








Engineered Solutions Group

ESG

When the Requirement Goes Beyond the Catalog

CUSTOM Power Solutions to Fit Your Requirements

The Engineered Solutions Group (ESG) at AMETEK Programmable Power is an internal
business unit dedicated to solutions that require “outside the box” thinking and ...
sometimes, “way"” outside the box development!

ESG’s mission is to work directly with our customers to develop application specific
solutions through modified standard products, integrated power systems using standard
products or fully customized solutions.

O Modified standard products
O Power sub-systems

O Power conditioning

O Turnkey power systems

O ... and More!

Call or email for more information, to discuss requirements or obtain a quote.
ESG Hotline: 858-678-4411
esg@programmablepower.com

858.458.0223 sales@ProgrammablePower.com
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Engineered Solutions Group

The ESG Process

Custom solutions are developed to exacting
standards following a well-defined process.
First, an application development engineer will
be assigned to your project. Our engineer will
create a functional specification in collaboration
with your engineering team. A written quotation
will be developed describing the proposed
solution, deliverables, lead-time and project
costs. Following approval, AMETEK's Engineered
Solutions Group will build and test the solution,
providing periodic updates as needed. Upon
delivery, ESG can also provide implementation
training according to your needs

Modified Standard Products

The simplest custom solution is to modify one

of our many standard products. This can be as
simple as changing the faceplate color to match
your rack application. Many of our OEM (Original
Equipment Manufacturer) customers appreciate
this capability to provide an integrated, corporate
look to their racks. We can provide custom inputs
to meet the needs of legacy ATE applications, or
our engineers can modify several of the electrical
characteristics of our power supplies to meet the
needs of your applications.

Power Subsystems

A power subsystem is a product where power
supplies and other equipment are integrated
into a rack to provide a specialized component
of a larger system. Typically they would include
specialized customer furnished material and take
their control commands from the customer’s
system controller. These systems are used for
applications where the power source is the
predominant asset in the rack or the power
subsystem is a major part of the test system
make-up such as in the automotive and
aerospace market segments. ESG has been
providing these power subsystems for many years
and can add value both in time to market and
simplification of the procurement process.

System Solutions

Over the years AMETEK/Elgar has created system
solutions for a wide range of applications. These
system solutions are standard configurations
that can be easily modified to your particular
application’s needs. As an example AMETEK/
Elgar is the industry leader in solar array
simulation for the Spacecraft industry.

We have delivered systems that support ABD100
test series and other market-specific test
requirements. This level of integration varies
greatly with each specific customer need, and
we can provide whatever level of integration

is required; from a low level pre-integrated

rack or we can purchase all required assets per
customer specifications and perform complete
pre-integration services. Power related turn-key
systems are key elements to our capabilities and
offer an alternative to in-house designed custom
systems. Examples include:

Solar Array Simulators
This type of simulator is used in the Satellite
industry for power bus simulation during
ground based satellites testing.

Battery Simulators
Which are used to dynamically emulate battery
behavior (charging and discharging) of various
battery chemistries.

Test and Validation Systems
These systems usually supply power to a
single customer device under test (DUT)
while other elements of the test system take
measurements gauging the performance of
the DUT. Many of the systems we provide
in this application category are power
subsystems and function as the stimulus
portion of test stations.

Process Control Systems
These are used for a variety of applications
where the control of the input power controls
the output process performance. Such
applications are power sources for laser diodes,
plating, metal forming, heater controls, etc.

Reliability and Burn-in Systems
Custom systems can be configured for product
verification, engineering evaluation, and
production accelerated life testing.
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Elgar SAS - Solar Array Simulator

900-1000 W

450 or 500 W/channel Solar Array Simulator

o Total control of I/V behavior

* Designed to operate at the knee
* Fast profiling current source
 Bus overvoltage protection

® Hardware shutdown system

© Multiple master SAS systems can be connected to
create very large SAS systems

o Customer defined output connectors

Product Overview

A spacecraft solar array is subjected to large
temperature excursions, varying insolation

(the amount of sunlight falling on the array),
mechanical changes and aging, which
substantially effect both its short and long term
performance. In order to test the spacecraft’s
power environment, a cost-effective solution for
ground based testing is to utilize a solar array
simulator.

The Elgar SAS system reproduces all possible
solar array outputs, based on the wide variety of
input conditions that an array faces, including
orbital rotation, spin, axis alignment, eclipse
events, beginning-of-life and end-of-life
operation. The SAS also provides complete
programmable control of all the parameters that
shape the solar cell I/V output curve. By being
able to accurately simulate solar panels under
various space conditions with complete control,
a system developer can comprehensively verify
design margins and quickly test, in production,
spacecraft power systems and their associated
electronics.

Each Solar Array Simulator is a fully integrated,
turn-key system complete with Windows NT
graphical user interface and hardware control
software. It can be remotely controlled and
addressable as a single device when integrated
into a customer’s test system. This control is
accomplished via a standard ethernet or optional
GPIB interface using standard SCPI format
commands.

As a very important consideration in spacecraft
testing, discrete hardware protection systems are
a standard part of every SAS.
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These include subsystems that can remove
power at the output of the SAS in under 10
microseconds. Each SAS string has an electronic
circuit breaker and relay disconnect, so faults
are localized and minimize disruption of the last
process. SAS systems have been designed and
delivered ranging from desktop, 2 channel, R&D
units to systems capable of controlling two 64
channel SAS systems simultaneously. AMETEK's
Engineered Solutions Group can assist in defining
special requirements and customize each system
using a standard building block approach. This
allows each customer to get exactly what id
needed while minimizing costs.

Features And Benefits

Total Control Of I/V Behavior.

AMETEK's Fast Profiling Current Source (FPCS)
provides the ability to simulate real world

solar array power more accurately than other
technologies by allowing programmable control
of all four parameters necessary to independently
control the characteristic IV diode output curve,
or profile, of each FPCS channel.

In addition, the user may choose the non-
parametric mode of operation and program

I/V curves unique to the application. The basic
building block of an Elgar SAS is the FPCS. Each
FPCS module simulates either one or two array
strings, or can be series or paralleled with other
FPCS modules to simulate larger array segments.
The 900W and 1000W chassis consist of two

(2) 450W or 500W power modules in parallel,
housed in a single 5-1/4" chassis with one
control assembly. Open circuit voltage and short
circuit current are scaled to meet a customer’s
requirements.

858.458.0223
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SAS - Solar Array Simulator

Designed To Operate At The Knee.
The FPCS is designed to operate continuously at

the FPCS is unconditionally stable at any point
of the I/V curve. It can operate continuously at
the peak power point of the output curve, into
a sequential shunt unit (SSU), or into any other
power system output topology.

The Proven Source.

tracking, sequential shunt and series regulator
power topologies. It has even been used to test
Xenon lon propulsion devices. The following is a
short list of the many companies now using the
Elgar Solar Array Simulators:

Ball Aerospace

Boeing Research

Boeing Space Systems

Boeing Rocketdyne

Jet Propulsion Lab
Lockheed-Martin

Motorola Space and Systems Technology
Northrop Grumman (TRW Space)
Northrop Grumman

Space Systems Loral

Thales Alemia Space ETCA
Thales Rome

Thales Camus

Thales Torino

Thales L'Aquita

Thales ETCA

Thales Milano

Goodrich

Astrium (Matra Marconi, DASA)
Bristol Aerospace

Clemessy

European Space Agency — ESTEC
Israeli Aircraft Industries, MBT
Korea Aerospace Research Institute
Korea Aerospace Industries
Mitsubishi Electric Corporation
Mitsubishi Heavy Industries

NEC Toshiba Space Systems, Ltd.
Patria

Surrey Satellite

Siemens

Swedish Space Corporation
Terma Aerospace

I/V Diode Output Curve Control Parameters.

Voc Maximum programmed open circuit voltage
at no load Isc Maximum programmed short
circuit current operating into short Rs Maximum
programmed effective series resistance (voltage
mode slope adjustment) N Curve factor (current
mode steepness adjustment)

Quick Curve Recalculation

the peak power output, or the knee, of the solar
array output. With a bandwidth of over 500 kHz,

The FPCS has been proven to supply peak power
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Since the FPCS is capable of a smooth transition
from one calculated curve to another without any
output disturbances, varying insolation patterns
can easily be simulated. With a maximum curve
update rate of 4 times/second, entire orbits can
easily be simulated with fine time resolution. An
alternate mode can be programmed to allow the
FPCS to operate in power supply constant current
mode, where recalculation is even faster.

Embedded Computer In Each Module.

An embedded Motorola microprocessor in

each FPCS module provides the computational
power necessary to calculate the output transfer
function, to communicate via a fiber optic data
link to the system computer and to continuously
monitor the state of the power sections.

Fastest Switching Recovery Time.
Elgar systems feature switching recovery time of 2
microseconds or less.

450 And 900 Watt Modules and 500 and 1000 Watt
Modules Systems can be as small as one 450 watt
channel or as large as 128 channels with a total
output power of up to 57,600 watts. They can
also be paralled to achieve much higher channel
counts and power levels.

Simulates Both Silicon And Gallium Arsenide Arrays
Silicon, gallium arsenide, and other types of
solar array panels can be simulated realistically.
The FPCS technology was specifically designed to
operate into sequential shunt unit (SSU)

as well as peak power tracking and linear
regulation systems.

Galvanic Isolation Of Qutputs.

Each FPCS chassis is controlled via a fiber

optic link to eliminate nuisance ground loops
associated with other hardwired control systems,
such as RS-232 or GPIB
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SAS - Specifications

Specifications

900-1000 W

Specifications are guaranteed over a temperature range of 0-40° C, unless otherwise noted.

Power Ratings

Dual 450 watt or 500 watt outputs, or a single 900 watt or 1000 watt output in a single rackmount chassis 5-1/4"

Output Ratings

Ripple and Noise

Constant Voltage

Elgar will scale the open current voltage (Voc) to maximize the short current (Isc) within the power envelope to an individual
customer’s requirement at no additional charge. Outputs can be set for voltages (Voc) of up to 150 Voc and output current (Isc) of
up to 15 amps per channel.

(In the range of 20 Hz - 20 MHz, with outputs floating or grounded)

rms +£0.025% of maximum, p-p £0.25% of maximum Voc

Constant Current

rms +0.05% of maximum Isc; p-p + 0.5% of maximum Isc Note: Test conditions maximum Voc, maximum lsc,
N =44, Rs = 0.5, load = 3Q resistive load

Load Switching Recovery Time

Programming Accuracy

Voltage

2 microseconds. Current recovers to within 90% of programmed value in less than 2 microseconds when switched from short circuit
to variable load.

at 25°C +5°C
+0.06% of setting (+ 0.06% of maximum Voc)

Current

Line Regulation

+0.1% of setting (+ 0.1 % maximum Isc)

Change in output voltage or current for any line change

Output Capacitance

Constant Voltage

Voltage +0.01% of maximum Voc

Current +0.1 mA + 0.005% of maximum Isc
Readback Accuracy at 25°C £5°C

Voltage +0.1% of reading +0.1% of maximum Voc
Current +0.2% of reading +0.2% of maximum Isc

or 70nf accross output terminals

rms 0.025% of max Voc
p+p 0.025% of max Voc

Constant Current

rms 0.05% of max Isc
p+p 0.05% of max Isc

858.458.0223
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Elgar BSS - Battery Simulation System

60 W-30 kW

Battery String Simulator

20 VA-150 kVA

e Flexible Database Operation

e Fully Programmable

e Completely Configurable

¢ Attention To Spacecraft Safety

e Eliminates the need for test flight batteries and
their associated issues

Product Overview

The Elgar Battery String Simulators (BSS) provide
safe, reliable battery power for spacecraft
testing. The broad range of features available
ensures simulation capabilities for more than
just two terminal power. It's the ideal solution
for complete integrated system testing, not just
battery elimination.

The BSS behavior is determined by a charge
table, in spreadsheet format, specific for a battery
topology and various battery conditions. Many
charge tables can be stored on the computer
hard drive for easy retrieval.

The BSS operates in two modes, static and
dynamic. In the static mode, when a state-of-
charge value is entered, the BSS will instantly
produce the terminal voltage corresponding

to that state-of-charge. Because of this
programmable flexibility, time consuming
discharge cycles of flight test batteries are
eliminated. In the dynamic mode, once a state-
of-charge start point is entered, the BSS will
monitor the charge and discharge energies being
impressed on the “battery” and modify the
terminal voltage accordingly.

Single or dual battery pack simulator versions are
available with discharge currents of up to 240A
and charge currents of up to 1000A per battery.
In addition, optional sensor simulators (including
thermistor, pressure transducer, and heater load
outputs) allow closed loop input to the Spacecraft
Power Regulator for true battery emulation.

As with the SAS systems, each Battery Simulator
System is a fully integrated, turn-key system
using a Windows Graphical User Interface

and hardware control software. This control is
accomplished via a standard ethernet or optional
GPIB interface using standard SCPI format
commands.

N
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Features And Benefits

Flexible Database Operation

A unique database engine allows the Battery
Simulator to simulate various battery chemistries.
The state of charge of the “battery” and the
instantaneous current flow in or out of the
“battery” is used to calculate the current terminal
voltage of the battery. This database engine has
the capability of controlling pressure transducer
simulator to allow a charging system to operate
in a closed loop fashion. The database feature
allows the simulator to simulate common battery
ailments: shorted cells, degraded charge transfer,
and aging, to name a few.

Integrated Battery Sensor Simulator
Packages

Integrated thermistor and pressure transducer
simulators allow the user to test an entire battery
conditioning system closed loop. This integration
of simulators allows for faster system debug and
greater test flexibility.

Fully Programmable

All aspects of the battery simulation are
programmable. A file management system allows
different “battery” databases to be loaded

and executed transparently while the system is
simulating, thus allowing the user the ability to
change battery conditions quickly and efficiently.
A simulation can be suspended and re-started
later, allowing the user to stop the charge/
discharge cycle and examine battery maintenance
systems in a static environment. All system
setpoints and operational points are available to
the user either locally or remotely, eliminating the
need for external monitoring equipment.

858.458.0223
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BSS - Battery Simulation

System

Attention To Spacecraft Safety

Several safety systems are employed in the
battery simulator to ensure proper system
operation. Overcurrent trip or foldback points are
user settable locally or remotely. Programmable
overvoltage protection is also provided.

Wide Range Of Power
Charge/discharge power levels ranging from less
than a kilowatt to several kilowatts, are available.

Power Rack Integration Service

Power subsystems are a key part of electronic
systems, manufacturing processes and process
control equipment. The engineering and
construction of these power subsystems are often
unwanted diversions for the engineering staff.

AMETEK can provide you with custom designed
turnkey power subsystem rack solutions to meet
a variety of application requirements. Based on
our vast power subsystem experience we can
quickly and efficiently provide system solutions.
Whether you desire to free up your current
engineering talent or to add a fresh perspective in
applications where power subsystems are new to
your process, we can help.

Specifications

AC Input 208V L-L, 3 phase 60 hertz

400V L-L, 3 phase 50 hertz
Programming Accuracy at25C+5°C

Voltage 0.1% of full scale voltage

AMETEK starts with the world’s largest selection
of programmable power sources, then designs
and builds a system that will fill your every need,
all with a single PO.

Some additional benefits of a AMETEK Power
Rack System are:

Strong systems experience mitigates risk of
integration issues and performance problems..
Customer part number established, allowing
easy reprocurement of systems for future
requirements.

Building power subsystems requires more than
power sources and racks; it demands attention to
thousands of details.

Test System Safety

The BSS is used in place of test flight batteries.
There is no need to charge and discharge test
batteries, and chance a shorting of the battery.

Test Process Speed

Changing from one state - of - charge to another
using flight batteries and be a time consuming
process. The Elgar BSS is simple, fast and accurate
and can increase test throughput tremendously.

Current
at25°C +5°C
0.2% of full scale

Readback Accuracy

Voltage

0.2% of full scale source current

Current

Accumulator Accuracy

1.0% of full scale source current

Constant current charge or discharge resulting in a 50% change in state of charge over 30 minutes

20Hz to 300KHz

RMS Ripple and Noise
Voltage

0.5% of maximum output voltage

Current

Transient Response 20 Milliseconds

0,1% of maximum output current

20% to 100% discharge current step across an 8500pF capacitor recovery to within +1.0 volt (1% of full maximum battery voltage)

Sensor Simulator Options

Voltage Monitors The voltage monitors are A-D converters that can monitor any voltage up to 100VDC

Thermistor The Thermistors are programmable 12-BIT resistive ladder circuits designed to emulate the readings that a battery thermistor would

provide. They are manually programmable from the Sensor Simulator GUI or remotely through the BSS system’s remote control input.

Strain Gauge Outputs The strain gauge outputs are programmable D-A outputs that emulate a battery strain gauge output. The sensor simulator software

will cause the output of the strain gauge to output a signal when an excitation voltage is provided by the spacecraft.

Strain Gauge Excitation Sensing This is an input signal is received from the spacecraft.

Cell Voltage Simulation Isolated D-A converters simulate individual cells in a series stack.
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Elgar High Current Research Test System

45-75 kW

"Copperhead”

0-5V

© 9000A, 12000A and 15000A configurations
e Continuous operation at max power

e Excellent transient response capabilities
(similar to single power supply)

* Fast output current slew rate (rise & fall time)

e Compact, robust, transportable cabinet design
(easy to move between laboratories)

The High Current Research Test System,
dubbed “Copperhead,” is designed to meet
the demanding requirements of both Research
and Development and Product Qualification
Environments.

This system is capable of delivering a full 15,000
Adc with a 25msec rise time from no current to
full current. It is intended to meet current-mode
application requirements such as superconducting
wire research, and contact current and circuit
breaker qualification.

From the input AC distribution to the 810

Ibs. (368 Kg.) of copper output bus bars, the
Copperhead employs all of the system integration
necessary to meet the application requirements.
The control wiring implementation has been
designed to provide the customer with a
summed current readback so that current
monitoring is easy.

With the understanding that the bottom trace
above represents a full 15,000A of current, the
system response time is well controlled and
with little overshoot. The top trace depicts an

~ 40msec input control pulse and the bottom
trace depicts the output response to this control
pulse. Due to the power supply control loops
and required stability of the output, the output
pulse is delayed ~ 30msec and with a ~25msec
rise time. There is also a delay once the falling
edge is detected on the control pulse and is
approximately the same with approximately the
same fall time. Therefore, a 40msec pulse with
a 3hz repetition rate is the fastest control signal
possible to obtain a full 15,000A output with an
output pulse ~120msec in duration and ~70msec
at full current.

9000-15000 A

|

\

A\

1
1

Unique, high-current DC output bus-bar. Design
makes it easy to connect high-current UUTs.
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High Current Research Test System

Specifications

Voltage 0to5VDC
Current 0to 15,000 A (Also available in 9,000A and 12,000A versions)
Regulation Current-Mode Only — This system is not intended to run in Voltage-mode

Line: For input voltage variation over the AC input voltage range, with constant rated load.
Load: For 0-100% load variation, with constant nominal line voltage.

Current: 0.5% of maximum rated output

Voltage: 0.1% of maximum rated output

Transient response A 30% current program step will recover to within + 2% of rated current within 10 msec.
Stability + 0.05% of set point over 8 hours after 30 minute warm-up with fixed line, load, and temperature.
Temperature Coefficient Change in output per oC change in ambient temperature, with constant line and load.
0.03%!/ oC of rated output current
Operating Temperature 0 - 500C, No derating
Cooling Each power supply has internal fans and rack system has three exhaust fans
Programming Analog Programming; 0-10V equals 0 to full scale output
Regulatory TUV NRTL to UL1950, TUV to IEC 950, CE Mark (Power Supplies)

Input Requirements and Physical Parameters

AC Input Voltage 3-phase Delta or Wye

C: 190-253Vac, 47-63Hz (Standard)
D: 360-440Vac, 47-63Hz (Optional)
E: 432-528Vac, 47-63Hz (Optional)

AC Input Current Maximum Consumption | At 380Vac (Typical at full load)

150A per phase
Power Factor 0.72 minimum
Dimensions 80" high x 36" wide x 45" deep (2040mm x 915mm x 1140mm)
Weight 2100 Ibs (955 kg)
Remote Control Interface
On/Off control Contact Closure, TTL/CMOS or Isolated AC/DC (6-120V)
Current Control 0-10Vdc controls 0 to 100% of rated current
Current Control Accuracy 1% of full rated current
Current Monitor 0-10Vdc proportional to 0 to 100% of rated current
Current Monitor Accuracy 2% of full rated current, Output Impedance = ~200Q
Voltage Monitor 0-10Vdc proportional to 0 to 100% of rated voltage
Voltage Monitor Accuracy 2% of full rated voltage
Connection D-Sub 25 female connector
The figure below depicts the High Current Test System performance
TakRun | — rgd
B "
X
S ——— R NI
) W T0.0v Lm400my A ch: F 1.00%
ChT 500V

© 2009 AMETEK Programmable Power All rights reserved. AMETEK Programmable Power is the trademark of AMETEK Inc., registered in the U.S. and other countries.
Elgar, Sorensen, California Instruments, and Power Ten are trademarks of AMETEK Inc., registered in the U.S.
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DC Power / Energy Absorber Test System

60 kW

DC Power and Regenerative Load Applications

400V

® 750 VA to 2250 VA of AC Output Power

e Combines AC/DC source and power analyzer
® Harmonic analysis of Voltage and Current

e AC, DC and AC+DC Output Modes

¢ Multiple Chassis Configurations

¢ Powerful output transient generation

e High Crest Factor Capability

* Arbitrary waveform generation

e Single and Three Phase models available

System Description

The Energy Absorber Test System includes power
supplies and a regenerative energy absorber

with a rating of 400VDC at +150A. The system
consists of DC power supplies, an AC distribution
and interlock system, an energy absorber chassis
and an absorber load resistor chassis. The power
sources are equipped with a remote control
option allowing control via GPIB or with front
panel controls in local mode. The operation of
the specific parts of the system is described in the
sections below.

DC Power Supplies

The power supplies consist of two model types
each rated for 0-400VDC at 75A. The SGI supply
includes a GPIB programming interface and
operates as the Master supply. The SGA supply is
used as a Slave, operating as a voltage controlled
current source. This Master/Slave operation is
used to provide up to 400V at 150A for 60kW
of output power. By operating in a Master/

Slave configuration, the supplies operate as one
unit that can be controlled from the Master

unit through either local control or IEEE-488
operation.

150 A

208

400

480

(=) RS232

The DC power supplies contain a provision

for voltage and current readback. The current
readback on the front panel of the supplies is set
up so that the SGI supply indicates the sum of
both supplies. As used in this system, the power
supply current monitoring indicates the actual
power supplies output current. Regenerative
current is not conducted through the power
supplies due to a blocking diode in the Energy
Absorber chassis so the system current readback
is available separately.

Energy Absorber Load Chassis

The Energy Absorber Load chassis contains

the regenerative resistive load element. The

load consists of numerous high power resistors
connected in series/parallel banks, creating a total
resistance of approximately 1.5 Ohms at 30kW
continuous and 60kW peak.

858.458.0223

sales@ProgrammablePower.com

299



DC Power / Energy Absorber Test System

Block Diagram of Energy Absorber and Actuator
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Energy Absorber Control Chassis

The Energy Absorber Control chassis contains
primary and secondary voltage clamps consisting
of an IGBT and an SCR. In addition, it contains

a GPIB programmer and measurement circuitry
and controls that provide drive signals to the
power components. In the chassis, high current
bus capacitors are connected between the output
to limit the rate of rise of voltage (slew rate)
allowing the IGBT to operate at a controlled
frequency when an external Regen current

pulse occurs and to store energy to provide

high peak current pulses to the load. A blocking
diode in series with the input power supplies is
used to detect the direction and amplitude of
current flow. A differential amplifier is used to
monitor the voltage across the blocking diode
and regulate it to a value programmed by the
internal GPIB controller which is independent

of the input voltage level. Since it is desirable in
some tests to allow the voltage to increase above
the normal voltage level during the Regen pulse
event, the output occurring across the blocking
diode is scaled so that the voltage that is fed to a
comparator is proportional to the controllers D-A
converter that is calibrated to this same voltage
range. When currents from the actuator conduct
back into the absorber chassis, the bus capacitor

charges until the input to the comparator reaches
the programmed threshold and activates a drive
signal to turn on the power IGBT connecting

the absorber load resistor across the output bus.
The resistor discharges the output capacitor

until a lower threshold voltage is reached on the
comparator. In this manner, with the actuator
Regen current providing the charging current and
the absorber load resistor providing the discharge
current, the bus capacitor bank voltage can be
maintained at a constant level with approximately
5V peak to peak of ripple during the charge and
discharge intervals. The Energy Absorber Control
chassis also contains circuitry to activate AC input
contactors, relays and power supply shutdown
signals, which are enabled through a control
connector. Also available are high bandwidth
0-10V analog circuitry proportional to the DC
output voltage and current for monitoring with
an oscilloscope or external analog system. The
voltage and current monitors are also available on
an internal GPIB controller in the Absorber chassis
so that their values can be queried over the bus.
Additional functions in the chassis include an
OVP detector for a secondary protection SCR in
the case of a power interruption, and front panel
status LEDs to show the operating status of the
OVP circuit, relays and contactors.
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DC Power / Energy Absorber Test System

The oscilloscope photo example shows the action
of the power supplies and regen circuitry to a
specific loading condition.

The photo shows an expanded view of the output
voltage where the charge and discharge intervals
are more visible. The bottom trace is output
current that on the Energy Absorber power rack
during a pulsed regenerative event. The top trace
(1) shows the output voltage programmed to
270VDC at 10V/div AC coupled. The lower trace
(3) shows the load current at 100A/div being
switched between a resistive load of 100A and
the Regen current at 150A. The arrow at the
center of the scope trace is the zero current level.
The scope trace is shown at 4msec/div.

Communication

Communication to control the power supply
outputs and readback of voltage and current in
the power supplies is accomplished with a GPIB
interface using standard SCPI commands. The
power supplies can also be operated manually
from the front panels. The Energy Absorber
chassis includes a GPIB interface for programming
the Regen clamping limit, input contactor closure,
dropout relay closure and voltage and current
readbacks. A GPIB connection is provided on the
rear of the rack for both interfaces.

© 2009 AMETEK Programmable Power Al rights reserved. AMETEK Programmable Power is the trademark of AMETEK Inc., registered in the U.S. and other countries.
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AC Control and Distribution

The power rack system includes an AC
distribution system. With a DC output power
rating of 60kW at 480VDC and 150A, the AC
input current to the rack is 120A per phase with a
400VAC, 3 phase, 4 wire connection. AC power
to the racks is through two pin and sleeve type
connectors and routed through circuit breakers
and the mains disconnect interlock contactors.
The AC interlock operates by energizing relays
which are operated by ON/OFF switch closures
located on the front panel or with auxiliary switch
closures which are available through a rear I/0
panel connector. The ON/OFF panel contains two
pushbutton switches, an ON pushbutton and a
twist to lock OFF button. A door interlock and
single point ground connection are also provided.

DC Output

DC output is through an MS type connector of
suitable type and ampacity on the panel depicted
in the image above. A mating connector is
provided.

Elgar, Sorensen, California Instruments, and Power Ten are trademarks of AMETEK Inc., registered in the U.S.
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DC Power / Energy Absorber Test System : Specifications

Voltage 480VAC £10% L-L 3 Phase, 3 Wire plus ground
Frequency 45-65 Hz
Current 60A per phase max on two AC inlets at full rated output power

Power Factor

0.65 minimum

Energy Absorber

Current Rating

Connections Hubbell 460B7W AC Inlet IP67 AC Inlets two (2) each
Voltage 0-400VDC

Current 0-150A

Connections MS3102A-36-6S

Efficiency 85% typical @ full load

150A nominal, 335A peak for 50usec

Power Rating

20KW average, 50kW peak for 1 sec

Overvoltage
Remote Control Interface
Discrete Control 1/0

OVP set at 430VDC

D38999/20F35PN MS Connector

IEEE-488 Programming
AC Power Control

Power ON pushbutton on front panel (green)

GPIB Connector

Power OFF/Emergency locking pushbutton on front panel (red)

AC present indicator on front panel

Physical Characteristics

Remote interlock pins on rear panel control connector

Height 73 inches(including casters)
Width 24 inches

Depth 36 inches

Weight 766 Ibs.max

Cabinet Color Black, FED STD 595B,27038
Dress Panel Color Black, FED STD 595B,27038

Other

Environment

Locking Casters; lifting eyebolts

Certifications

Temperature 0-50 C Ambient
Humidity 95% max, non condensing
Altitude 4,000 ft

Sorensen SGA power supplies are NRTL approved to UL102, UL61010, EN61010, IEC61010
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Elgar Isolation / Polarity Chassis

60 kW

Isolation / Polarity and Interlock Controls

600V

¢ Remote Isolation control

® Remote Reverse Polarity control

¢ Remote Local/Remote Sense Relay control
 Output voltage isolation from load

¢ Relay Interlock (relays automatically open when an
interlock connection is broken)

e Front panel LED's to indicate relay configuration
and fault state of power supply

o Relay switch lock-out (ensures that both isolation
and polarity relays are not on simultaneously)

The Elgar Isolation/Polarity Reversal Chassis, p/n
5608975-01, provides programmable normal or
reverse polarity DC voltage for high voltage and
high power loads. The unit is designed to connect
and operate with the Ethernet user interface of a
Sorensen programmable DC power supply, such
as the SGA or SGl series, to provide a switched
output. The unit includes controls for AC input
Power, Output Isolation, Output Polarity, Output
Interlock and Remote Sense relay control.

Description

The internal relays of the isolation/polarity chassis
are controlled through the external user interface
logic originating in the SGA/SGI series power
supplies with an Ethernet Programming Interface
(Option 1C). The chassis consists of a four (4)
main power relays that switch the DC power
supply voltage to provide full isolation when open
and normal polarity or reversed output polarity
when closed with the Ethernet controller.

As shown in the photo, the front panel of the
Isolation / Polarity Reversal Unit includes an AC
power switch that connects the AC input on the
rear panel connector to an internal power supply
that powers the relays. The unit includes an
interlock connector that must be shorted before
any relays will energize. All other controls are
made through a cable connecting the SG Power
Supplies External User connector on the Ethernet

250 A

interface to the Isolation/Polarity chassis rear
panel control connector. LEDs on the front panel
of the chassis will change in response to the
relay control status. The relays are interconnected
so that if both isolation and polarity relays are
enabled at the same time, the output contactors
will be disabled to guard against shorting the
output of the SG power supply. The Shutdown
signal on the interlock connector also provides

a way to interlock the chassis to the SG supply.
This signal is connected to the S/D input of the
supply and if the Interlock connection is opened,
the signal will also disable the SG power supply
through its Shutdown Input line. The Fault LED on
the front panel indicates the status of the Fault
line coming from the SG power supply. When
the SG power supply is enabled, the DC voltage
will be connected from the power supply to the
Input connector on the rear panel. This input is
connected to four power relays in a bridge matrix
so that when one pair of relays are energized,
the input power is connected to the output
terminals with normal polarity. When the other
pair of relays are energized, the input power is
connected to the output terminals in a reversed
polarity. The remote sense relays operate in
conjunction with the isolation and polarity relay
control signals so that the voltage can be sensed
either remotely or at the input terminals of the
chassis.
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Isolation Polarity Chassis : Specifications

AC Power
AC power switch located on the front panel.

AC input voltage: 85 to 264VAC single phase at
1A maximum

AC Input connector: [EC320, C14 Inlet
(115VAC mating line cord provided)

Power Connectors
DC Input: 2 pin terminal block, M10 bolts
(0.393" dia.), 600V, 250A Rated

DC Output: 2 pin terminal block, M10 bolts
(0.393"” dia.), 600V, 250A Rated

(M10 bolts accommodate copper wire to size
4/0.)

Isolation/Polarity Chassis Rear Panel

Control and Sense Connectors
Control Input: Molex 10 pin Micro-fit connector

Interlock: Molex 2 pin Universal Mate-N-Lock
connector

Remote Sense Input: Molex 3 pin Mini-fit Jr
connector

Remote Sense Output: Molex 3 pin Mini-fit Jr
connector

(Mating connectors provided.)

Mechanical
19" wide, 3.5” high (2U) chassis, 15" deep

Weight: 19.2 Ibs

Mounting: Rack slide provisions on chassis side
panels or rack support brackets.

(Mounting hardware not provided)

0
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Warranty

Warranty

AMETEK Programmable Power warrants its
products to be free from defects in material and
workmanship. The warrenty period is from the
date of original shipment of the product to the
original purchaser (see website for warranty
periods by product). Liability of AMETEK under
this warranty shall exist provided that:

e the Buyer exposes the product to normal use
and service and provides normal maintenance
on the product;

e AMETEK is promptly notified of defects by the
Buyer and that notification occurs within
the warranty period;

e the Buyer receives a Return Material
Authorization (RMA) number from AMETEK's
Repair Department prior to the return of
the product to AMETEK for repair, phone
800-733-5427 or 858-450-0085. Outside
the United States, you may find an authorized
service center through our website, www.
programmablepower.com: in the
CONTACT US page, click on
SERVICE CENTERS.

NOTE: Unauthorized returns will not be accepted
and will be returned at the shipper’s expense;

e the Buyer returns the defective product in the
original, or equivalent, shipping container;

e if, upon examination of such product by
AMETEK it is disclosed that, in fact, a defect
in materials and/or workmanship does exist,
that the defect in the product was not
caused by improper conditions, misuse,
or negligence; and,

e that the product QA seal and nameplates
have not been altered or removed and
the equipment has not been repaired
or modified by anyone other than
AMETEK-authorized personnel.

This warranty is exclusive and in lieu of all other
warranties, expressed or implied, including,
but not limited to, implied warranties of
merchantability and fitness of the product to

a particular purpose. AMETEK, its agents, or
representatives shall in no circumstance be
liable for any direct, indirect, special, penal, or
consequential loss or damage of any nature
resulting from the malfunction of the product.
Remedies under this warranty are expressly
limited to repair or replacement of the product.
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Wire Gauge and Current Limits

AWG Conductor Conductor Ohms per Ohms Max amps for Max amps for Max frgqency for
gauge Diameter Inches  Diameter mm 1000 ft per km chassis wiring  power transmission 1(.)0% skin depth for
solid conductor copper
0000 0.46 11.684 0.049 0.16072 380 302 125 Hz
000 0.4096 10.40384 0.0618 0.202704 328 239 160 Hz
00 0.3648 9.26592 0.0779 0.255512 283 190 200 Hz
0 0.3249 8.25246 0.0983 0.322424 245 150 250 Hz
1 0.2893 7.34822 0.1239 0.406392 21 119 325Hz
2 0.2576 6.54304 0.1563 0.512664 181 94 410 Hz
3 0.2294 5.82676 0.197 0.64616 158 75 500 Hz
4 0.2043 5.18922 0.2485 0.81508 135 60 650 Hz
5 0.1819 4.62026 03133 1.027624 118 47 810 Hz
6 0.162 4.1148 0.3951 1.295928 101 37 1100 Hz
7 0.1443 3.66522 0.4982 1.634096 89 30 1300 Hz
8 0.1285 3.2639 0.6282 2.060496 73 24 1650 Hz
9 0.1144 2.90576 0.7921 2.598088 64 19 2050 Hz
10 0.1019 2.58826 0.9989 3.276392 55 15 2600 Hz
" 0.0907 230378 1.26 4.1328 47 12 3200 Hz
12 0.0808 2.05232 1.588 5.20864 4 9.3 4150 Hz
13 0.072 1.8288 2.003 6.56984 35 7.4 5300 Hz
14 0.0641 1.62814 2.525 8.282 32 5.9 6700 Hz
15 0.0571 1.45034 3.184 10.44352 28 4.7 8250 Hz
16 0.0508 1.29032 4.016 13.17248 22 37 11k Hz
17 0.0453 1.15062 5.064 16.60992 19 29 13k Hz
18 0.0403 1.02362 6.385 20.9428 16 23 17 kHz
19 0.0359 0.91186 8.051 26.40728 14 1.8 21 kHz
20 0.032 0.8128 10.15 33.292 1 1.5 27 kHz
21 0.0285 0.7239 12.8 41,984 9 1.2 33 kHz
22 0.0254 0.64516 16.14 52.9392 7 0.92 42 kHz
23 0.0226 0.57404 20.36 66.7808 4.7 0.729 53 kHz
24 0.0201 0.51054 25.67 84.1976 35 0.577 68 kHz
25 0.0179 0.45466 32.37 106.1736 27 0.457 85 kHz
26 0.0159 0.40386 40.81 133.8568 22 0.361 107 kH
27 0.0142 0.36068 51.47 168.8216 1.7 0.288 130 kHz
28 0.0126 0.32004 64.9 212.872 1.4 0.226 170 kHz
29 0.0113 0.28702 81.83 268.4024 1.2 0.182 210 kHz
30 0.01 0.254 103.2 338.496 0.86 0.142 270 kHz
31 0.0089 0.22606 130.1 426.728 0.7 0.113 340 kHz
32 0.008 0.2032 164.1 538.248 0.53 0.091 430 kHz
Metric 2.0 0.00787 0.2 169.39 555.61 0.51 0.088 440 kHz
33 0.0071 0.18034 206.9 678.632 043 0.072 540 kHz
Metric 1.8 0.00709 0.18 207.5 680.55 043 0.072 540 kHz
34 0.0063 0.16002 260.9 855.752 033 0.056 690 kHz
Metric 1.6 0.0063 0.16002 260.9 855.752 033 0.056 690 kHz
35 0.0056 0.14224 329 1079.12 0.27 0.044 870 kHz
Metric 1.4 0.00551 0.14 339 1114 0.26 0.043 900 kHz
36 0.005 0.127 414.8 1360 0.21 0.035 1100 kHz
Metric 1.25 0.00492 0.125 428.2 1404 0.2 0.034 1150 kHz
37 0.0045 0.1143 523.1 1715 0.17 0.0289 1350 kHz
Metric 1.12 0.00441 0.112 533.8 1750 0.163 0.0277 1400 kHz
38 0.004 0.1016 659.6 2163 0.13 0.0228 1750 kHz
Metric 1 0.00394 0.1 670.2 2198 0.126 0.0225 1750 kHz
39 0.0035 0.0889 831.8 2728 0.1 0.0175 2250 kHz
40 0.0031 0.07874 1049 3440 0.09 0.0137 2900 kHz
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Worldwide Product Voltage Input Chart

Input Voltage (Nominal)

Products Single Phase Three Phase (L-L)
110-120V 220/230/240V 208-220VAC 380-415VAC 460-480VAC

XT Std M2 /M3 /M4

HPD Std M2 --- - -

XPD Std Std - - -

XHR Std Std

XDL Std MHV

XPL Std MHV --- - -

XPH Std Std** - - -

XPF Std MHV
s —

XTR Std Std - - -

XFR 1.2kW Std Std

XFR 2.8kW
s

DLM 600W Std Std

XG Std Std
s —

DCS 1kW M1 Std

DCS 1.2kW M1 Std --- - .

DCS 3kW Std std
R

DLM 3kwW Std std

DLM 4kW --- --- Std M1 M2
s —

P63/66 C D E

DHP --- --- Std M1 M2

SGA/SGI/SFA C D E
s —

CW801M/P Std Std

CW1251M/P Std Std

CW2501M/P Std -—- — .
s

TW Series -4 -1&-3 28&-4

SW Series -4 -1&-3 284

858.458.0223 sales@ProgrammablePower.com
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Technical Conversions Chart

Length from metric

Multiply by

millimeters (mm) 0.04 inches (in)
centimeters (cm) 0.4 inches (in)
meters (m) 33 feet (ft)
meters (m) 1.1 yards (yd)
kilometers (km) 0.6 miles (m)
Length to metric Multiply by To Find
inches (in) 2.54 centimeters (mm)
feet (ft) 30 centimeters (cm)
yards (yd) 0.9 meters (m)
miles (m) 1.6 kilometers (km)
eig 0 ply b o Find
grams (g) 0.035 ounces (0z)
kilograms (kg) 2.2 pounds (Ib)
tonnes 1,000 kg (t) 1.1 short tons
Weight to metric Multiply by To Find
ounces (0z) 28 grams (g)
pounds (lb) 0.45 kilograms (kg)
short tons (2,000 Ib) 0.9 tonnes (t)

0 e fro ply b o Find
milliliters (mL) 0.03 fluid ounces (fl 0z)
liters (L) 2.1 pints (pt)
liters (L) 1.06 quarts (qt)
liters (L) 0.26 gallons (gal)
cubic meters (m3) 35 cubic feet (ft3)
cubic meters (m3) 1.3 cubic yards (yd3)
Volume to metric Multiply by To Find
teaspoon (tsp) 5 milliliters (mL)
tablespoon (thsp) 15 milliliters (mL)
fluid ounces (fl oz) 30 milliliters (mL)
cups (c) 0.24 liters (L)
pints (pt) 0.47 liters (L)
quarts (qt) 0.95 liters (L)
gallons (gal) 3.8 liters (L)
cubic feet (ft3) 0.03 cubic meters (m3)
cubic yards (yd3) 0.76 cubic meters (m3)

perature fro ply b o Find
Celsius (°C) (9/5)*Celsius temp. +32 Fahrenheit (°F)

perature to ply b o Find
Fahrenheit (°F) (5/9)* (Fahrenheit temp.-32 Celsius (°C)
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Electrical Formulas

Capacitive Reactance (XC) in Ohms
Effective (RMS) AC Amperes
Effective (RMS) AC Volts

Efficiency (percent)

Efficiency

Horsepower

Inductive Reactance (XL) in Ohms
Input

Neutral Current (Wye)

Output

Peak AC Volts

Peak Amperes

Power Factor (PF)
VA (apparent power)
VA 1-Phase

VA 3-Phase
Watts (real power) Single-Phase

Watts (real power) Three-Phase

Based on 60 Hz
=1@2nfQ)

= Peak Amperes x 0.707

= Peak Volts x 0.707

= Output/ Input x 100

= Output Power / Input Power
= Output Watts/746

=2nfl

= Output / Efficiency

= /A2 + B2 + C2 — (AB + BC + AC)
= Input x Efficiency

= Effective (RMS) AC Volts x /2

= Effective (RMS) Amperes x \/7

= Watts/VA
= Volts x Ampere or Watts/Power Factor

= Volts x Amperes
= Volts x Amperes x 4/ 3
= Volts x Amperes x Power Factor

= Volts x Amperes x Power Factor x 4/ 3

Power
Watts

kw
Horsepower
in-Ib/s
ft-Ib/s

Watts kw
1 100E-03
1000 1
746 0.746
0.113 1.13E-04
1.35 1.36E-03

Horsepower in-Ib/s ft-Ib/s
1.34E-03 8.85 0.74
134 8851 738
1 6600 550
1.52E-04 1 0.083
1.82E-03 12 1

Power Conversions

Amperes when horsepower
(input) is known

Amperes when Kilowatts is known

Amperes when kVA is known

Kilowatts

kVA

PF.

Horsepower (output)

Direct Current
HP X 746
E X Eff

kW X 1000
E

IXE

—_
o
o

| X E X Eff
746

Alternating Current

Single Phase Three Phase
HP X 746 HP X 746
E X Eff X PF. 1.73 XE X Eff X PF
kW X 1000 kW X 1000
E X PF. 1.73XEXPE
Kva X 1000 Kva X 1000
E 1.73XE
I XEXPF 1.73XIXEXPE
1000 1000
IXE 1.73X1XE
1000 1000
w w
Kva Kva
| X E X Eff X PE. 1.73 X1 X E X Eff XPE
746 746

| = Amperes C=
Eff = Efficiency ( decimal ) F=
kVA = Kilovolt - amperes L=
E = Volts
P.F. = Power Factor
kW = Kilowatts

HP = Horsepower

Capacitance in Farads
Frequency in Hertz
Inductance in Henry
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Glossary

Glossary

Brownout

the condition created during peak usage periods
when electric utility companies intentionally
reduce their line voltage by approximately

10 - 15% to counter excessive demand.

Cross-regulation

in a multiple output power supply, the voltage
change at one output caused by the load change
on another, expressed as a percentage of the
nominal voltage.

Derating

reducing one operating parameter to compensate
for changes in other parameters to maintain
reliability. For example, the reduction in output
power at elevated temperatures.

Efficiency

the ratio of total output power to input power,
expressed as a percentage. Efficiency must be
specified at a specific combination of load and
input voltage.

Electromagnetic interference (EMI)
unwanted high-frequency energy that is
conducted through the input or output lines or
radiated into space by switching power supplies.
Also known as radio-frequency interference (RFI).

Foldback current limiting

a type of power supply overload protection that
decreases the output current as the overload
increases, until the current reaches a minimal
value at short-circuit. Foldback current limiting
minimizes internal power dissipation under
overload.

Forward converter

a power supply switching circuit that transfers
energy to the transformer secondary when the
switching transistor is on. Forward converter
circuits store minimal energy in the transformer.

Ground loop

a condition that causes unwanted feedback when
two or more circuits share a common electrical
return or ground lines.

Holdup time

the time during which a power supply’s output
voltage remains within specified limits following
the loss or removal of input power. Holdup time is
normally measured at full load and nominal

line conditions.

Input voltage range

the range of input voltage values for which a
power supply or dc-ac converter operates within
specified limits.

Inrush current
the peak instantaneous input current drawn by a
power supply when it is initially turned on.

Inrush circuit limiting
a circuit that limits the inrush current when a
power supply is turned on.

Insulation resistance

the dc resistance between two defined points
at a specific voltage in a controlled environment
(25°C temperature and less than 50% relative
humidity).

Inverter

a device that changes dc power at its input
into ac power at its output. Also called

a power converter.

Isolation

the electrical separation between the input and
output of a power supply due primarily to the
power transformer. The isolation is a function of
materials and spacings throughout the supply.

Isolation voltage

the maximum ac or dc voltage that may be
continuously applied from input to output and/or
chasis of a power supply.

Line regulation

the maximum change in output voltage,
expressed as a percentage, that occurs as the
input voltage varies over its specified limits, with
load and temperature constant.

Load regulation

the change in output voltage, expressed as a
percentage of nominal voltage, that occurs as

the load changes from minimum to maximum,

at constant line and constant temperature. Load
change may be specified for other than no load
to full load as, for example, 50% load to full load.

Local sensing

using the power supply output voltage terminals
as the error-sensing points to provide feedback to
a voltage regulator.

Mean time between failure (MTBF)

a basic measure of reliability for repairable items.
It represents the average time during which all
parts of an item perform within their specified
limits, during a particular measurement period
(typically hours) under stated conditions.

Operating temperature range

the range of ambient or case temperatures
through which a power supply may operate safely
and perform within specified limits.
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Glossary

Output current limiting

a protective feature that keeps the output current
of a power supply within predetermined limits
during overload to prevent damage to the supply
or the load. The supply automatically returns to
normal operation following the removal of the
overload.

Overload protection

a protective feature that limits the output current
of a power supply under overload conditions so
that it will not be damaged.

Overvoltage protection (OVP)

a protective feature that shuts down a power
supply (reduces the output voltage to a minimal
level) to prevent damage to the load when the
output voltage exceeds a predetermined limit.

Parallel operation

the connection of the outputs of two or more
power supplies of the same output voltage to
obtain a higher output current than either supply
can provide alone. Parallel operation requires
power supplies that are specifically designed to
share the load.

Ripple and Noise

the unwanted periodic (ripple) or aperiodic (noise)
deviation of the power supply output voltage
from its nominal value. Ripple is a function of

the input line and switching components and is
expressed in millivolts peak-to-peak or rms, at a
specified bandwidth.

Pulse-width modulation (PWM)

a method of regulating the output voltage of a
switching power supply by varying the width, but
not the height, of a train of pulses that drives a
power switch.

Rated output current

the maximum load current that a power supply
is designed to provide at a specified ambient
temperature.

Regulator
the power supply circuit that controls or stabilizes
the output voltage at a preset value.

Remote sensing

a technique for regulating the output voltage of
a power supply at the load by connecting the
regulator error-sensing leads directly to the load.
Remote sensing compensates for voltage drops in
the load leads.

Resolution
for an adjustabe supply, the smallest change in
output voltage can be realized by an adjustment.

Reverse voltage protection

a feature that protects a power supply from
damage caused by a voltage of reverse polarity
applied at the input or output terminals.)

Series regulation

a popular method of linear regulation in which
the control device is connected in series with the
raw dc and the load to achieve constant voltage
across the load.

Short-circuit protection

a protective feature that limits the output current
of a power supply to prevent damage to the
supply caused by short circuits.

Switching frequency
the rate at which the dc voltage is switched in a
dc-dc converter or switching power supply.

Switching regulator

a high-efficiency switching circuit that operates
in a closed loop system to regulate the voltage
across a load, generally by means of a pulse-
width modulator.

Temperature coefficient

the average change in output voltage per change
in degree of a baseplate temperature, expressed
as a percentage of nomimal output voltage, over
a specified temperature range.

Thermal protection

a protective feature that shuts down a power
supply if its internal temperature exceeds a
predetermined limit.

Transient recovery time

the time required for the output voltage of a
power supply to settle within specified output
accuracy limits following a step change in output
load current or input voltage.

Warm-up time

the time required after a power supply is initially
turned on before it operates according to
specified performance limits.

312 AMETEK

www.ProgrammablePower.com



DC Product Selector Guide
Voltage  Current Model Pg Voltage ~ Current Model Pg Voltage  Current Model Pg
5 75 DLM 5-75 23 10 120 | DCS 10-120E 43 16 185 | DLM 16-185E 51
5 350 DLM 5-350E 51 10 330 P63C-10330 57 16 250 DLM 16-250E 51
5 450 DLM 5-450E 51 10 660 DHP 10-660 n 18 3 XPL 18-3 117
5 500 P63C-5500 57 10 660 P63C-10660 57 18 10 XPH 18-10 113
5 1000 DHP 5-1000 Al 10 1000 DHP 10-1000 Al 18 30 XPD 18-30 119
5 1000 P63C-51000 57 10 1000 P63C-101000 57 20 3 XT 20-3 89
5 1500 DHP 5-1500 n 10 1300 DHP 10-1300 n 20 30 DLM 20-30 23
5 1500 P63C-51500 57 10 1300 P66C-101300 57 20 42 XG 20-42 29
5 2000 DHP 5-2000 7 10 1650 DHP 10-1650 VAl 20 42 XTR 20-42 29
5 2000 P66C-52000 57 10 1650 P66C-101650 57 20 50 DCS 20-50E 43
5 2500 DHP 5-2500 n 10 2000 DHP 10-2000 n 20 50 XHR 20-50 123
5 2500 P66C-52500 57 10 2000 P66C-102000 57 20 60 DCS 20-60E 43
5 3000 DHP 5-3000 n 12 70 XG 12-70 29 20 60 XFR 20-60 35
5 3000 P66C-53000 57 12 70 XTR 12-70 29 20 130 XFR 20-130 35
6 110 XG 6-110 29 12 100 XFR 12-100 35 20 150 DCS 20-150E 43
6 110 XTR 6-110 29 12 220 XFR 12-220 35 20 166 P63C-20166 57
6 200 XFR 6-200 35 12 250 DCS 12-250E 43 20 330 DHP 20-330 n
7 6 XT 7-6 89 125 265 P63C-12.5265 57 20 330 P63C-20330 57
7.5 67 XPD 7.5-67 119 125 530 DHP 12.5-530 Al 20 500 DHP 20-500 Al
7.5 130 XHR 7.5-130 123 125 530 P63C-12.5530 57 20 500 P63C-20500 57
7.5 140 | XFR7.5-140 35 12.5 800 | DHP 12.5-800 7 20 665 | DHP 20-665 7
7.5 300 XFR 7.5-300 35 125 800 P63C-12.5800 57 20 665 P66C-20665 57
8 75 DLM 8-75 23 125 1060 P66C-12.51060 | 57 20 830 DHP 20-830 Al
8 100 XG 8-100 29 125 1260 DHP 12.5-1260 n 20 830 P66C-20830 57
8 100 | XTR 8-100 29 125 1325 | DHP125-1325 | 71 20 1000 | DHP 20-1000 7
8 125 DCS 8-125E 43 125 1325 P66C-12.51325 57 20 1000 P66C-201000 57
8 140 DCS 8-140E 43 125 1600 DHP 12.5-1600 n 25 132 P63C-25134 57
8 350 DCS 8-350E 43 125 1600 P66C-12.51600 | 57 25 265 DHP 25-265 n
8 350 DLM 8-350E 51 15 1.5 XEL 15-5 95 25 265 P63C-25265 57
8 400 P63C-8400 57 15 4 XT 15-4 89 25 400 DHP 25-400 n
8 450 DLM 8-450E 51 15 5 XBT 32-3FTP 97 25 400 P63C-25400 57
8 800 DHP 8-800 n 15 20 HPD 15-20 107 25 520 DHP 25-520 n
8 800 P63C-8800 57 15 220 P63C-15220 57 25 520 P66C-25520 57
8 1200 DHP 8-1200 Al 15 440 DHP 15-440 n 25 650 DHP 25-650 n
8 1200 P63C-81200 57 15 440 P63C-15440 57 25 650 P66C-25650 57
8 1600 DHP 8-1600 n 15 660 DHP 15-660 n 25 800 DHP 25-800 n
8 1600 P66C-81600 57 15 660 P63C-15660 57 25 800 P66C-25800 57
8 2000 DHP 8-2000 ! 15 880 DHP 15-880 n 30 1 XPL 30-1 117
8 2000 P66C-82000 57 15 880 P66C-15880 57 30 13 XEL 30-3 95
8 2400 DHP 8-2400 n 15 1100 DHP 15-1100 n 30 2 XPL 30-2 117
8 2400 P66C-82400 57 15 1100 P66C-151100 57 30 2 XPL 30-2D 117
10 60 DLM 10-60 23 15 1320 DHP 15-1320 n 30 2 XPL 30-2T 117
10 100 DCS 10-100E 43 15 1320 P66C-151320 57 30 2 XT 30-2 89
10 100 XHR 10-100 123 16 20.6 RFP-D1016-021 | 173 30 6 XEL 30-3D 95
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Voltage  Current Model Pg Voltage  Current Model Pg Voltage  Current Model Pg Voltage  Current Model Pg
30 10 HPD 30-10 107 42 20 XPF 42-20 103 60 417 | SGI60-417 77 100 300 | SFA 100-301 83
30 110 | P63C-30110 57 50 20 DCS 50-20E 43 60 500 | SFA 60-500 83 100 300 | SGA 100-300 77
30 220 DHP 30-220 ! 50 24 DCS 50-24E 43 60 500 SGA 60-500 77 100 300 SGI 100-300 77
30 220 | P63C-30220 57 50 66 P63C-5066 57 60 500 | SGI 60-500 77 120 0.5 XT 120-0.5 89
30 330 | DHP 30-330 7 50 133 DHP 50-133 Il 65 5.1 RFP-D1065-5A1 | 173 120 4.5 XPD 120-4.5 19
30 330 | P63C-30330 57 50 133 P63C-50133 57 75 2 XPH 75-2D 13 150 4 DLM 150-4 23
30 440 DHP 30-440 7 50 200 | DHP 50-200 7 80 7.5 DLM 80-7.5 23 150 5.6 XG 150-5.6 29
30 440 P66C-30440 57 50 200 | P63C-50200 57 80 10.5 | XG 80-10.5 29 150 5.6 XTR 150-5.6 29
30 550 DHP 30-550 7 50 265 DHP 50-265 7 80 10.5 | XTR 80-10.5 29 150 7 DCS 150-7E 43
30 550 P66C-30550 57 50 265 | P66C-50265 57 80 13 DCS 80-13E 43 150 7 XHR 150-7 123
30 660 DHP 30-660 Al 50 330 DHP 50-330 al 80 15 DCS 80-15E 43 150 8 DCS 150-8E 43
30 660 P66C-30660 61 50 330 | P66C-50330 57 80 37 DCS 80-37E 43 150 8 XFR 150-8 35
32 95 DLM 32-95E 51 50 400 | DHP 50-400 7 80 37 DLM 80-37E 51 150 18 XFR 150-18 35
32 125 DLM 32-125E 51 50 400 | P66C-50400 57 80 50 DLM 80-50E 51 150 20 DCS 150-20E 43
33 16 XPD 33-16 119 55 55 DCS 55-55E 43 80 63 SGA 80-63 77 150 20 DLM 150-20E 51
33 25 XG 33-25 29 56 1.1 XPL 56-1 17 80 63 SGI 80-63 77 150 26 DLM 150-26E 51
33 25 XTR 33-25 29 56 4 XDL 56-4 99 80 125 | SGA80-125 77 160 31 SFA 160-31 77
33 33 DCS 33-33E 43 56 4 XDL 56-4P 99 80 125 | SGI 80-125 77 160 31 SGA 160-31 77
33 33 XHR 33-33 123 60 1 XT 60-1 89 80 188 SGA 80-188 77 160 31 SGI 160-31 77
33 36 DCS 33-36E 43 60 1.5 XEL 60-1.5 95 80 188 | SGI 80-188 77 160 63 SFA 160-63 83
33 43 RFP-D2033-030 | 173 60 5 HPD 60-5 107 80 250 | SGA 80-250 77 160 63 SGA 160-63 77
33 85 XFR 33-85 35 60 9 XPD 60-9 19 80 250 | SGI 80-250 77 160 63 SGl 160-63 77
35 4 XPH 35-4D 113 60 10 DLM 60-10 23 80 313 SGA 80-313 77 160 80 XMP 2600 185
35 4 XPH 35-4T 13 60 14 XG 60-14 29 80 313 SGI 80-313 77 160 9% SFA 160-94 83
35 5 XDL 35-5 99 60 14 XTR 60-14 29 80 375 SGA 80-375 77 160 9% SGA 160-94 77
35 5 XDL 35-5T 99 60 18 DCS 60-18E 43 80 375 SGI 80-375 77 160 9% SGl 160-94 77
35 5 XPH 35-5 113 60 18 XHR 60-18 123 100 85 XG 100-8.5 29 160 125 SFA 160-125 83
35 10 XPF 35-10 103 60 20 DCS 60-20E 43 100 8.5 XTR 100-8.5 29 160 125 | SGA 160-125 77
35 35 XFR 35-35 35 60 20 XFR 60-20 35 100 10 DCS 100-10E 43 160 125 | SGI 160-125 77
40 15 DLM 40-15 23 60 20 XPF 60-20 103 100 12 DCS 100-12E 43 160 156 | SFA 160-156 83
40 21 XG 40-21 29 60 46 XFR 60-46 35 100 12 XFR 100-12 35 160 156 SGA 160-156 77
40 21 XTR 40-21 29 60 50 DCS 60-50E 43 100 28 XFR 100-28 35 160 156 | SGI 160-156 77
40 25 DCS 40-25E 43 60 50 DLM 60-50E 51 100 50 SFA 100-50 83 160 188 | SFA 160-188 83
40 25 XHR 40-25 123 60 66 DLM 60-66E 51 100 50 SGA 100-50 77 160 188 | SGA 160-188 77
40 30 DCS 40-30E 43 60 83 SFA 60-83 83 100 50 SGI 100-50 77 160 188 SGI 160-188 77
40 30 XFR 40-30 35 60 83 SGA 60-83 77 100 100 | SFA 100-100 77 200 25 SGA 200-25 77
40 70 XFR 40-70 35 60 83 SGI 60-83 77 100 100 | SGA 100-100 77 200 25 SGI 200-25 77
40 75 DCS 40-75E 43 60 167 | SFA60-167 83 100 100 | SGI 100-100 77 200 50 SGA 200-50 77
40 75 DLM 40-75E 51 60 167 SGA 60-167 77 100 150 | SFA 100-150 77 200 50 SGI 200-50 77
40 100 | DLM 40-100E 51 60 250 | SFA 60-250 83 100 150 | SGA 100-150 77 200 75 SGA 200-75 77
40 125 | SGA40-125 77 60 250 | SGA 60-250 77 100 150 | SGI 100-150 77 200 75 SGI 200-75 77
40 125 | SGI 40-125 77 60 250 | SGI 60-250 77 100 200 | SFA 100-200 83 200 100 | SGA 200-100 77
40 250 SGA 40-250 77 60 333 SFA 60-333 83 100 200 SGA 100-200 77 200 100 SGI 200-100 77
40 250 | SGI 40-250 77 60 333 SGA 60-333 77 100 200 | SGI 100-200 77 200 125 | SGA 200-125 77
40 375 | SGA 40-375 77 60 333 SGI 60-333 77 100 250 | SFA 100-250 83 200 125 | SGI 200-125 77
40 375 | SGI40-375 77 60 417 SFA 60-417 83 100 250 | SGA 100-250 77 200 150 | SGA 200-150 77
42 10 XPH 42-10 13 60 417 SGA 60-417 77 100 250 | SGI 100-250 77 200 150 | SGI 200-150 77
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DC Product Selector Guide

Voltage = Current Model Pg Voltage = Current Model Pg
250 20 SGA 250-20 77 600 14 XG 600-1.4 29
250 20 SGI 250-20 77 600 14 XTR 600-1.4 29
250 40 SGA 250-40 77 600 1.7 DCS 600-1.7E 43
250 40 SGI 250-40 77 600 1.7 XHR 600-1.7 123
250 60 SGA 250-60 77 600 2 XFR 600-2 35
250 60 SGI 250-60 77 600 4 XFR 600-4 35
250 80 SGA 250-80 77 600 5 DLM 600-5E 51
250 80 SGI 250-80 77 600 6.6 DLM 600-6.6E 51
250 100 SGA 250-100 77 600 8 SGA 600-8 77
250 100 SGI 250-100 77 600 8 SGI 600-8 77
250 150 SGA 250-150 77 600 17 SGA 600-17 77
250 150 SGl 250-150 77 600 17 SGI 600-17 77
300 2 DLM 300-2 23 600 25 SGA 600-25 77
300 2.8 XG 300-2.8 29 600 25 $GI 600-25 77
300 2.8 XTR 300-2.8 29 600 33 SGA 600-33 77
300 35 DCS 300-3.5E 43 600 33 SGI 600-33 77
300 35 XHR 300-3.5 123 600 42 SGA 600-42 77
300 4 DCS 300-4E 43 600 42 SGI 600-42 77
300 4 XFR 300-4 35 600 50 SGA 600-50 77
300 9 XFR 300-9 35 600 50 SGI 600-50 77
300 10 DLM 300-10E 51
300 13 DLM 300-13E 51
330 15 SGA 330-15 77
330 15 SGI 330-15 77
330 30 SGA 330-30 77
330 30 SGI 330-30 77
330 45 SGA 330-45 77
330 45 SGI 330-45 77
330 61 SGA 330-61 77
330 61 SGI 330-61 77
330 76 SGA 330-76 77
330 76 SGI 330-76 77
330 91 SGA 330-91 77
330 91 SGI 330-91 77
400 12 SGA 400-12 77
400 12 SGI 400-12 77
400 25 SGA 400-25 77
400 25 SGI 400-25 77
400 38 SGA 400-38 77
400 38 SGI 400-38 77
400 50 SGA 400-50 77
400 50 SGI 400-50 77
400 63 SGA 400-63 77
400 63 SGI 400-63 77
400 75 SGA 400-75 77
400 75 SGI 400-75 77
450 2.3 RFP-D2450-2A3 173
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Product Index By Series / Model Number

Model Series Page Model Series Page Model Series Page
Compact i/ iX Compact ifiX 159 DHP 5-3000 DHP n DLM 8-450E DLM 51
CS - All Models cs 239 DHP 8-800 DHP 7 DLM 16-185E DLM 51
CTS Series 3.2 cTs 249 DHP 8-1200 DHP n DLM 16-250E DLM 51
CW 801M w 163 DHP 8-1600 DHP n DLM 32-95E DLM 51
CW 801P w 163 DHP 8-2000 DHP n DLM 32-125E DLM 51
W 1251M w 163 DHP 8-2400 DHP 7 DLM 40-75E DLM 51
W 1251P w 163 DHP 10-660 DHP n DLM 40-100E DLM 51
CW 2501M w 163 DHP 10-1000 DHP n DLM 60-50F DLM 51
CW 2501P w 163 DHP 10-1300 DHP n DLM 60-66E DLM 51
DCS 8-125E DCS VE] DHP 10-1650 DHP 7 DLM 80-37E DLM 51
DCS 8-140E DCS IE] DHP 10-2000 DHP n DLM 80-50E DLM 51
DCS 8-350E DCS IE] DHP 12.5-530 DHP n DLM 150-20E DLM 51
DCS 10-100E DCS 43 DHP 12.5-800 DHP n DLM 150-26E DLM 51
DCS 10-120E DCS VE] DHP 12.5-1260 DHP 7 DLM 300-10E DLM 51
DCS 12-250E DCS IE] DHP 12.5-1325 DHP n DLM 300-13E DLM 51
DCS 20-50E DCS IE] DHP 12.5-1600 DHP n DLM 600-5E DLM 51
DCS 20-60E DCS 43 DHP 15-440 DHP n DLM 600-6.6E DLM 51
DCS 20-150E DCS VE] DHP 15-660 DHP 7 DLM 5-75 DLM 600 23
DCS 33-33E DCS IE] DHP 15-880 DHP n DLM 8-75 DLM 600 3
DCS 33-36E DCS IE] DHP 15-1100 DHP n DLM 10-60 DLM 600 3
DCS 40-25E DCS 43 DHP 15-1320 DHP n DLM 20-30 DLM 600 23
DCS 40-30E DCS VE] DHP 20-330 DHP 7 DLM 40-15 DLM 600 23
DCS 40-75E DCS IE] DHP 20-500 DHP n DLM 60-10 DLM 600 3
DCS 50-20E DCS IE] DHP 20-665 DHP n DLM 80-7.5 DLM 600 3
DCS 50-24E DCS 43 DHP 20-830 DHP n DLM 150-4 DLM 600 23
DCS 55-55E DCS VE] DHP 20-1000 DHP 7 DLM 300-2 DLM 600 23
DCS 60-18E DCS IE] DHP 25-265 DHP n EC1000S EC1000S 147
DCS 60-20E DCS IE] DHP 25-400 DHP n FCS - All Models FCS 211
DCS 60-50E DCS 43 DHP 25-520 DHP n FX - All Models FX 235
DCS 80-13E DCS VE] DHP 25-650 DHP 7 HPD 15-20 HPD 107
DCS 80-15E DCS IE] DHP 25-800 DHP n HPD 30-10 HPD 107
DCS 80-37E DCS IE] DHP 30-220 DHP n HPD 60-5 HPD 107
DCS 100-10E DCS 43 DHP 30-330 DHP n i/ iX - All Models il iX Series Il 169
DCS 100-12E DCS VE] DHP 30-440 DHP 7 KDC - All Models KDC 63
DCS 150-7E DCS IE] DHP 30-550 DHP n L - All Models L 179
DCS 150-8E DCS IE] DHP 30-660 DHP n LS - All Models Ls 185
DCS 150-20E DCS 43 DHP 50-133 DHP n LX - All Models Lx 191
DCS 300-3.5E DCS VE] DHP 50-200 DHP 7 3091LD - All Models | 3091 Load 267
DCS 300-4E DCS IE] DHP 50-265 DHP n MX - All Models MX Series Il 217
DCS 600-1.7E DCS IE] DHP 50-330 DHP n MX CTS Series MX CTS 251
DHP 5-1000 DHP 7 DHP 50-400 DHP n P - All Models P 149
DHP 5-1500 DHP 7 DLM 5-350F DLM 51 P63C-10330 P63 57
DHP 5-2000 DHP 7 DLM 5-450E DLM 51 P63C-10660 P63 57
DHP 5-2500 DHP 7 DLM 8-350F DLM 51 P63C-101000 P63 57
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Series Page Model Series Page Model Series Page Model Series Page
P63C-12.5265 P63 57 P66C-50400 P66 57 SGA 80-250 SGA 77 SGI 250-60 sGl 7
P63C-12.5530 P63 57 P66C-81600 P66 57 SGI 80-250 SGl 77 SGA 250-80 SGA 77
P63C-12.5800 P63 57 P66C-82000 P66 57 SGA 80-313 SGA 77 SGI 250-80 SGl 77
P63C-15220 P63 57 P66C-82400 P66 57 SGI 80-313 SGl 77 SGA 250-100 SGA 77
P63C-15440 P63 57 RFP-D2033-030 RFP DC HP 275 SGA 80-375 SGA 77 SGI 250-100 sGl 7
P63C-15660 P63 57 RFP-D2450-2A3 RFP DC HP 275 SGI 80-375 SGl 77 SGA 250-150 SGA 77
P63C-20166 P63 57 RFP-D1016-021 RFPDC LP 275 SGA 100-50 SGA 77 SGI 250-150 SGl 77
P63C-20330 P63 57 RFP-D1065-5A1 RFPDCLP 275 SGI 100-50 SGl 77 SLD-62-5-752 SLD 259
P63C-20500 P63 57 RP - All Models RP 273 SGA 100-100 SGA 77 SLH-60-120-1200 SLH 259
P63C-25134 P63 57 SFA 60-83 SFA 83 SGI 100-100 SGl 77 SLH-60-120-1800 SLH 259
P63C-25265 P63 57 SFA 60-167 SFA 83 SGA 100-150 SGA 77 SLH-60-120-600 SLH 259
P63C-25400 P63 57 SFA 60-250 SFA 83 SGI 100-150 SGl 77 SLH-60-240-1200 SLH 259
P63C-30110 P63 57 SFA 60-333 SFA 83 SGA 100-200 SGA 77 SLH-60-240-1800 SLH 259
P63C-30220 P63 57 SFA 60-417 SFA 83 SGI 100-200 SGl 77 SLH-60-360-1800 SLH 259
P63C-30330 P63 57 SFA 60-500 SFA 83 SGA 100-250 SGA 77 SLH-300-12-1200 SLH 259
P63C-5500 P63 57 SFA 100-50 SFA 83 SGI 100-250 SGl 77 SLH-300-12-1800 SLH 259
P63C-51000 P63 57 SFA 100-100 SFA 83 SGA 100-300 SGA 77 SLH-300-18-1800 SLH 259
P63C-51500 P63 57 SFA 100-150 SFA 83 SGI 100-300 SGl 77 SLH-500-4-1200 SLH 259
P63C-5066 P63 57 SFA 100-200 SFA 83 SGA 160-31 SGA 77 SLH-500-6-1800 SLH 259
P63C-50133 P63 57 SFA 100-250 SFA 83 SGI 160-31 SGl 77 SLM-60-15-75 SLM 259
P63C-50200 P63 57 SFA 100-301 SFA 83 SGA 160-63 SGA 77 SLM-60-20-300 SLM 259
P63C-8400 P63 57 SFA 160-31 SFA 83 SGI 160-63 SGl 77 SLM-60-30-150 SLM 259
P63C-8800 P63 57 SFA 160-63 SFA 83 SGA 160-94 SGA 77 SLM-60-60-300 SLM 259
P63C-81200 P63 57 SFA 160-94 SFA 83 SGI 160-94 SGl 77 SLM-150-8-300 SLM 259
P66C-101300 P66 57 SFA 160-125 SFA 83 SGA 160-125 SGA 77 SLM-250-10-300 SLM 259
P66C-101650 P66 57 SFA 160-156 SFA 83 SGI 160-125 SGl 77 SLM-300-4-300 SLM 259
P66C-102000 P66 57 SFA 160-188 SFA 83 SGA 160-156 SGA 77 SLM-500-1-300 SLM 259
P66C-12.51060 P66 57 SGA 40-125 SGA 77 SGI 160-156 SGl 77 SLM-500-10-300 SLM 259
P66C-12.51325 P66 57 SGA 40-250 SGA 77 SGA 160-188 SGA 77 SW 1750A W 203
P66C-12.51600 P66 57 SGA 40-375 SGA 77 SGI 160-188 SGl 77 SW 1750A sw 203
P66C-15880 P66 57 SGA 60-83 SGA 77 SGA 200-25 SGA 77 SW 3500A sw 203
P66C-151100 P66 57 SGI 60-83 SGl 77 SGI 200-25 SGl 77 SW 3700A W 203
P66C-151320 P66 57 SGA 60-167 SGA 77 SGA 200-50 SGA 77 SW 3700A W 203
P66C-20665 P66 57 SGA 60-250 SGA 77 SGI 200-50 SGl 77 SW 5250A sw 203
P66C-20830 P66 57 SGI 60-250 SGl 77 SGA 200-75 SGA 77 SW 5250A sw 203
P66C-201000 P66 57 SGA 60-333 SGA 77 SGI 200-75 SGl 77 SW 5550A W 203
P66C-25520 P66 57 SGI 60-333 SGl 77 SGA 200-100 SGA 77 SW 10500 W 203
P66C-25650 P66 57 SGA 60-417 SGA 77 SGI 200-100 SGl 77 SW 15750 sw 203
P66C-25800 P66 57 SGI 60-417 SGl 77 SGA 200-125 SGA 77 SW 21000 sw 203
P66C-30440 P66 57 SGA 60-500 SGA 77 SGI 200-125 SGl 77 TL - All Models L 141
P66C-30550 P66 57 SGI 60-500 SGl 77 SGA 200-150 SGA 77 W 1750 ™w 197
P66C-30660 P66 57 SGA 80-63 SGA 77 SGI 200-150 SGl 77 TW 3500 ™w 197
P66C-52000 P66 57 SGI 80-63 SGl 77 SGA 250-20 SGA 77 TW 5250 ™w 197
P66C-52500 P66 57 SGA 80-125 SGA 77 SGI 250-20 SGl 77 XBT 32-3FTP XBT 97
P66C-53000 P66 57 SGI 80-125 SGl 77 SGA 250-40 SGA 77 XDL 35-5 XDL 99
P66C-50265 P66 57 SGA 80-188 SGA 77 SGI 250-40 SGl 77 XDL 35-5T XDL 99
P66C-50330 P66 57 SGI 80-188 SGl 77 SGA 250-60 SGA 77 XDL 56-4 XDL 99
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XDL 56-4P XDL 99 XHR 600-1.7 XHR 123
XDS - All Models XDS 67 XPD 7.5-67 XPD 119
XEL 155 XEL 95 XPD 18-30 XPD 119
XEL 30-3 XEL 95 XPD 33-16 XPD 119
XEL 30-3D XEL 95 XPD 60-9 XPD 119
XEL 60-1.5 XEL 95 XPD 120-4.5 XPD 119
XFR 6-200 XFR 35 XPF 35-10 XPF 103
XFR 7.5-140 XFR 35 XPF 42-20 XPF 103
XFR 7.5-300 XFR 35 XPF 60-20 XPF 103
XFR 12-100 XFR 35 XPH 18-10 XPH 113
XFR 12-220 XFR 35 XPH 35-4D XPH 113
XFR 20-60 XFR 35 XPH 35-4T XPH 113
XFR 20-130 XFR 35 XPH 35-5 XPH 113
XFR 33-85 XFR 35 XPH 42-10 XPH 113
XFR 35-35 XFR 35 XPH 75-2D XPH 113
XFR 40-30 XFR 35 XPL18-3 XPL 17
XFR 40-70 XFR 35 XPL 30-1 XPL 17
XFR 60-20 XFR 35 XPL30-2 XPL 17
XFR 60-46 XFR 35 XPL 30-2D XPL 17
XFR 100-12 XFR 35 XPL 30-2T XPL 17
XFR 100-28 XFR 35 XPL 56-1 XPL 17
XFR 150-8 XFR 35 XT7-6 XT 89

XFR 150-18 XFR 35 XT15-4 XT 89

XFR 300-4 XFR 35 XT20-3 XT 89

XFR 300-9 XFR 35 XT30-2 XT 89

XFR 600-2 XFR 35 XT 60-1 XT 89

XFR 600-4 XFR 35 XT 120-0.5 XT 89

XG6-110 XG 29 XTR6-110 XTR 29

XG 8-100 XG 29 XTR 8-100 XTR 29

XG 12-70 XG 29 XTR 12-70 XTR 29

XG 20-42 XG 29 XTR 20-42 XTR 29

XG 33-25 XG 29 XTR 33-25 XTR 29

XG 40-21 XG 29 XTR 40-21 XTR 29

XG 60-14 XG 29 XTR 60-14 XTR 29

XG 80-10.5 XG 29 XTR 80-10.5 XTR 29

XG 100-8.5 XG 29 XTR 100-8.5 XTR 29

XG 150-5.6 XG 29 XTR 150-5.6 XTR 29

XG 300-2.8 XG 29 XTR 300-2.8 XTR 29

XG 600-1.4 XG 29 XTR 600-1.4 XTR 29

XHR 7.5-130 XHR 123 XWave XWave 225
XHR 10-100 XHR 123

XHR 20-50 XHR 123

XHR 33-33 XHR 123

XHR 40-25 XHR 123

XHR 60-18 XHR 123

XHR 150-7 XHR 123

XHR 300-3.5 XHR 13
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