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Section 1
SPECIFICATIONS
Tablel. Mode 3470 Specifications

Pole Diameter:
Pole Gap:

Standard Pole Face:
Coils (series connection)
coil resistance (20°C)
max resistance (hot)*
max power (air)

max power (water)
Sdf Inductance

Water Cooling (18°C)

Overtemper ature I nterlock

Dimensons

Weight

45mm (1.75 inch)
0 - 75mm (0 to 3 inch)

40mm (1.57 inch) cylindrical end.
20mm ( 0.79 inch) tapered end.

7.30hm

8.8 Ohm

3.5A/31V (0.11kW)
5A/44V (0.22K\W)

1 liters/m (0.26 US gpm) 0.3 bar (5 psid)

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.

Drawing 11801470
37/mmW x 233mm D x 217mm H
14.8inchW x9.2inchD x 8.6inch H

27 kg (60 Ib)

*CAUTION - The value of maximum coil resistance given should not be exceeded.
At thisresistance the coils are at maximum safe temperature for continuous oper ation.
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Section 1
SPECIFICATIONS
Table 2. Modd 3470 Electrical and Water Connections

DC Current (refer to Drawing 11801470)

Right hand coil terminal 2 Positive
Left hand coil terminal 1 Negative
Ground

An M4 screw (Item 20 on drawing 11801470) is provided on the magnet yoke to enable the magnet 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 11801470).
The temperature interlock wiring connections are made directly onto the temperature thermostats (Item
11 on drawing 11801470).

Water (refer to Drawing 11801470).
Outlet Y4inch OD Tube
Inlet Y4inch OD Tube

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.

Clamp Bolts

Before operation always ensure that both clamp bolts (item 6 on drawing 11801470) are firmly
tightened. Ensure that the poles are arranged so that that pole gap is approximately centered
between the coils.

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 personnel 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 sengitive 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 50G (5mT) 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 3470 Electromagnet
must be under the supervision of an experienced person to prevent the possibility of serious injury 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 18800450).

1. First remove al of the "Posidrive 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. Grip the side panels of the Crate Top Cover. Lift "Crate Top Cover" high enough to clear top of
electromagnet, move cover to aclear area.

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

5. Remove the M8 Hex Head Coach Bolts that secure the magnet to the shipping crate base.

6. The magnet is now prepared for final instalation. Follow the appropriate procedure for direct or
base mounting listed below.

Direct Mounting
1. Move magnet to fina location and bolt magnet down through the four mounting holes provided in
the magnet angle bracket (refer drawing 11801470)

Pole Selection and Installation (Refer to drawing 11801470).
Using the field uniformity and induction curves determine the most desirable pole; cylindrical or
tapered. In general:

If auniform field isrequired use acylindrical pole end.
If ahigh field is required use a tapered pole end.

Pole removal (refer to drawing 11801470).

1. Turn off the power supply.

2. Loosen the two pole clamping bolts (item 6 on drawing 11801470).
3. Slidethe pole out of the magnet yoke.
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Section 3
INSTALLATION

Polefitting (refer to drawing 11801470).
1. Ensurethe poles and pole sleeves are clean and free from debris.
2. Reverse the pole removal sequence above.

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 11801470). The power
supply cables should be connected directly to the dc current terminals marked + and -. Recommended
current cable for the 3470 is stranded copper of 1.5 mm? cross section (16 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 local heating to damage the
terminals and the coils.

The 3470 Interlocks

The Modd 3470 has two thermostats, EImwood 3450G Part Number 3450G611-1 L50C 89/16. They
are located on the outer coil cooling plate and wired in series. The thermostats are normally closed,
opening when the coil cooling plate temperature exceeds 50°C +/3°C.

Cooling

The Model 3470 can be operated to an average coil temperature of 70°C. Assuming an ambient
laboratory temperature of 20°C and a temperature coefficient of resistivity for copper of 0.0039/°C,
the hot resstance of the coil should not exceed 20% more than the ambient temperature "cold"
resistance. The coil thermostat will open when either coil cooling plate temperature exceeds
approximately 50°C . Clean, cool (16°C - 20°C) water at 1 |/min at 0.3 bar (5 psid) should be used to
cool the 3470 magnet.

The cooling copper tubes are electrically isolated from the coils to avoid el ectrochemical 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 if fitted.

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 3470 Electromagnet alone a suitable chiller
isthe Bay Voltex model: RRS-090.



Section 3
INSTALLATION

Cooling - continued

For recirculating cooling systems use distilled or deionized water with a biocide to prevent bacterial
growth and corrosion. Do not use corrosion inhibitors in high quality electrical systems since the
water conductivity is increased which can result in increased leakage currents and electrochemical
corrosion.

At currents of approximately 3.50A and below the Model 3470 can be operated safely without water
cooling. However the coil temperature will vary with the power dissipation. This results in
dimensional changes of the magnet yoke and air cooling is not suitable when high field stability is
required.

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 electrica
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
dowly enough to allow for the thermal inertia of the coils.
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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.

2. Adjust the cooling water flow to about 1 liters'min (0.26 USgpm) for the 3470. 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 awater inlet temperature of approximately 18°C.

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

Calibration

The induction 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 hysteresisin the yoke and poles can
cause an error of 30 to 70G (3 to 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 schedul€
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 at the center thereby helping to
compensate the radial decreasein field.

Greater precision in setting up the calibration curve will be achieved with the use of a digital
tedameter and by making a numerical 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. Thefield is defined only at the point it is measured. It will generally be different at a different point

in the air gap. For example, the induction curves refer to the field on the pole axis and at the center of
the air gap (median plane).



Section 4
OPERATION

Calibration - continued

3. Thefieldis most directly afunction 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).

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 signal through the power supply
programming inputs. Contact GMW for suitable instrumentation.



Section 5

MAINTENANCE

Periodically check that the poles are clean, properly lubricated and free of grit and dirt, which may
cause binding. 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 seriously 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 (if fitted) is clean.
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STANDARD OPTIONS
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CUSTOM OPTIONS
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 20 mm Engr Toomas Rett
Serial No 46 Pole Gap 10 mm Date 20 June, 1995
Hole Dia 4mm
Magnet Curreni 3.5 Amps US Army Redstone Arser C7916
Plot Y =0.0mm, Z=0.0 mm
X - Magnet Field X+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.78216 0 0.78214 0.78215
-1 0.78270 1 0.78396 0.78333
-2 0.78520 2 0.78714 0.78617
-3 0.78840 3 0.78972 0.78906
-4 0.79030 4 0.79010 0.79020
-5 0.79022 5 0.78776 0.78899
-6 0.78750 6 0.78324 0.78537
-7 0.78252 7 0.77334 0.77793
-8 0.77224 8 0.75658 0.76441
-9 0.75588 9 0.73654 0.74621
-10 0.73058 10 0.70608 0.71833
0 0.78214 0 0.78184 0.78199
Uniformity Plot
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Doc no: SC7916U1.057



GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 20 mm Engr Toomas Rett
Serial No 46 Pole Gap 10 mm Date 20 June, 1995
Hole Dia 4mm
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EXCITATION CURVES



GMW Associates
Electromagnet Excitation Plot
Field Vs Gap

Contract No: Page: 1 of 1 Date: Sept 22, 95
Customer: Engr: G.Douglas
Model: 3470 Power Supply:  Soren DCS 55-55 Set Current: 5.0 Amps
Serial No: 52 Serial No: D1285 Target Field:
Pole Face: As per table below Position: X=0, Y=0, Z=0
Serial No: None Notes: Coil position set to minimum gap
Pole Gap: As per table below
Pole Spacers:  None
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Filename: 3470 Gap-Field.xls Revised: March 13, 2000



GMW Associates
Electromagnet Excitation Plot
Field Vs Current

Contract No:
Customer:

Model:
Serial No:

Pole Face:
Serial No:
Pole Gap:
Pole Spacers:

Page: 1 of 3 Date:
Engr:
3470 Power Supply: Set Current:
52 Serial No: Target Field:
40 Position: X=0, Y=0, Z=0
None Notes: Coil position set to minimum gap

As per table below
None

Sept 22, 95
G.Douglas
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Filename: 3470 Ex 40-05-40.xls



GMW Associates

Electromagnet Excitation Plot

Field Vs Current

Current in Amps

Contract No: Page: 2 of 3 Date: Sept 22, 95
Customer: Engr: G.Douglas
Model: 3470 Power Supply: Set Current:
Serial No: 52 Serial No: Target Field:
Pole Face: 20 Position: X=0, Y=0, Z=0
Serial No: None Notes: Coil position set to minimum gap
Pole Gap: As per table below
Pole Spacers:  None
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GMW Associates

Electromagnet Excitation Plot

Field Vs Current

Contract No: Page: 3 of 3 Date: Sept 22, 95
Customer: Engr: G.Douglas
Model: 3470 Power Supply: Set Current:
Serial No: 52 Serial No: Target Field:
Pole Face: Square Position: X=0, Y=0, Z=0
Serial No: None Notes: Coil position set to minimum gap
Pole Gap: As per table below
Pole Spacers:  None
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GMW Associates
Electromagnet Excitation Plot
Field Vs Current

Contract No:
Customer:

Model:
Serial No:

Pole Face:
Serial No:
Pole Gap:

Pole Spacers:

3470
52

40
None
10mm
None

Page: 1 of 3

Power Supply:

Serial No:

Position: X=0, Y=0, Z=0
Notes:

Date: Oct 17, 95
Engr: G.Douglas

Set Current:
Target Field:

2.0

151

1.0 1

Field in Tesla

05 T

Caoil
Position

Min
—&— Mid
—+— Max

00®
0.0

1.0
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Current in Amps
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Filename: 3470 Ex Coil Position 40-05-40.xIs




GMW Associates

Electromagnet Excitation Plot
Field Vs Current

Contract No:
Customer:

Model:
Serial No:

Pole Face:
Serial No:
Pole Gap:

Pole Spacers:

3470
52

20
None
10mm
None

Page: 2 of 3

Power Supply:

Serial No:

Position: X=0, Y=0, Z=0
Notes:

Date: Oct 04, 95
Engr: G.Douglas

Set Current:
Target Field:

2.0

151

1.0 1

Field in Tesla

05 T

00®

Caoil
Position

Min

—&— Mid
—+— Max

0.0

1.0

2.0 3.0 4.0

Current in Amps

5.0 6.0

Filename: 3470 Ex Coil Position 20-05-40.xls




GMW Associates

Electromagnet Excitation Plot

Field Vs Current

Contract No:
Customer:

Model:
Serial No:

Pole Face:
Serial No:
Pole Gap:

Pole Spacers:

3470
52

45 Square
None
10mm
None

Page: 3 of 3

Power Supply:

Serial No:

Position: X=0, Y=0, Z=0
Notes:

Date: Oct 17, 95
Engr: G.Douglas

Set Current:
Target Field:

2.0

151

1.0 1

Field in Tesla

05 T

Caoil
Position

—&— Mid
—+— Max

0.0
0.0

1.0

2.0

3.0 4.0

Current in Amps

5.0 6.0

Filename: 3470 Ex Coil Position 45-05-40.xls
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 20 mm Engr Greg Douglas
Serial No 52 Pole Gap 10 mm Date Sept 25, 1995
Magnet Current 5.0 Amps

Plot Y =0.0mm, Z=0.0mm
X - Magnet Field X+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 1.0120600 0 1.0119800 1.0120200
-1 1.0120200 1 1.0118600 1.0119400
-2 1.0115000 2 1.0110400 1.0112700
-3 1.0102600 3 1.0109820 1.0106210
-4 1.0087600 4 1.0073000 1.0080300
-5 1.0047000 5 1.0030600 1.0038800
-6 0.9992600 6 0.9965600 0.9979100
-7 0.9878800 7 0.9861200 0.9870000
-8 0.9701000 8 0.9692600 0.9696800
-9 0.9437000 9 0.9407800 0.9422400
-10 0.9081200 10 0.9034000 0.9057600
0 1.0119800 0 1.0120400 1.0120100
DB/B Uniformity Plot
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LABORATORY ELECTROMAGNET UNIFORMITY PLOT

GMW ASSOCIATES

Model 3470 Pole Face 20 mm Engr Greg Douglas
Serial No 52 Pole Gap 10 mm Date Sept 25, 1995
Magnet Current 5.0 Amps
Plot Y =0.0 mm, X=0.0 mm
Z- Magnet Field Z+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 1.012300 0 1.012280 1.012300
-1 1.012940 1 1.012400 1.012670
-2 1.014080 2 1.013160 1.013620
-3 1.015300 3 1.013860 1.014580
-4 1.016060 4 1.016060 1.016060
-5 0.000000 5 0.000000 0.000000
-6 0.000000 6 0.000000 0.000000
-7 0.000000 7 0.000000 0.000000
-8 0.000000 8 0.000000 0.000000
-9 0.000000 9 0.000000 0.000000
-10 0.000000 10 0.000000 0.000000
0 1.012300 0 1.012280 1.012290
DB/B Uniformity Plot
0.180
0.160
0.140
0.120
c
21 0.100
o
=
A ] 0.080
L=
[}
iz | 0.060
0.040
0.020
0.000 —8 = i
-0.020
0 1 2 3
Z AXIS (mm)
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 20 mm Engr Greg Douglas
Serial No 52 Pole Gap 20 mm Date Sept 25, 1995
Magnet Current 5.0 Amps

Plot Y=0.0mm, Z=0.0 mm
X - Magnet Field X+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.5493400 0 0.5493800 0.5493600
-1 0.5489200 1 0.5489200 0.5489200
-2 0.5474000 2 0.5475200 0.5474600
-3 0.5450400 3 0.5451600 0.5451000
-4 0.5418200 4 0.5420400 0.5419300
-5 0.5366000 5 0.5365000 0.5365500
-6 0.5299200 6 0.5297600 0.5298400
-7 0.5232600 7 0.5214800 0.5223700
-8 0.5129200 8 0.5133800 0.5131500
-9 0.5010600 9 0.5027600 0.5019100
-10 0.4887600 10 0.4899800 0.4893700
0 0.5493800 0 0.5493800 0.5493800
D B/B Uniformity Plot
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0.000 #—r——a—— o
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 20 mm Engr Greg Douglas
Serial No 52 Pole Gap 20 mm Date Oct 4, 1995
Magnet Current 5.0 Amps

Plot Y=0.0mm, X=0.0 mm
Z- Magnet Field Z+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.549660 0 0.549660 0.549660
-1 0.552300 1 0.548980 0.550640
-2 0.556380 2 0.550040 0.553210
-3 0.562000 3 0.552940 0.557470
-4 0.568460 4 0.557300 0.562880
-5 0.575520 5 0.563160 0.569340
-6 0.581520 6 0.569660 0.575590
-7 0.586900 7 0.576000 0.581450
-8 0.590820 8 0.582540 0.586680
-9 0.000000 9 0.000000 0.000000
-10 0.000000 10 0.000000 0.000000
0 0.549660 0 0.549660 0.549660
D B/B Uniformity Plot
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0.140
0.120
c
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 40 mm Engr Greg Douglas
Serial No 52 Pole Gap 10 mm Date Sept 25, 1995
Magnet Current 5.0 Amps
Plot Y =0.0mm, Z=0.0mm
X - Magnet Field X+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.860880 0 0.860920 0.860900
-2 0.860920 2 0.860860 0.860890
-4 0.860920 4 0.860740 0.860830
-6 0.860900 6 0.860640 0.860770
-8 0.860800 8 0.860420 0.860610
-10 0.860400 10 0.859900 0.860150
-12 0.859540 12 0.858680 0.859110
-14 0.855520 14 0.854940 0.855230
-16 0.844000 16 0.844160 0.844080
-18 0.813680 18 0.812620 0.813150
-20 0.731560 20 0.734980 0.733270
0 0.860920 0 0.860880 0.860900
D B/B Uniformity Plot
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0.000 & & g —
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LABORATORY ELECTROMAGNET UNIFORMITY PLOT

GMW ASSOCIATES

Model 3470 Pole Face 40 mm Engr Greg Douglas
Serial No 52 Pole Gap 10 mm Date Sept 25, 1995
Magnet Current 5.0 Amps
Plot Y =0.0 mm, X=0.0 mm
Z- Magnet Field Z+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.859660 0 0.859720 0.859660
-1 0.859740 1 0.859720 0.859730
-2 0.859760 2 0.859740 0.859750
-3 0.859800 3 0.859720 0.859760
-4 0.000000 4 0.000000 0.000000
-5 0.000000 5 0.000000 0.000000
-6 0.000000 6 0.000000 0.000000
-7 0.000000 7 0.000000 0.000000
-8 0.000000 8 0.000000 0.000000
-9 0.000000 9 0.000000 0.000000
-10 0.000000 10 0.000000 0.000000
0 0.859660 0 0.859720 0.859690
D B/B Uniformity Plot
0.180
0.160
0.140
0.120
c
21 0.100
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 40 mm Engr Greg Douglas
Serial No 52 Pole Gap 20 mm Date Sept 25, 1995
Magnet Current 5.0 Amps

Plot Y =0.0 mm, X =0.0 mm
Z- Magnet Field Z+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.530930 0 0.530980 0.530930
-1 0.531120 1 0.530950 0.531035
-2 0.531490 2 0.531060 0.531275
-3 0.531960 3 0.531340 0.531650
-4 0.532430 4 0.531730 0.532080
-5 0.533060 5 0.532310 0.532685
-6 0.533500 6 0.532810 0.533155
-7 0.533990 7 0.533290 0.533640
-8 0.534300 8 0.533660 0.533980
-9 0.000000 9 0.000000 0.000000
-10 0.000000 10 0.000000 0.000000
0 0.530930 0 0.530980 0.530955
DB/B Uniformity Plot
0.180
0.160
0.140
0.120
c
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face 40 mm Engr Greg Douglas
Serial No 52 Pole Gap 20 mm Date Sept 25, 1995
Magnet Current 5.0 Amps

Plot Y =0.0mm, Z=0.0mm
X - Magnet Field X+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.531040 0 0.530103 0.530572
-2 0.530910 2 0.530880 0.530895
-4 0.530400 4 0.530300 0.530350
-6 0.529350 6 0.529180 0.529265
-8 0.527310 8 0.527230 0.527270
-10 0.524040 10 0.523480 0.523760
-12 0.518710 12 0.517320 0.518015
-14 0.509470 14 0.508250 0.508860
-16 0.494600 16 0.494310 0.494455
-18 0.470950 18 0.469040 0.469995
-20 0.438590 20 0.435750 0.437170
0 0.530103 0 0.531020 0.530562
DB/B Uniformity Plot
0.020
0.000 ——FT——F——=8——4
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face Square 45 mn Engr Greg Douglas
Serial No 52 Pole Gap 10 mm Date Sept 22, 1995
Magnet Current 5.0 Amps

Plot Y =0.0mm, Z=0.0 mm
X - Magnet Field X+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.678080 0 0.678080 0.678080
-2 0.678100 2 0.678180 0.678140
-4 0.678160 4 0.678140 0.678150
-6 0.678220 6 0.678120 0.678170
-8 0.678300 8 0.678100 0.678200
-10 0.678340 10 0.678060 0.678200
-12 0.678300 12 0.677900 0.678100
-14 0.677880 14 0.677340 0.677610
-16 0.676300 16 0.675700 0.676000
-18 0.671040 18 0.670160 0.670600
-20 0.655880 20 0.652620 0.654250
0 0.678080 0 0.678200 0.678140
D B/B Uniformity Plot
0.020
0.000 .
\ﬂ\
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-0.040
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face Square 45 mm Engr Greg Douglas
Serial No 52 Pole Gap 10 mm Date Sept 22, 1995
Magnet Current 5.0 Amps

Plot Y =0.0 mm, X=0.0 mm

Z- Magnet Field Z+ Magnet Field | Magnet Field Average

mm Tesla mm Tesla Tesla
0 0.678180 0 0.678180 0.678180
-1 0.678180 1 0.678180 0.678180
-2 0.678160 2 0.678180 0.678170
-3 0.678140 3 0.678180 0.678160
-4 0.000000 4 0.000000 0.000000
-5 0.000000 5 0.000000 0.000000
-6 0.000000 6 0.000000 0.000000
-7 0.000000 7 0.000000 0.000000
-8 0.000000 8 0.000000 0.000000
-9 0.000000 9 0.000000 0.000000
-10 0.000000 10 0.000000 0.000000
0 0.678180 0 0.678180 0.678180

DB/B Uniformity Plot
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0.140
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Field Deviation
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face Square 45 mn Engr Greg Douglas
Serial No 52 Pole Gap 20 mm Date Sept 22, 1995
Magnet Current 5.0 Amps

Plot Y =0.0mm, Z=0.0 mm
X - Magnet Field X+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.458850 0 0.458840 0.458845
-2 0.458830 2 0.458790 0.458810
-4 0.458730 4 0.458660 0.458695
-6 0.458550 6 0.458370 0.458460
-8 0.458040 8 0.457920 0.457980
-10 0.457130 10 0.456930 0.457030
-12 0.455510 12 0.455050 0.455280
-14 0.452490 14 0.452130 0.452310
-16 0.447390 16 0.446840 0.447115
-18 0.437380 18 0.437120 0.437250
-20 0.422420 20 0.421550 0.421985
0 0.458840 0 0.458830 0.458835
D B/B Uniformity Plot
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GMW ASSOCIATES
LABORATORY ELECTROMAGNET UNIFORMITY PLOT

Model 3470 Pole Face Square 45 mm Engr Greg Douglas
Serial No 52 Pole Gap 20 mm Date Sept 22, 1995
Magnet Current 5.0 Amps

Plot Y =0.0 mm, X=0.0 mm
Z- Magnet Field Z+ Magnet Field | Magnet Field Average
mm Tesla mm Tesla Tesla
0 0.455440 0 0.455480 0.455460
-1 0.455460 1 0.455460 0.455460
-2 0.455540 2 0.455480 0.455510
-3 0.455620 3 0.455540 0.455580
-4 0.455720 4 0.455660 0.455690
-5 0.455820 5 0.455780 0.455800
-6 0.455880 6 0.455880 0.455880
-7 0.455980 7 0.456020 0.456000
-8 0.456020 8 0.456100 0.456060
-9 0.000000 9 0.000000 0.000000
-10 0.000000 10 0.000000 0.000000
0 0.455480 0 0.455460 0.455470
D B/B Uniformity Plot
0.180
0.160
0.140
0.120
c
21 0.100
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81 0.080
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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



| 7 4 ¢ ¥ v S 7 9 L 8
L 0 | s | By 11l 3wes 000z @vo0LNY
f 0/%10811 |V éﬁﬂrés@ez amwér“mw ——{'LO3¥30ONT ST NOILO3YIQ 071314 L1 1430 v0 AJIION 3049 NADHS SY ST NOT103¥10 SNOIIOINNOD 3511
o on onmwaa| sz [ her T ea T s | Orve 07314 39NSNI 03713897 SY 0500697 'ON DMT 374¥d L1SIL LOINNOD LSIL T9NIJ d04 '€
0/ve “13d0ON T 2 "LINDYW HOY3 HLIM OvE J1LSY1d NI OHOYd [OT WILII SWYTD 3SOH DML ATddnS '@ ANNO¥O HOLIMS 3ALLVOIN JAILISOd HOLIMS
For [ ofr T LINOVA IWWYIHL 1NdNI 2d 1NdNI 0Q TYNSIHL
ATNISSY szo<é§ o [for [ "L37UN0/1FINT §3L9M 0L [82 W3LIJ 114 ONY SINIT ¥3LYM 30dnd 1S3L T9NI4 %QA_
Sor | foos | ook
'9679-208(069) X0J '2678-209(09) “PL =LZE A v En MOTI3A [OMY 811 Wl
0L0V6 VD 'SOHOD UDS. Py IOUISTPUI G6 | stmmirr’s sty | g o3k on Lo o e
MIND | T8 Ton oa |SEPB[NILEIVA Y '¥N200 AVW 3OYWYAQ 3781SSOd ONY ONILYIHY3AD 1100 &0 - L | z ; v
151 Siwd JONYLSISTY 1103 C3IT41I3dS WAWIXYW 3HL 03FIXI LON 00 3LON —
310N NOILdI¥O530 HIENNN Lavd ALD | W3l O @ @ O O @ @ O
ATBNISSY_HHOA 08v108LL[L |1 6 SIS SIS
g oclosiz 12 [son 091 6% /2 LHDT3M
Y.1 '0/3VA02T ONILIVY 3ATLSIS3Y a3y SMOVlg g3y NeraE]
[Hy] 1100 1z6lo8LL]L ¢
(RIS LA [4 .2211 0 05 3AD9Y 1IN0¥12 N340 — —
SOOTIIINT TyWdIHL
w\%v%oﬁm ong Mmm ow@ﬁwomz»m M M toisd 61 wog £0 [wdB 92 '07 Utu/usxl) [ 9N17002 6 7
S/S M3¥0S_SdTiHd GH Nvd ¢} X GA vG86. NId |2} |/ Avr/95 [eoron 83n0d X &
: ATE/YS € 4107 YINOd XYW —
S/S IV1d 3IHSYM GA ooy NId[zL |8 wo 5 g TONLSISTY YoM
S31v9 §398ny Movid A ,c5/L 3SOH cv0.2 [4/v]6 [03195UUS 951455 SA107 zesiogllL 12610811
z YNJON ‘S/S ZL—-8 dW¥10 3SOH|¢/L-24 INJONI[¥ [0l [L,E]WW G/ OL O 4v0 3704 0D H1 00 HY
QOOMIWT3 D.06 HOSNIS JHNLVYIdNIL| ¢—1198D 0SvE|C |LL [,8/ 0] Ww Q2 ON3 T3d43d¥l ¥3LIWYIT 370d
WWyXpX9] INIIAOIN HIHSYM 7z |z [,/G°T1 Ww O QN3 TWOTJANITAD ‘¥3LIWYIC 370d
93N00 TYNIANAL 0/GL08/L[C_|e} MIA VAN
S/S M3¥0S SdMIHd GH Nvd 0Z X gW vG86/ Nd[v_ |l SNOILYJI4103dS LINOYWONLOI T3 OIYIWIHOS 1INOYWONL103 T3
S/S ONIYdS ‘uIHSVM G 086/ NId|Z} |G}
[30IS H1] NOLYOJIO3dS LINOVA 138Y1 00L0060L L |91 9
[30IS_HY] NOILNYO 13av1 0100601 [1 |L1 [~————— [vs1 o8l e (811 /€ d¥D 300 WNIWIXYW 1¥ HIONFT ———————————
aNNOY9_ 138V 0200601 |1 |8 e STI0H ONLINAOW 0T NOILOANDD %E%.WA@ (2117 poss
TNINAYS TVINIYN 80100 'Qvd 3L 318v0 069-892|C |6+ S3104 ONLLNAOW 0'e22
S/S M340S SdTIHd GH Nvd 0L X ¥ vG86L NId|E oz rel 08 [s7d ¥1
S/S 113 43HSYM TN oy Nale [ie den ee |- 0'01¢ SIT04 ONLLNADH a
S/S ONIIS "dIHSYM ¥ 086. NIO|¢ |22 7
Ov8YO NOTAN »Ov1d ‘0l Wwol dMo—d 6-X80d[l [£¢ = i N S
OVaY0 NOTAN »Ov18 ‘0l WW0Z dind—d 0zBod|L |¥e ! 5
T)INGVS VINIVN 3AM WHg'e 3L 318v0 c16-89¢|¢_|s¢ <«
S/S ONIIdS IHSYM EW 086L NIO[¥ |9z 7
S/S IV1d "dIHSYM ¢W ooy Nd[v /2 e | = =
TWANATRA 01 £°9 'Sdv¥0 ONIVIS OILSVd £90005 [ |8t e 7 5 ' 7o r S
= S 1 [GNNO¥D
S/S SdMHd GH 1v13 9 X ¢W 'M3¥0S vG96 NId[Z_|6C ! S L ® / — D =
pd T
| EEE @
| EX)e) () /]
7 % / 13T 1371n0 mv
d3LYM L EIR)
, (=) D®Mﬁ 0
e 1981 812
L B 00 H1 00 HY
/I@ / 1NdNT 1NdNI
= L Nvarao373 191810373
=1
I ,\\\\1: | -
| 3 @ O 14
Q3IN3LHOIL ATINA N339 3AVH SM3ZOS ONI¥NO3S ) D) 1 I (o )
310d HLOE TINN [INOVINOS1O313 3F1I0X3 1ON 0d = @
sk ONINGVM ko ® @ @ —_—
: 000
SV19N00°9 [80/£0/20 ¥Z % €2 SN3LI J9NVHD '2d ® 310N aav] | = ol 1z @
Sv19n00'9 [£0/80/01 €N OL 62 SW3Ll 9HO ‘ON 1dvd 31¥9 OL 6 W3ll 9HO| H
SY19n00°9 @D\:\B ¢ “3LON + SNOILOINNOD 110D 0L S¥0102 3¥IM aadv| 9
S¥19N00°9 [90/12/%0 G0Z NS ¥3LI¥ OIININTIdNI 0 .0G Ol MS dNIL 9HD | 4 - [c9] g91
S¥19N00'9 [50/62/50| G61 NS M3LIV QIINIWITWI ‘LNOAVT 8/1 ‘Idid d3lvm 9HO| 3 e EN
AANa'W T3INIAITJNT ION AJY '0300Y X089 TWNIWY3L 1INOVWN | f
Sv19N00°9 [£0/31/40 GZ—¢T '6l SIN3L S,ON 1¥vd 9HO ‘L 3ION 3IAOWI| O trll 681 LINSVNOMIOATE
Sv19N0Q°9 [¥6/L2/%0 3¥IM N1 110D 313730 £2 OL GL W3ll aav| 8 S e 5 ovLn
NILWWN'Y  [26/1/80 ESEEMIE] GZNOINY 5V LT3 144 N1 80 TIOHA NI 'kVA 33HLO
a3n0udd¥ 3va Lviad NOILdI¥as3a A3y WM« qvﬂummmﬂu}m%x»w%‘, »ﬂwmmdmw_ ﬂem%%@ne%wm
e Mo et S
SNOISIAZY AdV131dd0dd
] z ¢ ¥ A S 9 / 8



f |

4

I s | u3s | B4 m [ SIN 3w0s

v 0L0006LL |1V

£= @

NOWD3rONd 319NV

¢l avaolnvy
JHYML40S

QL

vaisks | Assv ban

E on onmwsa| 3z [Bey [ Aee 1SN | O/ye
01091d/0L¥v%¢ T
ASSY VOIMLOF 3. Pttt
UL [cooF | fooF | xxxx
W [/S3HoNT | avaN v

'8678-708(059) X04 '7678-208(059) ‘1L
0/0YB ¥J ‘SOHD] UDS ‘DY PLASTPU| GGE

(034193dS ISEHIO SSTINN)
SIONVITTIOL % SNOISNINIQ

YIMOd LNdNI OV ONIATAdY 380438 SININIMINOIY 0314103dS

31vg 403HO —
MIND | SR [siTseoneds e o/ y
157 Sl LNdNL O 3SYHD L ASLL NYHL M3IHLO SONLLYVA AlddNS d3MOd HOLYN AON3ND3H4 ANV JOVLIOA d3MOd Qv MD3HD
310N NOILdI¥O530 HIENNN Lavd ALD | W3l .
Y0l 318v0 YOO 3LNI % INIHIND 06000691 (L |1 LNaNI OV 404 0£10065 1 OMd NO 378vVL OL 83438 "¢ sk ONINSVM sk
S/N G1/3SVAdL 9nd ¥GI-G[L |z 1NdNI OV 3SVHA L AGLL HLM NMOHS ATddNS ¥IMod !
S/N 9Mv8l 3400 £ 0S 3dAl ‘G400 d3IMOd c08l-wr L s 310N
S/N_ LNONYd ‘OLN NMOQ M3w0S 3L 318v0| 0-95-S201d|L  |¥
MITA dv3d LINDVM
g
MITA HY3Y ATddNS 43N0
b ¢
O TE : iy o Pl
[o ) ") 1snyx3 /Fmd,jo EJZ,\\ =v
o K g} * sod ¥V ONITO00 o HILYM HILYM m
AlddNS 83IM0d 0109—ad00¢e 130N NIL d3IMOd L
O | C ;
—1 T
Iv
LJ I LJ
1INOVYINOHLOT 1T OLFE T13A0N
a
Sv19N100'9 [66/92/50] I ESEIECIIRY EZHONY S L0 30 N 50, 70 N1 ¥ W0
ALY 0 B 10 TN L
030saay | 3wva_ | Lo | NolLdI¥OS3a [ na oMo VLHEONOS SNNNGS SNNHG St
SNOISIAZY AdV13IHd0¥d
L 7 z ¢ v 3



L 7 4 ¢ ¥ v 9 / 8
Il 40 | 133Hs 7 Bt m 7 SIN 31v0s w A@v ¢l avoolny
JHYML40S
< Om *\ OO mwm 7\ ﬁ < NOILD3rOMd JT1ONY QdIHL| W3LSAS ASSY XN
A on onmwsa| 371 [ Aoy [ Age SN | OZpe IMO OV AGLL ASVHd | ¥O4 dNlIS AlddNS dIMOd SMOHS ONIMYMQ :3LON
O ﬁO®FQ ON‘WM @w.\M H” - WN/DS 0°L | 3ZIS 318v0 O¥ Q3IANIWNOO3Y
O7:K<</ J{QfmFQM_JM_ MW,M x”” - ¥GL-G 13UN0 ¥3MOd OV A3ANIWWOI3Y
QI £00F | xoxx
B B B N 'SaHONI | avann - Gl AINVIYE IV NIWA Q3ANINWOO3S
wmmw\mam@m& XD Nme\NDonmmv BL (03303dS 3SMEIHIO SSIINN) 0
0L0¥6 V2 'SOMDY UDS Py [OUISNPU| GGB | szonvemtoL # snoisnawia aivg 403HO - [ INZ¥YNO QY01 TIN4 1NN OV NMOHS SV S3YIM MOOTYILINI LOINNOD ANV
ONIMYEA WOM4 g ‘
MIND) | e Osa [@/mn|svionods — e o5 o 5 o 1 mod T o 181 1V ATddNS ¥3IMOd NO ¥1L WMAL % €L WYL NIIMLIG MNIT IA0n3d () v
1S Slyvd
Fion | OIS e e [ A [van SININIYINOIY TWOIYLOTTI WIALSAS LINOVWOHLOI 13 SIVISOMYIHL dW3L NO S8YL 00 OINO ATLO3MIA ONIMIM MOOTYIINI JNLYIINIL LINOYW L13INNOD (D)
‘310N
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ .
[MIIA ¥v3y] W
dSL—S AL YAIN 9M1d SNIvW W
06000691 ON 1yvd I
PN [omy 91] ww/bs G| 37gv0 0S IdAL 3HOD + W
N
, \ V0L 378YD MOOTHAINI ONY INFHHND — I
N n — ANNOYO | =
1 \ 1INV ”
L 2 U
NP |
Vo4 NEERG] |
[omy g1] wuw/bs | 3400 ¥ OS :3dAL 318Y0 SNIVA I
mrn !
| | W
I I
JUHM —— | Aovg ”
ovg W W a3y |
| | JALYOIN INdNI 3d =~ —1{3AILISOd_INdNI 0q] |
W W AGTEA (oAvaL] AR W S
I ! ﬁ S ToweiT J W
| ” ” | JLHM A sk JONVYO |
| EENR] | - BEE |
il S | ols[sfo] [o]a]s]o !
” ] ano ! o880 o880 |
| ETD ” !
” NITUO W W
I I I
| | 0 G o
I I
I I A ™~ I
! | HOLIMS TWWI3HL HOLIMS TWWJ3HL |
A N I I
| | 77510811 12510811 |
I W 700 H1 700 HY ”
I I I
I I I
I I
I I I
I I I [—
I I
| - I : I
, A1ddNS ¥3MOd 0109—000£E T3AON NIL JIMOd] , LINOVIN OZ¥E *13DONW ,
I I I
I I I
[ 1
.- - _
a
Sv19N100'9 [66/20/90] I ESEIECIIRY EZHONY S L0 30 N 50, 70 N1 ¥ W0
a3n0udd¥ 7 3va 7E§n; NOILdI¥as3a 7>um MM %oﬂdw%;ﬂ%ﬁ%%ﬁ%ﬁm wum“ﬂwvﬁ_mw%m
RO MINS0NOS SAMINGD NS S
SNOISIAZY AdV13IHd0¥d
L 7 z ¢ v A 9 / 3



L 7 4 ¢ ¥ 9 / 8
L 0 | s | % m [SIN 3vos 000Z @vo0LNY
v 02000611 1V |t oo D o
o R
8-0G d08/0/%¢ Fit=i—=
ASSY TVOINLOATD e

UL

£00F

Fooe

'8678-708(059) X04 '7678-208(059) ‘1L
0/0YB ¥J ‘SOHD] UDS ‘DY PLASTPU| GGE

MIND

'SsronT

aiva

31vg

Y03HO

ONIMYEA N0 [eprhe /50| Sv19M0a 9

3OS LON 0d Sva

NSO

151 SLvd

3L0N NOLLJI¥O530

MIENNN Lavd ALD

[EN]

V0l 318v0 MOOTYIINI % INIHdNO

00100691 |1

[3dAL SN AGLL] 0¥0D ¥3IMOd OV

00d3x

Z [ONOT We] 3190 8149

¢—88% ONS||

| [—
81do
—J

LNdNI OV ASLL NVHL d3HLO SONILYY LNdNI

OV 404 0¥1006¢1 9MAd NO 318vL Ol d343d °
ININdIND3 TYNOILJO SI JOV4H3LNI 8Id9 -
LNdNE OV ASLL HLIM NMOHS AlddNS &3mod -

310N

M3ITA dvV3d AT1ddNS &3M0d

el

d3IMOd INGNI 0¥ ONIATddY 340438 SININIYINDIFY Q314103dS
A1ddNS Y3IMOd HOLYWN AIN3ND34 ONY 3FOYLIOA d3MOd Y MO3HD

sk ONINYVM sk

)

I O
I
I O
I O
I o
I o

WOINOS LINGES 110 110
S guo s

AlddNS d3IM0d gv10dIl9 W8—0S 409 -1300N 0Od3A

SV19n00'D [66/70/30] I

ESEIECI IR

30UV i 3uva Tu«xi

NOILdI¥OS3a

Tmm

SNOISIAFY

M3ITA dv3d LINDVW

)
@

D
o
/EJSO L3N \ Ew@H

Y3LYM RERL/)

ALY

T

K

LINOVN O0/L¥¢ “1300NW

AYVLINHOdd

L

9 L g




L 7 4 ¢ ¥ v S 9 / 8
Il 40 | 133Hs 7 Bt m 7 SIN 31v0s w A@v ¢l avoolny
JHYML40S
< o‘v *\ OO @M 7\ ﬁ < NOILD3rOMd JT1ONY QdIHL| W3LSAS ASSY XN
A3y ON ONIMa | 32iS [ Agy | A cg /] HSING, 0L¥% YIMOd OV AGLL 3SVHd | d04 dNI3S AlddNS d3IMOd SMOHS ONIMYYd 310N
2—0G d09/0.L7% @M\M = WA/DS 0'L| WA/OS 0'L| WA/DS §'L | 3ZIS 319v0 OV Q3IANINW0O3Y
Ozfﬁ 7>> J{QfmFQM_JM_ MW,M x”” - - ¥§L-g 13UN0 ¥3MOd OV A3ANIWWOI3Y
QI £00F | xoxx
'9628-708(059) x04 ‘76¢8-708(059) 8L —— anﬁe H% v Sl Sl Gl YAV OV NIV QIANIWNOOTH
0L0V6 ¥ ‘SOMDY UDS ‘PY [OUISNPU| GGB | szonvmioL % snoiswawa avg 03HO 09 g9 01l INF¥YNO QvOl 1IN4 LNdNI OV
ONIMYEA WOM4 g
&ggw 37v0S LON 0a mm\oKmm wiojm%\m NOST 80T ASLL ZHG9 ©) 0G 'ISvHd | ¥IMOd LNdNI O¥ \v4
1S Slyvd
Fion | NOLEos E T I BTCR T SININIYINOIY TWOIYLOTTI WIALSAS LINOVWOHLOI 13 SIVISOMYIHL dW3L NO S8YL 00 OINO ATLO3MIA ONIMIM MOOTYIINI JNLYYIINIL LINOYW L13INNOD (D)
‘310N
rr——~—>>H~"H~H~~+~—7F""""""=-/""/"/"/"7"/"/"”"W"//"//—"/— 1
I I
I
I I
I I
0600069l ON Lyvd I
[omy 91] wuw/bs G| F1gv0 0S IJAL YOI ¥ W W
V0L 318Y0 MO0TMIAINI ANV INIHHNO I — I
I — ANNOYO I g
LINOVA ”
MOV1g W
NEERR) !
a3y W
JONVHO I
I
I
JAILVOIN 1NdNI 3d —~——————1{3AIISOd INdNI od] |
MOTI3A [9MvEL] WAL W
o <
, | Sirn Bwat] AN |
” ” Nﬁ ! z g |
| oV 19 | LHM —= o @ SO ols @ 0O ~—39NVHO0 |
| | !
| ' N334 | O|S|S|0] |0]8|80 |
I a3y I | W
! ” ! W
I I
| | | |
| N | I ‘w@ GO [ )
I | | / ”
! 0]10] © OIOIO|® ! | HoLws Twnganl]—| HOLIMS VNS IHL |
| | | ONIMIM 9NTd d3TIVLIIA JO4 | - e I
I I
W _zoos;oomwwgmogoiwo_ 000006€ L ON 9Md 33S W | o S0t |
I S ! | W
| | | |
| | | |
| | I I
I I W W L
I 0 I
- I I
” A1ddNS ¥3MOd dv10dI8 W8—0S “1300N 0043 ” L3INOVN OZ78 -13Q0N ,
I I
| | | |
L i .- - L
a
SVI9N009 [56/01/90] T 3SvIE ] v GZROHITY 5¥ 130 1 N 0 T0R 1 ok AH0
avosese | ava [ e e [ A G55 0" 10 01 01590 80 GONGCae3s
o NI WLNBONGS SKINGS SIS Sy
SNOISIAZY AdV13IHd0¥d
L 7 z ¢ v A S 9 / 3



4

HLNI

dW3L 13NOVWN OL ONIIM

I s | u3s | B4 m [ SIN 3w0s w A@v 000Z avoolny
EENZIVElely
m OOOOO @M 7\ ﬁ{ NOILD3rOMd JT1ONY QdIHL| W3LSAS ASSY XN
o on onmwa| 325 aey [ Age 1 eNE T 073
8—08 404 “ @W\M =
Tor | efr | wx
ONIFIM IWOIHLOT T e o o
U [cooF | fooF | xxxx
'8678-708(059) X04 ‘7678-708(069) (Rl el LI a1vg
. . (0330345 3SURIHL0 SSTNN)
0£076 ¥ 'SOUD) UDS ‘DY [DUISNPU] GG | ssowamol » sosane | 50 [
ONIMVYEA WOY4 -
N?§§® 371vOS LON 0dQ mm\oKmm inDOzmﬁm_
1S Slyvd
310N NOILdI¥O530 HIENNN Lavd ALD | W3l
4NEC0 WVIAW HOLIVdYD D
M GZ'0/WHO 089 "MOLSISTY L [z
WN/0S G0 JHIM dN YOOH MINIT 3diM L [e

Sv19N00°9 [00/12/50 GV ® SH0T00 3dIM 3ONVHO | 8
SY19n00°9 [6/01/90 ESEEN IR
a3n0udd¥ 3va Lviad NOILdI¥0S3a A3

SNOISIAFY

ONI MWD A8 ONLLIXM NI
MOV SY 1303 Liid N 4O TTOHN, NI 'Ah ¥3HL0
|ANY NI"0350 80 SYBHIO 0L ESOTOSIO 40 (OG0
38 LON LSMIA LI "ONI MAS OL AdvIINdO¥d
NOLIYNA03NI TYLINZOLINOD SNIVINGS SNINIT SIHL

AYVLINHOdd

8

]



f |

4

L 0 | s | By 11l 3wes w J@v ¢l avoolny
JHYML40S
< OOOOOmW *\ *\ ﬁ{ NOILD3rOMd JT1ONY QdIHL| W3LSAS ASSY XN
ray o onmwia| 325 [Aey [ Ao [N | O/pE
; cor | /| om0
0/¥¢ “1300N Twi
Tor | efF | xx
ASSY INNOW  LTHAA re o 1o
T [500%_| gooF | wnex (18111 00€E
'8678-709(059) 04 "7678-708(059) fol =Ll 3w
N N (034193dS 3SIMYHIO SSTINN)
0£0¥6 VO ‘S0HDY UDS ‘DY [DUISNPU| GGB | sxonaior % NSO | 314 st el ons
ONIMYEa NOYA g '
MIND) | P08 [shy/alsvionoa's [S7d ¥] S310H 91N QLA
1S Slyvd
310N | NOWLdI¥OS30 HIENNN Lavd [ Ao [wau ~ .
T T C T
¥ =—— [8T1]1 0E
[e121 vs
[eoel 26 U
[¥'861 0Ge
[s1d ¥] s/s
JIHSYM ONIYdS
‘YIHSVM 1V
‘INN‘1108 OLW
1371n0
HILVM
[TEL1] OF Y
as
MIIA 4V
0/7108T11 1INOYWON L0T13 0000641
SYI9N009 [56/52/90] T 3SvIE ] v W fo/8l 1ee GZROHITY 5¥ 130 1 N 0 T0R 1 ok AH0
A NI G550 6 43I0 01 TS0 0 N0
030saay | 3wva_ | Lo | NOILdI¥0S3 [ na NI WLNBONGS SKINGS SIS Sy
SNOISIAZY AdV13IHd0¥d

f |

8

]



| 0 | s | 61 ] zil 3wos

= @

4

000Z avaolnv

EEV/IVET
< OOMOO @R 7\ ﬁ{ NOILOIMO¥d 1INV QuIHL| W3LSAS ASSY IX3N
A3y ON ONIMWYO | 3ZIS | 2o, | Acg /| HSINY 0L7S
0/¥¢ 300N i WW\M = L D34 ON
cor | efr | x .
Mg INNOW %mm&é D 01008G8dL 158 OL NYL ININMMISNI INIVd :HSINIZ
wo0s | foos | X .
e MOIHL WN9 31v1d 133LS TN VALY
'8679-208(059) 04 '2678-€08(059) PL [ TEP SRl awo
0L0V6 YO 'SOHDY UDS ‘DY [PUISTPU| GGB | soowvemroL = sosand | 50 Josko 310N
ONIMYHO WNOX4 B
MIND | 5305 lon 0o |/ |S1onods 0'00¢ 0’008
1S Sluvd
| NOWLdI¥0530 | HIANNN Lavd [ a0 Jwau
00V 0'0¥Z
09 4 A
1L
L SCL i
[s7d 4] @13m HOLILS ®
jiely
0°00%
[s7d9] o1 ¥ A‘ooi\vi
cal
[s7d 1] L3ssno
[S3)
7 ) 7
06
0008 00VZ
\ﬁmi 8] SITOH LW
@
Sv19Nn00'D [66/61/30] I 35VIY] v oY 5 L6300 0 N H0T0M N1 0
0 S S B e 0 oneonss
a3n0dddY 7 3va 7 Ldvdo 7 NOILJIMOS3a 7 A3y 38 LON LSNA LI "ONI MWD OL AMVIIIN-ONd
oo TUNSONGS S S S
SNOISIAFY AdV13¥d0¥d
] 7 4 ¢ v S

8

|



! 4 9 ¥ v S 9 L 3
L 0 1 o | Brwm] 1k 3wos w @ 000z Q¥001NY
EEV/IVET
< O‘WOOO @M 7\ ﬁ{ NOILOIMO¥d 1INV QuIHL| W3LSAS ASSY IX3N
A3y ON ONIMVYO | 32IS [ 29, | A s /| HSING 0LvE
O/ve “1dd0ON i W =
11> 100L 13INOVI e
EQUY 00°F XXX'X
'8679-208(059) 04 '2678-€08(059) PL [ TEP SRl awo
0£0v6 YO 'SOLD) UDS ‘PY [PUISNPU| GGB | saonmmor » snoskme | 310 sk
ONIMYHO WNOX4 B
N?§§© J1v¥OS LON 0d mm\Nw@w wdjODOzm(mw <
1S Sluvd m
310N NOILdI¥O530 HIBNNN Ldvd ALD | W3L
SNHANOE 135 HONFJM A3 X3H wwg x1al b
ATINVLS SdiTIHd_dINNAM3NIS 120-29]L |2
ATINVLS "G3LL0TS NINEAMIHIS ocl-e9[l ¢
NOQIEL ‘diT0_3SOH 900-0S¢ [z |¥
NVIANVTA OISV 'x08 39vIOLS AN
1 100L 138V7 BB

07000681 -4IENNN Ldvd —
SIINOVAOHLOITI OL¥E 1300N ¥04
11> 1001 13INDVWO¥LO3T3

o MIND

“ONI MWS_AB ONLLIAM NI

SV19N00°9 [56/20/90] ESZENI IR ZROHIY SY L3063 v N 4O TOHW NI ' 43410
AN I G351 H0 SH3HLD 0L CSOSI0 20 CONToH3H
a3n0dddY 7 3va 7 Ldvdo 7 NOILJIMOS3a 7 A3y 38 LON LSAW LI “ONI MAND OL AMVI3INdOdd
NOLYNSONI THINEAN03 SNIINGI SNINVAO SIKL

SNOISIAZY AYVIINAO¥d

] 7 z ¢ v 3 S 9 2 g |



] | v ¢ ¥
| 40 ﬁmmzwi B Fi L1l 3Tv0s 000Z QvooLNy
q 005108/ 1 |2¥ g R
NOILOIrO¥d FT1ONY QdIHL W3LSAS ASSY LX3N . .
AZY ‘ON ONIMVNO | 37IS [ Ag | Agg /| HSING 0/vS |0/%10811 XYW 0170 S3903 ddvHS Mvidg 8
. SOF SF 930
OL¥% 140N 0 T, B '0Z1008G8 158 OL MDIHL L0 3LVId NI :HSINIH */
coF | = XX
HA_ J O mH_ LoF | JoF XXX ) ) .
11 [To0 T Fors [ ooex S3OYAHNS ONYS vLIGHO ¥0 LS¥18 Qv38 LON 00 ",ONIONIHO ¥3Ldv ATNO NVITO0MIOFT3, ‘9 |y
'8678-208(059) 04 '7678-708(0S9) 8] —— VI BN | 5j0q)  ONm3ENIOND
0/0¥6 ¥ ‘SOLD) UDS Py [DLASIPU| GGB | Smmmor 5 svomend | 3w oo 'SIOV4 J10d NO SIHOLVYOS OGNV SHMOIN dIOAY 'SIOVH 3104 NO HSINIG INIHOVA INIE G
M I ) wrz&mlmomo% £6/80/40| NI LW N R
e 3v0 B0 0¥000858d1 1S9 OL TVINNY ATINd NIHL ‘0S@ Ol IVIMILIVA MY INIHOVA HONOY v
o] NOHd#9530 [ esonan tvd [ o [vou ALNIXONd JNYS IHL WO¥4 ANV ‘31v1d Mve 3IAVS JHL WOYS
1NO 39 Ol 33¥ NNY NOILONAOYd HOVI H04 S3031d 3104 ¢
NIVEO 31V1d My IHL SY NOILOIHIQ
IAVS FHL NI ONINNNY 18vd 3HL 40 SIXY JHL HLUM LND 39 1SN IWIN3LYA 2
JIV1d NOSYVO MOT 9001 IVINILYN L
30N
4
<4
\m.o
A 06. X 0SSy S/0
20 4aoT X GwW
‘{\
/ \ / f 0
0 NIW C2¥ b e
00828 00028 Y- I - - - — ooope (YW OSTTEe
B A YIT q31vd
89 —
100] v
100 [ 100]v[T
| 1o~
0'0G1
q
SY19N00'9 |£0/62/90 8 310N NYHL G 3LON JFONVHO 'ed ® F10H SW aav| d
SY19N00'9 mm\mm\oﬁ 37IS Q3HSINIG ddy “Y3LIAVIA 31704 OHO| O
SY19n00°9 |16/5¢/%0 31704 0L JONVHIT0L dav| d ou e 8 o
NILIVN'Y mm\mo\wo ESVENENE N QIZOHINY SY 1d30X3 L¥vd NI 40 JTOHM NI ‘AVM ¥3HL0
G3nOuedv | 3va | Lwag NOILdIH0S30 3 WUM_MV,%ﬁ%&ﬁ%ﬁ@%ﬁ%ﬁ%
SNOISIATS AYV13IIHdOdd

A ¢ ¥

]



v

L 40 | 133Hs 7 B> 1m 7 LiL 37v0s 00027  Qv20LNV
kw A@v J4YMLH0S
Q O@RNO@R ﬁ m< NOILO3NrOdd JFTONV QdIHL NILSAS ASSY IX3IN
A3 ON ONIMYYA | 3ZIS | 29y | A eg /] HSINIA 0/%S lo/v 1ol L
O/v¢ 130N R A 0210085841l 1S OL MJIHL 1000 31v1d N3 ‘¥
4vD 3704 3uvNDS e o XYW 0 SID0T JAVHS 119 IAOW3Y €
L0F Jox XXX
: : A 031YJIONT SV
: — e T N NIVSD 31v7d 40 NOILONIA NI WINILYW LND g7
86¢8-208(059) 04 "7608-008(069) 1Pl e ey 30w 31974 NOFYYD MO 9001 IWINILYW T
0L0%6 VO ‘SOUD) UDS ‘Py [DLISNPU| GGE | ssowvezior # swoswama | 5pq S
ONIMVYA INOYS :
MINGD | Twos 1on og |8 INILEVIAY
1S stvd - 0¥'62 [STdz] Qv3agHL SW
310N | NOILdIN0STa 7 MIBANN Lvd [ a0 [y - 00

@m.meu‘ A

M3HIS L3S AS SW 40 UONH
OINT dIl od3dd00 114 SSHed

/50

ANIJO FOVA4INS —=

IYYN0OS

aNNoYy TV

St X ¢

I+ b 3790S \\\

NIveD g/ .
[0y 2] [ADy 21 S/S co0s
43dd00-d11L M3NOS L3S MS GW .
| - | c0'0+

K

——

-

i .
-

S I
S'¢

SY19N00°9 {90/91/80 ¢E'2 WG M3N CHSINIG NS “ATBNISSY M3¥OS 13S aav [ O

SY19n00°9 [ #6/12/%0 SN OL Ov3¥HL ONV M3¥OS 13S 13¥00S 3ONVHO | 8

NLLYYW'Y [ £6/51/80 EREENIEE

Jd3nodddv 31vd 14vdd NOILdI¥OS3a 7 A3

SNOISINTY

066Gl \» 0 \»

0 Y \\www

AT

05 8%
srvve TVIT a31vd
«Qmiu@ V10 OINIHOYW
| 9
S 1P —=— —~—

"ONI MINO A8 ONILIIM NI

Q3ZIYOHLNY SV 1d30X3 Lyvd NI ¥O J10HM NI ‘AVM ¥3HIO

ANV NI 03Sn1 80 SH3HLO 0L d3S013SId ¥0 d30Nd0dd3y

39 1ON 1snw 1I

ONIE MO OL AHV13Idd0Hd

NOILYWHOANI TVILNIAIANOD SNIVINOD ONIMVHQ SIHL
AdV1319d0dd

4

]



I | ¢ v
[T ﬁmmzwi B 5; ¥il FWos o1 gvooLnvy
g 6200681 [ov|es, O |t
o on o | a7 ZWGMSKMMGE QYHL| VBISAS | ASSV DAN HON3Id d0 d00T14 NO 3IOVId ANV SAYMIAIS ¥3IA0D JHL INOWN ¥
9l ca /| HSINI 0/%%
0/%S 130N s0F mw 930 LANOVIN FHL V310 OL HONONI HOIH ATIVOILYIA d3A0O IHL L1417 "¢
. EREEY X
LSSy MF<KQ JIHS coF | od=F XX SHINIOO He ANV HT dOL FHL 1V d3A00 IHL dI¥9 ¢
s [ o SMIYOS ONIYNOIS ¥IA0O IHL JAOWIY | v
. . . . W S3HONI ELEIND
mmmwwmowﬁm@v o N,@wawowamov 5L (0314103dS ISIMYIHLO SSTINN) A SR CIVAOW3S 93A0D
0/0%6 V) "SOMD) UDS 'Py [DIASNPU GGE | s3onvaaioL ® SNOISNIWIG va WOIHO
é@ ONIMVHET NOY4 B
E@ 31¥0S ION 0d @m\mwm@w m<JODOZ>m<ww
Sion | TR 151 Sidvd | San T [ [ 43A0D J04Id ANO VvV SVYH J1vdD ONIddIHS 0/%¢ JHL "L
“310N
| [s9l z4] By €¢ :LHOEM ONIddIHS]
d
[/'G1] 00+ ~ [/'81] /Y ——
A
E BN
Vi v MAAIS DNIAN33S dJ3AD0O
g
v/ ] %{\\
[S91] 0¥
M= /m\vﬁ> LANDYW ONY AdFGHSYM 13418
mﬁ M 134 SAIHSYM NOTAN TI1¥LSNI
I [ST7d ¥1 S1710 HJYOJ S/W 09 X 8W Q
7l % 7
1 N
H3IANOD F1GVYAONFY
d
SY19n00°9 [20/¥1/20 HLONTT 1708 aNY ‘31vH0 ONIMNYId 40 3ZIS 3ISY3I¥ONI| g PP —
SY19N00d'9 @@\mo\oﬁ ERVENENE N QIZOHINY SY 1d30X3 L¥vd NI 40 JTOHM NI ‘AVM 23HLO
ANV NI Q35N 4O 543HL0 0L 3SOT0SIA ¥O Q3INA0ddIY
Q3NN ddY Ava | Levao NOILdI¥OS3a A3y 38 1ON LSO 11 "ONI MA9 OL A¥VIIIHdONd
NOILVWSOANI TVIINIQIANOD SNIVINOD ONIMVYQ SIHL
SNOISIANTS AdV1314d0dd
| ¢ 14





