Continuing Education: Technology

Variable-Frequency Drive Systems
for Hydraulic Elevators

by Tony Aschwanden

Learning Objectives
After reading this article, you

should have learned about:

¢ Why variable-speed drives are
important

¢ Which type of variable-speed
drives are useful for different
applications

¢ Conventional ride types with
electronic control

¢ How mechanical and electric
control valves differ in their ef-
fects on the elevator system

¢ The effects of frequency-con-
trolled up and down rides on the
elevator system

¢ What to use when power con-
nectivity is limited

¢ The benefits of and applications
of use for recovery and hydraulic
recuperation

¢ How to best deal with high ride
frequency

¢ Load-dependent speed reduc-
tion

An Overview

Elevators with hydraulic drives are
flexible by definition. Almost infinite
configurations of elevator and cabin
designs are possible, a marked con-
trast to the somewhat limited mass-
produced machine-room-less traction
standard. The debate about climate
change has triggered even more cus-
tomer focus on energy efficiency.
Some even jumped to proclaim the
demise of the hydraulic elevator.
However, it is now clear that with the
right type of hydraulic drive, a hydrau-
lic system can obtain class B energy
efficiency.

Driven by a global discussion
about energy efficiency, some pro-
viders of hydraulic drives have tack-
led this issue by bringing variable-
frequency drives into their product
range. These are presented as the per-
fect solution to the energy-conscious
customer. Taking a closer look, the
technically literate and critical ob-
server will notice considerable differ-
ences between the various offerings.
This article is designed to help the in-
terested reader differentiate between
the various types of energy-efficient
hydraulic drives.

The Need for Variable-Frequency Drives

Irrespective of their use in traction
or hydraulic systems, variable-voltage,
variable-frequency (VVVF) elevator
drives reduce energy consumption
during the ride. The drawback is a
relatively high standby energy usage.
Conventional hydraulic drives use no
energy at all during standby and are,
therefore, perfect for infrequently
used elevators (Usage Class 1). Using
Bucher Hydraulics’ electronic valve,
these drives have been rated B accord-
ing to VDI 4707 for 30 years. New de-
signs of elevator control systems and
VVVF drives now have much lower
standby usage; therefore, VVVF drives
have become a viable solution across
a broader range of applications.
Types of Variable-Frequency Drives

Variable-frequency drives for hy-
draulic elevators are no novelty, hav-
ing been built and installed success-
fully by Bucher Hydraulics worldwide
since 1996. At Interlift 2009, a num-
ber of other manufacturers presented
their own types of variable-frequency
drives. There are marked differences
between them (Table 1).
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Conventional Up and Down Ride
(Type a)

In a conventional hydraulic drive,
after the start signal, the submerged
motor runs up from zero to the max-
imum number of revolutions (typi-
cally 2,800 rpm). The pump delivers
the maximum possible flow. To move
up out of the starting level and stop
at the destination level, speed needs
to be controlled. This is done using a
mechanical (two-speed) or elec-
tronic (variable-speed) control valve,
which allows excess oil to flow back
to the tank. More oil is pumped than
is effectively used. This practice is
not only poor for energy efficiency
but also heats up the oil unnecessar-
ily: Energy is converted to heat when
the oil flow is diverted in the valve.
Oil diversion in the valve also gener-
ates a certain level of noise.

Up Ride a
Conventional

Down Ride v

Conventional a
(electronically
controlled)

Type

In the following, the expression
“conventional” will only refer to an
electronically controlled valve. The
LRV-1 works independently from
temperature or pressure fluctuations
thanks to a patented internal feed-
back loop. The ride curve can be set
only once, with no tolerances or sea-
sonal resetting required. A hydraulic
elevator using an electronic valve
uses approximately 30% less energy
than the same one using a mechani-
cal valve.

The mechanical valve is expected
to be rendered obsolete in areas sub-
ject to the EN 81 standard by the
adoption of Annex 3 to EN 81-2. It
will become too difficult to achieve
the required leveling precision of +10
mm and redundancy requirements.
(In comparison, Bucher Hydraulics’
LRV-1 levels to +3 mm.) Electronic

valves such as the ivalve have inte-
grated redundancy and the capability
for remote access.
Frequency-Drive-Controlled Up Ride
(All b Types)

Using a variable-frequency drive
for the up ride, only as much oil is
pumped as is effectively required.
The speed of the motor/pump com-
bination is controlled directly by the
VVVF drive, and the same flow feed-
back signal is used as for the elec-
tronic valve. VVVF drive control has
an advantage of faster starting: the
motor starts immediately without
needing the 2-3 s. for Star Delta swi-
tchover. The actual motor rating is,
however, no different with VVVF
drives than for the conventional sys-
tem.

The difference in energy con-
sumption between VVVF-drive-con-
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Table 1: Different lypes of variable-frequency
drives for hydraulic elevators
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Figure 1: Drive curve and energy consumption of different conventional valves

62 | WWW.ELEVATORWORLD.COM | October 2011




trolled and conventional drives is re-
alized during startup and slowdown.
This means that the shorter the full-
speed run is compared to the entire
run time (or, the shorter the rides),
the larger the energy-saving poten-
tial. The maximum number of rides
without oil cooling is also higher.
Load-Dependent Speed Reduction/
Limited Power Connection (All c
Types)

Most installed passenger eleva-
tors rarely run at full load. The typical
run is more like this: The customer
calls the empty elevator, then rides
up to the destination floor. The ele-
vator is, however, designed to han-
dle maximum load during every ride.
This means that the power supply
needs to be dimensioned accord-
ingly. Often during modernizations,
the power supply into the building is
limited, and increasing this can be
complex and expensive. A current
limiter can be the solution: If the load
increases over a defined threshold
(example: empty cabin plus one pas-
senger), ride speed is automatically
reduced, and current requirement re-
mains below the threshold. In this
way, the power-feed requirement
can be reduced by up to 40% versus
full-load/full-speed requirements. A
VVVF drive is a prerequisite for this
system to function.
Frequency-Drive-Controlled Down
Ride (b2 and c2 Types)

During the down ride, oil is run
back into the tank through the pump,
driving the motor as a generator. The
power thus generated cannot be
used by a standard variable-fre-
quency drive and is therefore “burnt
off” using a brake resistor or similar
device. The difference when com-
pared to the conventional drive is
that the heat no longer goes into the
oil through flow diversion in the
valve but can be dispersed anywhere
(for example, in the lift shaft) through
the brake resistor. The main advan-

= Number of ravels
1 Energy efficiency

Decide subject ta criteria; ’
= Limited power connaction

Limited power
- connection

Figure 2

tage here is that the number of pos-
sible rides without required oil cool-
ing rises significantly (typically up to
120 rides per hour).
Frequency-Drive-Controlled Down
Ride with Recovery (b3 and c3 Types)

During the down ride, potential
energy is converted into electrical
energy. To do this, the pump motor
acts as a generator. The power thus
generated is converted by a special
recovery unit and can then be fed
back into the power grid. As a result,
30% of the energy that would other-
wise be lost can be recovered. In-
stead of a separate recovery unit, a
variable-frequency drive that has the
recovery unit fitted inside the same
enclosure is now often used.
Frequency-Drive-Controlled Down
Ride with Hydraulic Recuperation (b4
and c4 Types)

In this type of system, a part of the
potential energy is stored in a pres-
sure accumulator. During the down
ride, a high-pressure pump mounted
on the same axis as the main pump/
motor combination pumps oil into
an accumulator, where it remains
stored at high pressure. For the up
ride, pressure is released to assist the
main motor to drive the main pump.
This system allows for another 30%
energy savings versus the energy use
of the standard VVVF drive. Only the
load requires additional power. This

high-end system not only saves en-
ergy through the hydraulic counter-
weight, but also works with a smaller
motor, and therefore has a lower
power feed requirement.

Reasons for Using Variable-
Frequency Drives with Hydraulic
Power Units

In the previous section, we saw
that there are many different ways to
utilize variable-frequency drives.
Each type has its own specific appli-
cation, with different weighting and
gray areas between them. Figure 2
helps the customer select the right
drive type for specific applications.
Number of Travels:

High Ride Frequency

High-ride-frequency units include
b2, b3, b4 and c2, c3, c4 types. Their
applications are in airports, railway
stations, shopping centers, hospitals,
hotels, etc. The variable-frequency
drive helps to reach a high ride fre-
quency in two ways:
¢ Upride: no more oil diversion dur-

ing startup and slowdown of the

elevator

¢ Down ride: heat generated does
not go into the oil by using the
motor as generator.

Previously, oil coolers were used
for this type of application. At first
sight, this seems the less expensive
solution. However, oil coolers re-
quire fresh or even chilled air to
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function properly. The user must,
therefore, provide for machine-room
ventilation or air-conditioning, de-
pending on environmental condi-
tions. Oil coolers are also noisy, re-
quire space and use energy. Bucher
Hydraulics believes using a variable-
frequency drive is the more cost-ef-
fective solution over the long term.

Oil heating is not the only issue for
this type of high-ride-frequency ap-
plication. The power unit itself and
all other system components must
be dimensioned correctly for the
extra load. It is irresponsible to use a
conventional system and simply add
a VVVF drive. The pump, for exam-
ple, has very different loadings when
pumping upward as when driving
the motor as a generator; this needs
to be taken into account when se-
lecting materials and design. There
are significant differences between
the various offerings on the market,
so individual comparisons should be
made.

Energy Efficiency

Energy efficiency can be accom-
plished in all installations suitable for
hydraulic drives, including all b and ¢
types. A decisive factor is that during
the up ride, only as much oil is pumped
as is actually required (no valve
bypass). Versus a conventional me-
chanical valve system, up to 60% en-
ergy savings can be realized. The shorter
the ride, the more energy is saved.

The down ride can only contribute
to energy efficiency if the potential en-
ergy of the elevator is stored, then
reused partially or fully for the subse-
quent up ride. This is currently only
possible using the c4 type. Versus a
conventional, mechanical valve sys-
tem, up to 80% energy savings can be
realized.

Feeding energy back into the grid
during the down ride (b3 and c3
types) can also increase energy effi-
ciency, albeit indirectly, since the en-
ergy cannot be used for the next up
ride. The energy can be used inside

the building for other consumers (in
lighting, heating, air-conditioning,
running computers, etc.). Only in
rare cases will the grid operator
allow power feedback into the grid
itself.
Load-Dependent Speed Reduction/
Current Limiter

If there are limitations to the avail-
able power supply, using a hydraulic
counterweight (b4 or c4 types) or the
load-dependent speed reduction (all
c types), decent speeds can be
achieved with a partially loaded
cabin (or higher loads at the original
speed). The hydraulic counterweight
is used when high ride frequency is
required despite limited power sup-
ply; for example, when modernizing
elevators for railway stations or ho-
tels. If ride frequency is not an issue,
the more cost-effective “up-only”
variable-frequency c1 drive type can
be used. These types of installations
are generally used in modernization
projects with limited power supply.

Bucher Hydraulics product

Power connection

Compact Line

Comfort Line

Compact VF

Compact YF with

limited power connection Satum Eaty

Starting charateristics

Noise

Price

g

high

delayed

medium - low

Usage category
{according to VDI 4707 Part 1)
typical application range

- residential building with up to &

- small office or administrative building

1 2

- residential building with up to 20
dwellings

- small office or administrative building
with 2 to 5 floors.

- small hotel

- goods lift with few cperation

dwellings

with few operation

1and 2 2and 3

- residential building with up to 20

dwallings

- small office or administrative building

with 2 to 5 floors

- small hotel
- goods lift with few operation

- residential building with up to 50
dwellings

- medium office or administrative
building

- medium-sized hotel

- goods lift with medium operation

Table 2: The product range of Bucher Hydraulics AG with information on application areas
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Summary

As varied as the applications are,
different types of hydraulic drives are
necessary. Do not be distracted by
catch phrases like “optimum perfor-
mance”; the drive type should be se- ¢
lected carefully.

Learning-Reinforcement Questions

Use the below learning-reinforcement questions to study for the Continuing
Education Assessment Exam available online at www.elevatorbooks.com or
on page 127 of this issue.

Does frequency control save energy for a residential elevator with low
usage? No — here, it is best to use a hydraulic drive without frequency con-
trol. Standby power consumption of the frequency inverter would typically
be higher than the drive energy saved.

Tony Aschwanden has ¢ Why is a mechanical valve inferior to an electronically controlled one?

Mechanical valves have poorer leveling accuracy, a ride curve that varies
with load and temperature fluctuations (especially with hot oil) and need
30% more drive energy.

¢ What is the use of load-dependent speed reduction? Even with limited
power supply, you can equip the elevator with a modern (fast) hydraulic
drive. The ride will only be a bit slower in the rare cases of having full load.

What are the reasons for using frequency control for hydraulic elevators?
A higher number of rides per hour is possible, there will be higher energy
efficiency and power supply can be limited.

led the Elevator Application
and Product Management
group at Bucher Hydraulics
in Switzerland since 2007.
He specialized in auto-
matic control technique

and worked as a field ser-

vice engineer for Rockwell ¢
(formerly Reliance Electric), a manufacturer of
electrical drive, regulation and control systems.
Aschwanden then joined ESEC (Europe) SA and

worked as Product and Process manager for its ¢ Can the energy “produced” during the down run of a hydraulic elevator

be used? Yes, the potential energy can be stored (in an accumulator) or fed
back into the power grid.

Division Die Bonder. Afterward, he worked as
project manager for ZEAG Ltd., a worldwide sup-
plier of parking solutions. Aschwanden graduated
in Electrical Engineering from the University of
Lucerne (Switzerland).
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ELEVATOR WORLD Continuing Education
Assessment Examination Questions

¢ Read the article “Variable-Frequency Drive Systems for Hydraulic Elevators”
(page 61) and study the learning-reinforcement questions.

¢ To receive one hour (0.1 CEU) of continuing-education credit, answer the
assessment examination questions found below online at www.elevatorbooks.com
or fill out the ELEVATOR WORLD Continuing Education Reporting Form found over-
leaf and submit by mail with payment.

¢ Approved for Continuing Education by NAEC for CET® and NAESA International

and QEI Services, Inc. for QEI

In which case is frequency control not useful?

a. A frequently used elevator in a hospital.

b. A low-use elevator in a residential building with six
apartments.

c. A metro station elevator.

d. A large hotel elevator.

How much energy can be saved only by using an elec-

tronically controlled valve instead of a mechanical

valve?

a. 5%.

b. 15%.

c. Up to 30%.

d. 80%.

. What happens with the potential energy in the con-

ventional down ride?

a. There is no potential energy.

b. It is turned into heat in the oil.

c. It is turned into heat in a break resistor and “burnt
off” in the air.

d. It is stored and used for the up ride again.

. What happens with the potential energy in the fre-

quency-controlled down ride?

a. There is no potential energy.

b. It is turned into heat in the oil.

c. It is turned into heat in a break resistor and “burnt
off” in the air.

d. It is stored and used for the up ride again.

How can a passenger determine whether the elevator

in which he or she is riding has load-dependent speed

reduction?

a. It is slower in the up ride when fully loaded.

b. It moves slower up and down when full.

c. Itis faster down than up.

d. This is not possible for the passenger to determine.

. Why is it not wise to add a VVVF drive to any hydraulic

power unit?

a. Far from it; it is wise to do so.

b. Because the machine room is not made for it.

10.

c. Because it is not possible.

d. The components face higher loads than those for
which they were made.

If you have low traffic, energy efficiency is important,

and power connection is no problem, which drive

technology is the best to use?

a. Electronically controlled ride up and down, or VVVF
for the up ride only.

b. VVVF ride up and down.

c. VVVF ride up, with load-dependent speed control
and conventional down ride.

d. None -- a mechanical valve should be used.

If you do not have high traffic but do have a limited

power connection, which drive technology is best to

use?

a. Electronically controlled ride up and down.

b. The cost-effective “up-only” VVVF drive (cl type).

¢. VVVF with hydraulic recuperation.

d. Any normal drive with a reduction in speed.

In which situations are hydraulic counterweights used

in elevators?

a. Residential buildings, where the elevator is not
used very often.

b. When high ride frequency is required despite lim-
ited power supply; for example, when modernizing
elevators for railway stations or hotels.

¢. When the oil is overheated due to too many rides.

d. Hydraulic counterweights should be used in any
new elevator.

How many different kinds of VVVF drives are there?

a. Two.

b. Three.

c. Eight.

d. There are too many available to formulate an ac-
curate count.
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