GMW

USER’S MANUAL

MODEL: 3472-50
MODEL: 3472-70

100MM ELECTROMAGNET

PROPRIETARY
THIS DOCUMENT  CONTAINS  CONFIDENTIAL  INFORMATION
PROPRIETARY TO GMW ASSOCIATES. IT MUST NOT BE REPRODUCED
OR DISCLOSED TO OTHERS OR USED IN ANY WAY EXCECPT FOR THE
INSTALLATION, OPERATION OR MAINTENANCE OF GMW ASSOCIATES
PRODUCTS.

File No: M34729.407 Revision Date: July, 2009

G M 955 Industrial Road, San Carlos, CA 94070 Tel: (650) 802-8292 Fax: (650) 802-8298
Email: sales@gmw.com Web site: http://www.gmw.com



TABLE OF CONTENTS

SPECIFICATIONS Section 1
Table 1 Model 3472-50 General Specifications
Table 1 Model 3472-70 General Specifications
Table 2 Model 3472-50/3472-70 Electrical and Water Connections

WARNINGS [ Refer tothis section before operation of Electromagnet ] Section 2
INSTALLATION Section 3
Unpacking Instructions
Mounting Position

Pole Sdlection and Installation
Electrical Circuit

Interlocks

Cooling

OPERATION Section 4
General
Calibration
Field Control Operation

MAINTENANCE Section 5
STANDARD OPTIONS Section 6
Motorized Rotating Drive
Bias Coils
Probe Holder
CUSTOM OPTIONS Section 7
EXCITATION CURVES Section 8
TEST DATA Section 9
DRAWINGS Section 10
Elmwood 3450 Thermostats
Imo Gems Series Flow Switch

Drawing 11801851 3472-50 Electromagnet General Assembly
Drawing 11801852 3472-70 Electromagnet General Assembly
Continued...



DRAWINGS (continued)

Drawing 11900730 3472-50/P62B-4050A Electromagnet Electrical Assembly
Drawing 13900230 3472-50/P62B-4050A Electromagnet Electrical Wiring
Drawing 11900720 3472-70/P63C-60110A Electromagnet Electrical Assembly
Drawing 13900220 3472-70/P63C-60110A Electromagnet Electrical Wiring
Drawing 11900320 3472-50/BOP20-40 Electromagnet Electrical Assembly
Drawing 13900170 3472-50/BOP20-40 Electromagnet Electrical Wiring
Drawing 13900090 3472-50/BOP20-20/20-20 Power Supply Electrical Wiring
Drawing 11900190 Electromagnet Assembly Sequence to Rolling/Rotating Base
Drawing 11803240 Electromagnet Assembly to Rolling /Rotating Base (45° Mtg)
Drawing 11803190 Electromagnet Assembly to Rolling Base (45° MtQ)
Drawing 11803220 Electromagnet Assembly to Rotating Base (45° Mtg)
Drawing 11900170 Electromagnet Assembly to Rolling/Rotating Base (Horz Mtg)
Drawing 11900160 Electromagnet Assembly to Rolling Base (Horz Mtg)
Drawing 11900180 Electromagnet Rotating Base (Horz Mtg)

Drawing 11803430 Electromagnet Rolling /Rotating Base Assembly

Drawing 11803170 Electromagnet Rolling Base Assembly

Drawing 11802090 Electromagnet Rotating Base Assembly

Drawing 11803260 Electromagnet Assembly to Vertica Mount

Drawing 11900150 Electromagnet Assembly to Horizontal Mount

Drawing 17802560 Electromagnet Vertical Mount Bracket

Drawing 17900180 Electromagnet Horizontal Mount Bracket

Drawing 17800520 Electromagnet 45 Degree Mount Bracket

Drawing 18900020 Electromagnet Tool Kit

Drawing 17801880 Pole Cap (100, 75, 50, 25mm)

Drawing 18800371 Shipping Crate Assembly

Drawing 18800400 Packing Box Pole Cap Pair



Section 1
SPECIFICATIONS
Tablel. Modd 3472-50 Specifications

Pole Diameter : 100mm (4 inch)
Pole Gap: 0 - 115mm (0 to 4.5 inch)
Standard Pole Caps: 100mm (4 inch) cylindrical

75mm (3 inch) tapered
50mm (2 inch) tapered
25mm (1 inch) tapered

Coils (series connection)

coil resistance (20°C) 0.59 Ohm
max resistance (hot)* 0.71 Ohm
max power (air) 20A/14V (0.3kW)
max power (water) 50A/36V (1.8kW)

Sdf Inductance
Water Cooling (18°C) 3liters/m (0.8 US gpm)0.8 bar (12 psid)

Overtemperature I nterlock Elmwood 3450G thermostat part number
3450G 611-1 L50C 89/16 mounted on each coil
and wired in series. Contact rating 120V ac,0.5A.

Closed below 50°C.

Water Flow Interlock Imo/Gems flow switch part number FS927
Part No.70823 mounted on outlet side of water circuit.

Contact rating 0.17A/120V ac (non inductive).

Set to open at aflow of lessthan 2.5 1/min (0.7 USgpm)

Dimensions Drawing 11801851
626mm W x 345mm D x 470mm H
(24.7inch W x 13.5inch D x 18.5 inch H)

Weight 325 kg (715 Ib)

*CAUTION - The value of maximum coil resistance given should not be exceeded. At this
resistance the coils are at maximum safe temperature for continuous oper ation.
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Section 1
SPECIFICATIONS
Tablel. Modd 3472-70 Specifications

Pole Diameter 100mm (4 inch)
Pole Gap 0 - 82mm (0to 3.2 inch)
Standard Pole Caps 100mm (4 inch) cylindrical

75mm (3 inch) tapered
50mm (2 inch) tapered
25mm (1 inch) tapered

Coils (series connection)

coil resistance (20°C) 0.59 Ohm
max resistance (hot)* 0.71 Ohm
max power (air) 20A/14V (0.3kW)
max power (water) 70A/50V (3.5kW)

Sdf Inductance
Water Cooling (18°C) 6 liter/m (1.6 US gpm)2.0 bar (30 psid)

Overtemperature I nterlock Elmwood 3450G thermostat part number
3450G 611-1 L50C 89/16 mounted on each coil
and wired in series. Contact rating 120V ac,0.5A.

Closed below 50°C.

Water Flow Interlock Imo/Gems flow switch part number FS927
Part N0.70825 mounted on outlet side of water circuit.

Contact rating 0.17A/120V ac (non inductive).

Set to open at aflow of lessthan 4.5 1/min (1.2 USgpm).

Dimensions Drawing 11801852
626mm W x 364mm D x 470mm H
(24.7inch W x 14.3inch D x 18.5 inch H)

Weight 335kg (737 b))

*CAUTION - The value of maximum coil resistance given should not be exceeded. At this
resistance the coils are at maximum safe temperature for continuous oper ation.
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Section 1
SPECIFICATIONS
Table2. Modd 3472-50/3472-70 Electrical and Water Connections

DC Current (as seen from the rear refer to Drawing 11801851/2)

Right hand terminal Negative
Left hand terminal Positive
Ground

An M5 screw (Part 51 on drawing 11801851/2) is provided near the Interlock Terminal Block
connections to enable the magnet frame to be grounded according to local safety regulations. It is
normally appropriate to connect the magnet frame to the power supply ground.

Interlocks (refer to Drawing 11801851/2)
Water flow

Water flow

Temperature
Temperature

No connection

No connection

Signd ground

No connection

O~NO U, WN B

Water (refer to Drawing 11801851/2)
outlet Yainch NPT
inlet Yainch NPT
(mating couplings for %z inch hose provided)

CAUTION - Ensure that the high current connections are tight. Loose connections may lead to
oxidation and overheating. The field stability may be degraded and the current terminations damaged.
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Section 2
WARNINGS

REFER TO WARNINGS BELOW BEFORE OPERATING ELECTROMAGNET

Personnel Safety

In operation the magnet fringing field isin excess of 0.5mT (5G). Thiscan cause malfunctioning
of heart pacemakers and other medical 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

should be restricted to qualified personnel

Ferromagnetic Objects
During operation the magnet exerts strong magnetic attraction towards ferromagnetic objects in
the near vicinity of its pole gap or coils. Loose objects can be accelerated to sufficient velocity to
cause severe personne injury or damage to the coils or precision pole faces if struck. Keep
ferromagnetic tools clear!

Arcing

This magnet stores considerable energy in its field during operation. Do not disconnect any
current lead while under load or the magnetic field 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 always be connected if the magnet is operated unattended, to avoid the possibility of
coil overheating caused by excessive power dissipation or inadequate cooling.

Watches, Credit Cards, and Magnetic Disks

Do not move magnetically senditive items into the close vicinity of the magnet. Even some anti-
magnetic watches can be damaged when placed in close proximity to the pole gaps during
operation. Credit cards, and magnetic disks are affected by magnetic fields as low as 0.5mT (5G).
Depending on the previous operating field and the pole gap, the remanent field in the gap can be
in excess of 5mT (50G) with the magnet power supply off or disconnected.
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Section 3

INSTALLATION

Caution: Thisis a heavy system. All movement, lifting and installation of the 3472 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 Instructions and Damage | nspection
To unpack the electromagnet please use the following procedure (Refer to Drawing 18800371).

1.

First remove all of the "Hex Head Screws" located at the lower edge of al the side panels 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 side of the shipping crate, grip the side panels of the Crate Top Cover.
Lift "Crate Top Cover" high enough to clear top of electromagnet, walk cover sideways to clear
area and place on floor.

Inspect 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 clam and simultaneoudy notify GMW in
case assessment of the damage must be made. If no damage is found proceed with magnet
unpacking and installation.

Remove the M16 Hex Bolts that secure the magnet to the stedl "shipping angle brackets'.

Remove the hex lag bolts that secure the geel "shipping angle brackets' to shipping crate base,
and remove "shipping angle brackets'.

Install M 16 lifting eye and washer to top of magnet yoke, screw down firmly.

The magnet is now prepared for final installation. Follow the appropriate following procedure to
install to 45°, vertical, or direct mounting.

Direct Mounting

1.

~wd

With suitable lifting equipment (e.g. 500kg (1100 Ib.) minimum safe lifting rating), lift magnet
50mm (2") clear of shipping crate base.

Slide shipping crate base clear.

Lower magnet to 50mm (2") above floor.

Move magnet to final location and secure using the stedl "shipping angle brackets'. The brackets
can be modified to suit installation space needs.

45° Mounting (Refer to Drawing 11900190)

1.

El A

[o2]

With suitable lifting equipment (e.g. 500kg (1100 Ib.) minimum safe lifting rating), lift magnet
50mm (2") clear of shipping crate base.

Slide shipping crate base clear.

Lower magnet to 50mm(2") above floor.

Move magnet to desired fina location and place on 12mm (0.5") plywood sheet and wooden
100mm x 100mm (4" x 4") blocks (refer to drawing 11900190, figure 2).

Install 45° Mounting Brackets using M16 x 30 Hex bolts, flat and spring washers (refer to
drawing 11900190, figure 2).

. Lift magnet from top lifting eye about 50mm (2") remove 100mm x 100mm (4") wooden block

located next to 45° mounting bracket (refer to drawing 11900190, figure 2).



Section 3

INSTALLATION

45° Mounting (Continued)

7.

Lower magnet so that it rests only on the front 2100mm x 100mm (4") wooden block (refer to
drawing 11900190, figure 3). The magnet is unstable in this position and must be held by lifting
eyebolt or blocks under the 45° mounting brackets.

Install shackles and lifting ding to BOTH FRONT EYEBOLTS. Caution, keep hands and feet
clear of magnet and 45° brackets during the following operation. Take weight of magnet and push
the top front of the magnet rearward. The magnet weight should move over center. Lower magnet
so that it rests on the 45° mounts (refer to drawing 11900190, figure 3 and 4).

Roalling or Raolling/Rotating Base Mounting (refer to Drawing 11900190)
Caution do not attempt to move magnet and rolling base or rolling/rotating base until the magnet has
been firmly bolted down to the base (refer to drawing 11900190, figure 6).

1.

2.

3.

© ©

To mount on rolling base or rolling/rotating base lift magnet from BOTH FRONT EYEBOLTS
high enough to clear top of base (refer to drawing 11900190, figure 5).

Slide rolling base or rolling/rotating base underneath, lower magnet to 12mm (0.5") above base
top surface (refer to drawing 11900190, figure 5).
Position rolling base or rolling/rotating base so the tapped holes in the base are aligned with the
45° mounting bracket holes (refer to drawing 11900190, figure 5). Lower the rolling base
support legs until they contact the floor, to prevent the base from accidentally moving
horizontally.

Lower magnet onto rolling base or rolling/rotating base assembly (refer to drawing 11900190,
figure5).

Secure magnet and 45° mounting assembly to rolling base or rolling/rotating base with M16 x 25
long Hex Head Bolts (refer to drawing 11900190, figure 6).

Raise the support legs and move magnet and rolling base or rolling/rotating base to desired
location.

Screw down the four support legs located on each corner of the rolling or rolling/rotating base
until the wheels clear the floor by 6mm (.25").

Secure the support legs with the locknut.

Secure rolling/rotating base to an adequate concrete floor to prevent movement and possible
injury to personnel during an earthquake.

Pole Cap Selection and Installation (Refer to drawing 11801851/2)
Using the field uniformity and excitation curves determine the most desirable pole cap; cylindrical or

tapered. In genera:

If auniform field is required use acylindrical cap.
If ahigh field is required use atapered cap.

Pole cap removal (refer to drawing 11801851/2)

agrwbdE

Turn off the power supply
Draw pole caps about 20mm into the pole sleeves.
Loosen the axia stud nut (item 35 on drawing 11801851/2).
Insert the hex key wrench into the end of the draw stud (item 6 on drawing 11801851/2).
Remove stud (item 6 on drawing 11801851/2) while supporting the pole cap.
3-2



Section 3
INSTALLATION
Pole Cap Selection and Installation (Continued)

Pole cap fitting.
1. Ensure the pole caps, pole cores, and pole sleeves are clean and free from debris.
2. Reverse the above pole cap removal sequence.

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

The magnet has two coils which are connected in series, (Refer to drawing 11801851/2 and Table 2
page 3.6). The power supply cables should be connected directly to the dc current terminals marked
+and -. Recommended current cable for the 3472-50 is stranded copper of 16mm? cross section (4
AWG) for the 3472-70 the cable size should be increased to 25mm? cross section (3 AWG).

Because the magnet stores a significant amount of energy in its magnetic field, specia care should be
taken to insure that the current terminations are secure and cannot work loose in operation. Local
heating at the terminations can cause rapid oxidation leading to a high contact resistance and high
power dissipation at the terminals. If left unattended this can cause enough loca heating to damage
the terminals and the cails.

The 3472 Interlocks

The Model 3472-50 has two thermostats, EImwood 3450G Part Number 3450G611-1 L50C 89/16.
They are located on the coil cooling plate and wired in series terminating at positions 3 and 4 on the
Interlock Terminal block. The sensors are normally closed, opening when the coil central cooling
plate temperature exceeds 50°C +/3°C. The 3472-70 uses six thermostats, three on each coil.

The water flow switch is connected to terminals 1 and 2. The contacts are normally open, closing
when the water flow exceeds approximate 2.51/min. for the 3472-50 and 4.51/min for the 3472-70.

Cooling

The Model 3472 can be operated to an average coil temperature of 70°C. Assuming an ambient
enviroment temperature of 20°C and a temperature coefficient of resistivity for copper of 0.0039/°C,
the hot resistance of the coil should not exceed 20% more than the ambient temperature "cold"
resstance. The coil thermostat will open when any coil cooling plate temperature exceeds
approximately 50°C . Clean, cool (16°C - 20°C) water at 3 |/min at 0.8 bar (12 psid) should be used
to cool the 3472-50 magnet, and clean, cool (16°C - 20°C) water at 6 |/min at 2.0 bar (30 psid) for
the 3472-70.

The cooling copper tubes are electrically isolated from the coils to avoid electrochemical corrosion.

A 50 micron filter should be placed before the input to the magnet to trap particulates and avoid
unreliable operation of the water flow switch interlock.
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Section 3
INSTALLATION

Cooling (Continued)

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 3472-50 Electromagnet alone a suitable
chiller isthe Bay Voltex Moddl: RRS-0850, for the Model 3472-70 alone use the Bay Voltex Model:
RRS-1650. Use distilled or deionized water with a biocide to prevent bacterial growth and
corroson. Do not use corrosion inhibitors in high quality electrical systems since the water
conductivity is increased which can result in increased leakage currents and e ectrochemical
corrosion.

At currents of approximately 20A and below the Model 3472 can be operated safely without water
cooling. However the coil temperature will vary with the power dissipation. This results in
dimensiona and permeability changes of the magnet yoke and air cooling is not suitable when high
field stability isrequired.

Freon, oil, ethylene glycol or other cooling mediums can be used. The flow required will be
approximately inversely proportional to their specific heats. An experimental 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 electrical
shorts and corrosion.

During operation the resistance can be checked using a voltmeter across each coil. The voltage will
rise to a constant value once thermal equilibrium has been reached. If it is desired to save water, the
flow can be reduced until the hot resistance is approached. NOTE: This adjustment must be made
sowly enough to allow for the thermal inertia of the coils.



Section 4
OPERATION

General
The magnet operates as a conventional electromagnet.

1. Adjust the poles to the desired gap with the poles approximately symmetrical about the center
magnet line. To reduce mechanical backlash when the magnetic field is applied, it is best to set
the poles by increasing the gap.

2. Adjust the cooling water flow to about 3 liters/min (0.8 USgpm) for the 3472-50. For the 3472-70
set water flow to about 6 litersymin (1.6 US gpm,). For operation at less than maximum power the
water flow may be correspondingly reduced. Note that the inlet water temperature will determine
the actual flow rate required. The above specified flow rates were determined with a water inlet
temperature of approximately 18°C.

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

Calibration

The excitation curves may be used to estimate the field in the air gap to within four or five percent.
More accurate field determination may be obtained by deriving experimentally a calibration curve for
the particular pole and air gap combination being used. Magnetic hysteresis in the yoke and poles can
cause an error of 30 to 70G (3to 7mT) with an arbitrary application of such a calibration curve. This
effect may be reduced to less than one percent by following a prescribed 'current setting schedule
designed to make the magnet ‘forget' its prior magnetic history. The schedule should of course be
used both in establishing the calibration curve and in its subsequent use. A possible schedule would
be:

From zero current, increase to maximum current and reduce again to zero current. Increase again to
maximum current and reduce to the current to give the desired field setting. Approaching the desired
field from a higher setting will typically produce better field uniformity. This is because the field
changes a the pole edges will normaly lag the field change a the center thereby helping to
compensate the radial decreasein field.

Greater precision in setting up the caibration curve will be achieved with the use of a digital
gaussmeter and by making a numerica table. This table used with an interpolation routine will
eliminate the error associated with reading a graph.

In any event, three points need to be remembered:

1. A calibration curve or tableis only as good as the precision employed in generating it.

2. The field is defined only at the point it is measured. It will generaly be different at a different
point in the air gap. For example, the excitation curves refer to the field on the pole axis and at the
center of the air gap (median plane).

3. Thefield is most directly a function of the current in the magnet coils. Voltage across the coilsis
not a good measure of field since the electrical resistance of the coils depends on the temperature
(about 0.4% per degree celsius).



Section 4
OPERATION

Field Control Operation

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



Section 5

MAINTENANCE

Periodically check that the pole adjustment mechanism is clean, properly lubricated and free of grit
and dirt, which may cause binding of the mechanism. Be very careful not to damage the relatively
soft pole surface since this may degrade the magnetic field uniformity in the gap.

Note that the surface treatments used provide good corrosion protection but in order to maintain the
inherent mechanical precision of the magnet, heavy build-up of plating materias is deliberately
avoided. As a result, high humidity or otherwise serioudy corrosive atmospheres can cause
corrosion. Periodically apply an appropriate corrosion protection, particularly when the magnet is
stored for an extended period.

Check the cooling water circuit to ensure the water is clean and free of debris and bacterial growth.
Ensure the in-line water filter is clean.
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STANDARD OPTIONS
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Section 7

CUSTOM OPTIONS



Section 8

EXCITATION CURVES



GMW Associates

Electromagnet Excitation Plot

Field Vs Gap

Contract No:
Customer:

Model:
Serial No:

Pole Face:
Serial No:
Pole Gap:

Pole Spacers:

3472-70
31

As per table below
None
As per table below
None

Page: 1 of 1

Power Supply:  D/F 854 100-100

Serial No: 9101033
Position: X=0, Y=0, Z=0
Notes:

Date: 04 Dec, 97
Engr: E schulze
Set Current: 70 Amps
Target Field:

4.0 1
3.5 E*
3.0 E*
25 E*

20 1

Field in Tesla

151
1.0 1

05 T

[ Pole Face

—+—25
—&—50
—&A—75
—X—100

0.0

10 20

30

40 50 60 70

Gap in mm

80 90

Filename: 3472 Gap-Field.xls




GMW Associates
Electromagnet Excitation Plot
Field Vs Current
Contract No: Page: 1 of 4 Date: 04 Dec, 97
Customer: Engr: E schulze
Model: 3472-70 Power Supply: D/F 854 100-100  Set Current: 70 Amps
Serial No: 31 Serial No: 9101033 Target Field:
Pole Face: 100 Position: X=0, Y=0, Z=0
Serial No: None Notes:
Pole Gap: As per table below
Pole Spacers:  None
4.0
35+
30+
|
] ——05
251
] —=—10
—A—20
©
2 ] 30
ool —X— 40
s @50
Qo . =
T - . —+—60
] = —X%—70
15 T e 80
10 | // X ,,,,//0
, x -
/ x P X
"
_ +
05+ gV
] // <
1/ > = '
0.0 % : ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80
Current in Amps

Filename: 3472 Ex 100-05-80.xls




GMW Associates

Electromagnet Excitation Plot

Field Vs Current

Contract No:
Customer:

Model:
Serial No:

Pole Face:
Serial No:
Pole Gap:

Pole Spacers:

3472-70
31

75

None

As per table below
None

Page: 2 of 4

Power Supply:  D/F 854 100-100

Serial No: 9101033
Position: X=0, Y=0, Z=0
Notes:

Date: 26 Feb, 98
Engr: E schulze
Set Current: 70 Amps
Target Field:

4.0
35T

3.0 1

Field in Tesla

—+—05
—&—10
—A—20

30
—X—40
—@—50
—+—60
—X—70

80

10 20

40 50 60

Current in Amps

70 80

Filename: 3472 Ex 75-05-80.xIs




GMW Associates
Electromagnet Excitation Plot
Field Vs Current

Current in Amps

Contract No: Page: 3 of 4 Date: 04 Dec, 97
Customer: Engr: E schulze
Model: 3472-70 Power Supply: D/F 854 100-100  Set Current: 70 Amps
Serial No: 31 Serial No: 9101033 Target Field:
Pole Face: 50 Position: X=0, Y=0, Z=0
Serial No: None Notes:
Pole Gap: As per table below
Pole Spacers:  None
4.0
35+
301
|
. 1 —+—05
] ///l,,,,,,,//——I*””’””l —m— 10
o e —A—20
g | 0
T 20 | 4 x40
i ] / —@—50
2 / —+—60
] / —X— 70
15 T / 80
X
/ _— —X
/ ¥ -
| — e
10+ / - X "
: / _— & —+
1 / _— _— +
// /)k” g 4+
/// o
ost |/ o
1// +
1 /
0.0 I ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80

Filename: 3472 Ex 50-05-80.xIs




GMW Associates

Electromagnet Excitation Plot

Field Vs Current

Contract No:
Customer:

Model:
Serial No:

Pole Face:
Serial No:
Pole Gap:

Pole Spacers:

3472-70
31

25

None

As per table below
None

Page: 4 of 4

Power Supply:  D/F 854 100-100

Serial No: 9101033
Position: X=0, Y=0, Z=0
Notes:

Date: 04 Dec, 97
Engr: E schulze
Set Current: 70 Amps
Target Field:

4.0 1
3.5 E*
3.0 E*
25 E*

20 1

Field in Tesla

151
1.0 1

05 T

0.0 ¥

—+—05
—&—10
—4A—20

30
—X—40
—@—50
—+—60
—X—70

80

10 20

40 50 60

Current in Amps

70 80

Filename: 3472 Ex 25-05-80.xIs




Section 9

TEST DATA



v

FRONT VIEW

Il

Z+]

|
E——

|

SIDE VIEW

—= [X+]

PROPRIETARY

This document contains information propritary to GMW Inc. It must

not be reproduced or disclosed to others or used in any other way,

in whole or part, except as authorized in writing by GMW Inc.

MAGNETIC PLOTTING AXIS

80900030

7 A 7 SHEET 1 OF 1




N

v -

1 SHIM SHOWN FITTED TO POLE AT 90 DEG POSITION
FRONT /J FRONT
180" 180°
270° 270
J %l l& |
LH POLE: CAP REMOVED RH POLE: CAP REMOVED
LH POLE SHIM DETAILS RH POLE SHIM DETAILS
NUMBER | THICKNESS | FOSITION NUMBER | THICKNESS | POSITION
1 mm deg 1 mm deg
2 mm deg 2 mm deg
3 mm deg 3 mm deg
4 mm deg 4 mm deg
MAGNET MODEL: __ _ _ DATA LOGGED BY:
MAGNET SERIAL NO: __ _ DATA LOGGED DATE:
) _ PROPRIETARY MAGNET FINAL SHIMMING LOG
This document contoins informotion prepritary te GMW Inc. i must
I Whols ot port. sxeant a8 authorized m writing by onb er " | 80000100 c | sweEr 1 oF 1

A |



v -

VIEW AREA “A*

% ]
H /> SHIM STOCK f‘.

UNDERCUT
AREA

—=—+— (.1 DEEP [NTS]

SECTION VIEW END VIEW
SHIM STOCK
CHAMFER 1mm —™ 20 |=—

[4 PLST N \

]
I | 50 4

| |
32 | |
| |
J | |

| 7 | i

DOUBLE SIDED TAPE

VIEW AREA “A” | SHIM DETAILS |

THROUGHLY CLEAN AND DEGREASE AREA WHERE SHIM IS TO BE FITTED.
CUT SHIM STOCK TO DIMENSIONS SHOWN.

APPLY DOUBLE SIDED TAPE O.Tmm THICK TO AREA SHOWN.

FIT SHIM TO POLE FACE, ENSURE TAPE IS KEPT WITHIN UNDERCUT AREA.
REASSEMBLE POLE CAPS ONTO MAGNET.

REMAP MAGNET, IF RESULTS WITHIN SPECIFICATION THEN GO TO ITEM 7.
IF OUTSIDE SPECIFICATION ADJUST SHIMS, REMAP THEN GO TO ITEM 7.

7. FILL IN SHIMMING DETAILS ON SHEET NO 3474-0001.

OO PN =

PROPRIETARY FINAL SHIMMING METHOD
This document ecantains Informotion prapritary ta GMW Inc. It must
not be reproduced or disclosed to sthers or used In any other way,
in whele gr part, except as authorized in writing by GMV); Ine. ¢ 80900110 A SHEET 1 oF

A |



GMW Associates
Electromagnet Uniformity Plot
Field Vs Position

Contract No: Page: 4 of 52 Date: 22 Jan, 1998
Customer: Engr: E Schulze
Model: 3472-70 Power Supply: 853-100A/100V Set Current: 70 Amp
Serial No: 31 Serial No: 9101033 Target Field:

Pole Face:  25mm Fixed Axis: Z=0,Y=0

Serial No: None Notes:

Pole Gap: 10mm
Pole Spacers: None

2.50000 -

2.00000 -

1.50000 +

Field in Tesla

1.00000 +

0.50000 +

000000 I I I I I I
VAV vV v v} T T T T T T

-80 -60 -40 -20 0 20 40 60 80

Position X mm

Filename: 3472 Un 70A X 25-10



GMW Associates

Electromagnet Uniformity Plot
Field Vs Position

Contract No: Page: 14 of 52 Date: 22 Jan, 1998
Customer: Engr: E Schulze
Model: 3472-70 Power Supply: 853-100A/100V Set Current:  70Amp
Serial No: 31 Serial No: 9101033 Target Field:

Pole Face: 50mm Fixed Axis: Z=0,Y=0

Serial No: None Notes:

Pole Gap: 20mm

Pole Spacers: None

2:50000
o & * o o
2.00000 +
®

1.50000 + ¢
©
)
(]
'_
£
o
©
i

1.00000 +

0.50000 +

0-00000 f f f f f f

-80 -60 -40 -20 0 20 40 60 80

Position X mm

Filename: 3472 Un 70A X 50-20



GMW Associates

Electromagnet Uniformity Plot

Field Vs Position

Position X mm

Contract No: Page: 45 of 52 Date: 22 Jan, 1998
Customer: Engr: E Schulze
Model: 3472-70 Power Supply: 853-100A/100V Set Current:  70Amp
Serial No: 31 Serial No: 9101033 Target Field:
Pole Face: 100mm Fixed Axis: Z=0,Y=0
Serial No: None Notes:
Pole Gap: 50mm
Pole Spacers: None
1.40000 -
1.20000 -
1.00000 -|
©
3 0.80000 -
'_
£
ke
3
LL
0.60000 -
0.40000
0.20000
-80 -60 -40 -20 0 20 40 60 80

Filename: 3472 Un 70A X 100-50




GMW Associates

Electromagnet Uniformity Plot
Field Vs Position

Position X mm

Contract No: Page: 51 of 52 Date: 22 Jan, 1998
Customer: Engr: E Schulze
Model: 3472-70 Power Supply: 853-100A/100V Set Current: 70 Amp
Serial No: 31 Serial No: 9101033 Target Field:
Pole Face: 100mm Fixed Axis: Z=0,Y=0
Serial No: None Notes:
Pole Gap: 80mm
Pole Spacers: None
0.70000 -
0.60000 -
0.50000 -
©
3
'_
£ 0.40000
ke
3
LL
0.30000
0.20000
0.10000 -+
-80 -60 -40 -20 0 20 40 60 80

Filename: 3472 Un 70A X 100-80
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DRAWINGS



SERIES 3450/3450R/3455R/3455RBV 15 AMP THERMOSTATS

Typical Applications:

Power Supplies
Communication
Equipment

Medical Equiopment
Gomputers (Where

High AMP Loads are
Present)

The Series 350/3455R is a snap-acting, non-
adjustable precision thermostat especially suited

for industrial and electrical equipment.

The 3450 (390" or 10mm overall) is ideal for
applications that require precision control of high

electric loads to & Amp resistive,

The 3450R and 3455R have a patented metal
insert rivet construction.

The 3455R (484" or 12.5mm) overall, has higher
spacing as required by European approval
agencies. Model 3455RBYV is an epoxy overmold
version of the 3455R, specifically designed for
electrical insulation or protection in a high
humidity environment. Consult factory for
performance qualifications.

To insure that a safe combination of thermostat
and application is achieved, the purchaser must
determine product suitability for their individual
requirements,

Rrghid Ingar] Slesee Constrgchion
[A50R mea JL55R)

Smitching
# dermn

-0
Transfes Fin Digs: Ratyingt
Bimial Desc
*Series 3450/ 34500 / 3455R / J455RBV
MODEL ELECTRICLIFECYOLES 120 VAC 240 VAC VA
3450 100.000 .04 = C
345081 100,000 154 234 T2
3455R 100,000 44FAZEALRA 22FLATLAAA -
6000 SEAASLBLRA ZOFLAITALRA -
3455RBV 100,000 158 B3 -
6,000 SHAMALRA 284 170AR -
A Aaops
FLA: Full Liad Arnps
LEA: Locked Roior Amps
Cantacts &re avallable lor millivolt and miSlhsenp spplications

*lnclodes UL and CSA ratings
Canmalt Flmwood Sersors for additions! ratings

Key Features:
* Elactric Rating to 15 Amp 120 VAC Resistive

* Environmental Exposure ¢ to 350°FF
(~18° to 177C)

Ul recognized and CSA certified and European
Approved

= Single-Pole, Single-Throw (SPST)
* Pre-set and Tamperproof

# Variety of Mounting Brackets and Terminals
Availabie



SERIES 3450/3450R/3455R/3455RBV 15 AMP THERMOSTATS

Standard Temperature Characteristics

2 o TF
0 lo 25°C

BO° fo 200°F
25" 10 95°C

2 to 250°F
96" o 120°C

251 to 302°F
121.7° o 148.9°C

:+
o

Lo e ] o m onih Lhoen tn & emoan

Tolerance
Aliwzble

+ al mean
temperstE

sat poitz
10 £"F £°C
28 B 44
28 T 3%
28 6 33
28 B 313
28 8 44
28 ¥ 339
28 B 33
22 5 2B
44 B 44
39 7 39
33 6 33
28 6 28
39 8 44
38 7 39
38 7 339
33 7 30

Stendard

Meaan

Differential

Mominal degrees

Disbwanen) cpeing

] closing

pints

“F G

J0-50 16-28
25-29 14-16
20-24 11-13
15-19 &N
30-50 16-26
220 14-16
024 11-14
15-1% B-11
30-50 16-28
25-29 14-16
20-24 11-14
15-19 &1
30-50 16-28
30-50 16-28
20-29 11-16
15-1% 31

m
I

Gt sevording 1o kevel of acoerscy required. Ceraup | with grestest Ltivade is less expensive than Geoup I, e
Flease consult factony for temperature ranges, tolerances and differentials not sosed, Tl operating
temperature ranges inclede iderances.
The £ tolerances shown have been esshlishied after careful review af many thermostat applicitions. Anempdn
should be made to establieh the wides) accepable tnlerance possible. For example, the chast may st o ilerance

of 357 F (28"} however, <6°F £5.5°C) may be acceptable for the application ar seduced cost.

Nete: Temperalure checking meihads may he sghth different, and alfowance for a 1.5°F (170 vadanee sheould

ke considered.

See Sectlan B of the Terminal and B

Lruide for di

| chearscteristcs,

Operating Parameters

Diejectric Sirength

Mil-5T0-202 Mesod 301 -2000 WAG 60 Hz -
Terminal o Case

Mik-5T0- 202 Method 302 Cond. B - 500 Megohims -

Insutation Resistance
5ill) Vit OC apphed
Enviranmental Exposare (1° fo 350°F <187 1 177°0)
Operating Temp. Fange 32 to 302°F 40 to 150°0) ) o
Comiact Aesstance Wl-5T0-202, Method 307 - 50 Milohms
Marking MSTD-1 285 )
Weight B Grams (Brackets and wire i8ads nof included) —
Materials Base Fhaionic

Terminals: Fated Brass or Siesl

Closura: Aluminum, Stainfess Steel, or Brass
Brackets: Aluminum, Stankss Steel of Brass
Lomacts: Shar

UL and CSA Listngs

UL atnl 254 Listings are for wse in equipment where the accentahiling
of the combiraion of the themsoesiar andd ecpuipimesi is determined by
Underwraers' [aborataries. Ine. and/or i Canacdian Standards

Adscitalion

UL Flle E4E008, U1, File SA44658 (3455RBY anby), UL File MRS
CHGGE only), US4 File 21028



Flow Switches

FS-927 Series - Small Design
For Tight Instrumentation Packages

Flow Rate Seitings: 0.10 GPM to 1.50 GPM ’ X
Port Size: 1/4" NFT ] »
Primary Construction Material: Brass = R

Setting Type: Fixed

Measuring only 1'x 2-3/47 these compact switches are ideal for wse where space = at 3
premium. Designed for use with water and oil, these switchas. arg suitable for high volume QEM
applications. They are ideal for coodant or lubeicant fow manitoring @ portable equipment and
many ather apglications with space constraints.

UL Recopaizad —

Fle Mo, E31826

Dimensions

Specifications
Wietted Malerials

Housing and Pigion Brass

Spring 316 Stairiess Steel

Diher Wekted Paris Siainless Stesl -
Operating Pressure. Magimun 10 PSIG -
Operating Temperalure —20°F 0+ 225°F (- Lo+
Sed Point Accuracy +15% Ma:nlml-rr_\ - '
Set Point Difterential 20 Maximum
Swilch® SPST. 20 i -
Intet Dutlel Ports 1147 NPT
Elecirical Termination N, 18 NG, 24T L, Pl:i‘_.'-.'nr;ru_: Lead Wires Eay

"Eap “Electrical Data” on Page 3 for more ilarnation. =
- 2-\1 ‘r_:—"'_..
l__.—'_'-lﬁi Gnm|
Huw m umﬂ'r H Sta“dﬂrd Madms ; An FS-927 unit is shown sdhouetted againsl e dready cnall FE-025 unt 1
Specify Part Number based on flow setting and switch operation, -lhﬂmﬁ n::-jnla I*ﬂ:_;aua:msrmimﬂ  propaide probaclioe 10 your

a
Liquids other than water: Special caRration s avaiable from GEMS for media other than ‘ e
water. Please consult factory with your requirements, including flow media, operating pressure,
flow st point and liquid viscosity [S5L).

Pressure Drop- Typical

Florw Part Numbers
Setting Mormaly Open Hormaly Clased
P (@ Ma Flow (E Mo Flow K
0.10 70820 10826 s el §
.25 Thdazt LIk 2 T
0.50 T0a22 ELEHE ! Farl o TG0
0.75 Toazi 70829 E' '
1.00 Toa24 e
150 70825 70831 P = 0 ' :
FLOW BATE - GPW
Nates: Tty corckicted with wnits i 3 vortcal pasihan Sesd wres |, wil waler ol + 0°F
1. Fiaw settings are calibrated using water (@ +70°F on increasing flaw, wilh unds in a werlical position
(A whres up)

2 Care should be taken by spaciliers to ersurs fluid compatibility with the abowve ksted wetted malterials
3 Use of 50 micron fEraton is recommended

TYPE

PISTON
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PROPRIETARY REVISIONS
THIS DRAWING CONTAINS CONFIDENTIAL INFORMATION
PROPRIETARY TO GMW INC. IT MUST NOT BE REV DESCRIPTION DRAFT DATE APPROVED
%m%g%ﬂziwmﬁ PR BLCEET 45 ATHORZED 1 MATERIAL: 1006 LOW CARBON PLATE A | RELEASE 06/29/33| AMARTIN
IN_WRITING BY CMW INC. 2 MATERIAL MUST BE CUT WITH THE AXIS OF THE PART RUNNING DD 7 FOLE CAP AMARTIN
IN THE SAME DIRECTION AS THE RAW PLATE GRAIN B Smm_FOLE 03/08/93] A MARTI
C |CHANGE PART NO's OF POLE CAPS 07/28/94| G.DOUGLAS
3 POLE PIECES FOR EACH PRODUCTION RUN ARE TO BE CUT FROM D |ROUND POLE FACE TO 50.00 AND 25.00 11/21/01] G.DOUGLAS
THE SAME RAW PLATE FROM THE SAM PROXIMITY E | CHANGE/ADD NOTE ELECTROCLEAN FINISH ONLY 10/19/02| G.DOUGLAS
4 ROUGH MACHINE RAW MATERIAL TO ©105 THEN FULLY ANNEAL
TO BSL TP85800040
S ANY VOID LAMINATIONS OR OTHER SUCH DEFECTS WHICH BECOME
APPARENT DURING MACHINING WILL BE CAUSE TO REJECT THE PART
6 STAMP BACK FACE WITH CURRENT S/No AS DIRECTED
(7] SURFACE GRIND BOTH FACES. GRIND POLE FACE LAST TO AVOID SCRATCHING
8 “ELECTROCLEAN ONLY AFTER GRINDING’ TO BSL 85800120
DO NOT BEAD BLAST, OR ORBITAL SAND SURFACES.
9  FINISH EN PLATE .0l THICK TO BSL TP85800120
10 DIMENSIONS ARE PRIOR TO PLATING
17801881 17801882 17801883 17801884
—= ~— 32.00 —= ~—32.00 — ~—32.00 —= ~—42.00
JAIEE -A— //]Al0.02 A //]A]o.02 -A— //1A 10,02
0.8
=3 = ==
101.434.01 , [ 1| ¢75.00 I
yﬂ \Y 7\\ 45
20.0 — —~— 20,0 — ~— 20.0 — ~— 20.0 —
M20 FLAT BOTTOM BREAK SHARP CORNER eM | Qry | PART NUMBER [ DESCRIPTION [ NoTE
CHAMFER FIRST THREAD X 45° 0.1 / 0.2 MAX RAD TS
DRAWN DATE DO NOT SCALE
AMARTIN | 06/25/33| 2rom prammic | G M VY
CHECK DATE | omensions & ToreRaces | 955 |ndustrial Rd, San Carlos, CA 94070
(UNLESS OTHERWISE SPECIFIED)
ENGINEERING DATE o T lel: (650)802-8292. Fax: (650)802-8298.
X XXX +.00, +0.03 | TITLE
N R POLE CAPS
N 42 S MODEL: 3472
11801850| 3472 FINISH |/ 63/ | 1.6 [SizE | DRAWING NO. REV
NEXT ASSY SYSTEM THIRD ANGLE PROJECTION
S| Oy £ [22] 17801880 F
AUTOCAD 2000 SCALE  1:2 jﬁ kg 7 SHEET OF
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