OFF. Make sure that the AC power has been
switched off for at least 2 minutes before starting to work on the gradient chain. It is advised to watch the high
voltage value on the EMI 20kW/420V DC power supply meters and make sure that the buffer capacitors have

discharged to less than 2 Volt.
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Figure 9 - Gradient cables connections at rear of the gradient amplifier cabinets

CABLES NOT DRAWN, BUT MUST HAVE BEEN CONNECTED
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Table 6 - PT6000/ Intera MASTER gradient cable connections checks

Measuring points: Spec.[Q)] Measured[Q]
X+ master X- master <10
Y+ master Y- master <10
Z+ master Z- master <10
X+ slave X- slave <10
Y+ slave Y- slave <10
Z+ slave Z- slave <10
X+ master Y+ master > 1000
X+ master Z+ master > 1000
Y+ master Z+ master > 1000
X+ slave Y+ slave > 1000
X+ slave Z+ slave > 1000
Y+ slave Z+ slave > 1000
X+ master Y+ slave > 1000
X+ master Z+ slave > 1000
Y+ master X+ slave > 1000
Y+ master Z+ slave > 1000
Z+ master X+ slave > 1000
Z+ master Y+ slave > 1000
X+ master X+ slave > 1000
Y+ master Y+ slave > 1000
Z+ master Z+ slave > 1000
X+ master ground > 1000 *
Y+ master ground > 1000~
Z+ master ground > 1000~
X+ slave ground > 1000 *
Y+ slave ground > 1000 *
Z+ slave ground > 1000 *

*) If measurement results are slightly out of spec, retry the measurement with a different DMV or disconnect

the positive gradient cable and measure between the gradient cable and ground.

18
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3.2 GRADIENT INTERFACE (TSW)

1. Login: TSW
2. Select: TBDAS
3. Enter: RUN FUNCTIONAL GRADIENT AUTOMATIC
No errors are allowed.
When finished:
4, Enter: RUN FUNCTIONAL GRADIENT INTERACTIVE
'GRADIENT INTERACTIVE' test started
'CONTROLLER: sub-channels presence' test function started
Follow the instructions on the screen.
5. Enter: QUIT to exit TBDAS test.

3.3 FIRST TIME POWER-ON CHECKS

Make sure that the NTDAC has been switched on (otherwise the sync_clock is missing).

Switch on the gradient amplifier in the MDU (MDE).

Switch on the MAINS and AUX of the master and, if applicable, the slave gradient amplifier cabinets.

The switches can be found on both PDU's in each cabinet.

All power module fan units should run.

Switch on both EMI 20 kW/420V DC power supplies in the master and, if applicable, the slave gradient

amplifier cabinets.

The heat exchanger of the gradient coil must be switched on (PT3000/ Intera POWER and PT6000/

Intera MASTER only).

8. Verify the status of the heat exchanger (PT3000/ Intera POWER and PT6000/ Intera MASTER only):

- Temp. control dial: 25°C

- Recirculation temperature: equal to the dial setting (tolerance)

- Recirculation pressure: 43.5 PSI-79.8 PSI (3 -5 bar)

- Pressure fluctuation: 7.2 PSI (0.5 bar)

- Water purity indicator: After (re)filling the secondary circuit, this indicator will be red for
a couple of days. This indicates that the ion-level is not yet within
specification. The color should change to green within one week.
Note that during this first week, it is allowed to operate the
system with the indicator being red.

When, after normal operation, the indicator changes to steady
red the cartridge should be replaced. If the light is periodically
changing between red and green, the purity is still adequate but
replacement should be anticipated.

- Idle- & cool light: The amber IDLE and the green COOL indicators show the status
of the control valve. When the temperature control valve is fully
open (for maximum cooling), the COOL indicator is on
continuously. When the control valve is fully closed the IDLE
indicator is on. As the control valve moves between these two
extremes, the two indicators will flash with variable on-times to
indicate the approximate position of the control valve.

oghrwnE

~

3.4 CHECKING THE GRADIENT ORIENTATION

The gradient system must function properly before performing this procedure.
The shim gantry must be mounted and the Tesla meter must have been set up.

1. Measure the field strength with the Tesla meter. See Table 7.

- Select: Scan Control
- Select: Scan Utilities
452298124592 (04.0) 19
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- Select:
- Select:
- Select:
- Select:
- Select:
- Select:
- Select;
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Enter service mode

System tuning

System tuning tools

Installation procedures
Gradient adjustment procedures
Shim probe position

<proceed>

2. Change the parameter 'Gradient coil' to X, Y or Z, depending on the gradient under test.
Measure the field strength in each position as indicated in the table below.

If the gradient orientation is correct then the following statements are true:
(Numbers refer to the values entered in the table)

X-gradient: (2-1)
Y-gradient: (11-9)
Z-gradient: (20-17)

>0 ; (6-5) <0
>0; (15-13) <0
>0; (24-21) <O

Table 7 - Field strength measuring points

Probe position demand input
x=y=z=0 X=0n y=on zZ=0n
p6, 0 degree 1 2
p6, 180 degree 5 6
p6, 90 degree 9 11
p6, 270 degree 13 15
pl, O degree 17 20
pl12, 0 degree 21 24
3. If any of the gradients have the wrong orientation, correct it.
4. Repeat the procedure.
5. Remove the shim gantry and Tesla meter when all is okay.
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3.5 EDDY CURRENT COMPENSATION

3.5.1 DRIFT COMPENSATION FLUX METER

Condition: Place the pick-up coil holder, with the pick-up coils mounted in the direction of the gradient
being tested, close to the iso-center, directly on the bridge section.
Notice that the axis of the pick-up coils is always parallel to the Z-axis of the magnet!

Procedure:

1. Set the remote/manual switch on flux meter to remote.
The flux meter has to be switched ON for at least 30 minutes, before adjusting the offset drift of the
flux meter.

2. Select: Scan Control

3. Select: Scan Utilities

4, Select: Enter service mode

5. Select: System tuning

6. Select: System tuning tools

7. Select: Installation procedures

8. Select: Gradient adjustment procedures

9. Select: Drift compensation flux meter.

An information screen is displayed.
10. Select: <Proceed>
11. Select: <Mod display>
12. Change/check:

To start the measurement.

monitoring mode both
Raw data file logging no
identifier of signal 1 Tr
sig 1: horizontal min 1.0
sig 1: horizontal max 4990
sig 1: vertical min -0.1
sig 1: vertical max 0.1
sig 1: marker line no
identifier of signal 2 Ti
sig 2: horizontal min 1.0
sig 2: horizontal max 4990
sig 2: vertical min -0.1
sig 2: vertical max 0.1
sig 2: marker line no

13. Select: <Proceed>

14, Select: <Display grid>

15. Select: <Display min/max>

At this point the signal from both pick-up coils is displayed on the monitor.

The value of each signal at the start of the measurement is not important. Important is that this value does not
change during this 5 seconds measurement. This change is called DRIFT.

The drift of both signals (channels) during the 5 seconds measurement should be smaller than +/- 10 mV.

16. Adjusting the drift:

- Temporarily disconnect the cable from the ‘Integrator 1’ output.

- Connect a DMV to the ‘Integrator 1’ output via a BNC — to —banana adapter.

- Set the remote /manual switch at the flux meter to ‘manual’.

- Toggle the RESET switch on the flux meter.
The value that you measure now at the DVM is the starting value, which is not necessarily
0omv.
However, whatever value it is, it should not change during the 5 seconds measurement.

452298124592 (04.0) 21
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- If the value changes, adjust the ‘Integrator 1’ output with the corresponding ‘Integrator 1’ (drift)
potentiometer, until the drift is within spec (does not change during the 5 seconds
measurement).

- Every time after you have changed the setting of the ‘Integrator 1’ (drift) potentiometer, reset the
flux meter by toggling the RESET switch.

- If the drift is in spec, disconnect the DVM from the ‘Integrator 1’ output and connect the cable
again.

- Repeat the drift adjustment for the ‘Integrator 2’ output.

- If the drift of both integrators is in specification, proceed as follows:

*  Make sure both signal cables are connected to the flux meter ;
*  Set the remote/manual switch on the flux meter to ‘automatic’.

At this point both signals can be viewed again on the monitor for visual inspection.
If one or both of the channels, still shows a drift out of specification, repeat the drift adjustment, until it is in
specification.

17. Select: <Stop scan> To stop the measurement.

It is strongly advised to check and, if required, adjust the offset drift several times during the eddy current
adjustment procedure!
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3.5.2 POSITIONING EDDY CURRENT PICK-UP COILS

Condition: Place the pick-up coil holder, with the pick-up coils mounted in the direction of the gradient
being tested, close to the iso-center, directly on the bridge section.
Notice that the axis of the pick-up coils is always parallel to the Z-axis of the magnet.
See paragraph 6.2.1.

1. Select: Position eddy current pick-up coils
An information screen is displayed.
2. Select: <Proceed>
3. Change/check: gradient coil Z
4, Select: <Proceed> To start the measurement.

If pick-up coils are positioned for the X or Y gradient adjustment:

5. Select: <Mod display>
6. Change/check:

monitoring mode both

Raw data file logging no

identifier of signal 1 Tr

sig 1: horizontal min 1.0

sig 1: horizontal max 150

sig 1: vertical min -0.1

sig 1: vertical max 0.1

sig 1: marker line no

identifier of signal 2 Ti

sig 2: horizontal min 1.0

sig 2: horizontal max 150

sig 2: vertical min -0.1

sig 2: vertical max 0.1

sig 2: marker line no

Select: <Proceed>
7. If pick-up coils are positioned for the X or Y gradient adjustment:

Move the holder with the pick-up coils in Z direction, until the response of the two channels is:
-50 mV <V <+50mV.
If the pick-up coils are positioned for the Z gradient adjustment:
Move the holder with the pick-up coils in Z direction, until the response of the two channels is:
two signals with the same amplitude (absolute).
8. Select: <Stop scan>
9. To reduce the positioning time for the other gradients, mark the position of the pick-up coil holder on
the bridge section.

3.5.3 EDDY CURRENT REFERENCE MEASUREMENT

Condition: The pick-up coils are positioned symmetrically around the iso-center in the direction of the
gradient under test.

Procedure:
1. Select: Eddy current reference measurement
An information screen is displayed.
2 Select: <Proceed>
3. Change/check:
Measuring type Reference
Gradient coil Gradient under test  (Corresponds with the position of the pick-up coils)
Gradient ampl. faults  enabled
4, Select: <Proceed> to start the measurement.

The reference measurement is performed and the maximum gradient strength is measured.
The program will display the resuilt.
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The maximum gradient strength should be:  >4.5mT/m

5. Enter: <RETURN> to accept this condition.
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3.5.4 EDDY CURRENT CHECK

Because the eddy currents have been adjusted in the factory, it is advised to check the actual behavior before
starting to make any readjustments. For this check, the 'eddy current final measurement' procedure will be
used. During the final measurement the specific channel delay deviation is changed till the three- quarter
point specification is reached. The flatness of the average values is measured for the specified ranges.
After completion of the final measurement the measured parameters will be checked against the
specifications. An MRL will be displayed. If all values are within the limits the values are stored automatically
into the tuned hardware parameter archive.

Make sure you are in the 'Gradient adjustment procedures' menu.

1. Select: Eddy current final measurement
An information screen is displayed.
2. Select: <Proceed>
3. Change/check: gradient coil XXX
'xxx' stands for gradient under test.
4. Change/check: Current ECC settings
Activate all filters:
1 ON 2 ON 3 ON
4 ON 5 ON 6 ON
5. Select: <Proceed> To start the measurement.

At the end of the measurement, a measurement result list (MRL) will be displayed.
See paragraph 6.2.3.

ECC adjustment specifications:

POWER MASTER Specification
ECC:.  Three-quarter point 0.30 ms 69.0% +3.0%
ECC:  Three-quarter point 0.15ms 63.0% £ 6.0 %
ECC: EOS point 0.4 ms 95.0% £ 0.5%
ECC: EOS point 0.224 ms 91.5% +0.5%
ECC: Flatness 1 0.7->3.4ms 0.5ms->3.2ms <0.15%%*)
ECC: Flatness 2 34->990ms  3.3ms->990 ms <0.1%%
ECC: Difference 1 1.0->5.4ms 0.8->5.2ms < 0.45 % **)
ECC: Difference 2 58->990ms  5.2->990 ms < 0.42 % **)
*) [(max.value) - (min.value)]
**) [(max.value) - (min.value)]

o If the system does not pass the flatness tests: See paragraph 4.8. If it is okay, change the position of the
pick-up coils for another axis. Repeat the pick-up coils positioning and start the final measurement again.

e If the system does not pass the difference tests, the most likely cause is the flux meter. To exclude the
flux meter, interchange the eddy current pick-up coil connections at the front of the flux meter. Check the
final measurement again. If the difference is still not within the specification, contact the MR helpdesk. In
the meantime change the position of the pick-up coils for another axis. Repeat the pick-up coils
positioning and start the final measurement again.
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SUMMARY of eddy current compensation check:

X axis

Place the two pick-up coils in position 2 and 4 on the X axis.

See paragraph 3.5.2.

Select the Z gradient and move the holder with the pick-up coils in Z direction, until the response of the
two channels is <+ 50 mV.

Perform the final eddy current measurement. See paragraph 4.8.2 for the X gradient'.

Y axis

Place the two pick-up coils in position 3 and 5 on the Y axis.

See paragraph 3.5.2.

Select the Z gradient and move the holder with the pick-up coils in Z direction, until the response of the
two channels is <+ 50 mV.

Perform the final eddy current measurement. See paragraph 4.8.2 for the Y gradient'.

Z axis

Place the two pick-up coils in position 1 and 1 on the Z axis.

See paragraph 3.5.2.

Select the Z gradient and move the holder with the pick-up coils in Z direction, until the response of the
two channels are equal: tolerance 100 mV.

Perform the final eddy current measurement. See paragraph 4.8.2 for the Z gradient'.

If the eddy current adjustment does not meet the specifications:
See paragraph 4.8.
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3.6 DIAGNOSTIC TOOLS

3.6.1 ANALOG FUNCTION TEST

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient chain measurements

8. Select: Analog functions test
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

The test will start. At the end of the test the status of the amplifier is displayed.

Values not within the specifications are marked in the displayed MRL listing.

3.6.2 GRADIENT LOAD TEST

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient chain measurements

8. Select: Gradient load test (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.

Values not within the specifications are marked in the displayed MRL listing.
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3.6.3 STATUS CHECK

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4. Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements
8. Select: Status check (master or slave)

An information screen is displayed.
9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.
10. Select: <Proceed>
11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.

Values not within the specifications are marked in the displayed MRL listing.

3.6.4 POWER MODULE DIGITIZED SIGNALS

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Pwr mod digitized signals (master or slave)

An information screen is displayed.
9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.
10. Select: <Proceed>
11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.

Values not within the specifications are marked in the displayed MRL listing.

The numbers in the MRL refer to the listed test points:

1 = +16V supply value

2 = +15V supply value

3 = High voltage supply value

4 = IGBT1 temperature

5 = Ambient temperature

6 = Filter coil temperature of the power module
7 = RMS current positive output

8 = RMS current negative output

9 = -15V supply value

10 = +5V supply value

11 = IGBT2 temperature

12 = Airflow (not applicable)

13 = Output rectifier temperature

14 = +28V supply value

15 = Predicted junction temperature

16 = Reference temperature
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3.6.5 POWER MODULE CM VOLTAGE, VFB

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4. Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Pwr mod CM voltage, VFB (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.
Values not within the specifications are marked in the displayed MRL listing.

3.6.6 POWER MODULE 60 A CURRENT SHARING

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Pwr mod 60A current sharing (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.
Values not within the specifications are marked in the displayed MRL listing.

452298124592 (04.0) 29

(c) 2004 Koninklijke Philips Electronics N.V.
ALL RIGHTS RESERVED



Gyroscan NT/Intera Service Procedure Document

3.6.7 POWER MODULE 600 A CURRENT SHARING

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4. Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Pwr mod 600A current sharing (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.
Values not within the specifications are marked in the displayed MRL listing.

3.6.8 CONTROLLER VOLTAGES

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Controller voltages (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.
Values not within the specifications are marked in the displayed MRL listing.

3.6.9 CONTROLLER GAIN AND OFFSET

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Controller gain/offset (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice
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The test will start. At the end of the test the status of the amplifier is displayed.

Values, not within the specifications are marked in the displayed MRL listing.
For the adjustment of the controller offset, see paragraph 4.2 or 4.3.

3.6.10 CONTROLLER DIAGNOSTICS

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Controller diagnostics (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.

Values not within the specifications are marked in the displayed MRL listing.

3.6.11 POWER SUPPLY HIGH VOLTAGE

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements

8. Select: Power supply high voltage (master or slave)
An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.

Values not within the specifications are marked in the displayed MRL listing.

3.6.12 SETTLING

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Diagnostic measurements

7. Select: Gradient amplifier measurements
8. Select: Settling (master or slave)
452298124592 (04.0)
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An information screen is displayed.

9. Select: <Proceed> To start the measurement.
At the end of the test a MRL is displayed. No errors are allowed.

10. Select: <Proceed>

11. Select: <Cancel> twice

The test will start. At the end of the test the status of the amplifier is displayed.
Values not within the specifications are marked in the displayed MRL listing.
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3.7 THE 100 A FUSE AND THE IGBTS IN THE POWER MODULE

Introduction

The DC voltage output of the two EMI 20 kW DC power supplies is routed to the power modules via the high
voltage and ground bus bars and the backplane. See Figure 10 and Figure 11.

The + and — output of the power modules are routed to the gradient cable terminal block via the + out and —
out bus bars. In each axis there are four power modules connected in parallel.

Figure 10 - the bus bars
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Figure 11 - the bus bar connections
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At the bottom of each gradient cabinet (left side), extra buffer capacitors are mounted that smoothen the high
voltage generated by the two EMI 20 kW DC power supplies. See Figure 12.

Each power module is connected to the high voltage bus bar via a build-in fuse. Extra buffer capacitors inside
the power module provide additional smoothening of the high voltage.

Figure 12 - buffer capacitors in the cabinet
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Figure 13 - overview of the high power interface of the power module
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3.7.1 CHECK THE FUSE

Figure 14 - the high power interface of the power module

High voltage

The connections ground, high voltage, + out and — out of each power module are connected to the
corresponding bus bars on the back plane.

Procedure:

Switch off the gradient amplifier, check the high voltage on the EMI 20kW/420V DC power supply meters
and make sure that the buffer capacitors have discharged to less than 2 Volt before you proceed.
Remove the suspected power module from the cabinet.

Measure the resistance between the bolt in front of the fuse and the high voltage connector pin, using a
multi meter (DVM). See Figure 13 and Figure 14.

The resistance should be: < 1 Ohm (= short).

If the fuse is defective, continue with checking the IGBT'’s.

Conditions when to replace the 100 A fuse in the field:

36

IGBT’s are OK (See paragraph 3.7.2.)

+16V supply voltage, +15V supply voltage and +28 supply voltage for the affected power module are
within specification. (check the graddump file)

The graddump shows an overload for the affected power module.

Depending of the timing of the graddump generation (after the fuse was blown), the high voltage value in
the graddump file is zero for the affected power module.

(04.0) 452298124592

(c) 2004 Koninklijke Philips Electronics N.V.
ALL RIGHTS RESERVED



Service Procedure Document Gyroscan NT/Intera

3.7.2 CHECK THE IGBTs

Procedure:

e Switch off the gradient amplifier, check the high voltage on the EMI 20kW/420V DC power supply meters
and make sure that the buffer capacitors have discharged to less than 2 Volt before you proceed.

e First measure at the bus bars with all power modules in parallel.

o [f there is a defective IGBT, remove the power modules one by one and repeat the measurement each
time a power module has been removed. For the measurement refer to Table 8.

Notice that while measuring the IGBTS, you will load the buffer capacitors. Therefore you will not get a stable
readout on your DVM, even if the IGBTs are okay.

You can check the IGBTs with a DMM measuring ‘resistance’ or perform 'diode check mode'.
The measured resistance must be higher than 100 Ohm.
The IGBTSs are defective when you measure a short <1 Ohm.

It is preferred to check the IGBTSs, with a DMM in diode check mode (with a beep). Measure at the connector
pins. Refer to Figure 14 for the connector pinning.

The results should be:

Table 8
IGBT Measuring points Diode check mode Ohms mode
IGBT 1 high + out to high voltage Short beep > 100 Ohm = OK
IGBT 1 low + out to ground Short beep > 100 Ohm = OK
IGBT 2 high - out to high voltage Short beep > 100 Ohm = OK
IGBT 2 low - out to ground Short beep > 100 Ohm = OK

If one or more measurements don’t meet the requirements, you have to replace that power module, since the
involved IGBT is defective and the IGBTs are not an FRU.
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3.8 GRADIENT PARAMETERS DETERMINATION

The gradient parameters determination is necessary for optimizing the gradient performance.

3.8.1 GRADIENT PARAMETERS DETERMINATION (R5 TO R9)

Condition: The gradient cabinet must have been switched on for at least 15 minutes.
1. Select: Scan control

2. Select: Scan utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Installation procedures

7. Select: Gradient parameters determination

Answer the question : Run all subsequent tools successively [No,Yes]: with Yes
8. Select: <Proceed> to start all three measurements

Follow the instructions on the screen.

3.8.2 GRADIENT PARAMETERS DETERMINATION (R10.X AND HIGHER)

Condition; The gradient cabinet must have been switched on for at least 15 minutes.
1. Select: Scan control

2. Select: Scan utilities
3. Select: Enter service mode
4, Select:  System tuning
5. Select:  System tuning tools
6. Select: Installation procedures
7. Select:  Gradient params. Determination.
8. Select: Channel delay and shimming
Follow the instructions on the screen.
9. Select: <Proceed> to start the measurements

Channel delay and shimming will automatically be performed subsequently.

3.8.3 EDDY CURRENT ANALYSIS (R7.1 AND HIGHER)

The eddy current analysis tool analyzes the eddy current effects on the linear shim currents, generated by the
gradients. With the determined parameters, the compensation for eddy current irregularities in the system is
calculated and used to improve image quality for EPI — diffusion measurements.

NOTE

With this measurement, the 3 liter bottle must be placed vertically on the table-top and not horizontally!

1. Select: Scan utilities

2. Select: Enter service mode

3. Select: System tuning

4. Select: System tuning tools

5. Select: Installation procedures

6. Select: Eddy current analysis

7. Select: <Proceed> to start all three measurements
Follow the instructions on the screen.
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3.9 FINE ADJUSTMENT OF THE GRADIENT STRENGHT

Procedure:

1. Select: Scan control

2. Select: Scan utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: Tuned hardware parameters

6. Check the present value for the parameters: ‘grad. gain adjust’ X, Y and Z

7. Set the values to 0.

8. Select: Store to save the changes (you have to enter a reason for changing the parameters).

3.9.1 FINE ADJUSTMENT X AND Y GRADIENT STRENGTH

1. Select: Scan control

2. Select: Spt scanning

3. Select: Service mode

4, Select: Perform igp/est measurements

5. Select: Analysis principle: iqp

6. Select: XX Misc

7. Select: GA_XY (scan name: ADJ:XY)

8. Position the head performance phantom, with the holder, for transversal scans in the head coil.
Connect the head coil to one of the surface coil connectors. Move the head coil to the iso-center of
the magnet by using the light visor and pressing <Travel to scan-plane>.

9. Start the batch with <Proceed> (2x)

10. In the batch, SCOUT scans and the scans 'GA1:X_grad' and 'GA2:Y_grad' are performed

automatically.

3.9.2 EVALUATION OF THE X AND Y SCANS

1. After the scans have finished select the SPT icon.
2. Select: Service mode
3. Select: IQ parameter/data evaluation tools
4, Select: Spatial linearity measurements
5. Select: Examination
6. Select: Examination GRAD_ADJ
7. Select: Scan: GA1:X_grad
8. Select: Image: Slice 1 SE_M
9. Select: Philips quality procedure
Write down the value: Size vertical
- Specification: 149.5 < size < 150.5 mm.
10. Select: Scan: GA2:Y_grad
11. Select: Image: Slice 1 SE_M
12. Select: Philips quality procedure.
Write down the value: Size horizontal.
- Specification: 149.5 < size < 150.5 mm.
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3.9.3 MODIFY THE X AND Y 'GRAD. GAIN ADJUST PARAMETERS

See Paragraph 3.9.6, if both measured values meet the specifications.
For the gradients that do not meet the specifications, calculate the new ‘grad. gain adjust parameters.

1. Select: Scan utilities

2. Select: Enter service mode

3. Select: System tuning

4, Select: Tuned hardware parameters

The new value can be calculated with the following formula (1 mm = 0.66%):

% new = (150 — Measured size) x 0.66% + old value

5. Modify the parameters: ‘grad. gain adjust’ X and Y to the calculated values.
( The values must be between - 4.10 % and + 4.09 %)

6. Select: Store to save the changes (you have to enter a reason for changing the
parameters).

3.9.4 CHECKING THE X AND Y FINE ADJUSTMENT

1. Select: Scan control

2. Select: Spt scanning

3. Select: Service mode

4, Select: Perform IQP/EST measurement
5. Select: Analysis principle: IQP

6. Select: XX misc

7. Select: GA_XY (scan name ADJ:XY)

If not already done: Position the head performance phantom, with the holder, for transversal scans in
the head coil. Connect the head coil to one of the surface coil connectors. Move the head coil to the
iso-center of the magnet by using the light visor and pressing <Travel to scan-plane>.

8. Start the batch with <Proceed> (2x)

In the batch, SCOUT scans and the scans 'GA1:X_grad' and 'GA2:Y_grad' are performed automatically.

3.9.5 FINAL EVALUATION OF THE X AND Y SCANS

1. After the scans have finished select the SPT icon.
2. Select: Service mode
3. Select: IQ parameter/data evaluation tools
4, Select: Spatial linearity measurements
5. Select: Examination
6. Select: Examination GRAD_ADJ
7. Select: Scan: GAl:X-grad
8. Select: Image: Slice 1 SE_M
9. Select: Philips quality procedure
Write down the value: Size vertical
- Specification: 149.5 < size < 150.5 mm
10. Select: Scan: GA2:Y_grad
11. Select: image: Slice 1 SE_M
12. Select: Philips quality procedure
Write down the value: Size horizontal
- Specification: 149.5 < size < 150.5 mm
13. Repeat the procedure if not within specification. See paragraph 3.9.3.
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3.9.6 FINE ADJUSTMENT Z GRADIENT STRENGTH

1. Select: Scan Control

2. Select: Spt scanning

3. Select: Service mode

4. Select: Perform igp/est measurement

5. Select: Analysis principle: iqp

6. Select: XX misc

7. Select: GA_Z (Scan name ADJ:Z)

8. Position the head performance phantom, with the holder, for coronal scans in the head coil. Connect
the head coil to one of the surface coil connectors. Move the head coil to the iso-center of the
magnet by using the light visor and pressing <Travel to scan-plane>.

9. Start the batch with <Proceed> (2x)

In the batch, SCOUT scans and the scan 'GA1:Z_grad' will be performed automatically.

3.9.7 EVALUATION OF THE Z SCAN

1. After the scans have finished select the SPT icon.

2. Select: Service mode

3. Select: IQ parameter/data evaluation tools
4, Select: Spatial linearity measurements

5. Select: Examination

6. Select: Examination GRAD_ADJ

7. Select: Scan: GA1:Z_grad

8. Select: Image slice 3 SE_M

9. Select: Philips quality procedure

Write down the value: size vertical
- Specification: 149.5 < size < 150.5 mm

3.9.8 MODIFY THE Z ‘GRAD. GAIN ADJUST' PARAMETER

When the value for the Z gradient is not in specifications, calculate the new ‘grad. gain adjust’ parameter.

1. Select: Scan Utilities

2. Select: Enter service mode

3. Select: System tuning

4, Select: Tuned hardware parameters

The new value can be calculated with the following formula (1 mm = 0.66%):

% new = (150 — Measured size) x 0.66% + old value

5. Modify the parameters: ‘grad gain adjust’ Z to the calculated value.
( The value must be between - 4.10 % and + 4.09 %)

6. Select: Store to save the changes (you have to enter a reason for changing the
parameters).

3.9.9 CHECKING THE Z FINE ADJUSTMENT

1. Login: Gyroscan

2. Select: Scan Control

3. Select: Spt scanning

4. Select: Service mode

5. Select: Perform IQP/EST measurements
452298124592 (04.0)
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© N>

10.

Select: Analysis principle: IQP
Select: XX misc
Select: GA_Z (Scan name: ADJ:Z)

If not already done: Position the head performance phantom with the holder for coronal scans in the
head coil. Connect the head coil to one of the surface coil connectors. Move the head coil to the iso-
center of the magnet by using the light visor and pressing <Travel to scan-plane>.

Start the batch with <Proceed> (2x)

In the batch, SCOUT scans and the scan 'GA1:Z_grad' will be performed automatically.

3.9.10 FINAL EVALUATION OF THE Z SCAN

BoOooNoo~wNE
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After the scans have finished select the SPT icon.

Select: Service mode

Select: IQ parameter/data evaluation tools
Select: Spatial linearity measurements
Select: Examination

Select: Examination GRAD_ADJ

Select: Scan: GA1:Z grad

Select: Image: Slice 3SE_M

Select: Philips quality procedure.

Write down the value: size vertical.
- Specification: 149.5 < size < 150.5 mm.
Repeat the procedure if not within specification. See paragraph 3.9.8.
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3.10 FINE ADJUSTMENT OF THE GRADIENT STRENGHT (R10.X - R11.X)

Additional note when using R11:
When the ASW is started up set the scan definition context to scan list.
1. Select: System — Scan Definition Context —» Scan List

NOTE

When ExamCards (Scan Definition Context) is selected in ASW, it is not possible to run SPT-batches!

NOTE

When nothing is displayed and happens after starting the scan batch,
select ‘scan control’ to enable the scan control window.

Procedure:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter Service Mode

4, Select: System Tuning

5. Select: Tuned Hardware Parameters

6. Check the present value for the parameters: ‘grad. gain adjust’ X, Y and Z
7. Set the values to 0 and press <Proceed>

8. Select: Store to save the changes (you have to enter a reason for changing the parameters).
9. Enter:  Yes

10. Enter:  Reason e.g. initial installation and press <Enter> 2x

11. Select: <Proceed>

3.10.1 FINE ADJUSTMENT X AND Y GRADIENT STRENGTH

11. Press  <Windows> key on keyboard
12. Login:  FSF with Service access (Refer to section 21)

Start - MR System Management — Configuration — Configuration Application
13. Minimize the 2 FSF windows (do not close them!)

14. Select: SPT icon see Figure 15.
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Figure 15 - SPT icon
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15. Select: Batch View tab
16. Expand: Batch Files folder
17. Expand: 1QT folder
18. Expand: Miscellaneous folder
19. Select: GA XY
20. Right mouse click and select Run batch
21. Position the head performance phantom, with the holder, for transversal scans in the head coil.

Connect the head coil to one of the surface coil connectors. Move the head coil to the iso-center of the
magnet by using the light visor and pressing <Travel to scan-plane>.

22. Press: <Proceed> in the SPT window

23. Press: <Proceed> in the Scan Control window
In the batch, SCOUT scans and the scans 'GA1:X_grad' and 'GA2:Y_grad' are performed
automatically

24, Press: Ok after the batch has finished successfully.

3.10.2 EVALUATION OF THE X AND Y SCANS

1. Select: SPT icon

2. Select: Image View tab

3. Select: Examination GRAD_ADJ

4, Select: Scan: GAL1:X grad

5. Select: Image: Slice 1 SE_M

6. Select:  Manual Analysis — Spatial Linearity

7. Write down the value: Size vertical
Specification: 149.5 < size < 150.5 mm.

8. Select: Scan: GA2:Y_grad

9. Select: Image: Slice 1 SE_M

10. Write down the value: Size horizontal.

Specification: 149.5 < size < 150.5 mm.

3.10.3 MODIFY THE X AND Y 'GRAD. GAIN ADJUST PARAMETERS

For the gradients that do not meet the specifications, calculate the new ‘grad. gain adjust parameters.

L Select: Start - MR Applications — Scan Applications — STT application

2. Select: Expert Tools

3. Select: Parameter administration

4. Select: Tuned HW-parameter administration
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The new values can be calculated with the following formula (1 mm = 0.66%):
% new = (150 — Measured size) x 0.66% + the old value
5. Select: Grad. Gain adjust[%] and press <return>
Three values are shown (X, Y and 2).
Enter at the left (1*) position the new value for the gradient gain X and at the middle (2”") position the
new value for the gradient gain Y. ( The values must be between - 4.10 % and + 4.09 % )

6. Press: <Proceed>

7. Select: Store to save the changes

8. Enter:  Yes

9. Press:  <Return> (2x)

10. Press: <Proceed>
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3.10.4 CHECKING THE X AND Y FINE ADJUSTMENT
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Select: Batch View tab

Select: GA_XY from the Miscellaneous folder

Right mouse click and select Run batch

Press: <Proceed> in the SPT window

Press: <Proceed> in the Scan Control window

In the batch, SCOUT scans and the scans 'GA1:X_grad' and 'GA2:Y_grad' are performed
automatically.

Press: Ok after the batch has finished successfully.

3.10.5 FINAL EVALUATION OF THE X AND Y SCANS

NogakrwdnrE
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After the scans have finished select the SPT icon.
Select: Image View tab
Select: Examination GRAD_ADJ
Select: Scan: GAL1:X grad
Select: Image: Slice 1 SE_M
Select: Manual Analysis — Spatial Linearity
Write down the value: Size vertical
Specification: 149.5 < size < 150.5 mm.
Select: Scan: GA2:Y_grad
Select: Image: Slice 1 SE_M
Write down the value: Size horizontal.
Specification: 149.5 < size < 150.5 mm.
Repeat the procedure if not within specification. Start with paragraph 3.10.3.

NOTE

If you decide to repeat this procedure, make sure that you add the new found value to the previous
value present in the hardware parameters.
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3.10.6 FINE ADJUSTMENT Z GRADIENT STRENGTH

1. Select: SPT icon

2. Select: Batch View tab

3. Expand: Batch Files folder

4. Expand: QT folder

5. Expand: Miscellaneous folder

6. Select: GA Z

7. Right mouse click and select Run batch

8. Position the head performance phantom, with the holder, for coronal scans in the head coil. Connect
the head coil to one of the surface coil connectors. Move the head coil to the iso-center of the magnet
by using the light visor and pressing <Travel to scan-plane>.

9. Press: <Proceed> in the SPT window

10. Press: <Proceed> in the Scan Control window
In the batch, SCOUT scans and the scan 'GA1:Z_grad' will be performed automatically

11. Press: Ok after the batch has finished successfully.

3.10.7 EVALUATION OF THE Z SCAN

Select: SPT icon

Select: Image View tab

Select: Examination GRAD_ADJ

Select: Scan: GA3:Z_grad

Select: Image: Slice 3 SE_M

Select:  Manual Analysis — Spatial Linearity

Write down the value: Size vertical
Specification: 149.5 < size < 150.5 mm.

NoohrwdhpE

3.10.8 MODIFY THE Z ‘GRAD. GAIN ADJUST’ PARAMETER

When the value for the Z gradient is not in specifications, calculate the new ‘grad. gain adjust’ parameter.

Select: Start - MR Applications — Scan Applications — STT application
Select: Expert Tools

Select: Parameter administration

Select: Tuned HW-parameter administration

The new values can be calculated with the following formula (1 mm = 0.66%):
% new = (150 — Measured size) x 0.66% + the old value

Select: Grad. Gain adjust[%] and press <return>

Three values are shown (X, Y and 2).

Enter at the right (3%) position the new value for the gradient gain Z. ( The values must be between
-4.10 % and +4.09 % )

Press: <Proceed>

Select: Store to save the changes

Enter:  Yes

Press: <Return> (2x)

0. Press: <Proceed>

el

o

B oo~

3.10.9 CHECKING THE Z FINE ADJUSTMENT

1. Select: Batch View tab

2. Select: GA_Z from the Miscellaneous folder

3. Right mouse click and select Run batch

4, Press: <Proceed> in the SPT window

5. Press: <Proceed> in the Scan Control window
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6. In the batch, SCOUT scans and the scan '‘GA1:Z_grad' will be performed automatically.
7. Press: Ok after the batch has finished successfully.
3.10.10 FINAL EVALUATION OF THE Z SCAN
1. After the scans have finished select the SPT icon.
2. Select: Image View tab
3. Select: Examination GRAD_ADJ
4, Select: Scan: GAl:Z grad
5. Select: Image: Slice 3 SE_M
6. Select:  Manual Analysis — Spatial Linearity
7. Write down the value: Size vertical
Specification: 149.5 < size < 150.5 mm.
8. Repeat the procedure if not within specification. Start with paragraph 3.10.9.
NOTE
If you decide to repeat this procedure, make sure that you add the new found value to the previous
value present in the hardware parameters.
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3.11 EXPERT TOOLS / GRADIENT CHAIN TEST

Next tool can be used to control the Copley 274 gradient amplifier by setting parameters. Several signals from
the controller and separate axis amplifiers can be monitored.

To use this expert tool, a dongle access level 2 is required.
Select: Scan Control

Select: Scan Utilities

Enter:  Service mode

Select: System Tuning

Select:  System tuning tools

Select: Expert tools

ogakrwnE

If you are running R6.1.2 or higher the system responds with the following message:

You enter a service protected function.

Performing checks and/or adjustments and/or modifying any of the involved parameters affects the imaging
capabilities of the Gyroscan system. This may only be performed by persons licensed by Philips Medical
Systems.

When you have the right dongle access level to enter expert tools, continue:

7. Select:  Analyse tools
8. Select: Gradient chain tests

The following appears on the screen (default):
GCT: meas mode Test status, test, expert
GCT: test list -> no test..load R & L

Change GCT: meas mode test into expert <return>

The following appears on the screen (default):

GCT: meas mode expert status, test, expert
GCT: view mode monitor monitor, test
GCT: test no_test user_define ... load_R_& L
Now change GCT: test no_test into user_define <return>
NOTE

Gradient configuration dependent parameters (e.g. ‘gradient strength’ and ‘grad. slopes’) are automatically set
to the corresponding default value. Therefore some parameters can differ from the list below.

Change of the bold printed parameters like this:

GCT: meas mode expert status, test, expert

GCT: view mode monitor monitor, test

GCT: test user_define user_define ...load R_& L
GCT: test meas nr 0 0-3

GCT: power mode Low Low, High

GCT: amplifiers enabled All None, All

select the channel under test: X, Y or Z

GCT: channel x only x only, y only ..simultaneous
GCT: strength [mT/m] 0.0000 -15.0000 - 15.0000

GCT: demand input [V] 0.0000 -8.6364 - 8.6364

GCT: output current [A] 0.0000 -427.5000 - 427.5000
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GCT:
GCT:
GCT:
GCT:
GCT:
GCT:
GCT:
GCT:
GCT:
GCT:
GCT:

grad. duration [ms]
grad. slopes [ms]
repetition time [ms]
meas. start [ms]
meas. duration [ms]
signal

section

signal filter

signal gain

signal reference
signal averages

GR ampl. faults?
Grad. Amplifier reset?

9.
10.

50

Select: <Proceed>

Press: <Return>

5.00
0.60
170.00
0.00
54.00
none
none
OFF
OFF
none
1
disabled
yes

to start the measurement

(c) 2004 Koninklijke Philips Electronics N.V.

(04.0)

ALL RIGHTS RESERVED

Service Procedure Document

2.00 - 10000.00
0.10-1.25

155.00 - 20000.00

-2.00 - 10000.00

2.05 - 1000.00

none ... module temp
none, controller, x, y, z, x/y/z
OFF, ON

OFF, ON

none, dac x, dacy, dac z
1-100

enabled, disabled

no, yes

452298124592
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4 ADJUSTMENT PROCEDURES

Procedure to start ASW (R5.x to R9.x):
1. Logon: Gyroscan
2. Continue with the required test.

Procedure to start ASW (R10 ->)

1. Logon: MR Service + Password (Case sensitive)
2. Select: Intera in the MR Boot Configuration manager and press Start
3. Continue with the required test.

Additional for R11.:
When the ASW is started up set the scan definition context to scan list.
4. Select: System — Scan Definition Context — Scan List

NOTE

For monitor setup in the technical room, refer to paragraph 6.8.

4.1 ILIM CURRENT ADJUSTMENT POTENTIOMETER

With the Ilim potentiometer you can adjust the maximum output current of an axis amplifier.
The llim potentiometer in all the Copley 274 controllers, should always be set fully clockwise for all system
configurations. This to ensure the maximum possible output current of the gradient amplifier.

Figure 16 — The ILIM potentiometer
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4.2 COPLEY 274 OFFSET (RELEASE 5.X — 8.X)

To do this adjustment, a dongle access level 2 is required.
11. Select:  Scan Control

12. Select:  Scan Utilities

13. Enter:  Service mode

14. Select:  System Tuning

15. Select:  System tuning tools

16. Select:  Expert tools

If you are running R6.1.2 or higher the system responds with the following message:

You enter a service protected function.
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Performing checks and/or adjustments and/or modifying any of the involved parameters affects the imaging
capabilities of the Gyroscan system. This may only be performed by persons licensed by Philips Medical
Systems.

When you have the right dongle access level to enter expert tools, continue:

17. Select:  Analyse tools
18. Select: Gradient chain tests

The following appears on the screen (default):
GCT: meas mode Test status, test, expert
GCT: test list -> no test..load R & L

Change GCT: meas mode test into expert <return>

The following appears on the screen (default):

GCT: meas mode expert status, test, expert
GCT: view mode monitor monitor, test
GCT: test no_test user_define ... load_R_& L
Now change GCT: test no_test into user_define <return>
NOTE

Gradient configuration dependent parameters (e.g. ‘gradient strength’ and ‘grad. slopes’) are automatically set
to the corresponding default value. Therefore some parameters can differ from the list below.

Change of the bold printed parameters like this:

GCT: meas mode expert status, test, expert

GCT: view mode monitor monitor, test

GCT: test user_define user_define ...load R_& L
GCT: test meas nr 0 0-3

GCT: power mode Low Low, High

GCT: amplifiers enabled All None, All

select the channel under test: X, Y or Z

GCT: channel x only x only, y only ..simultaneous
GCT: strength [mT/m] 0.0000 -15.0000 - 15.0000

GCT: demand input [V] 0.0000 -8.6364 - 8.6364

GCT: output current [A] 0.0000 -427.5000 - 427.5000

GCT: grad. duration [ms] 5.00 2.00 - 10000.00

GCT: grad. slopes [ms] 0.60 0.10-1.25

GCT: repetition time [ms] 170.00 155.00 - 20000.00

GCT: meas. start [ms] 0.00 -2.00 - 10000.00

GCT: meas. duration [ms] 54.00 2.05 - 1000.00

GCT: signal none none ... module temp

GCT: section none none, controller, x, y, z, x/y/z
GCT: signal filter OFF OFF, ON

GCT: signal gain OFF OFF, ON

GCT: signal reference none none, dac x, dacy, dac z
GCT: signal averages 1 1-100

GR ampl. faults? disabled enabled, disabled

Grad. Amplifier reset? yes no, yes

19. Select: <Proceed>

20. Press: <Return> to start the measurement
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Measure the offset of the selected axis on the BNC connector ‘current monitor' of the Copley controller with a

DVM.
Adjust the offset value to 0 +/- 1mV.

For PT1000A, PT6000 and Intera Master, use the offs2 potentiometer on the Copley controller.
For PT3000 and Intera Power, use the offs1 potentiometer on the Copley controller.

Figure 17 - offs1 and offs2 potentiometers

/ /

! !

{ !
UP ¢y CLRPENT

'.' MCHMITOR

FleePRRE EERRRR A< ] (- |

@

!
|
= o

zzA_ =Y. Bofid g 5 BEg DN S VOLTRCE |

| SFLNzoUEELeNEEL Sy ~ Cang? MOMITDR |

! SN D oCOOFTUCOmEF LoD ma AODRESS  FTFEE5 ]

I J

452298124592 (04.0)
(c) 2004 Koninklijke Philips Electronics N.V.

ALL RIGHTS RESERVED



Gyroscan NT/Intera Service Procedure Document

4.3 COPLEY 274 GAIN (OUTPUT CURRENT) (RELEASE 5.X — 8.X)

WARNING

The noise level in front of the Copley 274 is very high (approximately 84 dB).
Hearing protection must be used !

4.3.1 PT1000A / PT3000 / INTERA POWER GRADIENT GAIN (OUTPUT CURRENT)

The 'gradient current adjustment' procedure is used to check/adjust the gain of each Copley 274 axis
amplifier. The test uses a demand signal that produces a coil current of 240 A with a tolerance of £ 3.6 A in
each channel. The three axis currents are measured and the results are displayed on the console monitor.

The RF door should be closed.

Scan Control

Scan Utilities

Enter service mode

System tuning

System tuning tools

Installation procedures

Gradient adjustment procedures
Gradient current adjustment.

An information screen is displayed.

Condition:
Procedure:
1. Select:
2. Select:
3. Select:
4, Select:
5. Select:
6. Select:
7. Select:
8. Select:
9. Select:
244
242
240
238
236
54

<Proceed> To start the measurement.

Figure 18 - Gradient current output for a single mode system
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The adjustment of the currents is done with the 'GAINL1' potentiometer of the corresponding Copley 274
controller. See Figure 19.

Figure 19 - 'GAINL1' potentiometer location Copley-274 Controller
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When the three currents are in specification, preferably as close as possible to the 240 A value:

Enter:
Select:

10.
11.

Exit

<Cancel> Twice

To exit the 'gradient adjustment procedures' menu.

4.3.2 PT6000 / INTERA MASTER GRADIENT GAIN (OUTPUT CURRENT)

The 'gradient current adjustment' procedure is used to check/adjust the gain setting of the Copley 274 axis
amplifiers. The test uses a demand signal that should produce a coil current of 240 A with a tolerance of + 3.6
A in each channel. The six axis currents are measured and the results are displayed on the console monitor.

NOTE

—————

!
I
!
!
!
J

It is advised to adjust the output current of the master axis and the slave axis ( for X,Y and Z) as close as
possible to the same level of output current. See the Y-gradient in Figure 20, which is adjusted correctly.
This will make it much easier to adjust the settling and dual delay. These two adjustments are described later

Condition:

Procedure:

ONOoOOOR~WNE

Select:
Select:
Select:
Select:
Select:
Select:
Select:
Select:

on in this document.

The RF door should be closed.

Scan Control

Scan Utilities

Enter service mode

System tuning

System tuning tools

Installation procedures

Gradient adjustment procedures
Gradient current adjustment.

An information screen is displayed. Follow the screen messages.

©

452298124592

Select:

<Proceed> To start the measurement.
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Figure 20 — The gradient current output for a dual mode system
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The adjustment of the currents is done with the 'GAIN2' potentiometer of the corresponding Copley 274
controller. See Figure 21.

Figure 21 - 'GAIN2' potentiometer location Copley-274 Controller
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When the six currents are in specification, preferably as close as possible to the 240 A value:

10. Enter:  Exit
11. Select: <Cancel> Twice To exit the 'gradient adjustment procedures' menu.
56 (04.0) 452298124592
(c) 2004 Koninklijke Philips Electronics N.V.

ALL RIGHTS RESERVED



Service Procedure Document Gyroscan NT/Intera

4.4 COPLEY 274 GAIN & OFFSET, RELEASE 9.X, ->

WARNING

The noise level in front of the Copley 274 is very high (approximately 84 dB).
Hearing protection must be used !

This procedure is used to check/adjust the gain and offset settings of the gradient amplifier. A bipolar gradient
pulse is generated while the input and the output signal of the gradient amplifier are measured.

For each channel the offset and the gain is calculated and shown at the measurement information window.

At the monitoring windows resp. the measured gains and the measured offsets are displayed from left to right:
X,Yand Z.

NOTE
During the measurement the eddy current compensation, filters are switched off.

No SW compensation for gradient gain and gradient offset will be done, i.e. the corresponding tuned HW
parameters are NOT used.
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INTERA POWER GRADIENT GAIN & OFFSET ADJUSTMENT

The RF door should be closed.

Scan Control

Scan Utilities

Enter service mode

System tuning

System tuning tools

Installation procedures

Gradient adjustment procedures
Gradient ampl. gain/offset adjustment

An information screen is displayed.

44.1
Condition:
Procedure:

1. Select:
2. Select:
3. Select:
4, Select:
5. Select:
6. Select:
7. Select:
8. Select:
9. Select:

<Proceed> To start the measurement.

Service Procedure Document

The adjustment of the gain is done with the 'GAIN1' potentiometer and the adjustment of the offset is done
with the 'OFFS1' potentiometer, both of the corresponding Copley 274 controller. See Figure 22.

Figure 22 - 'GAIN1' and ‘OFFS1” potentiometer location Copley-274 Controller
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For all channels, the gain values must be adjusted to 70 A/V +/- 1 A/V the offset must be adjusted to 0 A
+/- 0.5 A. See Figure 23.

When the three gains and offsets are within specification, continue:

10. Enter:
11. Select:
58

Exit

<Cancel> Twice

(04.0)
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To exit the 'gradient adjustment procedures' menu.
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Figure 23 - Gradient gain and offset for a single mode system

tdonitoring Display | : |
_ Help | ::; Gradient gainfoffset adjustment Autoscale
Display on: Grid
Console 80.0 Min/Max
Magnet 0.0 Minimum

Store '

Maximum
Restore 60.0- ,—

Print

rilic | T T Marker
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Reset GR Charmel ——> Y2

Difset
l}‘” Gradient gain/offset adjustment Autoscale
10.0- .
Grid
5.0 Min/Max
Minimum
0.0+ N
Store
5.0 Maximum
Restore :
Print
-10 T T T T T ! Marker

0.0 0.5 1.0 1.5 2.0 2.5 3.0
1 Reset GR Charmel ——> 2
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4.4.2 INTERA MASTER GRADIENT GAIN & OFFSET ADJUSTMENT

Condition: The RF door should be closed.
Procedure:

1. Select:  Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select:  System tuning

5. Select:  System tuning tools

6. Select: Installation procedures

7. Select:  Gradient adjustment procedures

8. Select:  Gradient ampl. gain/offset adjustment

An information screen is displayed.
9. Select: <Proceed> To start the measurement.

The adjustment of the gain is done with the 'GAIN2' potentiometers and the adjustment of the offset is done
with the 'OFFS2' potentiometers, both of the corresponding Copley 274 controllers in the master rack and in

the slave rack. See Figure 24.

Figure 24 - '"GAIN2' and ‘OFFS2” potentiometer location Copley-274 Controller
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For all channels, the gain values must be adjusted to 70 A/V +/- 1 A/V the offset must be adjusted to 0 A
+/- 0.5 A. See Figure 25 and Figure 26.

NOTE

It is advised to adjust the output current of the master axis and the slave axis ( for X,Y and Z) as close as
possible to the same level of output current. See Figure 26. This will make it much easier to adjust the settling
and dual delay, which are described later on in this document.

When the three gains and offsets are within specification, continue:

10. Enter:  Exit
11. Select: <Cancel> Twice To exit the 'gradient adjustment procedures' menu.
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Figure 25 — Gain and offset before adjustment
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offset
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Figure 26 - Gain and offset adjusted
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4.5 SETTLING PT1000A
The settling adjustment procedure is not applicable for the PT1000A. Only check the following potentiometers

on the X,Y and Z Copley 274 controllers (see Figure 27):
Potentiometer DLY2 fully clockwise (20 turns potentiometer, no end stop).

1.

2. Potentiometer BW2 fully clockwise (20 turns potentiometer, no end stop).

3. Potentiometer TC2 fully clockwise (20 turns potentiometer, no end stop).

4, Potentiometer HFEQ?2 fully clockwise (20 turns potentiometer, no end stop).

Figure 27 - DLY2, HFEQ2, TC2 and BW2 potentiometers location Copley 274 Controller
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4.6 SETTLING PT3000 / INTERA POWER oR PT6000 / INTERA MASTER

Condition: Both the offset and the gain must be in specification.
See paragraph 4.2, 4.3 and 4.4.

The settling procedure monitors the gradient current and the difference between the actually measured
gradient current value and a reference gradient current curve.

Procedure:

Place the monitor or the LCD screen inside the technical room near the gradient amplifier.

Extend the mouse and keyboard cables, so that you can operate the system directly from the technical room.
WARNING

The noise level in front of the Copley 274 is very high (approximately 84 dB).
Hearing protection must be used !

1. Select: Scan Control
2. Select: Scan Utilities
3. Select: Enter service mode
4, Select:  System tuning
5. Select:  System tuning tools
6. Select: Installation procedures
7. Select:  Gradient adjustment procedures
8. Select:  Settling adjustment
An information screen is displayed. Follow the screen messages.
9. Select: <Proceed> To start the measurement.

Two signals are displayed:

- The real gradient response (upper half = signal 1).

- The difference signal (lower half = signal 2).

The difference signal is calculated by the computer as the difference between a reference gradient
response and the real gradient response.

See figures:

Figure 30 and Figure 33.

The purpose of this adjustment is to adjust this difference signal as good as possible to ‘0’ over the
entire range.

10. Select: <Display grad>
11. Select: <Mod display>

Change/check

monitoring mode both
Raw data file logging no
identifier of signal 1 Tr

sig 1: horizontal min 0

sig 1: horizontal max 2.1
sig 1: vertical min 98.0
sig 1: vertical max 101.0
sig 1: marker line no

Changing sig. 2 settings here is not possible.
(lines are overwritten by the test results from the running test).
Select: <Proceed>

To zoom in on a part of the signal 2 display, drag the desired window by moving the mouse, with the left
mouse button pressed, over the signal part of interest, or just toggle the auto scale button on and off again.
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By clicking the reset button, your original signal will return on the screen.

Service Procedure Document

Depending on the gradient configuration, continue with one of the following adjustment procedures:

See paragraph 4.6.1.

4.6.1 SETTLING PT3000 / INTERA POWER

1.
potentiometers, no end stop). See Figure 28:

Turn the potentiometer DLY1 fully counter-clockwise .

Turn the potentiometer ILIM fully clockwise (if not already done).

Set the following X (Y, Z) controller potentiometers in their initial position (all are 20 turns

Turn the potentiometer HFEQ1 fully clockwise, then 2 turns counter-clockwise.

Turn the potentiometer TC1 fully clockwise.
Turn the potentiometer BW1 fully clockwise.

To start the measurement:
2, Enter: X (Y, 2)

Figure 28 - 'BW1', 'TC1' and 'HFEQL' potentiometers location Copley 274 Controller
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3.
See Figure 29.

Adjust the difference signal, with potentiometers TC1 and BW1 on the X Copley 274 controller.

Figure 29 - Adjustment principle

Start half step adjust

Adjustment information:
Notice that it is very easy to 'over-adjust' the settling signal if you adjust in larger steps. The signal can be

decreased until an optimum; beyond this point the signal will increase again and you will have to start over
from the default settings.

full step (too much)

Y

Start with potentiometer BW1 and adjust the flat line to almost 0% by turning it slightly counter-clockwise,
while the other part of the signal will increase. Throughout the adjustment try to keep the negative peak in the
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negative zone, otherwise the signal flips into the positive zone. Work in 'half steps’ and stay in the negative
zone.

Turn potentiometer TC1 slightly counter-clockwise until the corresponding other part of the signal is halved
(‘halve step'). The BW1-affected part of the signal will increase, but will stay below the starting value. Now
adjust the signal further down with 'half steps' using potentiometers BW1 and TC1 subsequently until both
signal parts are smaller than 0.10%. Try to get the signal within half spec, if possible within reasonable time. If
you cannot meet the specification, adjust potentiometer HFEQL1 just one turn counter-clockwise. Repeat the
adjustment of the potentiometers BW1 and TC1.

Refer to the text on the screen for the actual values.

These values are displayed in the line starting with: 'Small spec.".

Now you have to check the 'real’ signal (see the upper signal in Figure 30).

Overshoots above 100% level near the end of the slope, can result in a scan abort, followed by a shutdown of
the gradient amplifier because of signal errors. A too slow response can cause gradient strength performance
problems, which also can result in a scan abort, followed by a shutdown of the gradient amplifier because of
signal errors. You cannot see this part of the signal in the difference signal, because the software does not
display the slope information in the difference signal.

4, Verify that the real signal is more or less alike the upper signal in Figure 30.
If not, use the potentiometer HFEQL to adjust the real signal more or less alike the upper signal in
Figure 30 and keep the difference signal within spec with the potentiometers BW1 and TC1.

Figure 30 - monitoring screen Intera POWER
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If the X settling is within specification, repeat the entire procedure for the two remaining axis from point ‘1’, by
entering ‘Y’ or ‘Z’.

When all three axes are adjusted:
5. Enter:  Exit
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The final settling adjustment check will check each channel successively.

In case of an error message, the operator must enter: <RETURN>,
The program will continue the check until the next error message appears or all channels are done.

The program is ready, when the 'gradient adjustment procedures' menu is displayed again.
If no error messages were seen, the adjustment was done successfully. An MRL is available.
If an error message was seen, repeat the adjustment for the failing channel(s).

4.6.2 SETTLING PT6000 / INTERA MASTER

The following initial potentiometer settings are to be set on both the master cabinet and the slave cabinet.
Start the adjustments however, on the master cabinet of the Intera MASTER configuration. This is the

cabinet with the gradient interface rack.

1.

Set the following X (Y, Z) master controller potentiometers AND slave controller potentiometers in their
initial position (all are 20 turns potentiometers, no end stop). See Figure 31.:
Turn the potentiometer ILIM fully clockwise (if not already done).

Turn the potentiometer DLY2 fully counter-clockwise .

Turn the potentiometer HFEQ?2 fully clockwise, then 2 turns counter-clockwise.

Turn the potentiometer TC2 fully clockwise.
Turn the potentiometer BW2 fully clockwise.

To start the measurement:

2.
3.

4,

66

Enter:
Enter:

X (Y, 2)

Master (The adjustments are now done on the X master Copley-274 controller).

Figure 31 - 'BW2', 'TC2' and 'HFEQ?Z2' potentiometers location Copley-274 Controller
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Adjust the difference signal, with potentiometers TC2 and BW2 on the X master Copley 274 controller.
See Figure 32 for the adjustment principle.
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Figure 32 - Adjustment principle

Start half step adjust full step (too much)

Y

Adjustment information:

Notice that it is very easy to 'over-adjust' the settling signal if you adjust in larger steps. The signal can be
decreased until an optimum; beyond this point the signal will increase again and you will have to start over
from the default settings.

Start with potentiometer BW2 and adjust the flat line to almost 0% by turning it slightly counter-clockwise,
while the other part of the signal will increase. Throughout the adjustment try to keep the negative peak in the
negative zone, otherwise the signal flips into the positive zone. Work in 'half steps' and stay in the negative
zone.

Turn potentiometer TC2 slightly counter-clockwise until the corresponding other part of the signal is halved
(‘halve step'). The BW2-affected part of the signal will increase, but will stay below the starting value. Now
adjust the signal further down with 'half steps' using potentiometers TC2 and BW2 subsequently until both
signal parts are smaller than 0.10%. Try to get the signal within half spec, if possible within reasonable time. If
you cannot meet the specification, adjust potentiometer HFEQ2 just one turn counter clockwise. Repeat the
adjustment of the potentiometers BW2 and TC2.

Refer to the text on the screen for the actual values.

These values are displayed in the line starting with: 'Small spec.".

Now you have to check the 'real' signal (see the upper signal in Figure 33).

Overshoots above 100% level near the end of the slope, can result in a scan abort, followed by a shutdown of
the gradient amplifier, because of signal errors. A too slow response can cause gradient strength performance
problems, which also can result in a scan abort, followed by a shutdown of the gradient amplifier, because of
signal errors. You cannot see this part of the signal in the difference signal, because the software does not
display the slope information in the difference signal.

5. Verify that the real signal is more or less alike the upper signal in Figure 33.
If not, use the potentiometer HFEQ2 to adjust the real signal more or less alike the upper signal in
Figure 33 and keep the difference signal within spec with the potentiometers BW2 and TC2.
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Figure 33 - monitoring screen Intera MASTER
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NOTE

If it is not possible to adjust the settling for the master within specification, continue with the slave and return
to the master afterwards. After you have adjusted the master check the slave adjustment again!

If the settling for the X master is within specification, proceed with the slave.
The following adjustments are to be done on the slave cabinet of the Intera MASTER configuration.
6. Enter:  Slave (The adjustments are now done on the X slave Copley-274 controller.)

When done, repeat this procedure for the other axes:
7. The Y master and slave axis.
8. The Z master and slave axis.

When all channels are adjusted:
9. Enter:  Exit
10. The final settling adjustment check will check each channel successively.
In case of an error message, the operator must enter: <RETURN>,
The program will continue the check until the next error message appears or all channels are done.
The program is ready, when the 'gradient adjustment procedures' menu is displayed again.
If no error messages were seen, the adjustment was done successfully. An MRL is available.
If an error message was seen, repeat the adjustment for the failing channel(s).
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4.7 DuaL DELAY PT6000 / INTERA MASTER

4.7.1 INTRODUCTION

The purpose of the 'dual delay adjustment' is to make the output of each slave axis amplifier identical to the
output of the corresponding master axis amplifier. This is done by measuring the difference in output current
of the master and slave amplifier with a dedicated Dual Mode Adjustment Tool (DMAT). This tool is basically a
very accurate dual current probe. The current difference can be minimized by adjusting the gain2 and the
delay potentiometer DLY?2 on the slave cabinet and, if necessary, on the master cabinet.

Tools:
e Dual Mode Adjustment Tool (DMAT), code number: 8122 102 6441.

Conditions for this adjustment are:

The gradient amplifier offset must be in specification.

The gradient current has been adjusted.

The gradient settling behavior has been adjusted.

The gradient orientation must be correct. See paragraph 3.4.

The offset of the DMAT is adjusted and stable for at least 15 minutes. (Keep the unit switched on!)

arwNE

4.7.2 DUAL DELAY MEASUREMENT SET-UP
WARNING

Be aware of the high voltage (420 Volt) present inside the gradient amplifier cabinet(s), on the connections to
the gradient coil and the system filter box. Make sure that the AC power has been switched off for at least 2
minutes before starting to work on the gradient chain. It is advised to watch the high voltage value on the EMI
20kW/420V DC power supplies meters and make sure that the supply capacitors have discharged to less than

2 Volt.

1. Place the monitor or the LCD screen inside the technical room near the gradient amplifier.

Extend the mouse and keyboard cables, so that you can operate the system directly from the technical

room.

WARNING
The noise level in front of the Copley 274 is very high. (approximately 84dB).
Hearing protection must be used!
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NOTE

Check the mechanical alignment of the knob of the sensitivity switch on the DMAT before you start any
adjustment, by trying all possible knob positions!
Misalignment will influence the adjustments!

2. Switch off the gradient amplifiers inside the Mains Distribution Extension (MDE).

Before starting with the actual measurement, the offset of the DMAT has to be set to zero:

3. Connect the mains cable of the DMAT to a 220V/230V mains supply that is not switched off together
with the gradient amplifier (e.g. in the NTDAC).

4, Put the sensitivity switch into position 200 mV/A.

5. Make sure that the 'gradient’ cables, belonging to the DMAT, are 'open'. This means that the cable

ends do not touch each other.

6. Measure the voltage on the coax output cable with a DMV.
7. Adjust the potentiometer, located on top of the DMAT, until the offset value of the probe is 0 mV +/- 2
mV, with the sensitivity set to 200 mV/A.
WARNING
Be aware of the high voltage (420V) present on the external cables of the DMAT.
Make sure that all connections are insulated before switching on the gradient amplifier.
Figure 34 - Dual Mode Adjustment Tool (DMAT) connections
—— = 220V/230V (E.G. NTDAC)
{1 DIBX55
DFEC3
274 SLAVE 274 MASTER
X+ X- X+ X-
[
Y A |
POWER —EE*‘AMP
@ SLAVE+++ MASTER--- %__
HALL
DET.
FERRITE CORE
A SLAVE--- MASTER+++
- DMAT z-
\ANNANL \AA_ANAS
XB XA
GRADIENT COIL
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8. Connect the DMAT in the X chain. See Figure 34.
- Disconnect the gradient cables from X+ on the master gradient amplifier cabinet.
- Connect the DMAT cable, marked master+++, to X+ on the master gradient amplifier.
- Slide the delivered rubber sleeve over the cable, marked with green label master---.
Connect this cable to the gradient cable, which leads to the X coil (already disconnected).
- Slide the sleeve across the just made connection.
- Put the test cables in such a way that the rear door of the master cabinet can be closed. Close
the rear door of the master cabinet.
- Disconnect the gradient cables from X+ on the slave gradient amplifier.
- Connect the DMAT cable, marked slave+++, to X+ on the slave gradient amplifier.
- Slide the delivered rubber sleeve over the cable, marked with blue label slave---.
Connect this cable to the gradient cable, which leads to the X coil (already disconnected).
- Slide the sleeve across the just made connection.
- Put the test cables in such a way that the rear door of the slave cabinet can be closed. Close
the rear door of the slave cabinet.
- Connect the DMAT output BNC cable to DIBX55 at the gradient interface controller board.
9. Switch on the gradient amplifier inside the Mains Distribution Extension (MDE).
10. The gradient amplifiers cabinets are enabled after about 10 seconds.
11. Startup the dual delay adjustment:
- Select:  Scan Control
- Select:  Scan Utilities
- Select: Enter service mode
- Select: System tuning
- Select: System tuning tools
- Select: Installation procedures
- Select: Gradient adjustment procedures
- Select: Dual delay adjustment
An information screen is displayed.
- Select: <Proceed>

Change/check:
GCA: channel X
NOTE
The DMAT should be switched on for at least 15 minutes, before you start the adjustment, or check the
adjustment.
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4.7.3 PRE-ADJUSTMENT CHECK

Before starting to adjust the slave amplifiers, check if an adjustment is required.
When all specifications are met no adjustments are required.

Procedure:

1. Put the sensitivity switch of the DMAT in position 50 mV/A.

2 Select <Proceed> To start the measurement.
3. Switch on the grid in the monitor display, if not already done.

4 Compare the measured signal with Figure 38.

The signals measured at 0.5, 3.0 and 5.5 ms should have the same amplitude. It is normal to see some small
differences (= gain mismatch).

Specification: gain mismatch <10 mVv (Sensitivity switch: 50 mV/A)

Some peaks will be visible. These peaks have a typical amplitude < 60 mV and should be symmetrical around
the baseline.

Specification: slopel integr. 0+6uVs (Sensitivity switch: 50 mV/A)
slope2_integr. 0+6uVs (Sensitivity switch: 50 mV/A)
max. peak in slope <95 mV (Sensitivity switch: 50 mV/A)

4.7.4 DUAL DELAY

1. Put the sensitivity switch of the DMAT in position 100 mV/A.
The gain mismatch (= amplitude at 0.5, 3.0 and 5.5 ms) should be visible.

NOTE

Don't use automatic display scaling. Use the 'sensitivity' switch on the current probe to change the amplitude
of the monitor signal.

2. Adjust the slave cabinet GAIN2 potentiometer in such away that the signal has the same amplitude at
0.5, 3.0 and 5.5 ms. Gain mismatch is then minimal. Increase the sensitivity of the current probe. See
Figure 36 and Figure 37 and continue the adjustment. Repeat the adjustment until a sensitivity of 50
mV/A has been reached and the gain mismatch is:
<10 mV. (Sensitivity switch: 50 mV/A)

3. Adjust the slopel integr. and the max. peak values.
Try to reduce the slopel integr. (is area of the pulse). Make sure that the signal is symmetrically
around the base-line. Differences are caused by the settling behavior of the slave.
Start the adjustment with the probe sensitivity switch in a position which shows the complete pulse (10
mV/A till 50 mV/A). During the adjustment, the sensitivity can be increased.
Final adjustment must be done with the switch in position 50 mV/A. Refer to Figure 38 for the final
result.
The adjustment is done with the delay DLY?2 potentiometer at the slave controller, by turning it
clockwise. The start position 'fully counter-clockwise' is already set at the settling adjustment.
If the signal can not be optimized according to Figure 38, turn the delay potentiometer again fully
counter-clockwise to its start position. Then change the setting of the HFEQ2 potentiometer by turning
it one turn counter-clockwise and retry to optimize the signal by turning the delay DLY2 potentiometer
clockwise at the slave controller. If this is still not possible perform this adjustment from the master
controller. If adjustment from the master controller is not possible either, it is advised to return to the
settling adjustment, verify the adjustment and try to improve the settling.
Typical peak approx. 60 mV (sensitivity switch: 50 mV/A).
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Specification:

P

the specification:
Enter:

© NGO

gain mismatch <10 mV

slopel integr. 0+6uVs

slope2_integr. 0+ 6uVs
<95 mVvV

max. peak in slope

EXIT To stop the measurement.

Switch off the gradient amplifier in the MDE.
Disconnect the DMAT and connect the gradient coil cables to the gradient amplifier again.

Repeat the adjustment for the Y and Z gradient.

Figure 35 - Controller potentiometers

Gyroscan NT/Intera

(Sensitivity switch: 50 mV/A)
(Sensitivity switch: 50 mV/A)
(Sensitivity switch: 50 mV/A)
(Sensitivity switch: 50 mV/A)
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Figure 36 - Monitor signal before the 'GAIN2' adjusted
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Figure 37 - Monitor signal after 'GAIN2' adjusted
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Figure 38 - Final monitor signal, current probe sensitivity set to 50 mV/A
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4.8 EDDY CURRENT COMPENSATION

Condition:

BDAS and gradient amplifier must have been switched on for at least 30 minutes.
The RF amplifier should be switched on.

The offset drift of the flux meter is in spec. See 3.5.1.

The pick-up coils have been properly positioned. See 3.5.2.

A reference measurement has been made. See 3.5.3.

agrpwONE

The start-up procedure for the following paragraphs:

1. Select: Scan Control

2. Select: Scan Utilities

3. Select: Enter service mode

4, Select: System tuning

5. Select: System tuning tools

6. Select: Installation procedures

7. Select: Gradient adjustment procedures
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4.8.1 WFG/ECC

The noise

Service Procedure Document

WARNING

level in front of the Copley 274 is very high (approximately 84dB).
Hearing protection must be used !

NOTE

Do not leave any amplitude A(x) potentiometer in the center (zero) position. This to avoid problems with the

next (shorter) time constant.

Try to adjust the eddy current response signal with a minimal use of the time constant (T) potentiometers.
It is advised to adjust the signals as good as possible within specification.

See also Table 9 and Figure 54.

76

Select: Compens

ate long term eddy current

Change/check: Gradient coil Xxx ('xxx' stands for gradient under test.)
Current ECC settings
1 OFF 2 OFF 3 OFF
4 OFF 5 OFF 6 ON
Repetition time [ms] 1500
Pulse duration [ms] 750
End sampling [ms] 700

Select: <Proceed> to start the adjustment of filter 6.

Select: <Mod display>

Change/check:

monitoring mode both

raw data logging no

identifier of signal 1 Tavg

sig 1: horizontal min 5.0

sig 1: horizontal max 990

sig 1: vertical min 99.0

sig 1: vertical max 101.0

sig 1: marker line no

identifier of signal 2 Tdif

sig 2: horizontal min 5.0

sig 2: horizontal max 990

sig 2: vertical min -1.00

sig 2: vertical max 1.00

sig 2: marker line no

Select: <Proceed>

Adjustment of the
Check the flatness.

AG6/T6 filter.
The range of the A6/T6 filter is from 150ms to 700ms. If the flatness is not

correct, improve it by turning only the potentiometer A6 a little bit. Do not use potentiometer T6 for
adjustment, keep it CCW.
The flatness should be < 0.1 %.
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While turning A6 clockwise you are only able to lift the curve up. If already an overshoot exists, use
negative compensation by turning A6 counter-clockwise.
If within specifications, continue with the next amplitude and time constant.

NOTE

The shown images are copied from an INTERA MASTER system and are only intended as an example. Do
not try to adjust the ECC by copying these shown signals for 100%.

Figure 39 - A6, T6 (150 - 700ms)

Monitoring Display | o
Help ““‘::‘;‘ge Y gradient response Autoscale
100.3 i
Display on: be
Console s Wl Min/Max
.2 vy
Magnet M Minimum
100.1 s l—
Store W\Vw
Maximum
Restore 100.0 WW ,—
M Marker
7.0 10.0 20.0 40.0  70.0100.0 200.0 400.0 700.0
M Time ns
Diff‘:;me e Autoscale
o Grid
0.0 , il NWWL Loty Min/Max
e i T TR "
-05 UU | U 4 v Minimum
_ ol e I o bl , —
ore NMJV\MWP UIIH [l | .
Restore L NEXIH
I ,—
- -0.2
M Marker
7.0 10.0 20.0 40.0  70.0100.0 200.0 400.0  700.0
1 Reset o e

When zooming in with the mouse, make sure to zoom in only in the vertical direction. By clicking the reset
button, your original signal will return on the screen. This applies to all filter combinations.

7. Select: <Stop scan>

8. Change/check: Current ECC settings
1 OFF 2 OFF 3 OFF
4 OFF 5 ON 6 ON

9. Select: <Proceed> twice to start the adjustment of filter 5.

10. Adjustment of the A5/T5 filter.
Check the flatness. The range of the A5/T5 filter is from 40 - 150 ms. If the flatness is not correct try
to improve it by turning only the potentiometer A5 a little bit.
Use the potentiometer T5 as minimal as possible.
The flatness should be < 0.1 %.
When you do not succeed with this adjustment, turn T5 a half turn bit clockwise and turn A5 clockwise
till the last part of the displayed curve is as flat as possible, but at least within the specifications. While
turning A5 clockwise you are only able to lift the curve up. If already an overshoot exists, use negative
compensation by turning A5 counter-clockwise.
If within specifications, continue with the next amplitude and time constant.
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Figure 40 - A5, T5 (40 - 150 ms)
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11. Select: <Stop scan>
12. Change/check: Current ECC settings
1 OFF 2 OFF 3 OFF
4 ON 5 ON 6 ON

13. Select:

14. Adjustment of the A4/T4 filter.

<Proceed> twice to start the adjustment of filter 4.

Check the flatness. The range of the A4/T4 filter is from 10 - 40 ms. If the flatness is not correct try
to improve it by turning only the potentiometer A4 a little bit. Do not yet touch T4.

The flatness should be < 0.1 %.

When you do not succeed with this adjustment, turn T4 a little bit clockwise and turn A4 clockwise till
the last part of the displayed curve is flat as possible, but at least within the specifications. While
turning A4 clockwise you are only able to lift the curve up. If already an overshoot exists, use negative
compensation by turning A4 counter-clockwise.

If within specifications, continue with the next amplitude and time constant.
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Figure 41 - A4, T4 (10 - 40 ms)
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15. Select: <Stop scan>
16. Select: <Cancel>
17. Select: Compensate mid term eddy current
An information screen is displayed.
18. Select: <Proceed>
19. Change/check: Current ECC settings
1 OFF 2 OFF 3 ON
4 ON 5 ON 6 ON
20. Select: <Proceed> twice to start the adjustment of filter 3.
21. Adjustment of the A3/T3 filter.

Check the flatness. The range of the A3/T3 filter is from 2 - 10 ms. If the flatness is not correct try to
improve it by turning only the potentiometer A3 a little bit. Do not yet touch T3.

The flatness should be:

- From 1 ms until 3.6 ms: <0.15%

- From 3.6 ms onwards: <0.1%

When you do not succeed with this adjustment then turn T3 a little bit clockwise and turn A3 clockwise
till the last part of the displayed curve is flat as possible, but at least within the specifications. While
turning A3 clockwise you are only able to lift the curve up. If already an overshoot exists use negative
compensation by turning A3 counter-clockwise.

If within specifications, continue with the next amplitude and time constant.
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Figure 42 - A3, T3 (2 - 10 ms)
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22. Select: <Stop scan>
23. Select: <Cancel>
24, Select: Compensate short term eddy current
25. Change/check: Current ECC settings
1 OFF 2 ON 3 ON
4 ON 5 ON 6 ON
26. Select: <Proceed> twice to start the adjustment of filter 2.
27. Select: <Mod display>
Change/check:

28.

80

monitoring mode
raw data logging

identifier of signal 1
sig 1: horizontal min
sig 1: horizontal max

sig 1: vertical min

sig 1: vertical max

sig 1: marker line

sig 1: marker position

Select:

one \

no

Tavg

0.1

5.00

99.8

100.2

Yes

0.7 ms for Intera POWER
0.5 ms for Intera MASTER
<Proceed>

Adjustment of the A2/T2 filter.
Check the flatness. The range of the A2/T2 filter is < 2 ms. If the flatness is not correct try to
improve it by turning only the potentiometer A2 a little bit. Do not yet touch T2.

The flatness should be:
- Intera POWER:

From 0.7 ms until 3.4 ms:
From 3.4 ms onwards:

<0.15%
<0.1%

- Intera MASTER:

(04.0)
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From 0.5 ms until 3.2 ms:
From 3.2 ms onwards:

<0.15%
<0.1%

Gyroscan NT/Intera

Above flatness range must be adjusted with A2 and T2. Because of the larger bandwidth of the Copley
274 this should not be a problem. If however a problem arises, this is probably caused by a bad
adjustment of the settling.
When you do not succeed with this adjustment, turn T2 a little bit clockwise and turn A2 clockwise till
the displayed curve is flat as possible, but at least within the specifications. While turning A2 clockwise
you are only able to lift the curve up. If already an overshoot exists, use negative compensation by
turning A2 counter-clockwise.

If within specifications, continue with the next amplitude and time constant.

Figure 43-A2, T2 (<2 ms)
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29. Select: <Stop scan>
30. Change/check: Current ECC settings
1 ON 2 ON 3 ON
4 ON 5 ON 6 ON
31. Select: <Proceed> twice to start the adjustment of filter 1.
32. Select: <Mod display>
Change/check:

monitoring mode

raw data logging
identifier of signal 1
sig 1: horizontal min
sig 1: horizontal max
sig 1: vertical min

sig 1: vertical max
sig 1: marker line

sig 1: marker position
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Tavg

0.1

5.00

99.8

100.2

Yes

0.7 ms for Intera POWER
0.5 ms for Intera MASTER
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33.

34.

35.

36.
37.

82

Select: <Proceed>

Adjustment of the A1/T1 filter.

Turn potentiometers Al and T1 fully counter-clockwise. This means a maximum negative amplitude
and a minimum time constant.

Turn T1 clockwise until its response 'reaches' the start of the flatness specification range. A small
influence will be seen on the amplitude of Al. Correct this by adjusting A2 slightly. When done, turn
Al clockwise until the response at the 3/4-point reaches its specification.

The response is displayed in the 'menu’ selection window.

The response value is RED if not within specifications.

Remark:

Each time the amplitude Al is changed it affects the amplitude A2. To correct for this you must iterate
the adjustment between Al and A2. Where Al is used to get the end-of-slope value at the marker
within the specifications and A2 to correct the flatness of the signal. This procedure gets more difficult
if one also changes T1 or T2 during the iterative adjustment.

The end-of-slope value:

Intera POWER: 95.0% +/- 0.5%

Intera MASTER: 91.5% +/- 0.5%
The flatness for all configurations with a Copley 274 should be:
- Intera POWER:

From 0.7 msuntil 3.4 ms: <0.15%

From 3.4 ms onwards: <0.1%

- Intera MASTER:
From 0.5 ms until 3.2 ms: <0.15%

From 3.2 ms onwards: <0.1%
Check also the response at the 3/4 point:
- Intera POWER at 0.30 ms, should be: 69.0 % +/- 3.0 %.
- Intera MASTER at 0.15 ms, should be: 63.0 % +/- 6.0 %.

The response is displayed in the 'menu’ selection window.
Response value is RED if not within specifications.
Select: <Stop scan>

Select: <Cancel>
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Figure 44 - A1, T1
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4.8.2 EDDY CURRENT FINAL MEASUREMENT

Eddy current final measurement

An information screen is displayed.

1. Select:
2. Select:
3. Change/check:
4, Change/check:
5. Select:

At the end of the measurement a measurement result list (MRL) will be displayed.

<Proceed>

gradient coil XXX

'xxx' stands for gradient under test.

Settings

1 ON 2 ON 3 ON

4 ON 5 ON 6 ON
<Proceed> To start the measurement.

o If the system does not pass the flatness tests, check the time on the extreme values. Depending on
these times a part of the eddy current adjustment procedure must be repeated. See paragraph 4.8.
Otherwise, change the position of the pick-up coils for another axis. Repeat the pick-up coils positioning
and start the final measurement again.

If the system does not pass the difference tests, the most likely cause is the flux meter. To exclude the flux
meter, interchange the pick-up coil connections at the front of the flux meter. Check the final measurement
again. If the difference is still not within the specification, contact the MR helpdesk. In the mean time change
the position of the pick-up coils for another axis. Repeat the pick-up coils positioning and start the final

measurement again.
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5 REPLACEMENT PROCEDURES
5.1 WFG/ECC BOARD

After installing a new board, it is advised to set the potentiometers in the starting position before you readjust
the eddy currents.

This means:

e The 6 amplitude potentiometers A(x) should be turned fully counter-clockwise first and after that 7.5 turns
clockwise (amplitude zero = center position).

e The 6 time constant potentiometers T(x) should be turned fully counter-clockwise.

NOTE

Of course it is also possible to copy the potentiometer settings from the defective board to the new board with
the help of an Ohm meter. However, because of hysteresis in the mechanical part of the potentiometers, you
still have to check the eddy current adjustment and most likely you will have to adjust the A2/T2 and A1/T1
filters.

See paragraph 4.8.

5.2 THE COPLEY 274 POWER MODULE

After replacement, check the system performance by repeating the failing scan and performing the PIQT
batch.

5.2.1 PROCEDURE TO REMOVE A DEFECTIVE POWER MODULE

1. Power down the cabinet by switching off the main breaker at the front side;

2. Wait until the internal capacitor bank has completely discharged (check this at the output terminals
with a DVM);

3. If open, for what ever reason, close the 274 controller(s) front hatch;

4. Remove the fan assembly (four screws and one connector);

5. Release the two screws (C), see Figure 45;

6. Take the power module by the handle and pull it out gently.
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Figure 45 - Front side of the cabinet
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5.2.2 BEFORE YOU INSERT A NEW POWER MODULE

1. Release the two M5 nuts (A) with an 8 mm wrench, see Figure 45;
2. Unscrew the jackscrew (B) a little bit, with a 3 mm allen key, see Figure 45;
3. Copy the DIP switch address settings from the defective power module to the new power module.

5.2.3 INSERTING THE NEW POWER MODULE:

1. Insert the new power module in the axis and push it very gently into the back plane;

2. Check the connector seating at the back side of the back plane, see Figure 46;

3. Pull back the fastener without moving the power module and tighten the two screws (C), see Figure
45;

4. Now very gently (you could destroy the connector) turn the jackscrew (B) until the power module

connector is properly seated into the back plane connector, see Figure 45;

5. Check again the connector seating at the back side of the back plane, see Figure 46;
6. Tighten the two locking M5 nuts (A), see Figure 45;
7. Remount the fan assembly;
8. Power up the cabinet by switching ON the main breaker at the front side.
Figure 46 - Backside of the cabinet
back plane G B " g— it
ey
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5.2.4 THE 100 A FUSE

Precondition:
The fuse is defective and IGBT’s are checked and ok. See paragraph 3.7.

Figure 47 — The power module fuse

Unscrew the four screws that
hold the epoxy mounting plate,
to remove the fuse assembly.

The fuse is installed on an epoxy plate, which is mounted to the chassis with 4 screws (from the outside!). It is
not necessary to de-assemble the power module for replacing the fuse.

Procedure:

Remove the power module from the cabinet and put it on a stable surface.
Remove the 4 screws that hold the epoxy mounting plate.

Gently pull out the fuse assembly.

Re-install the 4 screws temporarily, to ensure alignment of the epoxy parts.
Remove the power connections of the fuse by releasing the bolts (Use two wrenches.).
Replace the fuse.

Re-assemble the fuse assembly and install it back into the power module.

Be careful not to damage the cabling.

Install the power module in the cabinet.

Power on the gradient amplifiers, when all defective power modules are repaired.
Perform a PIQT to check the functioning of the system.

RRpoo~NoOr~wbE

= o
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5.3 THE COPLEY 274 CONTROLLER

After replacement of a Copley 274 controller:
1. Check the Copley back plane revision level.
If itis REV A, see paragraph 5.3.3.
2 Check the offset.
3 Adjust the gain.
4, Adjust the settling.
5. Adjust dual delay (only for PT6000 / Intera Master).
6 Check eddy current adjustment.
7. Check the gradient strength (head phantom size).
Check the system performance by repeating the failing scan and performing the PIQT batch.

5.3.1 DIP SWITCH SETTING

The controllers are delivered in two different versions, which cannot be recognized by the PHILIPS 12NC
code number. These two versions have a different setting of the DIP switches.

The figures below show the dip switch settings of both controllers.

The majority of the controllers have a DIP switch setting according to Figure 49.

Procedure:
After replacement of a controller, set the DIP switches in accordance with the sticker on the controller.
Ignore the sticker on the ‘four fan unit', when it differs from the one on the controller.

Figure 48 - The sticker on the controller
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Figure 49 - DIP switches on the controller
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5.3.2 WRONG DIP SWITCH SETTINGS ERROR MESSAGES

HHTQMPD

If one or more of the DIP switches are accidentally set in the wrong position, error messages will be generated
in the graddump.txt file. To demonstrate these error messages, the dip switches of the x-controller (MXC)

were set in the wrong position on purpose.
This generated the following error messages in the graddump.txt file:

452298124592 (04.0)
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PROBLEM: FPrchably address—dipswitch wrong for unit MED,
Other data might be unreliable as a resultb,

TARLE Z: Complets status cverview of the controllers:
Header—columns are the Bit—-names.
Dots Iindicate the rezerved bit-names.
All status bits of reserved bit-names should he "0,
A '"O" dndicates 3 sratus fault (except for DanfyFlt, for which
I=Ffault).

Faults A: Faults B: Faults o

o F [ n o B B & o on

E a2 vv AT N 2 a a a a i E p a

J u e e 1ino nn a2 d d d N T n e n

nl . rxrrk £ f d o E an f

St . LT Fib5 - + -+ r k Oy

t M., oce lbM 11z + 1 1 2 E r 1l obF

o oe .oamo S5 H 5 &5 59 9 8 H o e n 1

rm d p ww =z Vv L T A G r dnt
MEC
Mycy I 1 0 11 I I 1 rrao1 11111 o1 1100000
Mzc: $I01 0011 1 11 rro 111l o 310080

Notice the blank line after MXC: due to wrong dipswitch settings

Notice that this is just a part of the graddump.txt file.
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BDASDUMP.LOG:

This logging can be 'boiled down' into a boildown.csv file. The boildown.com executable is available on the
BBS. See paragraph: 6.6 for more information.

BOTLDOWN., OO — wersion 981027/ /pbh - started at 30-MAR-1999
12:17:50.05
Now this file:
MMOTMF  DEAQ: FEYS0. Y RODTEKE . GYROSCAN, LOG]EIDASDUMEP, LOG 21
< I0-MAR-199% 12:07:41.523 INFOX
s TIO-MAR-IZR9 12:07:39.675 SEVE>, ##4* Exception raised in function,
check gi st
atus cb, -GRADIENT-GCC: Fault on channel X.,
..Wwe hawve found a total cf 1 dipes in this file
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5.3.3 OPEN CONNECTION FAULT LATCHING

Via the controller, a detection is done on open connections to the backplane, if the backplane revision level is
B or higher. When level B or higher, jumper P202 should not be installed.

When a new controller is installed and the gradient amplifier backplane is revision level A, you have to
install the jumper on P202 on the voltage controller board to disable open connection fault latching (use a
jumper from the defective controller). An overview of the jumper setting is shown in Figure 50. The jumpers
are reachable through holes in the top cover of the controller.

Figure 50 - Copley 274 controller jumper setting if backplane REV A

jumper F202

% e
Eal

ﬂ P03
=]

Pl

o [B g

WOLTAGECONTROLLER

CURRENT CORTROLLER

CONTROLLER Z7d

92 (04.0) 452298124592

(c) 2004 Koninklijke Philips Electronics N.V.
ALL RIGHTS RESERVED



Service Procedure Document Gyroscan NT/Intera

5.3.4 WRONG JUMPER P202 SETTING ERROR MESSAGES

If jumper P202 is not installed and the Copley 274 backplane is revision level A, the following error logging will

be generated in the graddump file:

name PRank Status text

MY 9 Open connector (Interlock)

MY =] Overload: Too much current {peak and/or duration in a power module
Or: Overcurrent in Danfysik sensor

M 7 Not enabhled (due to fault or missing enable signal)

By 7 Overcurrent in Danfysik sensor. Line i1is visible only in case

of a hard fault in senszaor, because status iz not latched

Notice that this is just a part of the graddump.txt file.

Additional error logging will be generated in the bdasdump.log file:
This logging can be 'boiled down' into a boildown.csv file.
The boildown.com executable is available on the BBS and the PMS TechNet intranet site.

BOILDOWH, CCM - wersion PE1627/phb - started at 12-MAR-1999 15:2&:14,57

How this file: MMOTMI::DEAG: [3v¥e0.YRODISKE . 3YROSCAN. LOG] BDASDUME . LOE; 29

<19-MAR-1999 15:18:50.938 INFo=>

, =15-MAR-1999 15:18:50.91% SEVE», -SRADIENT:Error in Copley-274 amplifier,

FAULTHC: Open Connector: oche or more connectors not mated properly, Unit for

channel ¥ Control Master,

, <15-MAR-1539 15:15:50.91% SEVE>, -GRADIENT: Error in Copley-274 amplifier,

FAULTZC: Axis 1s disabled, Unit for channel ¥ Control Master,

. ©15-Map-153% 15:15:50.91% SEVE>, -GRADIENT:Error in Copley-274 amplifier,

FAULTZA: Power module 1s overloaded, Unit for channel ¥ Control Master,

, <19-MAR-1999 15:12:49.208 QSEVE>, **+ Exception raized in function,

AOGPAMP set on, -GRADIENT: Gradient amplifisrs not enabled,

, =15-MAR-1599 15:18:47.753 SEVE»>, **+ Exeeption raised in funcetion,

EDFE_set gradamp, -GRADIENT:Gradient amp error, error-mask is Oxl10.,

p =19-MAR-1539 15:15:47.7%3 SEVE>, -GRADIENT: Error in Copley-274 amplifier,

FAULTSC: Open Connector: cne or more connecktors not mated properly, Unit for

channel ¥ Ceontral Mastsr,

, ©19-MAR-1999 15:18:47.7%2 SEVEr, -SRADIENT:Error in Copley-274 amplifier,

FAULTSC: Axis is disabled, Unit for chammel ¥ Control Master,

, ©15-MAR-159% 15:15:47.753 SEVEr, -SRADIENT:Error in Copley-274 amplifier,

FAULT&A: Power module 15 overloaded, Unit for channel ¥ Control Master,
..we have found a total of 8 lines in this file
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6 EXPLANATIONS

6.1 SETTLING

'Settling' is the behavior of the actual gradient pulse, shortly after the rising slope. Compared with the demand
pulse the actual gradient will trail and tend to oscillate (damped oscillation). In order to obtain a defined
response of the gradient pulse the settling adjustment procedure is implemented. An incorrectly adjusted
settling behavior will cause difficulties with the 'short-time' eddy current compensation adjustment and can
cause gradient amplifier shutdowns. The cable length of the gradient cables influences this 'settling' behavior.
In the factory the gradient amplifier has been adjusted with a certain length of the gradient cables. Because
the length of the gradient cables on site is different from the factory-length, it is necessary to adjust the settling
again.

Principle of adjustment

The 'settling' adjustment procedure uses three pulses:

e Demand pulse, this is the pulse sent to the Copley 274 amplifier;

o Reference gradient response, this is a pulse calculated by the computer. The wanted response from
the gradient on a demand pulse is calculated. In order to calculate this reference a difference with
respect to the demand pulse is used. The differences are:

- at 100 usec after the end of slope: 99.5 %
- at 150 usec after the end of slope: 99.8 %
- at 250 usec after the end of slope: 99.9 %

The demand pulse is considered to be 100% after the end of slope.
e The actual gradient response, which is scaled to 100%.

Figure 51 - Demand pulse and reference gradient pulse.

END OF SLOPE

0.10 ms 0.25 ms
| | 100%

0.15ms
DEMAND PULSE

REF. GRADIENT RESPONSE

Figure 52 - Reference gradient response and actual gradient pulse.
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END OF SLOPE

‘ 0.10 ms 0.25ms

| 100%
0.15ms

REF. RESPONSE

ACTUAL RESPONSE

The purpose of the settling adjustment is to adjust the actual gradient response as close as possible to the
reference gradient response. During the adjustment the difference between the reference and the actual
response signals is displayed and used for the settling adjustment. The adjustment is done with the
potentiometers TC1, BW1 and HFEQ1 for PT3000 / Intera POWER, and with the potentiometers TC2, BW2
and HFEQ2 for PT6000 / Intera MASTER. These potentiometers are located on each Copley-274 Controller.

Figure 53 - Difference between actual and reference gradient response.
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Text screen, as displayed during the adjustment procedure:

Besides the possible commands, the text screen also displays the measured values. These measured values
are constantly updated during the adjustment. The bold printed line in the example, as shown below, is the
line with the important values. The purpose of this adjustment is to adjust these three values below 0.10%.

Example:
Scan Util Scan Util : Settling Adjustment dd-mmm-yyy

----- GCA: Gramp Settling Adjustment ----

POSSIBLE COMMANDS:

MASTER: Selects the Master channels SLAVE: Selects the Slave channels
XIYIZ: Selects channel for adjustment
EXIT: Stops measurement and returns measured output parameters
MEASURED VALUES:
Adjusting channel: X (Master) Slope-End:  0.30 [ms] Current: 4125 [A]
Found mx. deviations at . >100 | >150 | >250 | [usec]
- Small spec. (w.r.t. fit) . 0.68 | 0.23 | 0.04 | [%0]
- Wide spec. (w.r.t. 100%) : 1.08 | 0.35 | 0.07 | [%0]
ENTER A COMMAND:
Possibilities: X,Y,Z,MASTER,SLAVE,EXIT

Enter user input:

Explanation measured values display:

- Small spec. line: The differences between the reference gradient response (on screen called
ref. fit) and the actual gradient response are displayed. The displayed values
are measured at 100 usec, 150 usec and 250 usec after the end-of-slope
point. All values must be adjusted to: < 0.10 %.

- Wide spec. line: The differences between the demand pulse (on screen called ref. 100%) and
the actual gradient response. The displayed values are measured at 100
usec, 150 usec and 250 usec after the end-of-slope point.

- Current: During the adjustment and during the final measurement the gradient current
is set to 550 A.

Continue with paragraph 4.5 or paragraph 4.6.
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6.2 EDDY CURRENTS

Pulsing the gradients results in a changing magnetic field, which induces eddy currents in the magnet
cryostat, windings and shields.

This will make the gradient field response slow, compared to the demand signal for the gradient amplifier.

To get the required gradient field response, the demand signal for the gradient amplifier is adjusted in such a
way that the influence of the eddy currents is compensated for.

The gradient field response is measured at two points, located on the gradient axis corresponding with the
gradient under test.

By adding the output from six adjustable filters to the original (uncompensated) gradient demand signal the
gradient field response is compensated for eddy current effects. Each of these six filters can be enabled or
disabled in the tuned hardware parameter archive of the application software. The response of each filter can
be adjusted with an amplitude potentiometer A and a time constant potentiometer T.

The following table and figure shows the operational range of each filter.

Table 9 - The operational range of each filter

Potentiometers Time constants
T6 A6 150 - 700ms
T5 A5 40 - 150ms
T4 A4 10 - 40ms
T3 A3 2-10ms
T2 A2 <2ms
T1A1 Used to decrease the rise time
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Figure 54 - Time constants
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All filters and their corresponding potentiometers are located on the WFG/ECC boards.

Each gradient channel (X,Y and Z) has its own WFG/ECC board.

Each WFG/ECC board has a seventh filter (AO/T0O) which is not used with the Copley 274 amplifiers and has
been disabled in the factory (jumper W6 is not installed, see Figure 1).

If a filter has been enabled in the application software, its corresponding red LED on the WFG/ECC board will
be lit during a scan.

The amplitude potentiometers Ax have 15 turns with the zero effect setting in the middle. Clockwise turning of
Ax (from the zero position) gives a higher amplitude, while counter-clockwise turning (from the zero position)
gives a lower amplitude.

The time constant potentiometers Tx do not have a middle position.

Complete counter-clockwise turning of Tx gives the minimum time constant.

Clockwise turning of Tx increases the time constant.

The results of the eddy currents final measurement (for X, Y, and Z) are stored in the tuned hardware
parameter archive. Notice that these results are only stored for archiving purposes: deleting or changing these
results does not affect the eddy current behavior of the system.
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The purpose of the eddy current compensation (ECC) adjustment, is twofold:
1. To adjust the amplitude of the field response (= gradient flux pulse) to 100%.
2. To adjust the rising slope.

With an eddy current reference measurement the 100% level is determined. It is assumed that the longest t-
time of the gradient system is 200 ms, after 5 t-times (= 1s) the system is settled. So, one second after the
end-of-slope the eddy current effects are faded out and at this point the eddy current reference measurement
determines the 100% value.

The ECC adjustment always starts with the long term effects. From there you work your way back, via the mid
term effects, to the short term effects. In the latter one also the rising slope is adjusted within specifications.

If, for whatever reason, you want to adjust the ECC all over again, place all potentiometers in their starting
position again.

While adjusting the eddy currents, try to use the Tx potentiometers as little as possible.

Start with adjusting the amplitude Ax until a clear overshoot and a small undershoot can be seen. Then try to
eliminate the undershoot with the time constant Tx. See Figure 55.

With the time constant Tx you can shift the overshoot over the time axis, with the effect that the undershoot
will decrease or increase.

Figure 55 - Field response as a function of time

FIGURE A:  FIELD RESPONSE TIME FIGURE B:  FIELD RESPONSE TIME
CONSTANT TOO HIGH CONSTANT TOO LARGE
AND/OR AMPLITUDE TOO HIGH

/_\ 100% /_\ 100%

—» mSec ——» mSec

HH11.WPG
In part A of Figure 55, the time constant correction is too small: increase the time constant potentiometer by
turning it clockwise.
In part B of Figure 55, the time constant is too big and/or the amplitude too high.
First try to decrease the time constant correction T(x) (counter-clockwise) until an undershoot becomes just
visible again. If this is not possible, decrease the amplitude A(x) (counter-clockwise) until the undershoot
becomes visible. Now increase T(x) (clockwise) until the undershoot meets the specifications. And so on.

For checking the ECC adjustment see paragraph3.5.
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6.2.1 REQUIRED TOOLS

1.

2.

100

Eddy current compensation set 8122 101 45004, which includes the eddy current pick-up coil holder.
The eddy currents are adjusted on the WFG/ECC boards inside the gradient interface rack. Because the
measured signal is displayed on the operator console, a temporary display must be in the technical room
near the gradient amplifier cabinet(s).

Extend both the keyboard and the mouse with extension cables so that you can operate the software
from within the technical room.

Take special care with positioning the flux meter: the drift strongly depends on environmental
temperature variations.

Keep the flux meter away from the gradient amplifier cabinet and gradient cables to eliminate possible
induction. Take a minimum distance of 1 meter.

Use the coax cables, delivered with the set, for the connection between the flux meter and the gradient
interface cabinet DIB to minimize the noise:

—  The 'thick' coax cables for the signals

—  The 'thin' coax cable for the 'reset’ signal

Figure 56 - Position Eddy current pick-up coils

JO19.WPG

Figure 57 - Position pick-up coils related to X,Y and Z gradient axis.

SET UP FOR FLUX DRIFT AND SET UP SET UP
X-WFG BOARD ADJUSTMENTS Y-WFG BOARD ADJUSTMENTS Z-WFG BOARD ADJUSTMENTS

JO19A.WPG
Mount the pick-up coils in the 15 cm positions for the 'gradient under test'.
See Figure 56 and Figure 57.
Place the holder with the pick-up coils on the inner bed inside the the magnet.
(04.0) 452298124592
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Place it such that the pick-up coils are symmetrically by around the iso-center.
The axis of the pick-up coils must always be parallel to the Z direction (accuracy +/- 5 degrees).

3. Switch on the flux meter and wait 30 minutes to allow the flux meter to stabilize.
4, Set up the measurement according to the shown figures.
See Figure 58 and Figure 59.

Figure 58 - Measuring set-up for eddy current check

PICK-UP COILS
PHILIPS
FLUX METER
INPUTL RESET - DIBX60
OUTPUT2
> DIBX56
OUTPUT1L
INPUT2 DRIFT 1,2 - DIBX55
MAGNET
GRADIENT
AMPLIFIER
FB18.DRW
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Figure 59 - Front and rear view of Philips flux meter
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6.2.2 PRINT THE MRL OF THE EDDY CURRENT FINAL MEASUREMENT

1. Make sure that there is enough paper in the printer.
2. Login : Gyroscan

3. Select: Scan control

4, Select: Scan utilities

5. Select: Enter service mode

6. Select: System tuning

7. Select: System tuning tools

8. Select: Measurement verification

9. Select: View measurement result lists

Now fill in the following bold printed parameters to select a MRL list;
Part of the filename . ECA_FINAL

Date specification . No date

10. Select: Proceed to continue
11. Choose the file to print.

Now set the print parameters: (the parameters to enter are printed bold)
View mode © Full

View file . Yes
Print file : Yes
Copy file . No

12. Select: Proceed to continue

With the 'next page' key and the 'previous page' key you can scroll through the MRL.

Simultaneously, the MRL will be printed.

13. Select: Proceed to continue

102 (04.0)
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14. Add the print-out of the Eddy current final measurement MRL to the system MRL.

6.2.3 EXAMPLE OF THE EDDY CURRENT MRL PRINT OUT

Example of an MRL print out for a PT3000 system and an Intera POWER system, with some comments

added:

Line Description

1. measurement type

2. gradient coil X,Y or Z

3. current ECC settings Y 1
4, current ECC settings Y 2
5. current ECC settings Y 3
6. current ECC settings Y 4
7. current ECC settings Y 5
8. current ECC settings Y 6
9. settings Y 1
10. settings Y 2
11. settings Y 3
12. settings Y 4
13. settings Y 5
14, settings Y 6
15. overall gradient delay (msec)
16. delay deviation (us)

17. three-quarter point (0.30 msec)
18. EOS point (%)

19. Flatness range 1 (%)

20. Flatness range 2 (%)

21. Difference 1 (%)

22. Difference 2 (%)

23. Extreme times (ms) 1

24, Extreme times (ms) 2

25. Extreme times (ms) 3

26. Extreme times (ms) 4

27. Extreme times (ms) 5

28. Extreme times (ms) 6

29. Extreme times (ms) 7

30. Extreme times (ms) 8

31. Spec. ranges (ms) 1

32. Spec. ranges (ms) 2

33. Spec. ranges (ms) 3

34, Spec. ranges (ms) 4

35. Spec. ranges (ms) 5

36. Spec. ranges (ms) 6

37. Spec. ranges (ms) 7

38. Spec. ranges (ms) 8

39. Measured-system delay [us]
452298124592

Final

Y
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
0.30
3.00
3.00
990.00
0.60
5.00
5.00
990.00
24.00

(04.0)
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Nominal

0.0
69.00
95.0
0.00
0.00
0.00
0.00

24.00

Spec

[-12.0-12.0]
[66.00 - 72.00]
[94.5 - 95.5]
<0.15

<0.10

<0.45

<042

[23.50 - 24.50]

103



Gyroscan NT/Intera

Service Procedure Document

Example of MRL print out for a PT6000 system or an Intera MASTER system, with some comments added:

Line

©CoNOOA~MWNE

104

Description

measurement type
gradient coil X,Y or Z
current ECC settings Y
current ECC settings Y
current ECC settings Y
current ECC settings Y
current ECC settings Y
current ECC settings Y
settings Y

settings Y

settings Y

settings Y

settings Y

settings Y

overall gradient delay (msec)
delay deviation (us)
three-quarter point (0.15 msec)
EOS point (%)
Flatness range 1 (%)
Flatness range 2 (%)
Difference 1 (%)
Difference 2 (%)
Extreme times (ms) 1
Extreme times (ms) 2
Extreme times (ms) 3
Extreme times (ms) 4
Extreme times (ms) 5
Extreme times (ms) 6
Extreme times (ms) 7
Extreme times (ms) 8
Spec. ranges (ms) 1
Spec. ranges (ms) 2
Spec. ranges (ms) 3
Spec. ranges (ms) 4
Spec. ranges (ms) 5
Spec. ranges (ms) 6
Spec. ranges (ms) 7
Spec. ranges (ms) 8
Measured system delay [us]

Final

Y
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
<value>
0.30
3.00
3.00
990.00
0.60
5.00
5.00
990.00
24.00

O WNREFPOORAWNPE

(04.0)

Nominal Spec

0.0 [(12.0 - 12.0]
63.00 [57.00 - 69.00]
91.5 [91.0 —92.0]
0.00 <0.15

0.00 <0.10

0.00 <0.45

0.00 <0.42

24.00 [23.50 - 24.50]
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Remarks:

In the actual display of the result screen the line numbers are not shown.

Line

Line 23
Line 24
Line 25
Line 26
Line 27
Line 28
Line 29
Line 30
Line 31

Line 32

Line 33

Line 34
Line 35

Line 36

Line 37

Line 38
Line 39

452298124592

Time at which the minimum of the averaged signal is measured for flatness 1
Time at which the maximum of the averaged signal is measured for flatness 1
Time at which the minimum of the averaged signal is measured for flatness 2
Time at which the maximum of the averaged signal is measured for flatness 2
Time at which the minimum of the difference signal is measured for difference 1
Time at which the maximum of the difference signal is measured for difference 1
Time at which the minimum of the difference signal is measured for difference 2
Time at which the maximum of the difference signal is measured for difference 2
Start time specification range for flatness 1.

POWER: add 0.4 ms to find actual start time
MASTER: add 0.2 ms to find actual start time
End time specification range for flatness 1.

POWER: add 0.4 ms to find actual end time
MASTER: add 0.2 ms to find actual end time
Start time specification range for flatness 2.

POWER: add 0.4 ms to find actual start time
MASTER: add 0.2 ms to find actual start time

End time specification range for flatness 2.
Start time specification range for difference 1

POWER: add 0.4 ms to find actual start time
MASTER: add 0.2 ms to find actual start time
End time specification range for difference 1

POWER: add 0.4 ms to find actual start time
MASTER: add 0.2 ms to find actual start time
Start time specification range for difference 2

POWER: add 0.4 ms to find actual start time
MASTER: add 0.2 ms to find actual start time

End time specification range for flatness difference 2
Measured system delay
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6.3  OVERVIEW OF THE GRADIENT DUMMY CONNECTOR.
Figure 60 - Top view gradient amplifier dummy connector.
+5V FEPSU
NORMAL DEMAND - CONNECTION
DEMAND - CONNECTED TO GROUND
———————— NORMAL DEMAND + CONNECTION
———— DEMAND + CONNECTED TO GROUND
NORMAL ENABLE CONNECTION
[—- ENABLE CONNECTED TO +5 VOLT FEPSU
[ offies] 1o |
M X3 wi w2 w3 [
DFEC3 INTERFACE = | X1 AMP x2 | = COPLEY AMPLIFIER
[ ol 1 11 B[O ]
l— GRADIENT STATUS
CURRENT MONITOR
—— GRADIENT RESET
GRADIENT CLOCK
DEMAND +
GRADIENT ENABLE
VOLTAGE MONITOR
DEMAND -
GROUND
Figure 61 - Principle diagram Gradient Amplifier Dummy Connector
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6.4 THE LED sTATUS ON THE EMI 20kW/420V POWER SUPPLIES

When the gradient amplifier cabinet and both EMI power supplies are switched on the LED status on the EMI
power supplies should be:

e For the master EMI power supply within the Copley 274 cabinet (DP1):
- LED 'POWER ON'is lit.
- LED 'VOLTAGE!' is lit.

e For the slave EMI power supply within the Copley 274 cabinet (DP2):
- LED 'POWER ON'is lit.
- LED 'CURRENT" is lit.

All other LEDs on the EMI power supplies must be off after startup and all fans in the Copley 274 cabinet must
be running.

Notice that the Copley 274 gradient amplifier cabinet can operate with only the master power supply installed.
However, not all types of scans can be made.

The 25p D programming connector at the back of the power supply determines that a power supply is master
or slave.
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6.5 GRaADDUMP FILE

Do not use the central log file for fault finding gradient amplifier related faults.

First use the graddump file to verify the gradient amplifier behavior.

Second, use the 'boiled down' bdasdump.log file for additional logging information concerning gradient faults.
See paragraph 6.6.

Each time that a gradient error is detected during a scan, a scan abort is generated and the gradient amplifier
will shutdown itself automatically. The status of the amplifier, just after the shutdown, is uploaded
automatically to the host computer where it is written to a file called 'graddump.dmp’ in the logging directory.
This graddump.dmp file is not readable for a service engineer. Therefor a tool has been created that converts
the hexadecimal information in this dump file into a readable text file. The conversion procedure for this
graddump.dmp file is slightly different for each of the releases R6.1.2, R6.2.1 and R7.1.1.

6.5.1 HoOw TO GENERATE A GRADDUMP.DMP FILE.

It is possible to generate a graddump.dmp file when ever you need to have one.

Procedure:

e Press the inhibit switch on one of the Copley 274 controllers (the red LED in the switch will be lit).
o Now start a scan and wait for the scan abort.

e Release the pressed inhibit switch again.

Because of the pressed inhibit switch, the scan will abort and the system will generate a graddump.dmp file.
See Figure 62.

6.5.2 GRADDUMP: HOW TO USE/ INSTALL THE CONVERSION TOOL FOR < R6.2

From the BBS or the PMS TechNet intranet site download the file 'graddump.zip' to your service computer.
Unzip the file and upload the following two files into the logging directory of the host computer, e.g. with
'‘Proccomm Plus'":

1. graddump.com upload as TEXT file;

2. grad_d.exe upload as BINARY file.

When done, login on the host computer with user 'gyrotest'.
Go to the logging directory by typing:
$ set def gyro$log

The command sequence for using the graddump tool is as follows:
$ @graddump [inputfile [outpultfile]]

The input file is the gradient dump file and the output file is the file to which the converted data is written.

If you just type @graddump, the default input file 'gyro$log:graddump.dmp’ will be used and the output file will
be 'gyro$log:graddump.txt'.

It can be useful to rename the gyro$log:graddump.dmp file if you generate more graddump.dmp files in a
trouble shoot session.

If you type @graddump followed by the input file name <name>.dmp, the output file will be <name>.txt.
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Example 1:
$ @graddump

As input file the graddump.dmp file with the highest version number will be taken. This file will be converted
into graddump.txt which can get a different version number depending on the number of existing files.

Example 2: (preferred procedure)
$ rename graddump.dmp;3 gd3.dmp;1
$ @graddump gd3.dmp;1

The output file will be gd3.txt;1.

6.5.3 GRADDUMP: HOW TO USE THE CONVERSION TOOL FOR R6.2 (ALSO R4.7.1, R5.7.1 AND
R6.7.1)

Gyroscan systems with R6.2.1 software (also R4.7.1, R5.7.1 and R6.7.1) have the graddump file conversion
program, this time called 'gradana’, already on the system disk. So no additional download is required.

To use this conversion tool, login on the host computer with user 'gyrotest'.
Go to the logging directory by typing:
$ set def gyro$log

The command sequence for using the gradana tool is as follows:
$ gradana [inputfile [outputfile]]

The input file is the gradient dump file and the output file is the file to which the converted data is written.

If you just type gradana, the default input file 'gyro$log:graddump.dmp’ will be used and the output file will be
‘gyro$log:graddump.txt'.

It can be useful to rename the gyro$log:graddump.dmp file if you generate more graddump.dmp files in a
trouble shoot session.

If you type gradana followed by the input file name <name>.dmp, the output file will be <name>.txt.

Example 1:
$ gradana

As input file the graddump.dmp file with the highest version number will be taken. This file will be converted
into graddump.txt which can get a different version number depending on the number of existing files.

Example 2: (preferred procedure)
$ rename graddump.dmp;3 gd3.dmp;1
$ gradana gd3.dmp;1

The output file will be gd3.txt;1.

6.5.4 GRADDUMP: HOW TO USE THE CONVERSION TOOL FOR R7.1.1

The conversion of the graddump.dmp file to a readable text file is done automatically.
The readable text graddump file is called graddump.log.
The original graddump.dmp file with the hexadecimal information is also saved as 'graddump_dmp.log'.

NOTE

Only when no graddump_dmp.log or graddump.log files have been deleted, will the version number of
corresponding file types be identical.
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6.5.5 OVERVIEW OF THE GRADDUMP FOR ALL RELEASES.

The graddump file shows the logged status of the Copley 274 gradient amplifier just after a shutdown. This
means that high voltage and output currents are already running downwards. See Figure 62. The system is in
low power mode (note the graddump table 4 in Figure 62, the high voltage is 74 V) .

Besides error information, the graddump file also gives information about:

e Graddump table 1: Controller and power modules status summary (notice that the first line is the most
important, the others are result faults).

e Graddump table 2: Complete status overview of the controllers.

e Graddump table 3: Complete status overview of the power modules.

e Graddump table 4: Read out of digitized signals of power modules. Just before table 4, you will find a
summary of digitized signals being out of spec. Notice that it is empty when the graddump is created while
the amplifier is standby.

e Miscellaneous data about power modules.

Miscellaneous data about power modules contains the following:

Firmware versions.

Total operational time (= the amplifier is switched on during days/hours/minutes).
Operational time at current (= the amplifier is pulsing since days/hours/minutes).
Percentage at current (= the amplifier is pulsing).

Number of logged faults.

Power-up count.

Calibration dates (at Copley factory) (YY-MM-DD).

Serial numbers and revision levels (here you can determine the swapping of power modules).
IGBT power transistor type.

TABLE: Complete overview of LAST-FAULTS status of the power modules faults
In this overview all occurred faults from previous sessions are logged.

On the next pages several graddump examples are shown:

- The graddump file generated by trying to scan with one of the inhibit switches pressed. (Figure 62)
- This is a part of a graddump where the controller clock is disconnected. (Figure 63)

- This is a part of a graddump which shows wrong controller DIP switch settings. (Figure 64)

- This is a part of a graddump which shows wrong power module DIP switch settings. (Figure 65)

- This is a part of a graddump which shows a loose current sensor connection. (Figure 66)

- This is a part of a graddump which shows a short in the load. (Figure 67)
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Figure 62 - The graddump file generated by trying to scan with one of the inhibit switches pressed.
Copley 274 Amplifier status file, processed Fri Mar 26 09:48:01 1999

Inputfile = IHHIE . DMF:1

Original header:

*Sy=ztem Refence Humber: 00001

rHozpital name: ASWTSEL =widbOG4

»¥%% Gradient Anplifier dunp. Created: 99-03-26 0946 .56
FPCopley—274D

TABLE 1: Controller and power modules status summary:

Explanation of Tnit namnes:
The: three characters mnalke up the unit nanes as followed
H mnaster, 5 = slave, ¥ = ¥—axls., v = v—aEls, T = Z—aEls
Z controller. 1.2.3 or 4 = power module

Explanation of the ranlk of the fault:

10: A 01 1= found in a status byte thi=s i= possibly dus to a
random error in the reading of the status registers of the
amnplifier. 1If wou nesd the status information of this part.
then trv to nake another status—dumnp.

9: The unit showing thi=z s=tatus fault iz probably defective,
or the shutdown reason iz obvious (inhibit switch pressed?).
a7 The unit showing this status fault might be defective
or the statu=s fault was introduced by another error.
6.5 Feserved =tatu=s bit=s: If wou =ee these., then there was sither

a logging problem or a new feature was added by the mnanufacturer
of the gradient amplifier.

Unit
name Rank Status text
SHEC 4 Inhibit switch pushed in (LED in switch i=s OHN)
SEC 7 Hot enabled (dus to fault or missing snable signal)
452298124592 (04.0) 111
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TABLE Z: Complete status overview of the controllers:
Header—-columnn=s are the bit-namnes.
Dotz indicate the reszerwved bit-names.
All =tatu=s bits of reserved bit-names= should be '0°.
A ' dindicates a status fault (exmcept for DanfvFlt, for which l=fault).

Fault= A: Fault=s B: Faults C:

CF 00 LD EEBE = oD

h a vww i ITH a a Baaa 1 Epa

au 22 1no nn addd oJnen

nl rrzrh f f d o Eant

St LTFik& 1 - 4+ - 4 rbCy

t M oel b H 11 + 1 1 2 E rlofF

ooE amnoSH L 3938 H ooen l

P dpwwz Vv L At rdnt
M¥C: 10011111 11011111 01110000
My<: 11011111 11011111 01110000
MiZ: 110111 11011111 01110000
S¥Co1 1011101 110111 11 o301 0000
SYyCc: 11011111 11011111 01110000
S22 11011111 11011111 01110000
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‘1.

Complete status overview of the power nodules:

Eesder-columnns sre the bit-names.

indicates a status fault.
status bits of the reserved bit-names should be

3

Dot= indicate the reserved bit-names.
A "0
ALl

Service Procedure Document

TABLE

Mmoo 4ok
BOOsE D& R
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i s
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= i
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Summary of digitized =ignal= being 'out of =spec':

TABLE 4: Read out of digitized signals of Power Hodules:
A '#' behind a number means 'out of spec’ . (Error}
A 'l behind a number mean= only 'out of spec' if the =sv=ten
waz long enough in =tand-by mode. {(Warning)
A 'Y behind a number mean=s the walue deviates from tvpical
value, but no spec is defined. (Informational)

The eztinated Ambient temperature is 21 .7 degrees Celsius. 1f a svsten
iz in =tand-by mode, all tenperatures should be close to this tenperature.

i1 iz 3 i4 Tl Y2 Y3 T4 Z1 Z2 Z3 Z4

+16V =zupply [V] Spec=15.1:16.4 Shntdowvn limit=14 . 5:16.5
M: 15.8 15.&8 15.9 1%.&8 15.8 1e.0 15.8 15.8 15.&8 15.7 15.6 15.8
5. 1.0 15.8 1.0 16.2 15.7 15.8 15.7 15.& 15.7 15.& 15.7 15.8
+15V =upply [V] Spec=14.9:16.23 Shutdown limit=13.5:16.5
M: 1%.¢ 15.7 1%.8 1%.¢ 1%5.7 1%.9 1&5.7 1%5.7 15.& 1&5.7 15.7 15.7
5. 1%.& 15.& 1&%.¥7 1%.&8 1%.7 1%.7 15.8 15.7 15.7 15.& 15.7 15.8
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High Voltage {(EMI supplies; [V] Spec=70.0:422.0 Shutdown limit=t61.0:440.0
M: 7a.2 742 7402 F402 742 74 ZR OF4R 742 7402 F42 742 Y42
S T2 7402 7402 Y402 7402 742 742 742 7402 T4z 742 T4l

L. ¢ Shutdown limit= <¥5 .0
2212 2102 2006 2006 208 21.2
B 5 20.6 20.6 19.5 19.5 20.h8

IGET1 Temperature [degl] Spec=18.7
M: 22.2 22.2 22.2 21.2 21.2 2
S 2006 21,2 2006 21.2 206 2

2 Shutdown limit= <45.0
2.2 21.2 206 195 Z20.6 20.8
1.2 21.2 206 206 21.2 21.2

Ambient Temperature [degl] Spec=18.7::25.
M: 22,2 21.2 22.2 21.2 20.6 21.
Sooo21.2 2102 22,2 2006 20,6 20.

Inductor Temperature [degl] Spec=18.7%7:20.2 Shutdown limit= <750
M. 23.3 22.2 22.2 21.2 22.2 21.2 195 21.2 21.2 21.2 20.6 20.6
5. 212 212 21.2 195 21.2 206 20.6 20.6 21.2 21.2 20.6 19.5
Po=. EMS output current [A] Spec=0.0:2.5 Shutdown limit= <175.0
M: n.o 0.o n.o on.n n.o n.o n.a n.o n.a n.o 0.o n.o
5. n.o 0.o n.o on.n n.o n.o n.a n.o n.a n.o 0.o n.o
Heg. EMS output current [Al Spec=0.0:2.5 Shutdown limit= <175 .0
M: n.o 0.o n.o on.n n.o n.o n.a n.o n.a n.o 0.o n.o
5 n.o 0.0 n.o n.n n.o n.o o.a n.o o.a n.o 0.0 n.o

=15V =upply [V] Spec=-1t.3:-14.9 Shutdown limit=-16.5:-13.%
M: -15.8 -15.9 -16.0 -15.8 -16.0 -16.0 -15.8 -16.0 -15.9 -15.9 -15.8 -15.8
5. -15.8 -15.8 -16.0 -16.1 -15.9 —-16.0 —-16.0 -15.8 -15.9 -15.8 -16.0 -16.1

+5Y supply [V]1 Spec=4 . 8:5.7 Shutdown limit=4 . 8:5 3
M: §.9 4.9 5.0 4.9 i.9 5.0 i.19 4.9 5.0 4.9 4.9 §.9
5 4.9 4.9 4.9 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

L. 2 Shutdown limit= <
22l 222 20 2
6 21.2 206 20.6 1

IGHT: Temperature [degl] Spec=18.7
M. 22.2 21.2 22.2 21.2 21.2 2
5. 212 212 21.2 21.2 21.2 2

Airtlow [-1 Spec=1.0:72.0 Shutdown limit=nones

M: 1.6 1.6 1.5 1.7 1.6 1.6 1.5 1.6 1.6 1.6 1.5 1.6
= 1.6 1.6 1.5 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.5 1.5
Fectifier Temperature [degC] Spec=18.7:25.2 Shutdown limit= «<75.0

M. 23.3 22.2 23.3 22.2 23.3 21.2 1.2 22.2 20.6 21.2 20.6 21.2
5. 21,2 2102 2202 21,2 21.2 21.2 21.2 21.2 21.2 23.2 21.2 20.6

+28Y supply [V] Spec=27.0:29.0 Shutdowyn limit=Z6.5:29.5C
M: 2.0 Z8.0 28.1 28.1 28.1 328.3 28.0 28.3 28.3 28.3 3289.1 28.
S: 280 28,1 27,9 2803 2801 28.4 281 28,3 28,1 28.1 29.3 28.

[ TR k]

Simulated JuncT rize [degl]l Spec=none Shutdovn limilt=none
M: 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
S 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8

Reference temperature [degC] Spec=none Shutdown limit=none
M: 106.1 106.1 10&.1 106.6 107.0 106.56 106.&5 107.0 107 .0 107.0 108.0
1]

107.0
S: 106.6 107.0 106.1 107.0 10e.6 107 .0 10%.0 107.0 107 .0 107.5 107. E

106.

Infference in tenp. of IGET 1 and 2 [degl]l Spec=—6.0:6.0 Shutdowvn limit=none

M: 0.o 1.1 0.0 0.0 0.o 0.0 0.0 -1.1 o.a 0.0 -0.% 0.5
5: -0.5 0.0 -0.% o.o0 -0.% o.0 -1.% 0.0 0.a o.o0 -1.1 -0.5
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Hi=cellaneous data for power modules:

Firmware wersions:

Service Procedure Document

HE1l:2.10 Miz:2.10 M¥3:2.10 Mid:.2. 10
H¥1:2.10 M¥2:2.10 M¥3:2.10 M¥4:2.10
HZ1:2 .10 MZz2:2.10 MZ3:2.10 MZ4:2.10
SE1:2.10 SXEz2:2.10 SE3:2.10 SE4i:2.10
S¥Y1:2.10 SY2:2.10 SY3:2.10 SY4:2.10
SZ1:2.10 S£2:2.10 S£3:2.10 S£4:2.10
Operational time (=Amplifier switched on!{dayvsz-hours-minutes}:
MXi: 73d 0ch 4lm MXZ2: 73d 08h 3dm MX3: 73d 0%h 5Zm MX4: 73d 05h 4dim
M¥1: 73d 0th B4m M¥2: 73d 08h 4Im M¥2: 73d 0%h 57m M¥4: 73d 06h 1im
MZ1: 73d 0%h 41lm MZZ2: 73d 0%h S0m MZ3: 73d 06h 1llm MZa: 73d 06h 03m
S¥1l: 113d 08h 33m S¥Z2: 1134 07h 39 S¥3: 1134 08h SZm S¥4: 1134 07h 39%m
5Y1: 113d 08h 11m SY2: 113d 07h 3¥m SY¥4: 113d 0%k O%5m S5Y4: 113d 07h Sim
SZ1: 113d 07h 35m S22: 112d 1eh S8 SZ3: 113d 07h 45w S74: 113d 09k 20m
Operational time at current {(davs=-hours-minutes):
MX1: id 17h 06m MX2: 4d 1th 57m MX3: 4d 17h 0Em M4 . 4d 1eh 43m
M¥1: id 10h 36m M¥2: dd 10h 36m M¥3: 4d 10h S4m M¥4 . 4d 10h 30m
MZ1: id 23h 41m MZi2: ad 23h 30m MZ3: ad 23h 20m MZia: ad 23h 3iZm
SEL: 9d 23k 3Zm SE2: 9d 23L 0G&m SR 9d 23h GEm SHi 9d 22k 5im
SY1: 10d 04h S6m SY2: 10d 04h 45m S¥3: 104 05h 08m 5¥4: 104 04h 55m
SZ1: 10d 1eh 46m SZ2: 104 1eh 08m SZ3: 104 16k 4Zm SZ4: 104 16h 46m
il H2 H3 Hd Tl T2 T3 Y4 z1 Z2 z3 Zd
FPercentage at current :
H: 6.4 B.4 B.4 6.4 6.1 6.1 6.1 6.1 6.8 6.8 6.8 6.8
5. 8.8 g.a g.a 2.8 9.0 9.0 9.0 9.0 9.4 9.5 9.4 9.4
Humber of logged faults:
H: d& dp 50 47 32 32 32 32 27 27 27 27
5. 4% 45 ip 47 49 51 49 49 45 45 45 45
Power—up count :
M. 7. 73 75 7b T4 7b 75 76 75 74 74 74
5. 7o 76 77 78 7b 7b 77 76 76 75 77 ao
Calibration date=s (at Copley factory) (YY—-HH-DD}:
M¥1:98-08-17 M¥Z.98-08-17 M¥X3:98-08-17 M¥4.98-08-17
M¥1:98--08--17 M¥Z2:98--08--17 MY¥3:98--08--17 M¥4.98--08--17
MZ1 . 98-08-17 MZE2.9a-0a-17 MZa:98-08-17 MZa.98-08-17
S¥X1:98-09-10 SXZ2.98-09-10 SE3:98-09-10 S¥d4.98-09-10
SY¥1:98-09-10 SYZ:.98-09-10 SY3:98-09-10 S¥4.98-09-10
SZ1:98-09-09 SZ2:98-09-12 SZ3:98-09-09 SZ4:98-09-10
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Serisllumbers and Fevision levels:
Hodule Fev ModBoard EHew DrvBoard FEev FiltBoard Eews
Mi1: 049eCBRED G 329BCC390 Q 2398CDY92 H FI9BANE0T T
ME:Z: 3398CBY9Y G 3398CC35368 O 33968CDY7E M 3396AN498 T
MiEa: 3398CEE13 G 3398CCE41 Q 3398CDY86 M 3398AN923 T
M¥4. 2392CEBR14 o FA9BCCRLZ 1) F298CDhya9 M F292AH936 1
M¥1: 0OE<2eCBZ7E o IA9BCCRIT ) 3298CDYe0 M J29gAH922 1
MYZ2: 3398CEI04 o 3398CCE4T 0 3398CDYE3 M 3393AN021 1
M¥5: 3358CB7SS G 3358CC552 0 33S8CDY?? M 3356AN454 T
M¥4. 22392CBE12 G FI9BCCR4E O 23987D924 M 3398AN929 T
MZ1: 3398CE795 G 3398CCO0T Q 3398CDYS0 M 3398ANE03 T
MZZ . 2392CBe02 G F398CC010 O 2398CDh9ge M 3398ANE0E T
ML3: 3395CBE10 o 353598CCE44 1) 3398CDSE5 M 3596ANS3: T
M4 232BCBELDZ o 2A9BCCR4E 2298CDYe? M 2292AH920 I
SHEZ: 2798CE036 G A798CC084 S JF98COEE1 M 3798AN103 I
SHED: 3798CEOZ9 G JIBBCCTE2 S I698CLE49 H J698AN971 I
SHE4: 32E9BCEY9L5LE G IE9BCCRAT S IR9BCDE0E H JAYBANS9YE I
S¥1: 3798CE0O30 G 3798CC078 S IR9BCDE07 M JR98AN9EZ I
SYZ: 3Y98CE0D38 G I79BCCOY4 5 I698C0Y9% H 3798AaN102 I
S¥3: 379B8CE046 G 3798CCO078 S IR9BCL913 M 3798AN112 I
SY4:. 3IY98CEO44 G I798CCO8e S I698C0799 M 3798AN104 I
SF1: 3Y98CE0Z7 G I6BCC89 S I698CLE13 M J698AN979 I
SZZ: 3698CBY952 G I79BCC270 S IA98CDE1S H JI698ANH97Z I
SF3: 3p98CEY954 G I69BCCHR41 S I69BCLE07 M J698AN981 I
SF4: 3I798CEO37 G IB9BCCER4 S IR98C0E22 H 3798AN101 I
IGET power tran=istor type:
"IRF' = Internaticnal Rectifier.
'Mit=s' = Mit=subishi-FowerEx.
'Fuji' = Fuiji.
'Semi' = Semikron.
MEl: HMits M2 Hits HE3 Hits Mid:Mits
HY1:Mit= MY2 Mit=s HY3 Mit= Y4 :Mit=s
MZ1:Mit= MZ2: Hit= MZ3:Mit= HZ4 : Hit=
SHl:Mit= SEZ2 Hits SH3: Mit= SE4 Hits
SY1:HMit= SY2 Mit= SY3: HMit= SY4:Mit=
571 :Mit= SE2 Hits 573 :Mit= 574 Hits
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1.

The lLa=t Faults tahlesz contain reasonz for the previous tine every
thi=z will f{requently

Depending upon usage,
Jjust be the status logged during switching—off of the system.

indicates a status fault.

IDI
All =status bits of the reserved bit-names should be

Dot= indicate the reserved bit—-names.

Header—-columns are the bit-names.
A

powver mnodule shut down.

TAEBLE: Complete overview of LAST-FAULTS statusz of the power mnodules:

Gyroscan NT/Intera
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Figure 63 - This is a part of a graddump where the controller clock is disconnected.
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Mnit
name Hanlk Status text
The first line is the most impartant one, the athers are result faults.

SYC 3 Ha=zter clozk (SMHz) not received on controller

5Y¥1 a 1HHz clock i= missing or out of range

SY2 a Module clock (20 or 25kHz) i= missing or out of range
SY 3 a 1HHz clock i= mi=sing or out of range

SY 4 a Hodule clock (20 or Z25kHz) iz mis=s=ing or out of range
SYC 7 1

Hot enabled {dus to fault or mi==sing enable Signalﬂfq

\ /

TABIE 2: Complete status overview of the controllers:
Header—-columnn=s are the bit-namnes.
Dotz indicate the reserved bit-namnes.
All status bits of reserved bit-names shoul
A '0" indicates a status fault (except fo

e ‘0",
DanfyFlt, for whigh 1=fault).

Fault=s A: Fault=s C:

CF .00 5 O D

h a v o 5 1 Epa

au e e j§ d gnen

nl r T o Eant

S5t LT + - + rbCy

t M o e 112 E rlokPF

o e a m 9 9 8 H oesnl

D dp YV ¥ C rdnt
HMEC: 1 1011 11011111 p 1110000
H¥YC: 1 101 11011111 p 1110000
HZZ: 1 1 10 11011111 01110000

M t the troller is not enabled.

SHEC: 11011111 1] [l 1]
SYC: 11011111 1] 1] 1]
SZC: 11011111 1] 1] 1]

Notice that all 6 listed faults are caused by a missing 5 MHz clock.
The first line is the most important, the others are result faults.

Possible causes:
e A missing 5 MHz clock at J6 at the back plane.
e A bad back plane, extender board or controller.

Because all four power modules (SY1, SY2, SY3, SY4) show the same error, it is very unlikely that there are
power module problems.
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Figure 64 - This is a part of a graddump which shows wrong controller DIP switch settings.

DOriginal header:

*Sy=tem REefence Humber: 00001

*Hos=pital name: ASWTSH4 =widb054

»#%% Gradient Amplifier dump. Created: 99-03-26 11:16.26
»Copley-274D

*

FEOBLEHM: Probably address—-dipswitch wrong for unit HMYC. Mote the blank ling
Dther data might be unreliable a= a result. ———i;?

*#%¥XXXXE deleted =ome text here 6363636363636 36 36 36363 %% /

TABLE 2. Complete =status overview of the controllers:
Header—-column=s are the bit-names.
Dot= indicate the reserved bit-names.
All =status bitz of reserved bit-names should be
A '0" indicatesz a =status fault (except for Dan

n'.
Flt, for which 1l=fault).

Fault= A: Fault= B: Fault

CF .00 LD . BEEBEB 5 oD

h a vv A IHNH a a BEaaa 1 D a

a u 22 1nao nn adddH nen

nl rrzrh f £ d o an f

S5t LTF 15 + - + - + BCowy

t M oe 1l b M 11 +11 2 E laoF

o e amoSH 5§ 53983 H en l

[ dpwwsz Vv YV V¥V C dn t
MiZ: 11011111 1103131113 n1110000
MY v
MZZ: 11011111 11011111 pi1i1ii1i0000
SEC: 10011111 11011111 pi1i1ii1i0000
SYC: 10011111 11011111 gp1110000
S 10011111 11011111 pi1i1ii1i0000

NOTE

If you change the position of a controller inside the cabinet, you have to change the DIP switch settings
according to the new position of the controller. If you don't do this, the graddump information is unreliable for
diagnosis.
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/ Mote the blank line.

uleg:
e '1'.

Other data might be unreliable a=z a result.
Complete status overview of the power mod

indicates a status fault.

II:II
All =s=tatus bits of the reserved bit-names should

Dot= indicate the reserved bit—namnes.

A

Figure 65 - This is a part of a graddump which shows wrong power module DIP switch settings.
Header—columns are the bit-names.

PEOBLEM: Probably address—-dipswitch wrong for unit SE3.

*#%%%x deleted =omne text *xxx

Service Procedure Document
TABLE 3:
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D HAA O m™d
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Mo 2—ae=m 08

ja
M= 000 o= &

_“__”_
4
—
=

F
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If you change the position of a power module inside the cabinet, you have to change the DIP switch settings
according to the new position of the module. If you don't do this, the graddump information is unreliable for
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Figure 66 - This is a part of a graddump which shows a loose current sensor connection.

Tnit
nane ERanlk Statu=s text

The first line is the most impartant ane, the others are result faults.

SHC 9 DOpen connector (Interlock)
SHEC a Owerload: Too much current (peak and-or duration in a power module
Or: Owercurrent in Danfysik =ensor
SHC 7] . enabled (due to fault or missing enable =ignal)
SHC 7 “Owekcurrent in Danfy=ik sensor. Line i= wi=ible only in case
., a hard fault in sensor,. because =tatus is not latched
™.
R
\ \\\
TABLE 2: nplete overview of the controllers:
Header—cplumn= ar it—names.
Dot= indicate the d bit-names.

411 statps bits of d bit—-names should be '0°.
A '0' inflicates a =tatus~fsult {(except for DanfvFlt, for which 1=fault).

Faults A: F Faults C:

CEF o0 D .5 oD

ha |vwa&dIH a i Epa

au .|leeinao n gnen

nl lrrrh f Eanit

St . LTF 16 + rbCry

tHd . pelbi 1 2 rlokF

oe . mamnoS5H 5 oenl

pmn . Apwwz v v rdnt
MIC: 1 00 1111 11011111 10000
M¥C. 110 1111 11011111 \1 oooao
MZZ: 110 1111 11011111 10000
SHC: 11 D‘)]_l 11 11011111 o1 0onan
SYC: 110 1111 11011111 o1 goan
SFCZ:- 11011111 11011111 o1110000

Notice that all four SXC (Slave X controller) faults are caused by only ONE problem: open connector
(interlock). The others are result faults.

Possible causes:

e You have a REV A back plane and jumper P202 at the controller is not installed (only required for REV A
back planes). See also paragraph 5.3.3.

e Aloose current sensor connector (J19) at the back plane.

e A defective controller.

e A defective back plane or extender board.

Figure 67 - This is a part of a graddump which shows a short in the load.

Unit

name Hanlk Status text

SYC g Signal Error (Clipping). output current i1ncorrect
SYC 7 Hot enabled (duse to fault or missing snable =ignal)

One of the faults that cause a 'signal error' is a short somewhere in the load of the amplifier.

For this particular fault there was a short between the gradient connection strips and the ring frame at the rear
side of the magnet. The arcing could be seen in the dark examination room while the gradient amplifier tried to
switch to high voltage mode.

By swapping coil connections you determine where to find the fault, inside the amplifier or at the coil side (filter
box, cabling, strips or coil).
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6.6 BOILDOWN PROGRAM

The boildown.com program (fits all software releases) is used to filter out the gradient amplifier related errors
from the 'bdasdump.log’ file.

From the BBS or the PMS TechNet intranet site download the file 'boildown.com' to your service computer.
Upload this file into the logging directory of the host computer, e.g. with 'Procomm Plus' (upload as TEXT file).

Boildown procedure:
1. Login under GYROTEST/NOCOM (/NOCOM is used because of the purge command in the login
command)
2. Go to the logfile directory:
$ set def gyro$log:
3. Verify the number of bdasdump.log files:
$ dir bdasdump.log
4. Run the boildown.com file to extract the relevant logging from the bdasdump.log
files:
$ @boildown

This command file generates a file named: boildown.csv. You can type this file on the host computer or you
can copy this file to your note book (PC) into e.g. MS EXCEL.
Additional to the graddump, this file contains gradient amplifier logging, extracted from bdasdump.log.

6.7 APPENDIX: QUICK REFERENCE FOR ADJUSTMENTS
6.7.1 GRADIENT AMPLIFIER

Order of adjustments for the gradient amplifier:

Adjustment Paragraph Affected unit
1. Offset check 4.2 Copley 274 controller
2. Gain adjustment 4.3 Copley 274 controller
3. Settling adjustment 4.6 Copley 274 controller
4, Dual mode adjustment 4.7 Copley 274 controller
(Intera MASTER only)
5. Eddy current adjustment 3.5and 4.8 ECC/WEFG board (in the gradient interface)
NOTE

If you have to redo one of these adjustments, e.g. because of failing hardware, you also have to check/adjust
all adjustments followed after this re-done adjustment for the affected axis X, Y or Z.

Software adjustments for the gradient chain are in next paragraphs:

Adjustment Paragraph
1. Gradient parameters determination 3.8.1
2. Eddy current analysis 3.8.3
3. Fine adjustment of the gradient strength 3.9
NOTE

After you have replaced a gradient amplifier Copley 274 controller or ECC/WFG board you have to perform
these software adjustments from section 18.
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6.7.2 EDDY CURRENT

Service Procedure Document

NOTE

Do NOT use potentiometer T6, keep it counter clockwise!

Adjustment order for Eddy current adjustment for each orientation X, Y or Z :

Adjustment Paragraph
1. Drift adjustment of the integrator 351
2. Positioning of the pick-up coils 3.5.2
3. Reference measurement 3.5.3
4. Long term eddy currents 4.8.1
5. Mid term eddy currents 4.8.1
6. Short term eddy currents 4.8.1
7. Final measurement 4.8.2

Before you start the long term eddy currents, you have to change 3 parameters.
Select "Compensate long term eddy currents” and change the following parameters from the default value:

e repetition time to 1500 ms
e pulse duration to 750 ms
¢ end sampling time 700ms

Table 10 - The operational range of each filter

Potentiometers Range
T6 A6 150 - 700ms
T5 A5 40 - 150ms
T4 A4 10 - 40ms
T3 A3 2-10ms
T2 A2 <2ms
T1 A1l Used to decrease the rise time
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Figure 68 - Time constants

100%

SHORT TERM MID. TERM LONG TERM
Al/T1 A2/T2 A3/T3 A4/T4 A5/T5 A6
2 5-10 40 150 700
L— Marker line: — ms

POWER = 0.7 ms

MASTER =0.5ms

SPEC. ACCORDING SMI

ECC adjustment specifications:

POWER
ECC: Three-quarter point  0.30 ms
ECC:  Three-quarter point
ECC: EOS point 0.4 ms
ECC: EOS point
ECC: Flatness 1 0.7->3.4ms
ECC: Flatness 2 3.4->990 ms
ECC: Difference 1 1.0->54ms
ECC: Difference 2 5.8 ->990 ms
*) [(max.value) - (min.value)]
**) [(max.value) - (min.value)]
452298124592
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MASTER

0.15ms

0.224 ms
0.5ms->3.2ms
3.3 ms ->990 ms
0.8->5.2ms
5.2->990 ms

(04.0)
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Specification

69.0 % + 3.0 %
63.0 % + 6.0 %
95.0 % + 0.5 %
91.5 % + 0.5 %
<0.15 % *)
<0.1% %

< 0.45 % **)

< 0.42 % **)

Gyroscan NT/Intera
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6.8 MONITOR SETUP IN THE TECHNICAL ROOM
6.8.1 RELEASE R5.x — R9.x

Setup the Barco or LCD monitor of the host computer, keyboard and mouse in the technical room.
Extend the video connection with 5 BNC cables + BNC | pieces or a ‘VGA extension cable’ 4522 150 20241.

Also extend the keyboard and mouse connection both with two cables ‘ext. cable keyboard/mouse’ 4522 131
87551 (Totally 4 cables required).

6.8.2 RELEASE R10.1 AND ONWARDS

The host computer XW8000 is not capable to operate with a keyboard / mouse extension cable with a length
above 5 meters. In order being able to setup a monitor (incl. the controls) in the technical room, especially
required for the gradient amplifier adjustments, the Look Over The Shoulder application must be used.
Detailed information how to setup the Service PC using the Look Over The Shoulder application refer to the
Remote Service manual.

TechNet: http://technet.best.ms.philips.com/mr/docdb/781/452298125401/452298125401.htm

Remote Service via network connection
The connection is established via BH-X5 on the host computer. Only the IP address of the host computer is
required.

Figure 69 : Connection overview Service Laptop

Host 5 .
Computer Service
* Laptop
BH-X5 B

Crossed UTP Cable

The Field Service Framework

Before the FSF can be used Internet Explorer should be configured and a hardware key driver (dongle)
should be installed on the Service PC. This configuration and installation should be performed once for every
Service PC!

Refer to the Remote Service manual. for detailed information.

TechNet: http://technet.best.ms.philips.com/mr/docdb/781/452298125401/452298125401.htm
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