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Model 220, 230 PWM Switching Amplifier

Chapter I Product Description

The Model 220 and 230 PWM Amplifiers are high-power amplifiers designed to
drive magnetic resonance imaging (MRI) systems and other electromagnetic
applications. The Model 220 and 230 amplifiers operate at a switching
frequency of 71kHz. The carrier frequency combined with an internal LC filter
make the amplifier appear linear over a frequency range from dc to 12 kHz.

The feedback system is switchable so the amplifier can function as either a
voltage source or current source. A master/slave arrangement permits a single
amplifier to share up to 20 additional units as slaves for a total peak power
capability as high as 47kW.

Thanks to its high efficiency (94%) when driving a resistive load, the Model 220
and 230 amplifiers are highly suitable for driving magnets.

The high switching frequency (71kHz) of the Model 220 and 230 has allowed
smaller output filters to be built into the amplifiers enclosure. This design saves
power, heat and space while offering many of the advantages of linear
amplifiers.
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Model 220, 230 PWM Switching Amplifier

Features

» 71kHZswitching frequency eliminates audible noise

» DCoutputeliminates RFland need from an external choke
» Performslike alinearamplifier

* Pulse width modulation formaximum efficiency

» Slave units may be paralleled toincrease outputto 31.5 kW
* FET outputtransistors for highestreliability

» Highvoltage power supply canvaryover4to 1range

» Variable currentlimiting adjustable from 0.5to 12 amps

« Voltage orcurrentsource operation switch-selectable

» Fourinputs, three of which are switch-selectable
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Model 220, 230 PWM Switching Amplifier

Typical Applications
+ Voice coilactuators

* High power control systems
* PMshaketable

» MRI gradient coil drive

» Reactormagnetics

* High power microstep

UnpackingandInspection

Verify thatthe model number(s) of the product match your order.

Technical Support

Fortechnical support, you may contactusin several ways:
. Online atourweb site: www.copleycontrols.com
. Email: sales@copleycontrols.com
. Tel.:(781)828-8090

- Fax:(781)828-6547
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Model 220, 230 PWM Switching Amplifier

Chapter2

Installation

Referto the following procedure wheninstalling Model 220 and 230 Amplifiers.

1. Connectthe high voltage, powerground and common outputs to commonjunction
points as shownin Figure 1. Use the shortest possible leads of equal length.

2. Bypassthe high voltage DC at the junction points with a 20,000 uF low series
resistance capacitortorelieve theripple load oninternal capacitors. Use
shortleads (1inch).

3. Mountallamplifiers on acommon plate that serves asaground bus.

4. fadditional RF filteringis necessary, connect 1uF capacitors from each outputto
the cabinet, from the high voltage junction to the cabinet, and from the
commonjunctiontothe cabinet. Use shortleads (1/4 inch). Capacitors placed at6inch
intervals along each main bus will also help further, using the wire

inductance as part ofthefilter.

5. 15 pin D-Sub connector cables should be shielded. Ground the shield tothe shells,
1P1-8andto2J2-8.

6. When mounting these units, please use "internal tooth". Utilize lock washers to
break the anodized layer for efficient grounding.

7. Toverify proper grounding, visually check the 1P1-15 phase lock signal. These
should all be approximately 71kHz and Phaselock.

8. Aspare PJ5 connectorisincluded in the installation kit for your use.

9. Thefactoryinstalled PJ5 Headerhas been presettoagainof 5
(seeFigure4 onpage 14).
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Model 220, 230 PWM Switching Amplifier

10. The Model 220 and 230 has 2 Current monitors, a Positive Current Monitorand a
Negative Current Monitor. The CurrentMonitor signals can be accessed viaa 3-pin
Molex connector, Pin1isthe Positive (+) Current Monitor, Pin 3isthe Negative (-)
CurrentMonitor.

Allmeasurements should be taken with respectto ground (Do Not Use Pin 2 ofthe
Molex connector, this is not a ground signal), use either the amplifier's case or 1P1
pin 8 (ground signal).

Scale factor: Model 220 6V/18A
Model220-10 6V/22A
Model 230 6V/15A

. gt itk L e re el
Cument——{e e ][ ][ ]
Monitor | 1.3 2z
(3pin) l Note: Do Not use Pin 2 for ground

Pin 1= Pos. (+) CurrentMonitor
Pin 2 = Status Output (Do not use for ground in current monitormeasurement.)
Pin 3=Neg. (-) Current Monitor
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Model 220, 230 PWM Switching Amplifier

Chapter3 TechnicalSpecifications

The following table provide specifications forModels 220 and 230 in servo
applications. Typical specifications tested @ 25 degrees C ambient+15.0V,-15.0V,
+80V Model 220 or +160V Model 230.

Specification 220 230

Power Output

Continuous Rating +/-75V @ 12A, 0.9kW +/-150V @+ /-10A, 1.5kW
Peak Rating

2s min., unidirectional

current changes +/-75V @ +/-18A +/- 150V @ +/-15A

4s min., bidirectional
current changes

Current Limit

(adjustable) 0.5A to 12A 0.4A to 10A
Input Characteristics
Inputs 3 differential
1 single-ended
Diff. input impedance 200k ohms
Max. input voltage Diff. @ 16V either input

Single-ended +/- 8V
Greater with input attenuator

Input offset Adjustable to zero
Gain
Input diff. 0.50 V/V
Input single-ended Customer selected components select gain
Servo Preamp Customer selected components determine gain
Power Amp
Current Source 2.35A/V 1.96A/V
Voltage Source 9.3V/V 18.6V/V
Bandwidth
Power stage small signal -3db @ 12kHz as current source 6 Ohm load

-3db @ 1.2kHz as voltage source 6 Ohmload
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Model 220, 230 PWM Switching Amplifier

Specification 220 230
Switching Frequency 71kHz
Output Ripple 1% Pk @71kHz
Parallel Operation Up to twenty 220S or 230S may be paralleled
with 220 or 230 respectively
Remote Shutdown Switch closures inhibit output.
Amplifier Protection
Overload Current limiter
Heatsink temp. Shutdown 91 degrees Centigrade
Latchoff Until reapplication of 15V power or use of Reset button
Overvoltage shutdown Shutdown when high voltage supply is above 92V for 220
and 185V for 230
Undervoltage shutdown Shutdown when any supply is below minimum
Monitoring Inputs
Internal LED
(no fault indicator) When lit indicates amplifier is not shutdown due to excessive
heatsink temperature or improper supplies.
External LED
(remote operation indicator) When lit indicates amplifier is not shutdown due to
excessive heatsink Temperature or improper supplies,
and there is no inhibit switch closure
Power Requirements
Low voltage supply +14.3V to 16V @ 300mA
-143V to -16V @ 80mA
High voltage supply +20V to +85V +40V to 170V
@ 12A @10 A

Thermal Requirements
Operating

Ambient

Storage

Machined flat mounting surface should not exceed
60 © C for amplifier power dissipation of 84W for 220,
100W for 230

0t050°C

30 © C to +85 © C ambient
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Model 220, 230 PWM Switching Amplifier

TechnicalSpecifications

The following table provides specifications for Models 220-10and 230/10in non-
servoapplications. Typical specifications tested @ 25 degrees Cambient+15.0V, -
15.0V, +80V Model 220 or +160V Model 230.

Specification 220-10 230-10
Power Output
Continuous Rating +/-75V @ +/-12A 0.9kW +/-150V @ +/-10A 1.5kW
Peak Rating
Unidirectional 100ms min, 75V @ 22A 100ms min, 150V @ 15A
Bidirectional 200ms min, 75V @ 22A 200ms min, 150V @15A
Current Limit
(adjustable) 1-22A 1-15A
Input Characteristics
Inputs Differential
Impedance 150k ohms minimum
Max. input voltage Diff. @ 16V either input
Input Offset Adjustable to zero
Gain 3.7-45A/V 1-1.8A/V
(Adjustable)
Output Impedance 17 ohms in parallel with 4.4uF 50 ohms in parallel with 4uF
Bandwidth
-3dB current source
4 ohm load 8kHz
Switching Frequency 71kHz

Parallel Operation

Harmonic Distortion (THD)

Up to 20 slaves may be paralleled at the output.

200Hz, 4A rms into 4mH 0.15% max
Settling Time
Load, 4mH with 0.35 ohms in series
0to+/-17A +/- 1%, 2ms
Load, 200mH with 0.5 ohms in series
0to+/- 12A +/- 2%, 3ms
9
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Model 220, 230 PWM Switching Amplifier

Specification 220-10 230-10
DC Drift
Long term (after 4 to 8 hrs.) 2mA/ °C (@+/-12A) 1.4mA/ °C (@ +/-8A)

Noise
Mostly 71kHz
where L= load inductance

Current Monitor

2mArms/L (mH)

4mArms/L (mH)

Single-ended (2kohm output) +/-6V/22A +/-6V/15A
Remote Shutdown Switch closures inhibit output
Amplifier Protection
Overload Current limiter
Heatsink temp. Shutdown 91 °C
Latchoff Until reapplication of 15V power or depression of
reset button
Overvoltage shutdown Shutdown when high voltage supply is above
92V for 220-10and 185V for 230-10
Undervoltage shutdown Shutdown when any supply is below minimum
Monitoring Inputs
Internal LED
(no fault indicator) When lit, indicates amplifier is not shutdown due to
excessive heatsink temperature or improper supplies.
External LED
(remote operation
indicator) When lit indicates amplifier is not shutdown
due to excessive heatsink temperature or
improper supplies, and there is no inhibit switch closure
Power Requirements
Low voltage supply +14.3V to 16V @ 300mA
-143V to -16V @ 80mA
High voltage supply
220-10 +20 to 85V @ 12A
230-10 +40 to 170V @ 10A
Thermal Requirements
Operating Machined flat mounting surface should not
exceed 60 OC for amplifier power
dissipation of 84W for 220-10, 100W for 230-10
Ambient 0to500C
Storage -30 to +85 OC ambient
10
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Model 220, 230 PWM Switching Amplifier

AppendixA  TechnicalDrawings

This appendix contains drawings of the Model 220/230 PWM Amplifierincluding:
* afunctionaldiagram,
* atypicalamplifier transferfunction, and

¢ outlinedimensions.
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Model 220, 230 PWM Switching Amplifier
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Model 220, 230 PWM Switching Amplifier
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Model 220, 230 PWM Switching Amplifier

Heat Sink Option
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Mating Connector: 1P1 (15Pin D-Sub, Female); 2J2 (15Pin D-Sub, Male)
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