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1 INTRODUCTION

This manual describes the operation of the Mag-03 range of three axis magnetic field sensors.
These compact high performance sensors with integral electronics provide measurements of
static and alternating magnetic fields in three axes. The sensors, alternatively described as
magnetometers, convert magnetic flux density, measured in three axes, into a bipolar analog
voltage. Analog output voltages Vx, Vy and Vz arein linear proportion to the flux density.

In designing the Mag-03 series, the policy has been to provide a high performance sensor
having aflat amplitude response and a small, predictable phase lag over a wide bandwidth. In
order to offer maximum flexibility and not degrade the performance, the sensor has no
interna filters. The analog outputs may require external filters to optimise the performance
depending on the application. The Mag-03PSU power supply contains simple filters which
may be sufficient, but for more stringent requirements the Mag-03SCU signa conditioning
unit may be appropriate.

The sensors are available in a variety of enclosures, as detailed below, with five measuring
ranges. A low noise version can be supplied in all packages with a measuring range of £70mr’
or £100N .

TYPE ENCLOSURE MEASURING RANGE (nT) ORTHOGONALITY
ERROR (°)
70 100 | 250 | 500 | 1000 0.1 0.5
Mag-03MC Cylindrica . . . . . .
Mag-03MCES Cylindrical - environmentally . . . . . .
sealed connector
Mag-03M CFL Cylindrical with flying leads . . . . . .
Mag-03MS Square section . . . . . .
Mag-03M SES Square section - . . . . . .
environmentally sealed
connector
Mag-03MSS Square section submersible to . . . . . .
100 metres
Mag-03IE Cylindrical with independent . . . . .
elements
Mag-03MCTP Cylindrical - two part . . . . . .
(to special order) | construction
Mag-03MCUP Unpackaged . . . . . .
(to special order)

TABLE 1. Mag-03 SENSORS

Products are specified as Mag-03 followed by the enclosure code (MC, MCES, MCFL, MS,
MSES, MSS or IE) followed by L for the low noise version only, then the measuring range
(70, 100, 250, 500 or 1000N).

e.g. Mag-03M SL 70 is a square section low noise sensor with a range of +70mr

Mag-03M C1000 has acylindrical enclosure and arange of £1000mr
A re-calibration service is available which is traceable to international standards.
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2 GENERAL DESCRIPTION

This section describes the features common to the Mag-03 range of sensors. Where there are
exceptions they are described under Section 3 detailing the different types of enclosures.

Three fluxgate sensing elements are mounted orthogonally at one end of an enclosure which
also contains the electronic circuitry. The connector is mounted at the opposite end of the
enclosure. The position and direction of each sensing element is shown on the outside of the
sensor, together with the product code, measuring range and serial number.

Details of the enclosures, mounting, connector dimensions, connector pin allocation and the
position of the sensing elements relative to the enclosure are given on the relevant figure
showing the outline and connector detail. The sensor elements are precisely aligned along the
centre lines of the package.

The sensors require a power supply of between 12V and +17V and provide three high
precision analog outputs of 0 to +10V full scale, proportional to the magnetic field along each
axis. For aunit with afull scale range of £100nT the output voltage for each axisis 0.1V/mr
of the field in the direction of that axis. The relationship between the magnetic field and the
analog output is extremely linear and the frequency response is maximally flat from d.c. to
1kHz with a bandwidth of 3kHz.

The low output impedance of the sensor ensures it can be operated over long cables and

permits it to be interfaced to low impedance data acquisition systems. The zero field offset
error, scale factor, orthogonality and frequency response are individually calibrated.

3 ENCLOSURES

31 Mag-03MC- Figure 1

The sensing elements and electronic circuitry are housed in a reinforced epoxy cylindrical
enclosure with a circular connector. The sensor is suitable for use in shallow boreholes but is
not sealed against the ingress of water. A mounting bracket is available as an option. The
label areais recessed and should not be used for clamping.

3.2 Mag-03MCES- Figure 2

This enclosure is the same as the Mag-03MC but features a rugged, seven way sealed
connector to provide a splash-proof unit.

3.3 Mag-03MCFL - Figure 3

This enclosure is identical to the Mag-03MC except that no connector is used, a seven way
connecting cable is moulded within the enclosure with a strain relief grommet. The standard
length of flying lead is 500mm.

34 Mag-03MS- Figure 4

This sguare section enclosure is manufactured from reinforced epoxy and the sensing
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elements are mounted with reference to the base which acts as a datum face. The Z axis is
aligned to this reference face to an accuracy of 0.1°. The orthogonality error between the
magnetic axes is also 0.1° for this sensor compared to the standard 0.5° error for the other
sensorsin the range.

The connector is a nine pin D type plug and has pillars for securing the mating connector.
The pillars are tapped with UNC 4-40 threads, standard for this type of connector, but the use
of retaining screws on the mating connector should be avoided unless it can be ascertained
that they contain no magnetic material, which would influence the field at the sensor
elements. Retaining screws commonly contain spring washers or circlips which are
manufactured from ferrous material which render them unsuitable.

35 Mag-03MSES- Figure5

This enclosure is the same as the Mag-O3MS but features an environmentally sealed
connector to provide a splash-proof unit. The connector is a rugged, seven way sealed type.
A sealing gasket may be required on the base of the sensor.

3.6 Mag-03MSS - Figure 6

This square section enclosure is designed for marine use and is submersible to depths of 100
metres. The pressure housing is manufactured from polyacetal for minimum water
absorption.

The connector is a seven way marine type and the mating connector is supplied moulded to a
seven way polyurethane jacketed marine cable. The cable is supplied to customer
requirement up to alength of 600 metres.

3.7 Mag-03IE - Figure 7

This sensor has a shortened cylindrical enclosure for the electronics and the three sensing
elements are individually potted and connected to the electronics assembly with flying leads
which have a standard length of 750mm. This alows the user to position the individual
elements independently if required. The sensing elements can be arranged around a sensitive
volume where spaceisrestricted. The connector is the same as for the Mag-03MC.

3.8 Mag-03IE VERSION 2 - Figure 8

This sensor isidentical to the Mag-03IE except that Version 2 has a 5m cable attached with a
25 pin ‘D’ type connector. The bandwidth isincreased to S5kHz.

39 Mag-03MCTP - Figure9
This enclosure provides a two part construction. The sensing elements and electronics are
contained in two separate cylindrical enclosures connected by a 1000mm ribbon cable and a

simple eight pin dual in-line socket. The sensing elements are completely encapsulated in
epoxy resin within their enclosure. The external connector is the same as for the Mag-03MC.
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3.10 Mag-03MCUP - Figure 10

This arrangement is an “unpackaged”’ version. The sensing elements are encapsulated in a
cylindrical enclosure but the electronics printed circuit board is smply coated in silicone
rubber and not protected by an enclosure. Two four-way ribbon cables, with a standard
length of 140mm but available in lengths to 500mm, connect the sensing elements to the
electronics board. Connection to the complete unit is by aflying lead.

4 ACCESSORIES
The optional accessories for the Mag-03 range of sensors are as follows:
41  Mag-03PSU POWER SUPPLY UNIT

This unit supplies power to any of the Mag-03 sensors from an internal rechargeable battery.
It produces a fully isolated +12V supply which provides 10 hours of continuous operation.
The battery can be recharged in a few hours using the mains adaptor provided. A high pass
and a low pass filter are provided in each signa path to provide a.c. or d.c. response and to
remove high frequency noise.

Full specifications of the Mag-03PSU are provided in the Mag-03 brochure DS0013 and the
operation manual OM0065.

4.2  Mag-03DAM DATA ACQUISITION MODULE

Thisis a 24-bit resolution, low speed, six channel data acquisition module which runs under
software control from the user’s PC. Data from one or two triaxial sensors is stored to disk
and may be imported to a suitable spreadsheet for plotting. The module is mains or battery
powered. Full details of the Mag-03DAM are provided in the Mag-03 brochure DS0013 and
in the operation manual OM0658.

43 DLM24Mag DATA ACQUISITION SYSTEM

The DLM24Mag data acquisition system is a very flexible multi-channel measurement
system for a variety of applications. A unique phase-synchronised fibre-optic network
enables simultaneous triggering of severa units with sub-microsecond accuracy. Sampling
rates of 0.1Hz to 10kHz are available and 24-bit delta sigma converters provide the huge
dynamic range and high linearity. For full details contact Bartington Instruments.

44  Mag-03SCU SIGNAL CONDITIONING UNIT

This mains powered signal conditioning unit supplies power to athree axis sensor and allows
afilter to be configured with separate controls for the low pass and high pass sections. The
filter is applied to each output channel of the sensor. Control of gain and offset is provided
for each channel independently. Full details are provided in the brochure DS0012 and the
operation manual OM0941.
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45 Mag-03MC-CU CALIBRATION UNIT

The Mag-03MC-CU is a battery powered unit which produces a sinusoidal alternating
magnetic field of defined frequency and magnitude. It provides a reference magnetic field for
testing the calibration of the Mag-03 sensors which have a cylindrical enclosure. A
temperature stabilised constant current is passed through a single Helmholtz coil with guides
to align each of the sensor axes in turn. Full details are provided in the Mag-03 brochure
DS0013.

46  Mag-03MS-CU CALIBRATION UNIT

The Mag-03MS-CU is a battery powered unit similar to the Mag-03MC-CU above but for
calibration of the Mag-03MS sensors which have a sguare section. Contact Bartington
Instruments for full details.

4.7  CABLES

Cables are available for connection of the three axis range of sensors to the Mag-03PSU,
Mag-03DAM or Mag-03SCU. Specifications for each of the cables are given in Section 12.

The cables are shown, with their connector pin alocations, in the following figures:

Mag-03MC cable

FIGURE 11 (also used for Mag-03IE)

Mag-03MCES cable - FIGURE 12
Mag-03M S cable - FIGURE 13
Mag-O03MSES cable - FIGURE 14
Mag-03MSScable - FIGURE 15

48  Mag-03MC-BR MOUNTING BRACKET (Figure 17)

This mounting bracket for the Mag-03MC cylindrical sensor clamps around the sensor body
and provides mounting holes. The bracket is manufactured from reinforced epoxy resin and
is supplied complete with nylon mounting screws.

49 MATING CONNECTORS

Sensors are supplied with a non-magnetic mating connector if no cable for connection to a
power supply or data acquisition module is purchased.

5 MOUNTING

The method of mounting will depend on the application and the enclosure. For details of the
mounting arrangements refer to the relevant outline drawing. The use of magnetic materias
in the mounting arrangement must be avoided. All mounting components should be checked
before installation by introducing the component within the immediate vicinity of the sensing
elements of a working magnetometer and observing any variation in the background field.
The analog output is positive for conventional flux direction South to North in the direction
of the arrow shown on the label for each axis. i.e. the maximum positive output will be
obtained from any axis when the arrow points towards magnetic north along the total field
vector.
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51 Mag-03MC, Mag-03MCES, Mag-03MCFL and Mag-03IE

These sensors may be supported in the Mag-03M C-BR mounting bracket described in section
4.6. Thelabel areaof the sensor is recessed and should not be used for clamping.

52  Mag-03MS and Mag-03M SES

These sensors have threaded holes tapped in the base which is also the datum face. The
sensors can be mounted on any flat, non-magnetic surface using the two brass screws
supplied. A thin gasket or a suitable sealant should be used to seal the base of the units
against water penetration. The absolute maximum screw penetration depth within the
body is 16 mm and this must not be exceeded.

5.3 Mag-03MSS

The Mag-03M SS has a sguare section pressure housing with three mounting holes, 4 mm in
diameter, drilled through the body and counterbored for cheese-headed screws. Screws are
not provided due to the variable nature of the environmental service conditions which may be
encountered.

54 OTHERTYPES

The mounting arrangements for other types will depend on the application.

6 OPERATION
6.1 CONNECTOR PIN ALLOCATION (Figures1to 10)

The connector pin or cable colour allocation for the connection to each package type is shown
on the appropriate outline drawing.

6.2 INTERFACE

A simplified interface schematic for the Mag-03 series is shown in Figure 18. The sensor
contains capacitors between the supplies and the signal/power ground line and all lines have
internal fusesto limit the damage if the supplies are reversed or avoltage is applied above the
rated level. These fuses are not replaceable by the user and no accessis given to them. NO
PROTECTION IS PROVIDED AGAINST REVERSED POLARITY SUPPLIES OR
SHORT CIRCUITS BETWEEN THE ANALOG OUTPUTS AND THE SUPPLIES OTHER
THAN THESE FUSES.

The analog outputs for the X, Y and Z axes are buffered to give a low output impedance,

enabling the unit to be operated over long cables and interfaced to low impedance data
acquisition systems.
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6.3 POWER SUPPLIES

The Mag-03PSU, Mag-03SCU and Mag-03DAM are the ideal power supply units.
Alternatively users may wish to provide their own supply. This would normally provide
+12V and, for the lowest noise applications, ripple in the output should be in the mV region.
The current requirement is +27mA and -8mA £3mA with an additional current in proportion
to the measured field. The additional current is 1.4mA per 100nT per axis and will be drawn
from the positive or negative supply depending on the direction of the field.

The current drain is independent of the power supply voltage and the unit will operate with
input voltages down to £8V. As the output voltage swing is limited to approximately 0.8V
less than the supply levels, for a supply of +8V the output will operate normally with any
output between +7V and -7V representing a field of 0.7 of the full scae value in each
direction. The scaling factor and linearity will remain at the normal value up to this
saturation point. The output will remain at the saturation level if the field isincreased beyond
this point. Asymmetric supplies may be used provided that the minimum and maximum
voltages are not exceeded for either polarity.

6.4  SIGNAL/POWER GROUND

The two signal/power ground conductors are connected to a common point within the
sensor and the power supply common (power 0 V) should be connected to only one of
them. The other signal/power ground conductor should be used as the signal output
common (signal 0 V). Each signal is then measured between the signal output
conductor and the signal output common. |n thisway the signal output common carries
no power supply currents.

The minimum current in the power ground conductor is approximately 19mA and, on long
cables, thiswill give rise to an appreciable potential difference between the power supply end
and the sensor end of the power ground conductor. The use of separate power and signal
ground conductors will ensure that this voltage is not included in the voltage measured
between the signal output and the signal common.

In order to ensure that the power supply return current does not affect the analog
measurements in any way, the following precautions should be observed:

a. A signal common line, separate from the power return line, must be connected between the
Mag-03 magnetic field sensor and any measurement or data acquisition system.

b. If the signa ground line is to constitute a system ground point then a fully floating power
supply must be employed, e.g. apair of batteries or afully isolated power supply. A number
of commercially available dc to dc converters fulfil the voltage isolation requirement
adequately. For this arrangement only single ended analog inputs to the data acquisition
system are required for the three axes.

c. If the power supply isto constitute a system ground point then the data acquisition analog
inputs must be of the differential type. Each differentia input can then be connected between
the remote end of the signal common line and the individual analog outputs.

d. The above considerations also apply if more than one Mag-03 sensor is used.
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e. Any data acquisition system analog inputs should ideally have a very high input impedance
but satisfactory performance can be obtained with impedance’s down to 10kW. Impedance’s
below this should be avoided, particularly where very long cables are used.

f. To obtain optimum performance, additional care should be exercised to avoid ground
currentsin the signal leads when using the low noise unit.

When using the Mag-03PSU power supply, Mag-03DAM data acquisition module or
Mag-03SCU signal conditioning unit described in Section 4 the above requirements will be
met without further consideration by the user.

6.5 CABLING

It is recommended that the connecting cable to the sensor is a six core screened cable. Two
cores will be used for positive and negative power supply lines, three cores for output signals
and one core for signa common. The power supply ground should be connected via the
screen which can be expected to have a low resistance. The capacitance between cores
should be less than 200pF per metre. A cable with individually shielded cores should be
considered for long cable applications.

The length of the cable is limited by the voltage drop in the power supply lines and the
capacitance between the cores. For this reason it is recommended that the cable is limited to
amaximum length of 600 metres.

Bartington Instruments can supply cables for connection of the sensor to the Mag-03PSU,
Mag-03DAM or Mag-03SCU. For details see Section 4.5. If no cable is ordered with the
sensor a mating connector is provided.

6.6 CONNECTING POWER

CHECK THAT THE POLARITY OF THE SUPPLY IS CORRECT. Reversed connections
will cause the internal fuses to blow. (see Section 6.2). The power supply should be
connected to the sensor before the supply is energised as this prevents high inrush currents
which could cause damage. Apply the positive and negative supplies ssmultaneously and
avoid leaving the sensor connected to one polarity only.

6.7 RESPONSE

The analog output V, for any channel, is proportional to the axial component b of the total
field F. If q is the angle subtended between the direction of F and sensing axis of the
fluxgate element, then:

b=Fcosg and V u Fcosg

6.8 ELECTROMAGNETIC COMPATIBILITY

The Mag-03 range of sensors are not shielded for immunity from, or emission of,
electromagnetic fields. Any shield placed around the sensor will limit the bandwidth of the

sensor response. The emissions generated are at a low level with a primary frequency of
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15kHz, being the frequency of the energising field of the sensor. The sensor is required to
respond to magnetic fields within the specified frequency band.

The user should ensure that the sensor is not operated in areas where a high electromagnetic
field exists, even if the frequency is above the bandwidth of the sensor, as false information
may appear due to aliasing. This effect is seen in data acquisition systems when the
frequency of sampling is lower than the frequency of the signa which is being sampled. It
may produce apparent signals at lower frequencies than the noise, which may be within the
frequency band of the sensor. Similarly, the user should not place the sensor near to any
equipment which may be affected by the fields produced by the sensor excitation.

7 PERFORMANCE
7.1  FREQUENCY RESPONSE

The typical amplitude and phase response for the Mag-03 range of sensorsis shown in
Figure 19. The sensors provide a bandwidth of 3kHz with a maximally flat response to 1kHz.

7.2  NOISE

A typical noise plot for the standard version is shown in Figure 20 and for the low noise
versionin Figure 21.

The output signal for each axis will also contain signals at the power line frequency, other
interference and the drive frequency of 15kHz. For many measurements these components
will be outside the response of the readout or recording system. For applications where low
field levels or measurements of the highest resolution are required it will be necessary to
provide afilter to select only the frequency bands of interest.

7.3 OVERRANGE

Sensors are available with ranges from +70mT, which corresponds to the maximum value of
the earth’s magnetic field, to £1000 nT. As the field in any axis approaches the full scale
value, the output will rise in proportion until it reaches a value of approximately 0.8V less
than the relevant supply line. The output will then saturate and remain at this level regardless
of any further rise in the field. Very high fields in the hundreds of mT should be avoided as
they may giveriseto afew nT shift in offset measured at zero field.

8 SIGNAL PROCESSING

For different applications it may be necessary to process the signal from the sensor in
different ways:

a. In order to increase the sensitivity of the recording system it may be necessary to back-off
the earth’s field and amplify only the changes in the field from the current value. This
requires a high-pass filter, which could be a smple capacitively coupled arrangement or a
multi-pole filter to provide a steep roll off characteristic. These features are all present in the
Mag-03SCU signal conditioning unit.
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b. To monitor small signals within the bandwidth of the sensor it may be necessary to remove
the higher frequency noise which is outside the band of frequencies of interest. 1t may also be
necessary when using sampling data acquisition systems to provide an anti-alias filter to
prevent the appearance of apparent lower frequency components in the recorded signals due
to the strobing effect of the sampling of the high frequency components. The filter should be
alow-pass type with the top of the pass band as far below the sampling frequency as practical
for the application.

c. In applications such as surveillance and magnetic signature monitoring it may be required
to remove both the d.c. standing field and all a.c. noise and pick-up above a set frequency.
The band of interest will be say, 0.01 to 10Hz and a band pass filter can be used to provide
the required signal.

The output from all fluxgate sensors will contain noise from the driving electronics. For the
Mag-03 range this noise is at 15kHz which is well above the bandwidth of the sensors.
Where low noise operation is required a filter should always be provided to reject the noise
which lies outside the band of interest.

The Mag-03PSU power supply unit, which can be used with all sensors, contains three low
pass filters with a-3dB point at 4.5kHz together with three high passfilters with a
-3dB point at 0.1Hz.

The Mag-03DAM data acquisition module contains anti-aliasing filters which are software
controlled. The high resolution of this unit allows small changes to be recorded even in the
presence of the earth’sfield.

The Mag-03SCU signal conditioning unit provides filters with independent control of the low
and high passfilter sections together with offset and gain control for the output of each axis.

9 CARE AND MAINTENANCE

The Mag-03 sensor contains no user-serviceable parts but, provided it is operated within the
design limits, it will require no attention for many years. Surface or dirt contamination
should be removed using a mild detergent solution only. If the connector pins become
contaminated they should be lightly cleaned with a swab of isopropy! acohol.

The unit must be returned to Bartington Instruments for repair or re-calibration. For the
diagnosis of faults within the unit special equipment is required including a zero gauss
shielded chamber, a calibrated test coil with traceable calibration, and a.c. and d.c. calibrated
constant current sources. Much of this equipment is beyond the scope of normal service
facilities. Any field tests are therefore limited to those which can detect if the magnetic field
sensor and associated circuitry does not produce an analog voltage which is proportional to
the magnetic flux.

If each sensor element in turn is rotated planar to the terrestrial magnetic field, a sinusoidal
analog output should be produced at the relevant output. If this is not the case, or a gross
asymmetry is seen in the output, then afault clearly exists.

The frequency response of individual channels can be tested by comparing the analog outputs

from each channel using an oscilloscope. If each axis is aligned in turn close to equipment
containing a mains transformer, the stray fields will contain 2nd and 3rd harmonics of the
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mains frequency and each channel should give identical results. Thiswill give arough check
on the operation of each channel to afew hundred Hz.

10 MAGNETIC UNITSAND MEASUREMENTS
10.1 CONVENTIONS

The Mag-03MC analog output is positive for conventional flux direction South to North in
the direction of the arrow given for each axis. The measurement axes are designated X, Y
and Z in the Cartesian co-ordinate system when viewed from the top or non-connector end of
the sensor.

10.2 MEASUREMENT UNITS

Since 1960 the Sl (Systeme Internationale) which is derived from the MKS metric
measurement system has been universally adopted. However, measurements are till
frequently expressed in the older CGS units. For clarity the following relationships may be
useful.

The fundamental equation describing the relationship between magnetic field strength H,
magnetic flux density B and the permeability of free spaceno is:

B = noH

Sl is the preferred system of measurement in this manual and these units, together with their
CGS numerical (but not dimensional) equivalents, are shown in the left hand column below.

Sl = CGS

B Whbm? (Weber per metre?) 10* G (Gauss)
or T (Teda)

H Am™ (Amperes per metre) 4p x 10° (Oe)

It will be seen that the term 4p occurs in the CGS units. The Sl units, however, are
rationalised indirectly by incorporating thisterm in no. Thusin the SI system:

mo = 4p x 107 Hm™ (Henries per metre).
Example. For freespace If H=80Am*
ThenB=4px107x80 » 1x10*T

Tedaisthe preferred unit for flux density in the SI system. A magnetic field sensor can only
be said to measure flux density.
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10.3 CONVERSION TABLE

The most common conversion performed will be from Teda to Gauss and vice-versa. The
following table may be helpful.

S| CGS CGS S|
1Teda 10 kGauss 1 kGauss 100 mTeda
1mT 10G 1G 100 mT
1nT 10 mG 1mG 100 nT
InT 10 nG 1nG 100 pT

TABLE 3 CONVERSION OF S| AND CGSUNITS

104 VECTOR MEASUREMENTS
Each axis produces an analog output Vain response to flux density B in the relationship:
Va=B cos A&

where A is the angle between the flux direction and the direction of the individual sensing
element.

The scalar value of a magnetic field may be computed from the individual X, Y and Z vector
components using the RSS (Root of sum of the squares) where:

B = (VX*+Vy*+Vz9)”*

It should be noted that there will be a small error in the result of the calculation of the total
field due to the small error in the orthogonality between the sensing elements. This will be
particularly noticeable when the total field is computed from the values measured with
severa orientations of the sensor. The sensor is extremely sensitive in the measurement of
small variations in the total field provided that the orientation is constant i.e. the detector is
stationary. The sensor is therefore limited in applications requiring total field measurement
while moving, as in a towed ferrous metal detector, by the orthogonality error within the
specified tolerance.
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11 TECHNICAL SPECIFICATIONS

111 SENSORS

Mechanical, electrical and environmental specifications

Mag-03MC Mag-03MCES
Enclosure reinforced epoxy reinforced epoxy
Dimensions (mm) 25 diameter x 202 length 25 diameter x 207 length
Mounting Mag-03M C-BR bracket Mag-03M C-BR bracket
Connector Hirose RM15TRD10P Amphenol 62GB-51T10-7P

Mating connector

Hirose RM15TPD10S

Amphenol 62GB-16J10-7S

Operating temperature -40°C to +85°C -40°C to +85°C
Weight 859 859
Environmental none splashproof

The specification of the Mag-03MCFL isidentical to that of the Mag-03M C except that
connection is made via flying leads and the length is 211mm (Figure 3).

Mag-03M S Mag-03M SES
Enclosure reinforced epoxy reinforced epoxy
Dimensions (mm) square section - square section -

32 x 32 x 152 length

32 x 32 x 166 length

Mounting

2 x M5 fixing holes

3 x M4 clearance holes

Connector

ITT Cannon DEM-9P-NMB

Amphenol 62GB-12E10-7P

Mating connector

ITT Cannon DEM-9S-NMB

Amphenol 62GB-16J10-7S

Operating temperature -40°C to +70°C -40°C to +70°C
Weight 160g 160g
Environmental none splashproof
Mag-03I E* Mag-03M SS
Enclosure reinforced epoxy polyacetal
Dimensions (mm) Electronics - square section -

25 diameter x 115 length
Sensor - 8 diameter x 25
length

Sensor-€l ectronics cable-750

30x 30x 208 length

Mounting

Mag-03M C-BR bracket

3 x M4 clearance holes

Connector

Hirose RM15TRD10P

Impulse |IE XSJ-7-BCR

Mating connector

Hirose RM15TPD10S

Impulse |IE XSJ-7-CCP

Operating temperature -40°C to +85°C -10°C to +50°C
Weight 80g 1859
Environmental none 100 metres depth

* For details of Mag-03IE-Version 2 see Figure 8
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Connector pin out - See Figures for full details

Mag-03MC/Mag-03MSY Mag-03M S Mag-03MCEY
Mag-03IE*/Mag-03MCTP Mag-03M SES
1 X out 1 +12V supply A X out
2 Y out 2 -12V supply B Y out
3 Z out 3 signal/power ground C Z out
4 signal/power ground 4 signal/power ground D signal/power ground
5 signal/power ground 5 Z out E signal/power ground
6 +12V supply 6 X out F +12V supply
7 -12V supply 7 NC G -12V supply
8,9,10 | NC 8 Y out
9 NC
* For Mag-03IE Version 2 see Figure 8
Connections for versions with flying leads - See Figures for full details
Mag-03M CFL and Mag-03M CUP
Colour Function
Brown X out
Red Y out

Orange Z out

Yéelow signal/power ground

Green signal/power ground

Blue +12V supply

Mauve -12V supply
Perfor mance specifications (all sensors)
Scaling independent parameters
Supply voltage +12V to £17V
Analog output +10V (x12V supply) swings to within 1V of supply

voltage

Power supply rejection ratio 5mvV IV
Output impedance <1W
Linearity error <0.0015%

Output ripple

0 to 1kHz maximally flat, £5% maximum above 1kHz

Calibration accuracy

+0.5%

Bandwidth

0 to 3kHz (0 to 5kHz for Mag-03IE on request)

Orthogonality error -
between sensing axes
Z axisto reference face

<0.5° (<0.1° for Mag-03M S and Mag-03M SES)
<0.1° (Mag-03M S and Mag-03M SES)

Internal noise -
standard version 7-12pTrms/CHz at 1Hz
low noise version 4-6pTrms/CHz at 1Hz
Supply current +27mA, -8mA (+1.4mA per 100N for each axis)

Scaling dependent parameters

Measuring range =70 +100 +250 +500 | +£1000 | Ml
Scaling 143 100 40 20 10 mV/nT
Offset error +5 +5 +12 +25 50 | nT
Scaling temperature

coefficient +15 +20 +50 +100 | +200 | ppm/°C
Offset temperature

coefficient #01 | +#01 | 02 | +0.33 | #0.6 |nT/°C
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11.2 CABLES

Mag-03MC, Mag-03M S, Mag-03M CES, Mag-03M SES and Mag-031E

Conductors- : Six 7/0.2 PV C insulated conductors, overall
braided screen and PV C sheath

Type No.- . 7-2-6¢ Black to Def Stan 61-12, part 4
(Farnell Electronics Stock No. 268-239)

Conductor resistance- : 0.092Wm

Capacitance- - 160pF/m

Alternative- : Belden 9536 -5.46mm diameter

Mag-03M SS submersible cable

Conductors- : 3twisted pairsindividually screened,
with polyurethane sheath
Type No.- : PDM Unelco 3T-SP
Conductor resistance- : 0.036Wm
Weight- : 0.11kg/m (in air)
Cable connections
SENSOR END SIGNAL SUPPLY END
Mag-03MC, Mag-03MS | Mag-03MCES | Mag-03MSS
Mag-03IE Mag-03MSES
Mag-03MCTP
1 6 A 1 X out 1
2 8 B 2 Y out 2
3 5 C 3 Z out 3
4 4 D 4 Signal/Power ground 4
5 3 E 5 Signal/Power ground 5
6 1 F 6 +12V supply 6
7 2 G 7 -12V supply 7
8,9,10 7,9 8,9,10 NC 8,9,10

For details of cable colours see the figure showing the relevant cable.
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HIROSE RM15TRD10OP
FIXED PLUG (PINS)

192

x* POSITION OF SENSORSE 2mm

z

DATUM

Y
x| " (PH—

FIN Neo. FUNCTION

OO NP N —

AMPHENOL FIXED PLUG
62GB-51T10-7P

9,10 N.C.

X OQuUT
Y ouT
Z QUT

SIGNAL/POWER GROUND
SIGNAL/POWER GROUND

+12V SUPPLY
—12V SUPPLY A

]

LABEL AREA RECESSED
BY 0.Zmm AND IS NOT
RECOMMENDED AS A
CLAMPING REGION

85

J *
——o

HIROSE RM15TPD10S
SOCKET WITH SHROUD
FITTED

58 L4
.

HIROSE RM15TPD10S
SOCKET IS NOT FULLY
ENVIRONMENTALLY
SEALED

Figure 1 Mag-03MC SENSOR OUTLINE WITH MATING CONNECTOR DR0657(2)

207

*

POSITION OF SENSORS #2mm * 54

®25

DATUM [ |

z

PIN No. FUNCTION

OTMMmoO W >

X OUT

Y OUT

Z QUT

SIGNAL/POWER GROUND
SIGNAL/POWER GROUND
+12V SUPPLY

—12V SUPPLY

MATING CONNECTOR
AMPHENOL SOCKET
62GB—16J10-7/S

BY 0.2mm AND IS NOT
RECOMMENDED AS A
CLAMPING REGION

¥
D
LABEL ARFA RECESSED J

85

WITH SHROUD

40 LS

Figure 2 Mag-03M CES SENSOR OUTLINE WITH MATING CONNECTOR DR0656(2)

OM1004 ISSUE 17

PAGE 20 OF 29



500

211

* POSITION OF SENSORSTE 2mm

/1
!

T

é DATUM
x

‘ ‘

FLYING LEAD CONNECTIONS

BY 0.2mm AND IS NOT

LABEL AREA RECESSED
RECOMMENDED AS A

Ne. COLOUR FUNCTION CLAMPING REGION =6
85
A BROWN X OUTRUT
B RED Y OUTPUT
C ORANGE Z OUTRUT
D YELLOW  SIGNAL/POWER GROUND
E GREEN SIGNAL/POWER GROUND
F BLUE +12V SUPPLY
G MAUVE -12V SUPPLY
Figure 3 Mag-03MCFL SENSOR OUTLINE DR0745(2)
POSITION OF SENSING ELEMENTS! 2mm
MAGNETIC AXES PASS THROUGH CENTRELINES
PIN No. FUNCTION
] Lo
1 +12V SUPPLY X Y
2 -12V SUPPLY
3 SIGNAL/POWER GROUND
4  SIGNAL/POWER GROUND 10
5 ZzZouT — e
6 XOuT 25
7 N.C.
8 YoOuT 40 32
9 N.C.
1 S
o= - o 8
9
D-TYPE ITT CANNON
DEM-9P-NMB
152
T
146

MATING CONNECTOR

|

| THIS EDGE & UNDERSIDE

FACES ARE THE DATUMS

D-TYPE ITT CANNON DEM-9S-NMB 25

PLASTIC BODY WITH NON-MAGNETIC
4-40UNC LOCKING SCREWS

75

FIXING CENTRES M5-0.8-6H
TO ACCEPT NON-MAGNETIC SCREWS
ABSOLUTE MAXIMUM LENGTH 16mm.

Figure 4 Mag-03M S SENSOR OUTLINE WITH MATING CONNECTOR DR0624(3)
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POSITION OF SENSING EEEMENTS 2mm
MAGNETIC AXES PASS THROUGH CENTRELINES

-

PIN No. FUNCTION

X OUTPUT . [ L( < Gi}

Y OUTPUT

Z OUTPUT
SIGNAL/POWER GROUND o
SIGNAL/POWER GROUND =

+12V SUPPLY 25
-12V SUPPLY 70 32

AMPHENOL FIXED PLUG
62GB-12E10-7P

=5

@TMMUOW>

g

=
4

166

| 152 |

THIS EDGE &
TWO UNDERSIDE
FACES ARE DATUMS

\ FIXING CENTRES M5-0.8-6H
TO ACCEPT NON-MAGNETIC SCREWS
ABSOLUTE MAXIMUM LENGTH 16mm.

MATING CONNECTOR 81
AMPHENOL SOCKET

62GB-16J10-7S

WITH SHROUD

Figure 5 Mag-03M SES SENSOR OUTLINE WITH MATING CONNECTOR DR1255(6)

208

MATING CONNECTOR
IE=XSJ—7-CCP 167 30

LOCATING SLOT ‘ ‘
| |
I

23

o 5 . |
:i ’ Z.p @ *,,*l*,,,

30

Qi | ‘[

BULKHEAD 3 X @4
[E—-XSJ—7—BCR MOUNTING HOLES

PIN No. FUNCTION 35

X OoUT
Y QUT 50
Z OuUT

SIGNAL/POWER GROUND
SIGNAL/POWER GROUND POSITION OF SENSING ELEMENTS £2mm
+12V SUPPLY MAGNETIC AXES PASS THROUGH CENTRELINES
—12V SUPPLY

~NOOP NN —

Figure 6 Mag-03M SS SENSOR OUTLINE WITH MATING CONNECTOR DR0995(4)
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NOMINALLY 750mm
115 OTHER LENGTHS CAN BE PRQVIDED TQ ORDER

HIROSE RM15TRD10P
FIXED PLUG (PINS}

11K,

'e}
b ° 2
| I @
PIN No. FUNCTION
,[ * our CYLINDRICAL DIMENSIONS IN MM
2 ¥ out ELECTRONICS SUB—MINIATURE
3 7 OUT ENCLOSURE MULTICORE SCREENED
4 SIGNAL/POWER GROUND CABLE @3 4-CORE
5 SIGNAL/POWER GROUND N §
6 +12V SUPPLY tve
7 —12V SUPPLY ] HIROSE RM13TPD10S SENSING
8,9,10 NLC. SOCKET WITH SHRQUD INDEPENDENTLY DIRECTION

FITTED ENCAPSULATED
SENSOR ELEMENTS

Figure 7 Mag-03IE (‘(HIROSE' CIRCULAR PLUG) SENSOR OUTLINE WITH MATING
CONNECTOR DR0747(3)

5000 100 750

DIMENSIONS IN MM
30 SENSOR AXIS

IDENTIFIED ON
EACH END

[ ] ®

| ©
®
2

-

- e

IEbv2 25-WAY 'D' TYPE SUB-MINIATURE
MULTICORE SCREENED
CABLE B3 4-CORE

q

CONNECTOR PINOUTS FOR IEbv1 & IEbv2 VERSIONS s

+ve

SIGNAL 9WAY 25WAY CABLE COLOURS SENSING
$ gg 1 5 BLUE INDEPENDENTLY DIRECTION

d ZouT g ? Y\f,hﬁgg’ ENCAPSULATED
+12v 4 1 RED SENSOR ELEMENTS
/ -12v 5 13 BLACK
GND/SIGPWR  6,7,8 17,18,19 GREEN
GND SHIELD 9 12 GREY
q

IEbv1l 9-WAY 'D' TYPE

Figure 8 Mag-03IE ('D' TYPE CONNECTOR) V1, 9-WAY & V2, 25-WAY
SENSOR OUTLINE DR1481(3)
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1000

53

HIROSE RM15TRD1GP
FIXED PLUG (PINS)

#25

AVAILABLE [N LENGTHS UP TO 5M

PIN No. FUNCTION

X OUT

Y ouT

Z OUT

SIGNAL/POWER GROUND
SIGNAL/POWER GROUND
+12V SUPPLY

—12V SUPPLY

2,10 N.C.

ONOO AN~

\

CYLINDRICAL
ELECTRONICS
ENCLOSURE

61

SENSOR ELEMENT:
EPOXY MOUNTED

HIROSE RM15TPD10S
SOCKET WITH SHROUD
FITTED

20

Figure 9 Mag-03MCTP VERSION SENSOR OUTLINE WITH MATING
CONNECTOR DRO0757(3)

82

140

53

®19

AVAILABLE IN LENGTHS TO 8M

v
DATUM

AXIS

Y AXIS
DATUM

ELECTRONICS
ENCAPSULATED

N SILICONE

RUBBER

SENSOR ELEMENT:!
ENCAPSULATED IN
EPOXY RESIN

FLYING LEAD CONNECTIONS

No.

GTMMoOOw>

COLOUR

BROWN
RED
ORANGE
YELLOW
GREEN
BLUE
MAUVE

FUNCTION

X OQUTPUT

Y OUTPUT

Z QUTPUT
SIGNAL/POWER GROUND
SIGNAL/POWER GROUND
+12V SUPPLY

=12V SUPPLY

$20

Figure 10 Mag-03M CUP VERSION SENSOR OUTLINE DR0758(2)

OM1004 ISSUE 17 PAGE 24 OF 29



g

-

WIRING SCHEDULE

CABLE COLOUR| PIN No. FUNCTION
BLUE 1 X _QUT
YELLOW 2 Y _OUT
WHITE 3 Z QUT
GREEN 4 SIGNAL/POWER GND.
SCREEN 5 SIGNAL/POWER GND.
RED S} +12V _SUPPLY
BLACK 7 —12V_SUFPLY
8,9,10 N.C.

HIROSE RM15TPD10S

SOCKET WITH SHRO
& PLASTIC LOCKING
BOTH ENDS

Figure 11 Mag-03MC CABLE DR0748(2)

STANDARD LENGTH 5m

ub
RING

S

HIROSE RM15TPD10S
SOCKET WITH SHRGOUD
FITTED

WIRING SCHEDRULE

CABLE COLOUR| PIN No. FUNCTION
BLUE 1 X QUT
YELLOW 2 Y OUT
WHITE 3 Z OUT
GREEN 4 SIGNAL/POWER GND.
SCREEN 5 SIGNAL/POWER GND.
RED 6 +12V_SUPPLY
BLACK 7 —12V _SUPPLY
8,9,10 N.C.

MATING CONNECTOR
AMPHENOL SOCKET
62GB—16J10-7S
WITH SHROUD

WIRING SCHEDULE

CABLE COLOUR| FIN No. FUNCTION
BLUE A X QUT
YELLOW B Y QUT
WHITE C
GREEN D SIGNAL/POWER GND.
SCREEN E SIGNAL/POWER GND.
RED F +12V SUPPLY
BLACK G —12V _SUPPLY

Figure 12 Mag-03M CES CABLE DR0756(2)
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g ¢

HIROSE RM15TPD10S
SOCKET WITH SHRCUD

FITTED
WIRING SCHEDULE
CABLE COLOUR| PIN No. FUNCTION
BLUE 1 X _QUT
YELLOW 2 Y QUT
WHITE 3 Z QUT
GREEN 4 SIGNAL/POQWER GND.
SCREEN 5 SIGNAL/POWER GND.
RED 6 +12V SUPPLY
BLACK 7 —12V _SUPPLY
8,9,10 N.C.

Mj

D-TYPE T CANNCN DEM—9S—NMB

PLASTIC BODY WITH NON—MAGNETIC

4—40UNC LOCKING SCREWS
WIRING SCHEDULE

CABLE COLOUR| PIN No. FUNCTION
BLUE 6 X QUT
YELLOW 8 Y QUT
WHITE 5 Z QUT
GREEN 4 SIGNAL/POWER GND.
SCREEN SIGNAL/POWER GND.
RED 1 +12V_SUPPLY
BLACK 2 —12V SUPPLY
7,9 N.C.

Figure 13 Mag-03MS CABL E DR0996(2)

LENGTH UP TG 600m

g ¢

HIROSE RM15TPD10S
SOCKET WITH SHRCUD
FITTED

WIRING SCHEDULE

CABLE COLOUR| PIN No. FUNCTION
BLUE 1 X QUT
YELLOW 2 Y OUT
WHITE 3 Z QUT
GREEN 4 SIGNAL/POWER GND.
SCREEN 5 SIGNAL /POWER GND.
RED 6 +12V SUPPLY
BLACK 7 —12V SUPPLY
8,9,10 N.C.

MATING CONNECTOR

AMPHENOL SOCKET
62GB—16J10—7S
WITH SHRCQUD

WIRING SCHEDULE

CABLE COLOUR| PIN No. FUNCTION
BLUE A X _QUT
YELLOW B Y OUT
WHITE C Z QUT
GREEN D SIGNAL/POWER GND.
SCREEN E SIGNAL/POWER GND.
RED F +12V_SUPPLY
BLACK G —12V SUPPLY

Figure 14 Mag-03M SES CABLE DR1257(2)
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600m MAXIMUM

HIROSE RM15TPD10S
SOCKET WITH SHROUD

FITTED

16

WIRING DIAGRAM

IMPULSE
[E=XSJ—7-CCP
MOULDED TO CABLE

2 G

3G

4G

506

6 G

7 G

1 WIRING SCHEDULE

o 2 CABLE COLQUR| PIN No. FUNCTION
JBLUE |t | X OUr. |
o3 I YELLow ~ | 2 T TTyour
[ CWRE T - 3 vour |
o4 | TOREEN - |~ "2 " |SIGNAL/POWER GND.
SCREEN |77~ 5 __ | SIGNAL/POWER GND. |
©5 O RED T 6 | +12v SUPPLY _ |
o6 | CBLACK T 7| —12v suPPLY |

o7 8.9,10 N.C

Figure 15 Mag-03MSS CABLE DR1017(2)

ALL DIMENSIONS mm

6 X SCREWS
M5 X 25 LONG NYLON

Figure 16 Mag-03MC-BR MOUNTING BRACKET DR0746(2)
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CONNECTOR

—————————————

\+<ﬂ(27TA) 1270mA | +12V SUPPLY
OUTPUT
(Zo< 1Y)
47UF U X OUT
(2ov) L | 9TvF i - | 62mA |
—_— S st g Y OUT
I T 62ma
[ e Z OUT
i T b2mA
Vx Wy Vz SIGNAL/POWER
® GrouND
47uF 1
(2ov): —— 0.1uF SIGNAL/POWER
o GROUND
—12V SUPPLY
|— (8mA)

Figure 17 Mag-03 INTERFACE SCHEMATIC DR1006(2)

AMPLITURE
V RMS) MAXIMUM RIPFLE +5%
FULL POWER) [
, [T T T ]
AMPLITUDE
[}
PHASE LAG
—2dB
. \\
’ {
, J
1 \
1 2 3 4567SEH1 2 3 4 5 67891 5 2 3 4 5 67891 3 2 3 4 5 67891
10 e 10 10 10 FREQUENCY

Figure 18 Mag-03 TYPICAL FREQUENCY DEPENDENT AMPLITUDE
& PHASE RESPONSE DR1007(2)

PHASE LAG
(DEGREES)

Q
—-20
—40
—60
—80
—100
—-120
—140
—160Q
—180
—200

Hz
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1.00708 Hz Y= 6.282 pTrms/sqriHz LinMag PSD D

Averaging
on On

Numher Averages
3000

Average Type

AMS  Veclor
Peak Hold

Average Mode

Linear
h‘ Exponential

Vi Overlap
W T wH‘T;M%f;‘ ST 99.8%
91.55 mHz 6.19507 Hz 12.29858 Hz
Top = 50pTrms/sqriHz  5pTrms/sqriHz/div  Wado: Flatiop
File=Live
top -48 dbV¥ Avrgin
F ’ 3 l]IEI
Mag-03 Noise Plot Standard Version
Figure 19 DR1008(2)
1.00708 Hz ¥=4.458 pTrms/sqriHz LinMag PSD 0
Averaging
on On
Humber Averages
Jooo
Average Type
AMS  Vector
Peak Hold
Average Mode
Linear
Exponential
b ]
'\‘q Overlap
= 99.8%
W#wwumwﬂwﬂwwmum
91.55 mHz 6.19507 Hz 12.29858 Hz
Top = 50pTrms/sqriHz  S5pTrms/sqriHz/div  Wndo: Flattop
File=Live
top -48 dbV Avrgin
F ’ 3 l]"l

Mag-03 Noise Plot Low Noise Version

Figure 20 DR1009(2)
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