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3 Safety Information

This unit is designed for compliance with harmodieéectrical safety standard EN61010-
1:2000. It must be used in accordance with itgifipations and operating instructions.
Operators of the unit are expected to be qualedonnel who are aware of electrical safety
issues. The customer’s Responsible Body, as dkfinthe standard, must ensure that operators
are provided with the appropriate equipment anditrg.

The unit is designed to make measuremenkdaasurement Category las defined in the
standard.

Although the H20 does not generate dangerous \adtatr is it designed to measure directly
such voltages, in your application it may be meaguthe field in electromagnets with high
voltages present. Appropriate precautions musaken.

The unit must not be operated unless correctlynalsksal in its case. Only Service Personnel, as
defined in EN61010-1, should attempt to work ondisassembled unit, and then only under
specific instruction from Pyramid Technical Conauls, Inc. or their authorized distributors.

The H20 unit is designed to operate from +24 VD@@o with a maximum current requirement
of 250 mA. The MFP-30 probes are powered by the. HR suitably rated power supply module
is available as an option.

The H20 unit must be grounded by secure connettiangrounded conducting surface. If the
unit is mounted on an insulating surface, thenafrtee four mounting screws must be re-
assigned as a grounding connection.

Some of the following symbols may be displayedl@munit, and have the indicated meanings.
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Direct current

Earth (ground) terminal

Protective conductor terminal

Frame or chassis terminal

Equipotentiality

Supply ON

Supply OFF

CAUTION - RISK OF ELECTRIC SHOCK

CAUTION - RISK OF DANGER — REFER TO MANUAL

BPO—<4¢++® 1|
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4 Models

4.1 Components

H20-CTRL H20 control unit

H20-CTRL-S2 H20 control unit with field control serfeature
MFP-30 MFP-30 field probe

PSU24-40-1 Power supply, 24 VDC, 40W for H20

CAB-H20-9 Connection cable between H20 and MFPS3(R.7 m)
CAB-H20-15 Connection cable between H20 and MFP130(4.6 m)
CAB-H20-22 Connection cable between H20 and MFRB(6.7 m)

4.2 Pre-configured system examples

H20-SYS1-9 H20 system comprising H20 control umite MFP-30 magnetic field
probe and 9’ (2.7 m) cable, PSU24-40-1 power supply
H20-SYS1-22 H20 system comprising H20 control umite MFP-30 magnetic field
probe and 22’ (6.7 m) cable, PSU24-40-1 power suppl
H20-SYS2-9 H20 system comprising H20 control umip MFP-30 magnetic field
probes and two 9’ (2.7 m) cables, PSU24-40-1 paupply
H20-SYS2-22 H20 system comprising H20 control umty MFP-30 magnetic field

probes and two 22’ (6.7 m) cables, PSU24-40-1 peupply

H20-SYS2-52-22

H20 system comprising H20 contrdd with field control feature, two
MFP-30 magnetic field probes and two 22’ (6.7 m)lea, PSU24-40-1
power supply

H20 User Manual
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5 Scope of Supply

H20 system model as specified in your order. Tdle tontrol option is an additional option.
MFP-30 probes as specified in your order.
Interconnecting signal cables as specified in yoder.

USB memory stick containing:
User manual
PTC Diagnostic software installation file
PSI DiagnosticG2 software installation file
Power supply

Optional items as specified in your order.
OEM customers may not receive all the items listed.

H20 User Manual H20 UM_140911 Page 11 of 75




PSI System Controls and Diagnostics

6 Optional Items

6.1 Power supplies

PSU24-40-1. +24 VDC 1.6 A PSU (100-250 VAC, 50H81) IEC C14 3-pin plug receptacle)
with output lead terminated in 2.1mm threaded jack.

6.2 Data cables
CAB-ST-P-x-ST Fiber-optic cable, 1 mm plastic, t8fminated, x feet long.

CAB-ST-HCS-x-ST Fiber-optic cable, 200 um sili&; terminated, x feet long.

6.3 Fiber-optic loop
A360 fiber-optic loop controller / Ethernet adaptor

A500 intelligent real-time controller with Ethernaterface.

A560 intelligent real-time controller with Ethernaterface.

6.4 DIN rail mount

MTG-DIN35-11462. Mounting adaptor for 35mm starBIN rail. H20 control unit can be

mounted along or across the ralil.

6.5 Magnetic shield
CAL-MFPBO. Double mu-metal shield for probe zeftset checking and calibration.
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7 Intended Use and Key Features

7.1 Intended Use

The H20 system is intended for magnetic field messent, particularly in electromagnets. The
field can be monitored at rates sufficient for fiae monitoring and for field control, and the
probe design eliminates magnetic materials or cotmuiy surfaces that would distort the
measurement of AC fields. The MFP-30 probe isi@alerly suited to measure the magnetic
fields typical of ion beamlines which use convenéib(non-superconducting) electromagnets,
and has the range and precision to perform wetiany general field measurement applications.
The probe is thin (less than 2.5 mm) but nevertdsestiff enough to allow it to be placed at a
known and stable location in the field.

The H20 has design features which make it tolavhetectrically noisy environments, but the
place of use is otherwise assumed to be cleanteitbred, for example a laboratory or light
industrial environment. The unit is typically igtated into a larger system, using fiber optic
communication links. It can be operated indepetigeih combined with a suitable fiber optic
loop controller and host computer. Users are asduimbe experienced in the general use of
precision electronic circuits for sensitive meameats, and to be aware of the dangers that can
arise in high-voltage circuits.

7.2 Key Features
Two-channel magnetic field measurement.

Probes designed to measure correctly in AC fields.
High performance HE244 Hall effect device (MFP-30).
Probe temperature sensor and compensation (MFP-30).

Analog voltage monitor outputs for high-speed reprgation of the measured field, or magnet
power supply programming.

Field control feature when used together with tafle electromagnet power supply.
Analog voltage inputs for field settings or gengratposes.

Analog bandwidth DC to > 10 kHz.

Can be operated in a fiber-optic serial commuracalbop with up to fifteen other devices.

100BaseT Ethernet interfacing to a host computailave through the A360, A500 and A560
loop controllers.
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8 Specification

H20 System

Number of channels

Two fully parallel field measusnt channels with temperature
measurement and compensation

Measurement ranges

Not less than +/- 2.5 T (25 k§aan x1 range
x1, x4, x10 and x40 software-selectable ranges.

External accuracy

0.05 % maximum deviation relatov&ull scale of any point fron
linear fit to at least 10 points over a 1 T span

—

Temperature coefficient of
gain

<100 ppm C-1 within +10C / -5C of the calibrati@mperature

Temperature coefficient of
offset

< 0.01 Gauss C-1 within +10C / -5C of the calilmati
temperature

Noise

< 0.1 Gauss rms with 1 msec averaging

Step response

Better than 100 psec to within O fififiscale deviation from
target setting for any instantaneous field stepseédved step
depends on selected downsampling and readout method

Field control

Optional field control feature on hazhannel.

Field target can be provided as a numeric valug¢hga
communications interface, or as an analog voltd&y@ecess
control output is analog voltage, maximum rangel/V.

MFP-30 probe

Analog signals

Magnetic flux density

Probe temperature

Field range

>= +/- 2.5 Tesla (+/- 25 kGauss) notmmax1 gain setting

Gain settings x1, x4 (these combine with x1 and sétfings in
the H20 control unit to give four field ranges)

Hall element sensitive area

< 1 mm square (F)mm

Hall element position

7.5 mm from probe tip, 1.1 elow probe top surface,
position marked on casing.

Temperature sensor

Thermistor in probe tip, caidataneasurement range 5C to 6(

C

Probe tip thickness

< 2.3 mm (0.091")

AC field compatibility

Probe body materials non-dostive. Hall voltage and current

H20 User Manual
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leads are small-pitch twisted pairs.

Radiation resistance

Only passive components aetdd at the probe tip.

Tested with 0.75 mC of 230 MeV protons delivered toeutron
producing target close to the probe, with no mesddarchange in
performance. Corresponds to 1-2 years of typicdlgba therapy
beamline dose.

Connector

Lemo 10-way EXG.1B.310

Probe body materials

Glass-reinforced polycarbgrid®d fiberglass epoxy.

Weight

40 g (1.4 02)

Dimensions

(see figure 3)

Operating environment

0 to 35 C (15 to 25 C reconmued to reduce drift and offset)
< 80% humidity, non-condensing
vibration < 0.2 g all axes (1 to 100 Hz)

Shipping and storage
environment

-10 to 50C
< 80% humidity, non-condensing
vibration < 2 g all axes, 1 to 100 Hz

H20 control unit

Analog inputs

Number

Six:

- two field measurements

- two temperature measurements

- two general purpose inputs (+/- 10 V).

Field gain settings

Gain settings x1, x10 (thesaldoe with x1 and x4 settings in
the MFP-30 probe to give four field ranges)

Digitization

16 bit successive approximation ovdt fange

Sample rate

250 kSa s-1

Downsampling

Selectable block averaging from 262600 conversions per
reading

Calibration

Gain and offset values for each analggal and each range
stored in EEPROM.

Analog outputs

Number Two, +/- 10V.
Used for field control if optional feature is inaus
Resolution 16 bit over +/- 10V

H20 User Manual
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Transition noise

<= 25 mV typical at updates

Communications

Communications to loop
controller

Fiber optic (10 Mbit/sec)

Data rate through to host

computer

1 kHz typical, up to 10 kHz in lightly-loaded netxks.

Physical features

Probe connector

Lemo 10-way EXG.1B.310

Controls 16 position rotary switch for loop addreskection

Displays Four LEDs (power, activity, network, de)ic

Power input +24 VDC (+12 V, -4 V), 120 mA typicalttvtwo probes, 200
mMA maximum.

Case Stainless steel.

Dimensions (see figures 1 and 2).

Case protection rating

The case is designed tog##43 (protected against solid
objects greater than 1mm in size, protected agaprslying
water).

Weight

0.33 kg (0.72 Ib).

Operating environment

0 to 35 C (15 to 25 C reconmued to reduce drift and offset)
< 80% humidity, non-condensing
vibration < 0.2 g all axes (1 to 100 Hz)

Shipping and storage
environment

-10 to 50C
< 80% humidity, non-condensing
vibration < 2 g all axes, 1 to 100 Hz

H20 User Manual
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Analog I/O

Hall probe inputs

Address
selector

Status LEDs
Fiber-optic RX
Fiber-optic TX

+24VDC
power in

] 0000 Vo

Power Transmit Receive Address
+24V

Figure 1. H20 control unit end panels.
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Figure 2. H20 control unit plan and side viewsim@nsions mm.
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Figure 3. MFP-30 probe geometry Dimensions mm.
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9 Installation

9.1 Mounting

The probe should be mounted so that the senspiveis located in the field you want to
measure. Two clear holes suitable for M4 screwgasvided on the probe mounting flange.
The MFP-30 probe will measure the field componemtiral to the flat, and will show a positive
value for a field vector entering on the centethef bullseye pattern.

5/5
NP —
= ==

e -

S

Figure 4. Probe orientation for a positive fieldading (MFP-30 probe; +ve gain coefficient).

The mounting should prevent any tendency for moveraevibration, especially if the probe is
measuring a fringe field where there is field ctuve. If the field has significant AC
components, the mounting should be non-conductirmytid measurement errors due to eddy
currents.

The H20 control unit must be mounted within calelech of the MFP probe. Three standard
cable lengths are available, 9 foot, 15 foot ando®®, with the shorter cable preferred for best
noise performance. Longer cables can be supphedquest. The control unit may be mounted
in any orientation, or may be simply placed onvelsurface. Four M3 clear holes are provided
in the base flange on a 62 mm by 114 mm rectangaliern (see figure 2). A DIN rail adaptor
is available for the H20 control unit.

The mounting positions for probe and control uhtitdd allow sufficient access to connectors
and cable bend radii. Leave 60mm clearance atregtid for mating connectors and cable radii.

H20 system includes temperature compensation,dautwll get maximum precision if the
control unit, and particularly the probe, are itemperature-controlled environment. No forced-
air cooling is required, but free convection shdwddallowed around the case.
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9.2 Grounding and power supply

A secure connection should be made via the H2Qr@omit mounting flange to local ground
potential. If the unit is mounted on an insulatsuwgface, then one of the four mounting screws
must be re-assigned as a grounding connection.

+24 VVDC power should be provided from a suitabtgdgpower supply with the following
minimum performance. If you purchased your H2@magnd-user, a compatible power supply
will have been provided.

Output voltage +24 +/- 0.5 VDC

Output current 300 mA minimum, 2000 mA maximum
Ripple and noise <100 mV pk-pk, 1 Hz to 1 MHz

Line regulation <240 mV

The H20 is tolerant of line voltage in the rangeVZ2C to 26 VDC, although we recommend

using a 24 V supply with reasonable accuracy, ésdhabove. The H20 includes an internal

automatically re-setting PTC fuse rated at 200 nidwever the external supply should in no
circumstances be rated higher than the H20 connlectio of 5 A, and a maximum of 2.0 A is

recommended.

9.3 Connection to equipment

9.3.1 Typical setup

Figure 5 shows a typical installation to monitanagnetic field, in schematic form. An MFP-30
probe is measuring a field component normal tdltdtdace of the probe. It is connected to the
H20 control unit via the cable included with theH&/stem. Note that this cable can be
connected either way round. The H20 is on a fdgie communication loop, under control of
one of the Pyramid Technical Consultants, Inc. locoptrollers (A360, A500, A560). The
choice of controller depends on the overall systequirements; any of them allows the full
capability of the H20 and MFP-30 to be exploit&bftware on the host computer displays the
field readings and controls provided by the H2BisTmay be the Pyramid diagnostic programs
provided with the product, or custom software g@tnects to the Pyramid devices via
abstraction layers like the IG2 package.
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Ethernet LAN

Other
devices

Fiber-optic comms

+24V in

Figure 5. Schematic example H20 setup.

The use of the closed loop field control optioilisstrated in figure 6. The PC provides a field
target over the communication channel. A PID adrdafgorithm in the H20 computes a control
setting for the magnet power supply to minimizedh®r between the target field and the
measured field.

Ethernet LAN

Magnet PSU

Fiber-optic e
Electromagnet comms

+24Vin

Figure 6. Schematic example setup for electromiaiygld control.

In an alternative arrangement, the field settimgets can be provided as analog voltages from an
independent source.
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Field demand
generator

Ethernet LAN

Magnet PSU

Fiber-optic e
Electromagnet comms -

+24Vin

Figure 7. Schematic example setup for electromiaiigld control with independent field
programming.

The two inputs of the H20 are independent. Youroaasure two unrelated fields, and, if you
have the field control option, run an independezitifcontrol servo on each. A typical
application is the control of a two-dimensional metic beam scanning system, such as those
used in particle therapy beamlines and semicondumtamplanters.
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10Getting Started using the Pyramid Diagnostic Host
Programs

Usually you will use a custom application to commeate with the H20, either one you write
yourself using the software interfaces availabbenfPyramid Technical Consultants, Inc., or one
that is supplied by Pyramid. However you can tgated immediately using one of the Pyramid
Diagnostic host programs. These are availablééerdownload fromvww.ptcusa.comand are
provided with the H20 for end-user customers. Tlagestwo generations of the Diagnostic
software, and the H20 is a G1 device that is corlgatvith both.

PSI Diagnostic This software supports all Pyramid productsytjpam G2 devices. It allows
you to connect the H20 via an A500 controller. dtiet communications use UDP with an
added reliability layer.

PTC DiagnosticG2 This software supports all G2 devices such aA860, 1128 and C400,
plus a growing selection of other Pyramid devigesluding the H20. It allows you to connect
the H20 via an A360, A500 or A560 controller, onett Pyramid G2 products such as the 1128,
F460 and C400 that support fiber optic slave devideuses TCP/IP and UDP Ethernet
communications when connected to G2 loop contsller

The PTC DiagnosticG2 is recommended for the H28llasew G2 devices are compatible with
it. Both Diagnostics are standalone Windows prnogravhich allow you to set outputs and read,
graph and log data from the H20. Their user iate$ are similar. The PTC DiagnosticG2 is
also available for Linux — call Pyramid TechnicalrGultants for further details.

For some applications one of the Diagnostic programay be adequate for all of your data
acquisition needs. In any event it is useful tdamtand what you can do with the Diagnostic
programs, because they expose all of the funcbobtise devices they connect to. Application
programmers will find this useful to help decideiethfunctions to implement in their own host
software.

10.1 Preparing the H20 and MFP-30 for operation

Inspect the unit carefully to ensure there is ndevwe of shipping damage. If there appears to
be damage, or you are in doubt, contact your seippéfore proceeding.

Connect one or two probes to the H20 control usithgithe cable(s) supplied. Connect 24 V DC
power. The LEDs will go through a startup sequemlen the power is applied. All four LEDs
light, then the power LED stays lit while the othieree indicators light in sequence. When the
H20 has started correctly and prior to connecting tontroller, the power LED will remain lit
and the device LED will flash, showing that the idevhas automatically started measuring data.

It is simplest to start with to connect the H2Qedtty to a loop controller as the only device on
the loop, and with the loop controller connectagctly to a PC by an Ethernet patch cable.
Figure 8 shows such a connection to an A360 whietsiall use to illustrate operation with the
PSI DiagnosticG2 software. The H20 fiber-opticdamdress switch can be set to anything
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between 0 and 15 (F). If you have more than oneden the loop, then they must all have
unique settings.

Ethernet patch cable @——————]

Fiber-optic
comms

+24Vin

e T TG

Figure 8. Example of a direct connection to thédia an A360 and Ethernet.

The A360 loop controller has an IP address starets inon-volatile memory, or it can be set for
DHCP address allocation by a router. It is simptiestart with if you set the A360 and your PC
to a non-conflicting IP4 static addresses in thmesaubnet range. For example if the A360 has
known IP address 192.168.1.68, then the PC could®Be168.100.77, with subnet mask
255.255.255.0. The address of the PC is set ung tise Local Area Connection Properties or
Ethernet Properties dialog in Windows.
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Internet Protocol Version 4 (TCP/IPvd) Properties |i|éj

General

‘fou can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

Obtain an IP address automatically
@) Uge the following IP address:

IP address: 192 .168. 1 . 77
Subnet mask: P55, 255,255, 0
Default gateway:

Obtain DNS server address automatically

@) Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

Validate settings upon exit | . |

[ oK ] | Cancel |

% 4

Figure 9. Setting up a Windows PC with a stati@atflress

Having set up the simple network shown, checkybatcan ping the loop controller.

BN Ch\Windows\system32\omd.exe

Microsoft Windows [Uersion 6.1.76811
Copyright <c)> 2808? Microsoft Corporation. All rights reserved.

C:\Users~John>ping 192.168.1.68

Pinging 192_.168.1.68 with 32 bytes of data:

Reply from 1922.168.1.68: bytes=32 time<lms TTL=64
Reply from 192.168.1.68: hytes=32 time=ims TTL=64
Reply from 192.168.1.68: bytes=32 ti TIL=64
Reply from 192.168.1.68: bytes=32 time=imsz TIL=6b4

FPing statistics for 192_168.1.68:

Packets: Sent = 4, Received = 4, Lost = B (B¥ loss),
pproximate round trip times in milli—seconds:

Minimum = Bms. Maximum = 1ims. Average = Bms

C:“UserssJohn’_

Figure 10. Pinging the loop controller.

Now you are ready to communicate with the H20 ki@lbop controller. For this you will need
to install a host program like the PTC DiagnosticG2
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10.2 Installing and using the PTC DiagnosticG2 Prog  ram

If you are an end-user, your H20 was shipped witi&8 memory stick with the installation files
you need. We recommend that you copy the filesandirectory on your host PC. Check the
Pyramid Technical Consultants, Inc. web sitenatv.ptcusa.confor the latest version.

The program runs under the Microsoft Windows opegasystem and has been tested on
Windows XP, Windows 7 and Windows 8.

Install the PSI DiagnosticG2 by running the PTCDiagticSetup.msi installer, and following the
screen prompts. Once the program has installedcano run it at once. It will allow you to
connect to the H20, and, depending upon your setufiiple additional devices at the same
time.

10.2.1 Establishing communication with the H20

We'll work through an example where the connectmthe H20 is via an A360 at IP address
192.168.1.68. Start the PSI DiagnosticG2; the @isc Devices dialog will open. Clicking the
Discover Controllers buttor. . s Discoves Gonleoters ) will make the

program search the accessible local area netwoslkigh all active network interfaces for loop
controller devices.

& PTC Diagnostic - Discover Devices B oo

I\)(RAMID

,  Technical Consultants, Inc.

PTC Diagnostic v5.12.8

Address Name Owner

_ Locking for Loop Contrallers 16%

192,168, 100,20 == Add IP Address f=] Load System File...

w Connect & Discover Subdevices Cancel

Figure 11. PTC DiagnosticG2 device discovery

In this example we discover the A360, and a regouglity that can be ignored.
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| PTC Diagnostic - Discover Devices @éj

RRAMID

ar
.a /A, Technical Consultants, Inc.
KNANL O

A a)
AN AN AN WA

PTC Diagnostic v5.12.8

Address  Mame Owner

B 192.168.168 a360_1

s AGO Recovery

@i Discover Controllers

]

192.168.100.20 [ Add 1P Address| [ Load system Fie...

| .y Connect & Discover Subdevioﬁl | Cancel ]

Figure 12. PTC DiagnosticG2 device discovery €aNered loop controllers

Now highlight the A360 and click Connect & Discovubdevices. After a few seconds the
program should find the H20 plus any other devieesmay have connected, and show the
connection tree in the system pane. In this exantm@dre is an H20 and an M10 device on loop 1
of the A360. On the H20 control unit itself yowositd see the network LED illuminate regularly
to show that loop messages are being processed.

System

4 8B 192168168 a3601
4 |oop1
e H202
e 110 3
loop_2
= AR Recover

Figure 13. Discovered devices

Double-click the H20 entry in the list to open tH20 window. You will see a message in the
message area at the bottom showing that the H2@r{ded as a “PTCboard”) has been
connected. You will see the field reading frommected MFP-30 probes. If you have a
permanent magnet to hand, you can place it nesotgip to get a response.
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H20_2 (Loop: 1, Address: 2)

initats |

Data

General PD A& FID B
500

Probe A
@ 1Ix an 10x 40x

/| Field:

Externals
DAC: 0.0000V <

300

Mode: Manual Mode
Probe B
@ 1Ix ax 10x 40x

200
/| Field:

Field (G)

Temperature:

Externals

DAC: 0.0000V

100

Mode: Manuzl Mode

-100
50 55 60 65 70

Time (seconds)

'| |— Zero | 3 \_strip /\_Scope /\_Histogram /

i |No Avg 421 Samplesliuﬂ‘ [

Setup

I Calibration

| Field Control Parameters

State: Measuring Last Error: « |E‘ | Properties

Figure 14. H20 connected and reading magnetidfiel

The H20 user interface window is divided into twadves, graphics and data on left and right
respectively, plus a top banner area. Below thplgc is a message window which reports all
the commands issued to the H20 by the PTC Diagnpsetgram, and the corresponding
acknowledgements. Generally you can ignore thapldy when taking data, but it will be
valuable for diagnosis if you have any operatingbpgms. The data area on the right changes
according to which display tab option you seledhwie option buttons at the bottom.

10.3 Screen Layout - Top banner

gy

" Come TOUTEREN ® Connected | @ Busy| # Measuring | @ Error
% Initiate H“ Stop F

Figure 15. Top banner display

The top banner is always visible. It containsftilwing indicators and controls.

Comms bar When moving, this indicates that messages frontH2@ are being
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received by the PTCDiagnosticG2. The message drexyuis displayed.

Connected LED When lit, this indicates that communications arkédvand the system is
not in error.

Busy LED When lit, this indicates the H20 is busy and camaspond to inputs, for
example while writing to NVR.

Measuring LED When lit green, this indicates that data acquisiteooccurring.

Error LED When lit, the H20 has logged an error. The detaisdisplayed in the
message area.

Auto Initiate Checking this box causes the software to autonibticetiate a new
acquisition whenever you change any acquisitioampater.

Initiate This button starts data acquisition.

Abort This button terminates any acquisition in progress.

10.4 Screen layout — Message Log area

ning to running state

State: Measuring Last Error: « |

Figure 16. Message area

This area shows all the commands and responsesdetive H20 and the host system, plus any
H20 errors, which are shown in red. You can dkeamessages with the Clear Log Display
button (=) and you can clear latched errors with the Cleet Error button €)).

10.5 Screen layout — Right hand tabs

10.5.1 Data tab

The Data tab displays the instantaneous valuel afalog input and output values, including
the two measured magnetic fields. There are dagglidisplays for the two probe channels.
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Probe A

@ 1x ) 4x )

[¥] Field:

Data

756 G

Externals

Mode: Manual Mode

Probe B

@ 1x 4 )

|| Field:
Temperature:

Externals

10

00000V |-

A0x

00000V |-

DAC:

Mode: Manual Mode

-

Figure 17. H20 data tab

If either field reading is close to overrangesihighlighted in red. If an input has no probe
connected, then the values have no meanings amtbddhe ignored. In this situation the field
will read close to zero and the temperature witlvglan obviously excessive reading around 120

C.

Range setting

@ 1x ) 4x ) 10x

| 40x

These radio buttons set the combined gain of th®{86 probe and H2
unit for the channel.

(=)

Field

The readings in Gauss for a probe connetietie channel. If no prob
is connected, the reading will be close to zerbe graph trace
corresponding to a field reading is color-codedchkcking Field for a
probe removes its trace from the graph.

[¢)

Temperature The reading in centigrade for the cblainom the thermistor in a
connected MFP-30 probe. If no probe is connedtedreading will be
high, and should be ignored.

ADC The voltage reading on the analog input (Lemaxcconnector) for the
channel in volts.

DAC The voltage setting on the analog output (Lexoax connector) for the

channel in volts. The control is only enabled wtismode setting is
Manual.

H20 User Manual

H20_UM_140911 Page 31 of 75




PSI System Controls and Diagnostics

Setpoint The field target value in Gauss for thanttel for closed loop control (;
S2 field control option only). In Digital Closedbp mode, the field
becomes an edit box for the field in Gauss. Inldg&losed Loop
mode, the field is a read only display of the fitldyet calculated from
the analog input voltage and the Setpoint Gainevaluthe Field
Control Parameters tab.

The setpoint is plotted on the graphic if the boxhecked.

Mode The selected mode selection for the channel foattadog inputs and
outputs. See section 15 for more details.

Temperature The temperature reading from the tlstomon the H20 PCB.

10.5.2 Setup tab

The Setup tab provides acquisition controls antinggst for the analog input and output
functions.

Setup
Averaging Period: 1 poge-pg s

[ Buffer Contiguous Data

B r S . Annn
Butter Size: 2000

Probe A
Serial Number: 10

ype: MFP 30

Mode: Digital Closed Loop ™

Probe B
Serial Number: 1

ype: MFP 30

Mode: Fast Monitor Mode =

Save And Recall
ISave Settings I [F‘.ecall SetﬁngsJ
Settings Saved: ()

Figure 18. H20 setup tab

Averaging period The H20 converts the incoming analog data at 258 kidt the data is
averaged (downsampled) to increase the signalise matio. The
averaging can be varied between 100 psec (25 sampégaged) and
0.25 seconds 62,500 samples averaged). The dmep-clantrol offers
some pre-set averaging periods, but other validesatan be entered
directly.

H20 User Manual H20 UM_140911 Page 32 of 75




PSI System Controls and Diagnostics

Buffering

Buffer Contiguous Data
Buffer Size: 55535 =

Checking the Buffer Contiguous Data box sets upta Quffer in G2
loop controllers that support the function. THisws you so acquire
time-contiguous data at rates that exceed the itgmdcthe

communication channels. The maximum availabledvidize is 65535
readings.

Serial number

You can assign and store the sarraber of probe A and B, which
will be associated with the calibration values.

Type Select probe type. The H20 only supportdMRe-30 probe at the
time of writing.
Mode Select the function of the analog inputs and owstpdthe closed loop

Manitor Mode
Digital Closed Loop
Analog Closed Loop
Fast Monitor Mode

field control modes are only available if you hakre —S2 option
installed.

See section 14 for more details on the mode setexti

Pressing the Save Settings button copies all cuagguisition settings,
probe serial numbers, calibration values and eldo settings (-S2
option only) into non-volatile memory. The Recaéttings button
recovers the values from NVR and makes them th&ingsettings.
The green LED turns on to show when the savechgstind the
current working settings are the same.

10.5.3 Calibration tab

The Calibration tab provides access to the H20paiode calibration settings. There are three
sub-tabs, covering the H20 settings, the probegstand the temperature compensation
settings. All the values are determined in theédigcand generally you should not need to
change them unless you replace the probes. Seerns&d for more details on calibration.

10.5.3.1

H20 Probe Temp

Calibration sub-tab: H20

Probe A Gain  Dffset
103 1719
4055
Temp.apc  1.035 0
Analog Input 1.0363 15

Analeg Output 0.9953  0.022

Field, 1x Range
Field, 10x Range 1.0298

Manitor Mode
Analog Output Gain

o 1.0000e-04

Figure 19. H20 calibration sub-tab
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Probe A, B

Gain and offset parameters for each ¢2dnel, for the field input,
temperature input, analog input and analog output.

Analog output gain
(VIG):

The conversion factor that is used to create thpudwoltage from the
measured field in monitor mode.

10.5.3.2 Calibration sub-tab: Probe

Probe Temp

Field, 1x Range 0.971 -7.255
Field, 4x Range 0.971 -22.6

Probe A
Cal. Temperature: PE_QU =
l Defaults ]
Probe A Gain Offzet

Figure 20. Probe calibration sub-tab

Cal: Temperature

The temperature measured by tieepn centigrade when it was
calibrated, used for temperature compensation.

Probe A,B

The gains and offsets associated witlptbbe.

10.5.3.3 Calibration sub-tab: Temp

H20 Frobe Temp

Enable Temp. Compensation
Probe A

Field Temperature Compensation

Comp O: 0.016771000 <
Comp 1: -0.000170p00 =
Comp 2: 0.000001000 =
Probe B

Comp O: 0.000000000 <
Comp 1: -0.000125000 =
Comp 2: 0.000001000 =

Temperature Compensation:

dT = PresentTemp - CalTemp

Box =

- Comp0¥*dT

(B:n * (1 - (Comp1*dT + Comp2*dT%)})

Figure 21. Temp calibration sub-tab
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Enable Temp. Set whether temperature compensation is used.ddfla@ilt setting is

Compensation checked.

Probe A,B The offset (CompO 5w and gain (Compl Zyan1, Comp2=gainy) terms
of the probe temperature compensation.

10.5.4 Field Control Parameters tab

The inputs fields on this tab are enabled if yo@0ldystem has the —S2 field control option
installed. The fields are also presented on tRe/&IB graphic screens. See section 16 for more
details on field control.

Probe A Magnet Control
Proportional (Kp): -1.000e-05 |-
Out Max (V): 2.0000 =
Positive Only Output v
Slew Limit (v/s): 0.5000
Setpoint Gain (G/V)*: 4.0000e+03

Iy
-
Y
-

Figure 22. Field Control Parameters tab

Proportional (Kp): The proportional term that deteres how responsive the control looy
IS.
Out Max (V): The maximum absolute value of analagpat voltage (the control

voltage for the electromagnet power supply) thatloa sent out.

Positive Only Output| Check if the magnet systenmnigolar only. The control voltage output
range is limited O V to Out Max V (no negative aohvoltages).

Slew Limit (V/s): The maximum rate of change allalxfer the control voltage output.
Setpoint Gain The scaling that is applied to a voltage inputi® H20 to give a target
(GIV)*: for the field control loop when in Analog Closeddmmode.

10.5.5 Properties tab

This tab gives access to the embedded firmwaretepdgities, and shows the currently installed
versions. The Update PIC Code and Update FPGAWanam buttons start the update processes
for the microcontroller and FPGA respectively. Seetion 19 for details of the update process.
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Properties

Firmware

| Update PIC Code... |

| Update FPGA Firmware... |

Device 4.0.G
FPGA 0.0.21

Hardware Revision 0

Serial Number: 0000000000

Figure 23. Properties tab

10.6 Screen layout — Graphics area

There are three ways of displaying incoming fieddadin a graphical way: as a rolling strip chart,
as a scope display and as a histog\sre/\ 5= [\ Hstogan /- Only the checked channels are
displayed (but both channels are always measumdbgged). You can plot the field target
values also if your H20 has the —S2 option.

Most controls are common to the plot types.

Y: This drop-down controls the vertical scaling of ttega plot. You can
select automatic scaling or various fixed propoiof the nominal full
scale. The channel that is selected for plottimdj\&@hich has the
greatest full scale setting (smallest range mudtiplvill determine the
value of full scale.

Display only positive | This control is enabled for fixed vertical scalinitoggles the graphic
values * from a display that is symmetric around O to ora #hows only 10% of
the vertical scale in the negative direction.

Filtering The PSI Diagnostic can apply a filter to the plottiata to allow you to
Noavg =] pick_ gmall signals out of noise: Th_is fiI_ter _isiérpendent of, and

No avg additional to, the block averaging filtering implened by the H20
itself. The PSI Diagnostic filter is a simple t§ge, Yoot n= YnedA +
1000x avg (1-1/A)Y piot_n-1,Where Yoewis the latest reading,p¥: n is the current

value to be plotted, por n-1iS the prior plotted value and A is the
averaging value from the pull-down menu. The fiftg affects the
graphed data and digital displays. If you choosgalve the buffered
data, you will have the opportunity to save the vahes or the filtered

values.
Zero correction When you press zero, the current values are capaumé subtracted
Eim)a) from all subsequent readings as displayed on algthphic and digital

displays, until you press the clear zeroes bL]ﬁlm If you choose to

H20 User Manual H20 UM_140911 Page 36 of 75




PSI System Controls and Diagnostics

—zer0 | @ save the buffered data, you will have the oppotyuoi save the raw
values or the zero offset corrected values.

r Clear buffered data. Values are cleared from ®BielRagnostic data
buffer, but any acquisition in progress continued timestamps are not
reset.

=l Save data buffer contents to csv file.

10.6.1 Strip display

Data from the selected channels, with the selemtedaging, is plotted onto a rolling strip chart
as it is acquired. The model for the display ¢hart recorder. The horizontal axis is a
timestamp the vertical (y) axis is the field in Gau

15,Uu0U

10,000

Field (G)

5,000

21,255 21,260 21,265

Time (seconds)
3

«
Y:| 50% - | |No Avg v| | == zero | €@| \ _strip /\_Scope /\_Histogram ] 47920 Samplele”El

Figure 24. Strip chart display

You can place a cursor on the plot by clicking rexse of the traces. When the data you have
acquired exceeds the horizontal axis capacityra@ldxar appears below the graphic. This
allows you to move backwards and forwards in the tfzat has been buffered by the PTC
DiagnosticG2. You can do this while the acquisitie taking place, and after it has completed.

H20 User Manual H20 UM_140911 Page 37 of 75




PSI System Controls and Diagnostics

10.6.2 Scope display

Data is plotted onto the display after every 256inegs. Otherwise the display is identical to the
Strip plot. This mode is most useful when usinffdred acquisitions. The model for the
display is an oscilloscope.

10.6.3 Histogram display

The signal from each channel (A,B) and the fietgets (C,D; -S2 option only) are displayed as
vertical bars. This mode emulates a graphic eperatir rate meter, and can be useful for
instrument tuning. You can place a cursor on tbhelyy clicking on one of the bars.

15,000

10,000

Field (G)

5,000

A B c D E F G H
Channel
v{so% | [Noave | [E=zer ] @) \Siip J\ Scope /\_Histoaram / 1009 Samples k] (i)

Figure 25. Histogram display

10.7 Installing and using the PSI Diagnostic Progra m

If you have an A500 loop controller, then the H20 @also be connected via the earlier PSI
Diagnostic host program. This Windows program neguthe Microsoft .net framework to be
installed on your computer. Otherwise the inst@faprocess is similar to the DiagnosticG2
installation. The screen controls and readbacks$her same, although the layout is different.
The software is not compatible with G2 devicesudaig the A360 and A560 loop controllers.
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Figure 26. H20 connection to the PSI Diagnostecamn A500 loop controller
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11 Connecting to Host Software Systems via 1G2 and ERIS

1.1 What is EPICS?

The Experimental Physics and Industrial Controlt&ys(EPICShttp://www.aps.anl.gov/epigs/
is:

“A set of Open Source software tools, libraries apglications developed collaboratively and
used worldwide to create distributed soft real-teonatrol systems for scientific instruments such
as particle accelerators, telescopes and other taigntific experiments. EPICS uses
Client/Server and Publish/Subscribe techniquestonsunicate between the various computers.
Most servers (called Input/Output Controllers o€K) perform real-world I/O and local control
tasks, and publish this information to clients gdime Channel Access (CA) network protocol.
CA is specially designed for the kind of high baidiv, soft real-time networking applications
that EPICS is used for, and is one reason whynitboeaused to build a control system comprising
hundreds of computers.”

Pyramid supplies an executable called IG2 whichestalan open source Channel Access Server
from the EPICS community. This allows connectiganthe Ethernet interface. 1G2 is

configured for the devices you wish to connect ggditable xml files. Once IG2 is running on

a computer in your network, then any other compca@rrun a client program which can display
and control the process variables for the deviteshe simple network in figure 27, the process
variables of an H20 attached to an A360 via figras, are exposed to the network by the 1G2
service running on a server computer. One or roleeat GUI computers can then access the
values.

Switch

S—

Router

1G2 server

|

GUI PC

gl T VETI0)

Figure 27. Example network for EPICS communication
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There is a wide range of client interfaces fromBERICS community, including interfaces for
C++, C#, Java, Python, Labview ™, and Matlab ™ e Tontrol System Studio, or CS Studio,
(http://controlsystemstudio.qgithub.)as a set of ready-made tools built on Java argh&
(http://www.eclipse.orgj that allows users to get started with littlenorprogramming required.
There are various logging, plotting, post-procegsind alarm point tools. A fully-featured “drag
and drop” user interface editor (BOY) allows quitenplex customized user interfaces to be
created with minimum development time. As an exantpe following screenshot shows a
simple user interface created in the CS Studio BIP¥ editor.

H20 EPICS CAS/CSS Connectivity Demo Initiste

| D || -

ChA: 25 kG range 22.55Q ChB: 25 kG range 24,9419

] Mode: Manual "] Mode: Manual

4022'08:_-7_7_---.7-7_7--_7_7-7_7-7_7-7_7___7-7-7-7-7 A\reraging time

1.00e-3 s

3500 o

000

Feld (Gauss)

2500

2014.77 e e e
0

Figure 28. Example user screen created using Q&i&BOY.

1.2 Installing and Configuring 1G2

The 1G2 package is available to users of Pyramodpets. It is supplied as a zip file which
should be de-compressed and the entire folder mmvete computer that will act as the server.
The server and the user interface computer cahébsame machine. The loop controller, the
server and the user interface computer should leet@alzommunicate with each other over your
network.

In the folders you have saved, there is an xmé fitethe \service subdirectory that need to be
edited to customize your particular setup. IGX®for the file “system.xml” in the \service
subdirectory to establish the configuration of $lggtem. You can locate system.xml elsewhere
than the default location, or give it a differeaime, in which case you need to specify the path
and file name by means of an argument in the cordrhae that launches 1G2.

The system file comprises a header section onrttiesghema, which does not need to change.
Then comes a description of the user interface ¢msiputer, descriptions of the fiber optic loop

H20 User Manual H20 UM_140911 Page 41 of 75




PSI System Controls and Diagnostics

controller devices in your system and descriptiofithe devices attached to loops. You don't
have to describe every device and every input/dyipint that is present in your system, but only
the ones that you expose in the system file wiNiséle to EPICS.

The simplified example in figure 29 shows the xgtieama. Two field measuring channels and
two range controls only are exposed on the H20nadly you would expose a much more
complete set of process variables. The A360 ipating the H20 as the only looped device.

The convention of “wires” for Pyramid device prosesriables, and the fixed names of those
wires for each supported product, are describéderdocument “ig2_scripting_v#.#.pdf’, where
#.# is the document revision number, included wabh release. The document also describes
how you can scale the values, for example to cawadtages from general purpose I/O devices
to physical units relevant to the item they aretemling, and how you can set up monitoring
against tolerance bands.

The choice of a corresponding working name for esicé is up to the user; you may wish to
choose something descriptive that is relevant tatwbu are measuring or controlling. We
nevertheless recommend a naming convention thagsnaklear whether a value is a readback
or control (the prefixes ¢_ and r_ are used inetkeemple), which particular device the value is
associated with, and a number or letter to inditdaechannel for multichannel devices.
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<?xml version="1.0" encoding="isoc-8859-1"2>

<system

[TVR SR

xmlns="http://www.ptousa.com"

xmlns:xsi="http://www.w3.org/2001/¥M.5chema-instance"
H xsi:schemaLocation="http://www.ptcusa.com A510.xsd" type="pyramid" >

& [ <hosts>

7 <host ip="192.168.1.77" name="PTCE Server" localhost="true" />

8 </hosts>

1 ] <loopcontrollers>

1Al = <loopcontroller type="A360" name="A360 1" ip="192.168.1.68" >

e = <loops>

‘_‘3 {!__ Al:lc.c._:l W e e e e e R R W W R R R R R W R R W R W W R W W o W W o
iz = <loop number="1" name="Slave device loop">

ES | <boards>

e = <board type="H20" name="H20 1" address="2">

T <channels>

18 <channel name="r h20 1 fieldl" wire="analog in field 1" />
352! <channel name=”r_h20_;_ﬁield2” wire=”analog_in_field_2” />
20 <channel name="r h20 1 templ" wire="analog in temp 1" />
21 <channel name="r h20 1 temp2" wire="analog in temp 2" />
2 <channel name="¢ h20 1 rangel" wire="int out range 1" />
23 <channel name="¢ h20 1 range2" wire="int out range 2" />
24 <channel name="¢ h20 1 monitor" wire="int out monitor"/>
25 <channel name="c¢ h20 1 init" wire="digital out initiate"/>
26 </channels>
27 </board>
28 </boards>
] </loop>

3 </loops>

31 E </loopcontroller>

32 | </loopcontrollers>

34 [H <interpreter>

35 E <devices>

36 <epicscas type="epicscas" name="epics server" />

37 </devices>

38 </interpreter>

40 - <f5y5tem4

Figure 29. Example xml system configuration filelG2 / EPICS.

Once you have created and saved your system dilecgn run the IG2 service executable. If the
server has a display, you will see a console winttat/shows the connection process and then
records subsequent control value changes sen¢ td28. The names you declared will now be
recognized as process variables by any EPICS-cdanigatient program.

CAUTION

Don't try to control the H20 simultaneously from BRICS client and from the PTC
DiagnosticG2. The results will be confusing. artgcular, if you attempt to run the 1IG2 service
and PTC DiagnosticG2 on the same computer, the eonwations will conflict.

H20 User Manual H20 UM_140911 Page 43 of 75




PSI System Controls and Diagnostics

12 Magnetic Measurements

12.1 Measures of Magnetic Field Strength
Hall probes measure the magnetic flux density (e#l@d magnetic induction), but it is useful to
see how this is related to other measures of tlgnete field.

There is a field around a current carrying conducta permanent magnet that exerts a force on
other current carrying conductors, moving chargadigles, and compass needles. The force is
proportional to a measure of the field called thegnetic flux density. This is measured in tesla
(T), or kg m s-2 A-1 m-1 = kg s-2 A-1 in Sl basatsin One tesla is a high field by everyday
standards, and is typical of the field in the ap @f a particle beamline bending dipole
electromagnet. The old cgs unit is the Gausstlaieds still widely used.

1T =10e4 Gauss
1T=10kGauss

The Earth’s magnetic field is around 0.5 Gausbesurface of the Earth, varying with location
from about 0.25 to 0.65 Gauss.

It is common to describe the resistance of an etiergharged particle to being deflected by a
magnetic field by its magnetic rigidity, measuradasla meters (Tm). A one Tm beam in a one
T dipole field will bend with a radius of one m.nA&xample of a one Tm beam would be 46.75
MeV protons.

The magnetic flux which gives rise to the magnetic flux density isasured in Webers.
1T=1Wbm-2
The old cgs unit of magnetic flux is the maxwellf this is rarely used (1 Wb = 10e8 Mx).

You can consider that the magnetic field arisesafeomagnetizing field, H, which is due to the
motion of charged patrticles, usually electronsthin SI system H is measured in amp per meter.
A magnetizing field H produces a magnetic flux dgns

B=pH

where i is the permeability of the local medium.vacuum the permeability 4 x 107
henrym-1. The permeabilities of other materials areresged relative to this. In ferromagnetic
materials the relative permeability may be hund@dbiousands. Air has a relative permeability
of very nearly one, however, thus when you meathe® field with the H20 system, you also
get the H field in A m-1 after division by

The old cgs unit for magnetizing field is the Oedst
1 Oe =1000/4 A m-1

and in vacuum 1 Oe creates 1 Gauss.
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12.2 Field vectors

The B field is a vector field, which you can decasg at any point into three orthogonal
components. Magnetic field lines are assumed bhy&ation to point from the north pole to the
south pole of a magnet, A compass will point ® sbuth pole of a magnet (thus there is a south
magnetic pole at the Earth’s magnetic north pole).

Figure 30. Direction convention for magnetic fidilaes

The MFP probe measures the field component tharsendicular to the flat face of the probe,
at the position of the bulls eye mark. If you atithe MFP-30 probe so that the field vectors
point into the bulls eye, you will get a positiveldl reading, as shown in figure 31, where you
can also see the deflection direction of a positiwebeam for the illustrated field direction, and
the current direction in the coils of an electrometgoroducing the field.

=

+ve field reading
MFP-30

+ve ions

Figure 31. Direction convention for magnetic fidiltes
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The sign of the field reading assumes you havesdipe calibration gain value. Should you
wish to reverse the directionality, then you muskmthe gain factor negative.

12.3 Rate of Change of Magnetic Flux Density

Any conductor loop which encloses an area throulgiclwthe magnetic flux is changing with

time will have a current induced in it. If the jpes not shorted, there will be a voltage induced
across the terminals that is the negative of tteeahchange of B integrated over the surface area
of the loop.

d

V =-— Bds

dt s
We can assume that the loop area is small enoaglBtls constant over its area, so we have
V =- d_BA

dt

where is the area of the loop.

The resulting induced current magnitude and tinodilerwill depend on the impedance of the
loop. This effect is important when you are mesguAC fields. The MFP-30 is carefully
designed to prevent circulating induced currerds thight affect its readings. You should take
care that the position of the probe is not neaduaotive plates or loops that could affect the field
reading, unless you are deliberately trying to symmduced currents.
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13 Circuit overview

13.1 MFP-30 Probe

|: Thermistor

Hall
device

Probe tip

Figure 32. MFP-30 probe block

1.000 mA

{> Temp signal
5.000 V
ref

> <> < source

x2
h\ {> Hall probe signal

x10 X2/ x8
)()C‘ Diff PGA

<] Hall probe gain select

Probe base

schematic.

The MFP-30 probe uses the very high performanced4BERall device, which provides
extremely low noise and drift. A 1.000 mA constantrent is provided from a current source.
Current stability is ensured by a precision bandgafage reference and high precision resistor.
The very small Hall effect voltage is amplified xtip a differential instrumentation amplifier.
The following programmable gain amplifier can beteex2 or x8 gain. A line driver buffer amp
with x2 gain sends the signal along the cable ¢dHRO.

Connections to the Hall device at the probe tipraagle using tightly twisted pairs. A thermistor
temperature sensor is located at the probe tige ¢mthe Hall device.

+/-12V power is provided by the H20 and filteredrsd probe.
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13.2 H20 Control Unit

12y 0C.DC DC-DC +24V DC in
AGnd 1_ +5V
PCB L @© Status
‘ i ——O LEDs
Hall probe gain select A 4 sensor &

x1/x10

Hall probe signal A [[ \L

N

Fiber-optic
FPGA

A —
EHH
AN

ADC
Addr

Temp Probe A [:
Analog in A > —

4 pole filter 10 kHz

Analog out A <} I }7 DAC

Figure 33. H20 control unit block schematic (chahA shown).

:

Yy Y Y| T
Y Y Y

Jpr

The simplified block schematic above shows the nkbA connections on the left. These are
duplicated for channel B. The H20 control unitl&ived from the widely-used M40 general
purpose I/O device. A field programmable gateya(Fd®GA) handles all input output and digital
filtering, and converts raw ADC numbers to physigaits. It communicates with the PIC
microcontroller via an internal bus. The microcofier stores calibration values and reads an
on-board thermistor to monitor the H20 internal penature.

The Hall probe and temperature inputs are conngotddferential amplifiers. The input
amplifier for the Hall probe can be set to x1 00xggin. Thus there are the following overall
gain options for the combination of MFP-30 and H20:

MFP 30 gain stages| H20 gainOverall | Bits/ Range Nominal full
stages gain Gauss designation | scale
10 2 2 1 40 1.1 x1 25 kGauss
10 8 2 1 160 4.5 x4 6.25 kGauss
10 2 2 10 400 11.2 x10 2.5 kGauss
10 8 2 10 1600 44.8 x40 625 Gauss

All analog inputs are filtered by 4-pole low-pa#tefs with 10 kHz roll-off (-3 dB). The filter
passband can be altered to special order at bont tA fully parallel 250 kSa/sec 16-bit bipolar
ADC reads all the analog inputs. Any ADC over-resigre flagged and communicated to the
host computer along with the digital input bit patt
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Incoming 24V power is fused, polarity protected &tidred. It is used to supply isolation DC-
DC converters which create the internal voltagks rand provide +/-12 VDC for the probes.

H20 User Manual H20 UM_140911 Page 49 of 75




PSI System Controls and Diagnostics

14 Calibration

14.1 Overview

The calibration scheme assumes you may need to gwhps between H20 channels or H20
units. Therefore there are separate calibratitimge for the H20, which ensure it is an accurate
voltage measurement device, and for the probe,hwdnsures it is an accurate field to voltage
conversion device. The probe serial number idtafong with the calibration parameters to
allow you to keep the correct probe and calibratagether.

We recommend that you keep an independent recdfteafalibration values in case the sotred
values are accidentally overwritten.

14.2 H20 calibration
The H20 is calibrated in the factory using a prieadraceable voltage source. You should not

need to change the settings. All the analog inpat® an offset expressed in ADC bits, and a
gain. The corrected reading is given by

Reading = Gain*W,eas— Offset

where \easiS the measured signal at the ADC The gain védaeis displayed is normalized to
the nominal gain of the H20, so that a setting.60ives a roughly correct readout.

The analog output has a gain and offset expressealts.
Voltage out = Gain * (Wac — Offset)

where \bac is the DAC output voltage before correction, #melgain is normalized as
described above.

14.3 MFP-30 probe calibration

The MFP-30 is calibrated in the factory for a spediH20 input channel using a magnetic shield
for the zero offset and an electromagnet and adighlracy factory reference probe that is
placed in the same field. The reference probalibrated against an NMR probe. The gains are
normalized to the nominal conversion gain of thaber, so that a setting of 1.00 gives a roughly
correct readout.

You should not need to change the settings. Homgewould need to transfer the settings and
the probe serial number if you move the probe tutear H20 channel, either on the same H20 or
another.

If you have the CAL-MFPBO shield for the probe, lewer, you will be able to check and if

necessary adjust the zero offset value. This shanily be done when the H20 and probe have
been powered and allowed to stabilize for at I188gnhinutes, and the averaging should be high
(0.1 seconds) for best signal to noise ratio. rHagling with the probe shielded should be less
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than 0.1 Gauss on x1 and x4 ranges. If it isanad, you wish to adjust it, then alter the offset
parameter for the relevant MFP-30 probe and rekeyaim setting until the reading is close to
zero. The probe temperature should be close taut®l for the factory calibration to avoid
temperature compensation errors.

Figure 34. MFP-30 probe in CAL-MFPBO shield.

14.4 Temperature Coefficients

Hall probes work due to migration of electrons ibuk semiconductor, and thus the signal for a
given field depends on the mobility of these el@asrwhich in turn depends upon temperature.
The MFP-30 probe includes a separate temperatososa close thermal proximity to the Hall
device, and the compensation is carried out intnew using coefficients stored by the H20
control unit.

There are two components to the temperature corapensa zero field offset coefficient and a
gain correction. The gain correction providegst fand second order term. A reference
temperature is recorded as part of the factorpation. The factory calibration is linked to the
serial number of the probe. You should be surettigaprobe you have connected matches the
serial number shown on the Setup tab. The greéhducthe Setup tab of the PTC
DiagnosticG2 illuminates when the probe serial nen@nd calibration coefficients are saved or
recalled as a matched set.

Measurements then use the differendebetween the measured temperature and the reéetenc
correct the measured field

Beorr = Bmead (1 — (8gaint® T + &yaind* Tz)) ot T

where Bqeasis the field reading before compensatiojainaand gain2 are the first and second
order gain coefficients andsais the offset coefficient. Figure 35 illustratbe effect of the &
parameter over a typical temperature range whersunieg close to zero field. Note that even
before compensation the MFP-30 has a smaller teahpercoefficient than a typical commercial

Gaussmeter. Figure 36 illustrates the effect ofguigyain1 and gain2 gain correction parameters
for the measurement of a -3 kGauss fixed field @a/gpical operating temperature range.
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Figure 35. Typical MFP-30 temperature compensatiaero offset.

Figure 36. Typical MFP-30 temperature compensatiagain.

A typical value of gain1 for the MFP-30 is about -0.00013'Gwith &yain2 Close to zero. The
absolute accuracy of the H20 and MFP-30 is mone sidficient for most measurement and
control applications with the normal factory temgiere compensation. The gain factors do vary
slightly over the full field measurement range, lewer. If you require the best possible accuracy
in the face of temperature variation over a maratéd range of fields, then you may request that
the temperature compensation is optimized forrduage as a special calibration order.

H20 User Manual

H20_UM_140911

Page 52 of 75




PSI System Controls and Diagnostics

15 Monitor Outputs

15.1 Overview

The analog outputs can be used to provide a ma&-thdication of the measured field, suitable
for connection to a voltmeter or oscilloscope. fEhare two monitor modes, normal and fast.
The two channels are independent, and can operdiéfiéerent modes.

If the analog output is being used as a monit@m this not available for direct manual setting or
for field control.

15.2 Monitor mode

If you select Monitor, then the field output as ged and read form the calibration curve is
converted to a voltage using the Analog Output Gaimmeter, and this voltage is delivered to
the relevant Out Lemo coaxial connector.

V = (Measured Field in Gauss) * (Analog Output Gain
The limiting output voltage is +/-10.0 V.
This mode is suited to readout by a precision D\Migitizer.

15.3 Fast Monitor mode
If you select Fast Monitor, then the raw ADC corsvens are scaled directly into output voltage.

V = ((ADC reading) / 32768) * 10

Accuracy is lower than normal monitor mode becdhsecalibration is not used, but the
response to field changes is very fast, limiteg/ daylthe analog bandwidth of the H20 and MFP-
30, because there is no averaging. This modatedsteadout by an oscilloscope.
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16 Field Control

16.1 Benefits of field control

The response of an electromagnet with a ferromagredtirn yoke is non-linear if the steel starts
to saturate, so a simple linear relationship betveed#l current and field is not reliable. This
could in principle be handled using a non-linedibcation curve. However all electromagnets
with ferromagnetic iron return yokes also exhiloitre hysteresis. The observable result is that
simply setting the coil current accurately doesquarantee that the magnet air gap field is
reproducible. It depends of the recent historgnafjnet excitation. It is not always possible or
practicable to trace out the same history to ovaechysteresis.

If a magnetic field probe is used to measure thld in the air gap, however, then a servo control
loop can be used to drive the power supply cumemiecessary in order to achieve the target
field, despite the hysteresis. The H20 system thigh—S2 option provides this capability.

Example setups for current programming and fieypmming of an electromagnet are shown
in the following figures. In the first figure arges of current steps is programmed by a function
generator. The H20 simply measures the resultald fiteps. An M10 is also shown that
interfaces the power supply (it could also prowige current program if required).

)

— - Bmon (Diag)
_MFP-3 H20
| —
 — prog J—’—’—\—\—L
Iprog
| — Function
gen

TVprog (compliance)

.+ Imon (Diag)
MIO Vmon (Diag)

Figure 37. Example setup for current control.

In the second figure the function generator voltstgps are used as field program steps, with the
field values given by Bprog * Setpoint Gain. Th2dHompares the actual measured field with
the target field and adjusts the current demarablpo drive the difference to zero.
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Bmon (Diag)

oPres J—'—’—\—\—L

Iprog
PSU Function
gen
Vprog (compliance)
Imon (Diag)
Vmon (Diag)

Figure 38. Example setup for field control.

Th difference between the two methods is illusttddelow. The fields with increasing current
steps are clearly different from the fields at $hene current setting when descending, due to
magnet steel hysteresis. Under field control tiee®me initial overshoot at each step, but the
fields are identical on the way up and the way down

- -

—
— — p—

— — % %

Figure 39. Response to setpoint steps under cuo@ntrol and field control.
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16.2 Field servo algorithm

The H20 algorithm is a simple proportional congolMvhich runs at the same rate as the
averaging period. Enhanced controllers to suitiqadar applications will be added in future
software updates. The field setpoint can be pexVias a value in Gauss over the
communication channel from the host computer (Rlgiosed Loop mode) or as an analog
voltage (Analog Closed Loop mode).

The action is easy to understand using the PIDhgeascreens from the PTC Diagnostic G2
program. In the example the H20 is using Analogs€tl Loop mode.

General | PDA | FDB V| Initiate H Stop F
Analog Setpoint () Setup
St H20
00,4000 B
N Probe A PID Averaging Period: 1 0oge-03 v s

Setpoint gain (G/v) Setpaint (G) Field (G)

— | Buffer Contigunus Diata
4000.0000 1500, 1520 Buffer Size: 2000
Digital Setpoint (3) Frobe &
= MFP-30 Serial Number: 10
m Type: MFF 30
Control minfmax (W) ————
Mode: Analog Closed Loop ™
2.0000 FIC s
Magret Probe B
Slew limit (/=) Enabled: D Serial Number: 1
— Type:
1.0000 contral (v) vpE MFP 30
Kp (W/G) m Mode: ‘Digital Closed Loop v|
-3.0000e-7 Save And Recall
Save Settings | |Reca\| Settings
PsU .
Settings Saved: D

1

1,800
1,600
1,400
1,200
1,000

800

500

Field (G)

Figure 40. Field control graphic display.

A setpoint voltage of 0.4 V is being measured y20 which is operating in Analog Closed
Loop mode. This is converted to a field setpontultiplying by the Setpoint Gain, which is
4000 Gauss per volt in the example. Thus the feriget is 1600 Gauss. Every servo period,
which equals the averaging time period (1 msebenetxample), the error between the measured
field and the setpoint field is used with the Kpiido give a new output control voltage to be
sent to the power supply:

Err = (Bmeas — Btarget)

dVctrl = Kp*Err

Vetrl(t) = Vetrl(t-1)+dVctrl

The size of the change in control voltage dVctiingted to the Slew Limit setting times the
servo period. The control voltage range is limibgdhe Control min/max setting. If the
Positive Only Output box is checked on the Fielsh@@a Parameters tab, then the range is OV to
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+ Control min/max. The power supply and magnet nespond to the new control voltage, the
field changes, and the process repeats.

The sign of the Kp parameter depends on the otientaf the probe. If the measured field
vector becomes more positive with increasing contiage, then Kp must be negative to
stabilize the loop. If it becomes more negativéhwicreasing control voltage, then Kp must be
positive.

16.3 Tuning the control loop

In any servo loop you need to find a good comprerbstween stability and speed. The faster
the servo responds, the more likely it is to becoms&able and oscillate in some circumstances.
The speed that the servo can respond will depeadgly on the characteristics of the magnet
such as inductance and eddy current decay, artghtitbvidth and voltage compliance of the
power supply. In the case of a standard unipatgles-quadrant power supply, the response can
be different for increasing and decreasing current.

Fortunately it is relatively simple to tune the H&rvo loop. The objective is to ensure that the
loop is unconditionally stable, and that the systamieves a new setpoint in acceptable time.
Set the voltage Slew Limit so that the power supypliystay within its voltage compliance limit
when driving the magnet load. The maximum ratehainge of current due to the Slew Limit is

dl/dtnax = (Slew Limit) * (PSU conversion gain in A V-1)

The maximum voltage required to achieve this rathange of current is, in the absence of
severe magnet yoke saturation

V = L*dl/dtmax + Imax'R

where L and R are the inductance and resistantteeahagnet load, angd is the maximum
current delivered. You should reduce the Slew t,iamd therefore di/dtmax so that V will not
exceed the power supply voltage compliance lirmtaddition, set the Control min/max if you
wish to limit the maximum control voltage that tH20 servo controller can send to the power
supply.

Set the H20 averaging time to suit the noise lewey®ur system and the servo loop rate you
require. Now you should deliver a low frequencgugnce of typical upward and downward
setting steps and gradually increase the absoflte \of Kp and watch how the system responds.
The following examples are for a particularly slowagnet with high hysteresis and a slow
unipolar power supply. Some overshoot is necegsaggt an acceptable step response time.
When Kp is made too high the system becomes umstabl
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Figure 41. Step response at increasing Kp setting.

So long as we can tolerate some overshoot, thesawéook in more detail at the settling after a
step to choose the Kp value which gives the fast@stergence within an acceptable tolerance
band. The following example was recorded for arid@c averaging period in the H20 and
various values of Kp. The mauve curve is prob#idybest overall, although the green curve at
higher Kp would be faster if a wider tolerance b@&ndcceptable.

/ / / \‘ \ X

—_ — % 0§ 1 — % 5 #$ # s — — % s 1 — s # s # s

Figure 42. Step response detail at increasing &tirsg (magnified field scale on right).
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17 Connectors

17.1 H20 control unit front panel connectors

Channel A Channel B
Figure 43. H20 front panel signal connections.

17.1.1 Probe connections
Two ten pin Lemo EXG.1B.310 female. The conneotothe MFP-30 probe is identical.

External view on connector / solder side of maphgy. Pins numbered anticlockwise from top
left, with 9 and ten in the center.

MFP-30 probe

1 Cable shield 6 Analog ground

2 Analog ground 7 Temperature signal
3 Hall sensor signal 8 Analog ground

4 Hall signal gain select 9 +12 VDC

5 Digital (not used) 10| -12VvDC
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17.1.2 Analog signals

Four Lemo 00 50 ohm coaxial, one output (upper eotor) and one input (lower connector)
associated with each channel. Suitable cableRgp€ 73 or RG-316. Impedance matching is
not required.

17.2 Rear panel connectors

17.2.1 Power input
2.1 mm threaded jack. To mate with Switchcraft BZ6r equivalent

@: Center pin: +24VDC
Outer: OV

17.2.2 Fiber-optic communications

ST bayonet. To mate with ST male terminated fdyic cable. Recommended cable types 1
mm plastic (such as Avago HFBR-EUS-500) or 200 flitas(such as OCS BC03597-10 BL).
Signal: 650 nm light (red).

©) (©

Transmit  Receive
(light grey) (darkgrey)
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18 Controls and Indicators

18.1 Front panel controls
None.

18.2 Rear panel controls

18.2.1 Address switch

16 position rotary switch setting device addreShoice of address is arbitrary, but each device
in a fiber-optic loop system must have a uniqueeskl

Setting Function
0-F (decimal 1 to 15) | Available address settings.

18.3 Front panel indicators
None.

18.4 Rear panel indicators
Quad green LED.

000

L Device
Network

Activity
Power

18.4.1 Power
Green LED. On = input power is present; intern@-DC converters are running.

18.4.2 Activity

Green LED. Flashes for 100 msec when H20 hasvexteligital output setting such as gain
change.

18.4.3 Network
Green LED. Flashes when H20 is processing messagie fiber-optic channel.

18.4.4 Device

Green LED. Flashes on for 100 msec with period (@Sec + averaging time) when H20 is
initiated and acquiring data.
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18.5 Internal settings

We do not recommend that you open the H20 cassssfgecifically instructed to do so by your
supplier or Pyramid Technical Consultants, Inceréhare no user-serviceable parts inside.

18.5.1 JPR1 settings

Internal jumper JPR1 is reserved for future confijon settings.

Links Function
1 Reserved
2 Reserved
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19 Software updates

The H20 has three embedded firmware releases.

Firmware Function

FPGA (.fhex file) General logic, loop message gassigh, ADC reading and
averaging

PIC Boot (.hex file) Boot up, code upload

PIC Application (.hex file) | Main application; catdtion, range control, host communications,
SCPI instrument model.

The PIC boot code is unlikely to require updatitigrequires use of an Altera programming
adaptor. A factory recall will be issued if an apelis ever necessary. The two other codes can
be updated by upload from the host computer viatrenal communications link. The FPGA
code, in a file version with .pof extension, casodbe loaded using an Altera adaptor. This is
only necessary in the event that the code has becomupted. Contact Pyramid Technical
Consultants, Inc. for more advice in this case.

19.1 FPGA firmware updates

To update the FPGA, click the “Update FPGA Firmwardutton on the PTCDiagnosticG2
Properties tab, and navigate to the relevant filee code will then load. The process takes
about 30-40 seconds.
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Figure 44. Selecting the fhex file to load.
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Figure 45. FPGA update in progress.

When the upload is complete, you will get a protogbower cycle the H20 in order to load the
new code.
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11.09,2014 11:49:57:699 FPGA firmware upload complete, Please reboot the device for changes to take effect,

Figure 46. Reboot prompt.

If the FPGA upload fails for any reason such as fgpower during the upload, or data
corruption, then the H20 may not be able to comeatei In the unlikely circumstance that this
happens, it can be recovered using an FPGA progiagniool and the .pof version of the FPGA
code. Contact your supplier or Pyramid Techniaahgliltants who will arrange for the unit to
be repaired.

19.2 PIC microcontroller firmware updates

The PIC microcontroller application code may beatpd periodically to add new operating
features. New code releases will be provided ly gopplier, or can be downloaded from the
Pyramid Technical Consultants, Inc. website. Téefile can be loaded using the PTC
DiagnosticG2 host. “Update PIC Code...” button o BTCDiagnosticG2 Properties tab and
navigate to the relevant file. The process takesiaone minute, and the new code will load and
run automatically.

g =
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osorer 0 s system (O} st sysem [ T v
] e i
sysen
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4 loop_ L e i e
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B 1103 380
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B 1921631738 AS00@192.168.1238 Noj Frmuare

B 260 Recovery

[ Update PIC Code. ]

£l

250 2] Open Hex Application File =

(I [ » PTC Software » Firmware » H20 <[4 ][ Searcn 20 r)
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~ ' Name = Date modified Type Size
o
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Figure 47. Selecting the hex file to load.

H20 User Manual H20 UM_140911 Page 65 of 75




PSI System Controls and Diagnostics

20 Fault-finding

Symptom

Possible Cause

Confirmation

Solution

Incorrect field readings

Probe orientation not as
expected

Check orientation of the prob
relative to the expected field
direction.

eOrient and secure the probe.

Probe out of position

Check probe position

Loeatd secure the probe.

Calibration incorrect or
corrupted

Check calibration values for
erratic values.

Contact supplier or Pyramid
Technical Consultants, Inc. tq
arrange recalibration

Default calibration has been
loaded.

Gains are all 1.00 and offsets
0.00.

Reload the saved calibration.

Temperature compensation
not in use.

Check compensation
parameters.

Use factory compensation
values.

Mechanical stress on probe.

Check mounting arrargé

Mount the probe securely by
without applying bending
force.

Probe and H20 control unit a
not a matched pair.

reCheck serial numbers agains

shipping documentation.

t Use matched pairs. Returnt

Pyramid Technical
Consultants, Inc. for
recalibration if necessary.

No probe connected

Temperature reading is
unrealistic (> 100C)

Connect a probe

Unstable field reading

Field is actually changing

he€k field by independent
means.

Probe position is unstable in

a Check field byepehdent

Provide a mechanically stal
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spatially varying field.

means, or by placing th&m
in a known stable field.

probe mounting.

High noise levels

Integration time too short fo
signal being measured

I Noise level reduces with
integration period

Use an appropriate integration
time for the signal level.

H20 case not grounded.

Check continuity to local
ground.

Make dedicated ground
connection if mounting does
not provide this.

Field has unsuspected AC
components.

Check field by independent
means, or by placing the MFF
in a known stable field.

U

Line voltage pickup

Noise level drops sharply if
averaging period is 16.7 mse
(60 Hz), 20 msec (50 Hz) or
100 msec (50 or 60 Hz)

cclear of unscreened high

Keep H20 and signal cable

current mains voltage. If
possible use integration
periods (N/line frequency).

Analog signals respond very
slowly

Averaging period has been s
very high.

cReduce period

[®)

Set averaging appropriate t
the required time resolution
and noise levels

Filtering is enabled in the
Diagnostic host program.

Check averaging setting on tf
Data tab.

n&Jse the correct filtering

setting.

Unable to communicate with
H20

Duplicate address setting

Check address against
expected address in host
software.

Use correct switch setting.
Switches can be changed
while the unit is operating.

Communication link timeout

Investigate and fix
communications issue. Use a
longer timeout setting if
necessary.
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RX and TX cables cross
connected somewhere in loo

Network LED not lit.
D.

Correct cabling.

Fiber optics are damaged

Inspect fibers, espgdiad!
connectors. Check light can
be seen through fiber.
Exchange fibers and retry

Fit new fibers or re-terminate
as necessary.

Communications interruptions

Other processes ohd¢xC

interfering with comms ports.

Use a dedicated PC with
simple configuration and
minimum number of processt
running.

PSI Diagnostic will not
connect to devices

Two copies of program
running

Run a single instance only

Random changes to
parameters

Another host program is
interacting with the same H2(

Check software running on
D hosts that could access the
H20.

Run a single host program
only.

Field control does not function

-S2 option is nedtalled

Check H20 configuration

Upgrade H20 ifuieed.

p.

Field control unstable Kp value too high Reduce Kp Re-check tuning for the setup.
Kp value needs to change Reduce Kp Re-check tuning for the setu
because averaging period has
changed

Field control very slow Kp too low Increase Kp Reeck tuning for the setup|
Kp value needs to change | Increase Kp Re-check tuning for the sett

because averaging period ha
changed

(2]

p.

Slew limit too low

Increase to suit power suppl

compliance

y Re-check tuning for the setup
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Field control runs immediatelyKp wrong sign

to output limit

Check value

User correct Kp polarity

Probe is inverted in the field

Check orientation

sebtcorrect Kp polarity

Unable to set low field in a
unipolar system

Magnet remnant field exceed
the setting

sCheck actual field at minimur

nDe-gauss the magnet if lowel
setting is needed.
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21 Maintenance
The H20 does not require routine maintenance doregiion. There are no user-serviceable parts
inside the case of the control unit.

If you require re-calibration of the unit, cont&gtramid Technical Consultants to arrange a
return for calibration. We recommend that the HB@,MFP-30 and the connecting cable are all
returned together for maximum calibration accuracy.

The H20 is fitted with a 1.1 A automatically regggtpositive temperature coefficient (PTC) fuse
in the 24 VDC input. No user intervention is raqdiif the fuse operates due to overcurrent.
The fuse will reset when the overcurrent condigos.
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22 Returns procedure

Damaged or faulty units cannot be returned unld®starns Material Authorization (RMA)
number has been issued by Pyramid Technical Camisjtinc. If you need to return a unit,
contact Pyramid Technical Consultantsapport@ ptcusa.carstating

- model
- serial number
- nature of fault
An RMA will be issued, including details of whiclkrsice center to return the unit to.
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23 Support

Manual and software driver updates are availableldavnload from the Pyramid Technical
Consultants website atww.ptcusa.com Technical support is available by email from
support@ptcusa.com. Please provide the model euartal serial number of your unit, plus
relevant details of your application.
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24 Disposal

We hope that the H20 gives you long and reliabteise. The H20 is manufactured to be
compliance with the European Union RoHS Directi@@2295/EC, and as such should not
present any health hazard. Nevertheless, whendeuice has reached the end of its working
life, you must dispose of it in accordance withdlo@gulations in force. If you are disposing of
the product in the European Union, this includesgiance with the Waste Electrical and
Electronic Equipment Directive (WEEE) 2002/96/ERlease contact Pyramid Technical
Consultants, Inc. for instructions when you wisldigpose of the device.
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25Declaration of Conformity
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26 Revision History

The release date of a Pyramid Technical Consultamtsuser manual can be determined from
the document file name, where it is encoded yymnfelt. example, M10_UM_080105 would
be a M10 manual released on 5 January 2008.

Version

Changes

H20_UM_140911

First general release
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