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Section 1

SPECIFICATIONS
Tablel. Modd 5451 Specifications

Magnet Field @ max power (X,Y,Z=0.0)

Magnet I nside Diameter:

Magnet Length:

Coils (series connection)
coil Resistance (20°C)
max resistance (hot)*
max power (air cooled)
max power (water cooled)

Sdlf Inductance

Calibration Factor (field versuscurrent)

Fied Uniformity DB/B

Water Cooling (18°C)

Overtemper ature Interlock

Dimensions

M ass

54 mT (540 Gauss)

300 mm (11.8 inch)

338 mm (13.3 inch)

0.32 Ohm

0.37 Ohm

25A/9.3V (0.23 kW)
70A/25V (1.81 kW)

0.77mT/A

lessthan £200ppm over a 30mm sphere

1.0 bar (15 psd), 2 liters/m (0.5 US gpm)

Elmwood 3450G thermd sensor part number
3450G 611-1 L50C 89/16 mounted on each cail
and wired in series. Contact rating 120V ac,0.5A.
Closed below 50°C.

Drawing 11910040
500 mmW x 552 mm D x 427 mm H
(19.7 inchW x 21.7 inch D x 16.8 inch H)

100 kg (220 Ib)

*CAUTION - The value of maximum coil resistance given should not be exceeded. At this
resistance the coils are at maximum safe temperaturefor continuous operation.
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Section 1
SPECIFICATIONS
Table2. Modd 5451 Electrical and Water Connections

DC Current (as seen from the front refer to Drawing 11910040)

Left hand termind Negative
Right hand termindl Pogtive
Ground

An M4 screw (Part 14 on drawing 11910040) is provided near the coil current connections to enable the
magnet frame to be grounded according to loca safety regulations. It is normally appropriate to connect the
magnet frame to the power supply ground.

Interlocks (refer to Drawing 11910040)

Overtemperature thermogtats (part 9 on Drawing 11910040) are ingtalled on each coil cooling plate. These
are normally closed for temperatures of lessthan 50°C. All six thermostats are wired in series. The magnet
power supply should be connected so that if any thermostat opens (goes overtemperature) the power
supply current will be set to zero. User connections are made directly to the thermogtat terminds.

Water (refer to Drawing 11910040)
outlet V4 inch NPT
inlet 1/4inch NPT
(mating couplings for 6.0 mm (1/4 inch) 1D hose are provided)

CAUTION - Ensure that the high current connections are tight. Loose connections may lead to oxidation
and overheating. Thefield stability may be degraded and the current terminations damaged.



Section 2
WARNINGS

REFER TO WARNINGS BELOW BEFORE OPERATING ELECTROMAGNET

Personnd Safety

The Mode 5451 is a unshielded eectromagnet. In operation the magnet fringing field can be in excess
of 0.5mT(5G). This can cause mafunctioning of heart pacemakers and other medica implants. We
recommend that the fringing field should be mapped and warning signs be placed outside the 0.5mT
(5G) contour. Entry to this region of higher field should be restricted to qualified personndl.

Ferromagnetic Objects

During operation the magnet exerts strong magnetic attraction towards ferromagnetic objectsin the near
vicinity. Loose objects can be acceerated to sufficient velocity to cause severe personnd injury or
damage to the coils. Keep ferromagnetic tools clear!

Arcing

This magnet stores condderable energy in its fidld during operation. Do not disconnect any current lead
while under load or the magnetic fidd energy will be discharged across the interruption causing
hazardous arcing.

Coil Hot Resistance
Do not exceed the maximum coil hot resistance given in the specifications or coil overheating and
possible damage may occur.

Interlocks
These should dways be connected if the magnet is operated unattended, to avoid the possibility of coil
overheating caused by excessve power dissipation or inadequate cooling.

Watches, Credit Cards, and Magnetic Disks

Do not move magneticdly senstive items into the dlose vicinity of the magnet. Even some anti-magnetic
watches can be damaged when placed in close proximity to the magnet during operation. Credit cards,
and magnetic disks are affected by magnetic fields aslow as 0.5mT (5G).



Section 3
INSTALLATION

Caution: Thisisaheavy sygem. All movement, lifting and ingdlation of the 5451 Electromagnet must be
under the supervision of an experienced person to prevent the possibility of seriousinjury or damage to the
Electromagnet and associated equipment.

Unpacking I nstructions and Damage | nspection
To unpack the eectromagnet please use the following procedure.

1. Firgt remove dl of the "Hex Head Screws' located at the lower edge of dl the Sde pandls of the "Crate
Top Cover".

2. Gently rock the "Crate Top Cover" to work it loose from the shipping crate base.

3. Use one person on each sSde of the shipping crate, grip the sde panels of the Crate Top Cover. Lift
"Crate Top Cover" high enough to clear top of eectromagnet, walk cover sdeways to clear area and
place on floor.

4. Ingpect the magnet to ensure that no damage has occurred to the magnet in shipment. If damage is
evident report the damage in detail to the shipper for daim and smultaneoudy notify GMW in case
assessment of the damage must be made. If no damage is found proceed with magnet unpacking and
ingdlation.

With suitable lifting equipment (eg 150kg 330lb minimum safe lifting rating) lift magnet clear of the
shipping créte.

TAKE CARE THAT NO SIDE LOADS ARE PUT ON THE MAGNET MOUNTING LEGS, OR
DAMAGE MAY OCCUR.

Siting Considerations
The Modd 5451 has no magnetic shidding. Magnetic materid in the vicinity of the magnet will
modify the magnitude and uniformity of the centrd region magnetic fidd. As a generd rule avoid
magnetic materid closer than gpproximately 1 meter of the central region.

Background fields such as the geomagnetic field and aternating field from 60Hz power sources  are
unshielded by the magnet and will add vectoridly to the field produced by the magnet. If possible
these background fields should be measured and their effects eval uated before the Model 5451
magnet isingaled. It may be necessary to orient the Mode 5451 axisto minimizethe effects of externd
fidlds, to reste ac power sources or to ingal suitable magnetic shidding.
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Section 3
INSTALLATION

Electrical Circuit
Never connect or remove cables from the magnet with the power supply comnected. The stored energy in
the magnet can cause arcing resulting in severe injury to personne or equipment damage.

The magnet has two coils which are connected in series, (Refer to drawing 11910040). The power supply
cables should be connected directly to the dc current terminals marked + and -. Recommended current
cable for the 5451 is stranded copper of 16mn? cross section (4 AWG). Because the magnet stores a
sgnificant amount of energy in its magnetic field, specid care should be taken to insure that the current
terminations are secure and cannot work loose in operation. Loca hesting a the terminations can cause
rgpid oxidation leading to a high contact resstance and high power disspation a the terminds. If left
unattended this can cause enough loca hegting to damage the terminas and the cails.

The 5451 Interlocks

The Modd 5451 has six thermostats, Elmwood 3450G Part Number 3450G611-1 L50C 89/16. They are
located on the coil cooling plates and wired in series. User connections are mede directly to the thermogtat
termindls.

Cooling

The Modd 5451 can be operated to an average coil temperature of 70°C. Assuming an ambient
laboratory temperature of 20°C and a temperature coefficient of resigtivity for copper of 0.0039/°C, the hot
resistance of the coil should not exceed 20% more than the ambient temperature "cold" resistance. The coil
thermal thermostats will open when any coail cooling plate temperature exceeds approximately 50°C . Clean,
cool (16°C - 20°C) water at 2 I/min and 1 bar (15 psid) should be used to cool the 5451 magnet.

The cooling copper tubes are dectricaly isolated from the coils to avoid dectrochemica corroson. A 50
micron filter should be placed before the input to the magnet to trap particulates.

For continuous operation of the magnet it may be appropriate to use a recirculating chiller to reduce water
and drainage costs. The chiller capacity will depend on whether cooling is required for the magnet alone or
magnet and power supply. For the Model 5451 Electromagnet done a suitable chiller is the Bay Voltex
Modd: RRS-0850. Use didtilled or delonized water with a biocide to prevent bacterial growth and
corroson. Do not use corrogon inhibitors in high quaity eectricd systems since the water conductivity is
increased which can result in increased |leakage currents and electrochemica corrosion.

At currents of approximately 25A and below the Modd 5451 can be operated safely without water

cooling. However the coil temperature will vary with the power disspation. This results in dimensond
changes of the magnet and air cooling is not suitable when high fidd stability is required.
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Section 3
INSTALLATION
Cooaling - continued

Freon, ail, ethylene glycol or other cooling mediums can be used. The flow required will be gpproximately
inversely proportiond to their specific heats. An experimenta determination of the flow and pressure

required will be necessary.

Avoid cooling the magnet below the dew point of the ambient air. Condensation may cause eectrica shorts
and corrosion.

During operation the resistance can be checked using a voltmeter across each coil. The voltage will riseto a
constant value once therma equilibrium has been reached. If it is desired to save water, the flow can be
reduced until the hot resstance is gpproached. NOTE: This adjusment must be made dowly enough to
dlow for the thermd inertia of the coils.
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Section 4
OPERATION

General
The magnet operates as a conventiona e ectromagnet.

1. Adjus the cooling water flow to about 2 litersmin (0.5 USgpm). For operation a less than maximum
power the water flow may be correspondingly reduced. Note that the inlet water temperature will
determine the actua flow rate required. The above specified flow rates were determined with a water
inlet temperature of gpproximately 18°C.

2. Turn on the power supply and increase the current until the desired field is reached.

Calibration
The Cdibration factor may be used to estimate the field in the air gap to within one percent. More accurate
field determination may be obtained by deriving experimentaly a cdibration curve.

Gregter precison in setting up the calibration curve will be achieved with the use of a digital gaussmeter and
by making a numericd table. This table used with an interpolation routine will diminate the error associated
with reading agraph.

In any event, three points need to be remembered:

1. A cdibration curve or table is only as good as the precision employed in generating it.
2. Thefidd is defined only a the point it is measured. 1t will generdly be different a a different point in the
magnet. For example, the induction curvesrefer to the fidld on the axis and at the center of the coil pair.
3. Thefidd is mogt directly a function of the current in the magnet coils. Voltage across the coils is not a
good measure of field since the eectrical resstance of the coils depends on the temperature (about
0.4% per degree Cdsius).

Field Control Operation

The necessity to use cdibration curves can be avoided by using afield controller to sense the magnetic field
and provide a corresponding power supply control signd through the power supply programming inputs.
Contact GMW for suitable instrumentation.



Section 5

MAINTENANCE

Check the cooling water circuit to ensure the water is clean and free of debris and bacteria growth. Ensure
thein-line water filter is clean.
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Section 6

STANDARD OPTIONS
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CUSTOM OPTIONS
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EXCITATION CURVES
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TEST DATA
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|_A | RELEASE | |08/22/94] H.GLAVISH
[ MAGNET SPECIFICATIONS |
FIELD [ ot X,Y,Z = 0.0] 54 mT [540 G D
AXIAL UNIFORMITY [over #30 mm spherel 200 ppm
COILS [series connected]
MAX RESISTANCE 0. 37 Ohm
MAX POWER [air] 25A/9. 3V (0. 23 KW
MAX POWER [water] 70A/25. 9V (1. 81 kW
COOLING: 2 I/min [0.6 GPM] @ 1.0 BAR [15 PSID]
THERMAL INTERLOCK OPEN CIRCUIT ABOVE S0°C [122°F1]
MASS 100 kg [220 lbs]
NOTE: DO NOT EXCEED THE MAXIMUM SPECIFIED COIL RESISTANCE
OR COIL DVERHEATING AND POSSIBLE DAMAGE MAY OCCUR.
427 les] 6380 [915.0]
C
32| 6 WASHER, NEOPRENE 16x4x4 THK
©300 (2118 S Dot T - ¢
30 1116900270 CURRENT LINK
29 1 WASHER, FLAT M4 BRASS
28 11289-679 WASHER, M4 CRINKLE BERYLLIUM COPPER RS
27| 12 M4x8 SHCS BUTTON HD S/S
o1 1831 @ 24] 1[10901220 LABEL, WATER INLET
23 1110901230 LABEL, WATER OUTLET
22| 1]10900720 LABEL, GROUND [same as used on 347(]
8 21 2| KAD4-04MB HOSE CONNECTOR,1/4”ID BRASS 1/4NPT
— 20 1117904610 MOUNTING PLATE
ELECTRICAL
CONNECTIONS
M6
B
Hm, |
T T _ T /
T = 7 T )
®14.0 THRU
[4x]
[e———————————— 450 [17.7] MOUNTING HOLES ————|
DESCRIPTION
952 [217] ~——————————— 450 [17.7] MOUNTING HOLES ——————=
DO NOT SCALE
S00 [19.71 n.aLavish /2| Peon oramve | G M VY
g 955 Industrial Rd, San Carlos, CA 94070
Sy oot Tel: (650)802-8292. Fox: (650)802-8298.
PROBE HOLDER/MOUNT [RADIAL] LOCATION, SEE DWG NO: 11901720 FOR DETAILS \\
A t=] GENERAL ASSEMBLY
AXIA A . 7 Al X i .
PROBE HOLDER/MOUNT [AXIAL] LOCATION, SEE DWG NO: 11901730 FOR DETAILS nmo \MMU Mvm MODEL: 5451
5451 [rnis PP os o T Tec” T'size JorAWNG No
4. SEE DRG NO: 11901740 FOR DETAILED MAGNET WIRING SYSTEM  [THIRD ANGLE PROJECTION
@m>é 11910040 B
2000 scALE 1:2 [WT kg 1 1
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