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RETURNING THE POWER

Vendors constantly challenged to find efficiency
gaings in regenerative power supplies & loads

By Mike Hockett, Editor-in-Chief

As manufacturers of all

types of mechanical
equipment work toward us-
ing energy efficiently, regen-
erative power technology
has taken a major role in
reducing operating costs.
Power regeneration is the
process of recovering kinetic
energy created by a motor
when stopping or braking,
and then converting that
energy to electricity and
feeding it back into the pow-
er grid. Hybrid and electric
vehicles are the first exam-
ples that typically come to
mind, but other applications

that involve frequent stopping and start-
ing—such as hoists, cranes, elevators,
spindle drives, and decanter centrifug-
es—can also put significant energy to
recycled use.

This is equally true in electronic test.
With energy efficiency at a premium for
those performing high-power tests, power
supply customers must factor in a prod-
uct’s lifetime operational costs, which
often exceed initial capital investment.

<« Chroma 61800 regenerative
grid simulators for micro-grid,
PV inverter, PCS/ESS, UPS,
EVSE, and DC quick charger
test applications.

Today, vendors of regen-
erative power supplies
and sources market not
only their solutions’ low
cost of ownership, but
many newer solutions
also feature lower floor
or rack space usage,
low heat dissipation,
and mimimal required
maintenance.

“In addition to reducing form factor
and increasing power densities, bidirec-
tional supplies and regenerative sources
need to apply to a wider range of technol-
ogies and then put power back into the
grid to increase testing efficiency and,
ultimately, reduce the carbon footprint,”
Steve Grodt, director of business devel-
opment at Chroma Systems Solutions,
recently told Evaluation Engineering.
“An example of this is the EV industry.
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<« Chroma 15kW 62000D bidirectional DC
power supply in 3U for 48V HEV motor
inverter test, DC-DC converters, on-board
chargers, and other power conversion
applications.

Vehicle-to-grid technology allows the

bidirectional flow of power between
the vehicle’s power system and the pow-
er grid. This technology provides power
utilities flexibility in achieving voltage
regulation, load leveling, peak load shav-
ing, and improvements in stability. End
users benefit by reducing energy costs
when power is sold back to the grid.
However, aside from the paybacks, suc-
cess in developing bidirectional compo-
nents relies heavily on the DVT phase,
where bidirectional test equipment may
not be readily available.”

As for what challenges vendors of re-
generative power supplies & loads are fac-
ing today, Drodt pointed to the effective
control of the heat generated from the
power stage and optimizing the entire
system with a cost-effective design.

“In essence, these are two products in
one, and a four-quadrant solution may not
be the right fit for all,” Drodt explained.
“Makers of regenerative sources and
supplies need to find the right balance
between efficiency, heat generation, func-
tion, and cost in order to for the product
to make sense to the market. We think
we've done that at Chroma.”

To dive further into this topic, we at
EE gathered input from various vendors
and their partners that produce and/
or market regenerative power supplies
& sources. We asked them for their
thoughts on technology trends, chal-
lenges, and customer needs, as well as
what new solutions they've recently made
available and how they're being applied.
Here’s what they told us.

What's trending?

What technology or market trends are
vendors seeing in the area of regenerative
power supplies & sources?

Herman van Eijkelenburg, director of
marketing at PPST Solutions: “New
trends in regenerative DC power supplies
are led by the need for ever-increasing
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output voltage ranges to support ever-
increasing EV battery pack power levels,
which requires higher battery voltage to
keep current levels and associated cabling
and connectors in-check. This results in
products with capabilities to 1500Vdc and
more becoming more prevalent in recent
years. Another trend is the need for multi-
channel battery test systems based on re-
generative DC source/sink power supplies
to support testing multiple battery packs
simultaneously.”

Martin Weiss, product director at NH
Research: “As electrification continues
to accelerate across many industries, we
are seeing two key technology trends in
regenerative power supplies and sources
that are bidirectional. On the DC side, we
are seeing increased use of regenerative
power supplies as battery emulators, and
in AC we are seeing increased demand for
grid simulation. A battery emulator is a bi-
directional DC source solution that simu-
lates a battery, while a grid simulator is an
AC source solution that simulates a wall
outlet. Regenerative bidirectional sources
with battery emulation and grid simula-
tion capabilities provide significant testing
advantages in industries such as electric
vehicles (EV), solar (PV), energy storage
systems (ESS), aerospace and defense.”

Eric Turner, general manager of EA
Elektro-Automatik: “Higher power,
higher voltage, and higher efficiencies.
Regenerative, bidirectional power supplies
are now the choice test & measurement
devices for e-mobility, aviation, and renew-
able energy sources. High power density
battery packs lead to higher power storage
capacities. The aviation industry is mov-
ing from hydraulics to electric power, and
hardware like landing gear and flaps use
large amounts of DC power, specifically
inrush current of motors. Renewable en-
ergy storage devices include large battery
packs and battery management systems
(BMS). Within these application segments,
power requirements range from 2,000W to
2MW. To decrease current, which drives
smaller and more efficient devices, we've
seen voltages rise from the neighborhood
of 600Vdc to well above 1,500Vdc and more
recently up to 2,000Vdc.”
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Allison Harvey-Goodman, product man-
ager at Keysight Technologies: “One trend
in regenerative power supplies is for
higher voltages of 500V and above, and
higher power of 10kW and more. With the
rapid growth in automotive and energy
markets—driven primarily by the growth
in hybrid-electric and electric vehicles
(HEV/EV)—comes the need for higher
voltage, and higher power regenerative
sources. As the automotive market tran-
sitions to HEV/EV, and battery voltages
have shifted from 12V to well over 300V
and power in the tens of kilowatts, high
voltage, high-power regenerative supplies
are needed to adequately emulate and
test these HEV/EV batteries. Conversely,
as more low-voltage subsystems replace
mechanical ones, the total amount of cur-
rent inside a vehicle can rapidly increase
to tens or hundreds of amperes, thus driv-
ing the need for high-current regenerative
power supplies.”

Brian Hsu,
USA product
marketing
manager at
AC Power Corp.
(Preen): “There
are more and
more require-
ments on the
regenerative
AC grid simu-
lator and re-
generative DC
power supply.
The regenera-
tive AC grid
simulators are
mainly applied A AC Power
on grid tie de- qupqration's PAS-F45

. grid simulator.
vices and smart
grid/micro grid-related equipment test-
ing. The regenerative DC power supplies
are used in energy storage, battery test-
ing, DC motor, etc.”
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e <« Keysight's
= b RP7953A
regenerative
power system.

Dr. Raghavan Nagarajan, senior staff
application engineer - wind and T&D
expert - at Infineon Technologies: “In
regenerative sources such as wind energy,
the main technology trend is going for
high power-rated wind turbines for both
onshore and offshore wind sites.”

Challenges

What key challenges are regenerative
power supply & source vendors or their
partners facing today?

Harvey-Goodman, Keysight: “Many ap-
plications for regenerative power supplies
in aerospace defense, infrastructure, and
automotive are high-power in nature and
present unique challenges that were
not relevant in low-power applications.
Testing at high power is not a simple ex-
tension of low power; it’s a lot more com-
plicated. Some of the key challenges that
companies must now consider are site
preparation necessities, and safety re-
quirements when transitioning from
low power to high power. Multi-
kilowatt output power supplies
generate tremendous amounts of
heat, often requiring the addition

of a cooling infrastructure.”

Turner, Elektro-Automatik:

“Market demands of flexibility,

reduction in physical space re-

quirements and cost. In many ap-

plications subassembly test could

be required prior to full assembly

test. As example, Engineers ask for

, theflexibility to separate (Master/

Slave) a IMW regenerative DC sup-

ply into four 250kW systems instead

of purchasing one large supply and sev-

eral smaller ones. As always, floor space

is valuable and often in short supply so

our customers value smaller solutions. In

general, regenerative supplies are priced

at $/Watt and customers expect cost sav-
ings as power increases.”
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Hsu, AC Power Corp.: “There are more
and more requirements on the larger size
of regenerative power supplies. For so-
lar industry, they may need a IMVA grid
simulator. For the wind turbine industry,
they may need larger than a 2MVA grid
simulator. For most of the testing power
supply manufacturers, they may have to
parallel connect multiple power supplies
to achieve this high kVA requirement.
But the reliability and MTBF (mean
time between failure) will decrease at
the same time.”

van Eijkelenburg, PPST Solutions:
“Increasing power demands are pushing
up the size of regenerative power products
to ever higher power levels. This applies to
AC sources, DC supplies, and electronic
loads alike. As power levels increase, en-
ergy savings resulting from using regen-
erative products can result in significant
cost savings for customers on both utility
bills and HVAC bills.”

'V Infineon Technologies’ PrimePACK3+ 1700V,
1800 A dual IGBT module.

Dr. Nagarajan, Infineon: “The key chal-
lenge faced by wind energy in general and
wind turbines in particular is optimizing
the total cost of ownership. Wind farm
operators have to calculate the payback
period for their investments. For this rea-
son, reliability and energy efficiency are
becoming increasingly important.”

What are customers asking for?
What features or innovations are cus-
tomers asking for in regenerative power
supplies & sources?

Drodt, Chroma: “Mostly, our customers
ask for versatility in the supply’s function-
ality; meaning the same unit could be ap-
plied as regenerative source or a regen-
erative load. This versatility reduces the

footprint in the lab as well as minimizes
the cost. Chroma has responded to our
customers by developing a series of regen-
erative electronic loads and bidirectional
power supplies.”

Weiss, NH Research: “Customers are
demanding modular configurations,
expandable power, integrated safety

features, wider operating envelopes,
built-in measurements, and faster tran-
sient response times for the testing of
today and tomorrow’s products. There
is a general trend by all modern suppli-
ers to use SiC and GAN-based switches.
These devices permit higher switching
frequency and therefore higher power
densities.”
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van Eijkelenburg, PPST Solutions:
“Capabilities and features of regenera-
tive AC source and DC power supplies are
largely similar to those of conventional,
i.e. unidirectional AC sources and DC
power supplies, with the main exceptions
being the requirement for special operat-
ing modes related to PV inverter testing,
This testing includes LVRT and IEC test
modes for AC sources and special modes
related to battery charge/discharge profile
programming and SoC monitoring func-
tions on DC source/sink DC supplies.”

Turner, Elektro-Automatik: “High-speed
voltage and current slew rates. Energy
storage devices like batteries or fuel cells’
dynamic response to load changes is in
the psec (micro) so to accurately test or
simulate the dynamic profile the supply
should offer high speed changes in pow-
er. Zero cross-over transition deadtime

between source and sink mode, which
relates to a seamless change from source
to load mode allows complex voltage pat-
terns to be modeled.”

Harvey-Goodman, Keysight: “As power sup-
plies are going higher and higher in power,
the size of the solution also grows. Density
of test instruments is becoming more and
more important. Customers are asking for
compact, high-power regenerative power
supplies to handle high-power requirements
and to aid in shrinking rack space.”

Hsu, AC Power Corp.: “For the regenera-
tive AC grid simulator, there are increas-
ing requirements on the UL1741 SA and
fault ride through testing.”

Now on the market
Here’s what vendors shared as newer
solutions or accessories they've recently

Sponsared by &

introduced in the area of regenerative
power supplies & sources, and their key
features.

Drodt, Chroma: “Chroma has recently
launched the 61800-100, which is a 105kVA
regenerative grid simulator with versatile
functions such as regenerative AC load-
ing, XHV high voltage up to 900VLN, and
high frequency options. The parallel ca-
pability of 61800-100 allows output power
rating up to IMVA based on customiza-
tion. The 61800-100 105kVA regenerative
grid simulator is applicable for micro-grid,
PV inverter, PCS/ESS, UPS, EVSE, and
DC quick charger test applications. To
complement their regenerative grid sim-
ulators, Chroma has introduced its new
line of bidirectional DC power sources.
Designed specifically for bidirectional
applications, the Chroma 62000D series
provides 5kW, 10kW, and 15kW at 100V
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to 1800V. Up to 150kW can
be achieved when used in
parallel. The 62000D can
both sink and source cur-
rent, providing both a
power supply (source) and
an electronic load (sink) in
one 3U high unit.”

» NH Research’s 9300 series DC
power module.

Weiss, NH Research: “Our
latest innovative solutions
include the 9300 Series,
9410 Grid Simulator, and
Enerchron Test Executive. NHRs regenera-
tive 9300 Bi-directional DC source offers
advanced battery emulation capabilities
and a flexible dual voltage range of 600 V
or 1,200 V. It can be paralleled up to 24
building blocks of 100 kW to get 2.4 MW
of power and up to 8,000 A of current with
fast transient times. For AC applications,
NHR’s regenerative 9410 Grid Simulator
is a four-quadrant, bidirectional AC/DC
source that is ideal for testing PV inverters,
V2G, ESS and other grid-tied products. The
output can be AC or DC with a single, split
or three-phase output. This grid simulator
offers a wide frequency operating range
of 30-880 Hz with power scalable from 4
kW to 96 kW. All these modular devices
are available as instruments or can be
incorporated into a complete energy test
system solution using NHR’s Enerchron
test management software.

¥ An array of PPST Solutions’ Cinergia vAC/DC+,
EL+, and B2C+ series regenerative power products.

van Eijkelenburg, PPST Solutions: “One of
our latest regenerative product offerings
is the Cinergia three-in-one power sys-
tem, which can be configured for multiple
applications as either a regenerative AC

or DC power source, regenera-
tive AC or DC load, or multi-
channel battery tester. This al-
lows the end-user to deploy the
same unit to any application he
may have. This rather unique
capability is particularly popu-
lar with energy research labs
and universities as it allows
them to buy a single piece of
equipment and repurpose it at
will for a wide range of power
test requirements.”

Harvey-Goodman, Keysight:
“Keysight recently intro-
duced the RP7900 Series Regenerative
Power System and the EV1003A Power
Converter Test Solution for hybrid and
electric vehicles (HEV/EV) and home
energy management systems (HEMS).
The RP7900 Series is a family of 5kW
and 10kW bi-directional, regenerative
DC power supplies delivering up to 950
V and up to an industry-leading +800 A
in small 3U high package, saving valu-
able rack space. The EV1003A Power
Converter Test Solution for hybrid and
electric vehicles (HEV/EV) and home
energy management systems (HEMS)
offers all the same capabilities as the
RP7900 Series but also adds the ability
to handle faults and ensure the output
is disconnected with a redundant safety
disconnect system.”

A EA Elektro-Automatik's EA-PSB 10000 series,
a 4U rack-mounted power supply.

Turner, Elektro-Automatik: “EA has
released our new EA-PSB 10000 Series,
which expands our popular EA-PSB 9000
Series. The new PSB 10000 is a 4U rack-
mounted power supply and engineered
with advanced SiC power conversion
devices switching at approximately
150 kHz. Both the PSB 9000 and PSB
10000 offer zero cross-over transition
at an industry-leading 96% efficiency. A
single PSB 10000 19" rack chassis hosts
30kW of power, which is an increase
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in power density of 33% over previous
models and up to 75% over comparable
models from other manufacturers. The
high-bandwidth amplifier offers <Imsec
voltage and <300psec current 10-90%
slew rates. Standard configurations are
offered from 30kW to 2MW of power.”

Dr. Nagarajan, Infineon: “We recently
introduced our PrimePACK3+ module
with an 1800 A rating and a blocking
voltage of 1700 V. The power module
features Infineon’s new chip, housing,
and IGBT5.XT technology. This makes
the PrimePACK3+ the leading power
module for the wind industry. It enables
a significant increase of power density
and provides a longer lifetime.”

Hsu, AC Power Corp.: “The PAS-F is are-
generative AC grid simulator designed
for UL-1741SA compliance testing that
can support for up to 2MVA stand-
alone (nonparallel connection) testing
requirements.”

Teledyne LeCroy: “We recently intro-
duced our MDA8OOA line of motor drive
analyzers, which provide complete three-
phase electrical and mechanical power
analysis with static power, resulting
in a convenient, configurable numeric
table, and dynamic power displayed as
per-cycle wave-
forms. Motor
speed, position,
and torque in-
tegration are
the most com-
plete available.
Zoom+Gate
mode provides
the ability to
understand and
isolate dynamic
behaviors. Fea-
tures of long
memory, eight analog input channels
(MSO optional) with high resolution
(12-bits), sample rate, bandwidth, and
memory (up to 250 Mpt/ch) provide the
unique capability to perform complete
system debug on the inverter subsection,
embedded control system, and motor me-
chanical performance. 3

A Teledyne LeCroy's
MDABOOA Motor Drive
Analyzers.
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