A Better Way to
Drive

James F. Zayechek, Cement Marketing Leader, GE Industrial Systems
describes the new LCI drive system, paired with ac synchronous motors,
which has made a big dent in Cementos La Cruz Azul s power bill and
delivered process flexibility as well.

Introduction

In today’s highly competitive business environment,
cement manufacturers such as Mexico’s Cementos La
Cruz Azul must work hard to ensure their production
systems deliver the highest levels of productivity and
product quality.

To do that, the company has installed three roller
mills, or vertical mills, in a new world-class plant
located northwest of Mexico City. Large roller mills
are becoming more prevalent in modern cement
plants because they offer greater throughput than
traditional mills, both for raw material grinding and
for clinker grinding to final specifications.

However, Cementos La Cruz Azul has gone a step fur-
ther, driving the roller mills with ac synchronous motors
whose speed is controlled by a Load-Commutated
Inverter (LCl) system from GE. Normally, wound-rotor
induction motors controlled by liquid rheostat starters or
secondary resistance controls are used.

The new system provides many benefits but its
chief advantage is that it can provide a large leading
power factor. This has reduced the reactive power the

local electric utility must supply to the plant by 35%.
It also has eliminated the need to install expensive
capacitor banks and other expenses to correct the
plant’s power factor.

As a result, the incremental cost of the system
over a lower-cost wound rotor option will be
recouped in just 22 months through total savings in
plant operating costs of more than US$ 0.25 million.
Once the system is paid for, the ongoing savings will
drop directly to the bottom line.

Another benefit from the new system is a reduced
burden on the local electric utility’s grid, making it
more robust and reliable.

Lastly, the new drive system makes it easy to
experiment with different operating speeds and to
start the motors in any desired sequence to optimise
the production process.

Power factor and why

it’s important

Power factor measures how much of the power supplied
by a utility is actually used to accomplish useful work.
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The plant’s kiln, measuring 60 m in length and 4.4 m in diameter produces 3200 tpd of clinker.

‘Inductive’ electrical equipment, including trans-
formers, magnetic ballasts and some types of motors,
require two types of power: reactive power and
active power. Reactive power is what an inductive
device uses to generate the internal magnetic fields it
needs in order to function. It is expressed in kVARs
(kilovolt-amps reactive). Active power (also called
true or real power) is the power the device uses to
perform work. Active power is what the electric
meter measures in kWh (kilowatt-hours).

Each of the three 2800 kW GE ac synchronous motors is started
in sequence by the LCl and then switched to run at a fixed speed
across the line. This unique application offers the benefit of
reducing starting current, high efficiency and ability to provide
leading power factor.

Power factor is the ratio of active power to the
total power supplied. Utilities generally charge an
additional fee to facilities having power factors of
less than 85 - 95%, so that they can recapture their
costs not measured by the electric meter.

A power factor of one means all of the power sup-
plied is going toward useful work (1 = 100%). When
it is less than one it is said to be lagging, and when it
is greater than one, it is said to be leading. Individual
pieces of equipment in a plant may have a lagging
power factor while others may have a leading one;
adding them all together produces the plant’s net
overall power factor. Induction motors operate with
lagging power factor and therefore tend to be large
contributors to a poor power factor.

When a plant improves its power factor, it increas-
es the current-carrying capacity of its electrical distri-
bution system (and that of the utility), improves the
voltage supply to its equipment, reduces power loss-
es and its power bill.

Plant details

The new plant produces 3200 tpd of clinker. Located
in Tepezal3, in the state of Aguascalientes, it is oper-
ated by Cementos La Cruz Azul subsidiary Cementos
y Concretos Nacionales, S.A. de C.V.

The roller mills, one raw mill and two cement mills,
were manufactured by Krupp Polysuis and were origi-
nally designed to be driven by fixed-speed wound-
rotor induction motors with liquid rheostat starters.
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The GE LCl provides a smooth starting profile. Driven equipment
can be started and accelerated up to a rated speed without
exceeding rated volts and amps: a clear advantage in locations
with a weak power grid.

Seeing the opportunity for a major improvement in
power factor, Cementos La Cruz Azul chose instead to
install an Innovation Series LCl ac drive system and
three 2800 kW synchronous motors from GE, in combi-
nation with auxiliary inching motors for starting.

“In our area there is a very high cost for poor
power factor,” says Jose Martinez Tenorio of
Cementos La Cruz Azul. “These synchronous motors
can each supply as much as 2000 kVARs to the power

supply system. This additional reactive power
improves the power factor for the rest of our plant by
about 0.15. In addition, the motors are very efficient.
All of this adds up to a big reduction in our electrici-
ty costs, which leads to the short payback period.”

The contribution of reactive power to the electri-
cal distribution system, even when operating at less
than 100% load, is a key benefit of this synchronous
motors application. Lagging power, which was previ-
ously derated, is now an important source of reactive
power generation. The new system from GE allows
continuous and adjustable compensation that makes
it easier to control unity power factor, avoiding the
risk of dangerous overcompensation and harmonic
effects (disturbances) produced by the capacitor
banks. This also enables an overall power factor of
between 0.98 and 0.99.

The inching motors provide the high torque need-
ed to start and accelerate the roller mills to 5% speed
without drawing excessive current. The rollers also
can be positioned vertically by a hydraulic mechanism
to unload them to help with starting. Once 5% speed
is reached, the LCl drive starts the synchronous
motors and accelerates them to synchronous or fixed
speed, known as operating ‘across the line’. Once a
motor is operating across the line, the LCl is bypassed
and the excitation can be varied to provide a leading
power factor.

A programmable logic controller (PLC) serves as the
mill unit controller to manage the transfer from LCI
control to operation across the line. The controller is

The raw mill in the background is one of Cementos La Cruz Azul’s three vertical mills operating with a synchronous motor and LCl starter.
The Ll allows mill speed to be varied to determine optimum fixed-speed operation.
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tied in with the plant’s supervisory distributed control
system. Cementos La Cruz Azul has configured the
drive system so that only one LCl is needed to start the
three synchronous motors. It does so in any desired
sequence and as each is started and bypassed to the
line, it becomes available to start the next motor.

It can also can be used to drive the roller mills at
varying speeds to determine the most effective
process operating speeds. That information is then
used to select the proper gear ratios for optimum
fixed-speed operation across the line. For example,
one of the new cement mills is a finish mill. Its opti-
mum grinding speed was not yet finalised when it
was installed. The gearbox between the motor and
the mill was designed to carry three interchangeable
gear ratios to allow for experimentation with three
different grinding speeds. When the company decid-
ed to use synchronous motors with LCl starters, it
became possible to vary the speed of the mill with
the LCl to determine the best grinding speed. This
was accomplished much faster and with greater pre-
cision than if mechanical gears had been tested. The
correct gearing was then installed.

The LCI system

The Innovation Series LCl and the synchronous motors
are from GE Industrial Systems and are designed to
work together as a matched, coordinated system. The
Innovation Series LCl uses a floating-point digital sig-
nal processor that provides 20 times more processing
power than previous-generation LCl systems.

It varies the speed of the motor by controlling
motor torque. During motor start-up, the system
employs low-magnitude, high power factor starting
currents that minimise voltage dips and motor heat-
ing, and give unlimited motor starts. It accelerates
synchronous motors to any speed, and up to full
rated speed, without drawing excessive volts and
amps from the power system. It uses internal fiber
optic communication to isolate control signals from
high-voltage circuitry for increased noise immunity
and safety, and has a high immunity to disturbances
on the power bus.

Therefore, as a ‘motor-friendly’ control, it enables
users to achieve drive system availabilities of 99.76%.
It is particularly useful in situations where the utility
power grid is weak or when the plant is at the end of
a long transmission line.

Conclusion

“The system is working very well and, in fact, is
exceeding our design expectations,” says Tenorio.
“Because of it, we have not had to take the usual
steps to correct the power factor, such as performing
harmonic flow studies, installing harmonic-attenuat-
ing filters and dealing with resonance phenomena.
The system has enabled us to spend less time and
effort on our plant’s electrical system. We were able
to get the plant up and running faster, and optimise
mill grinding speed faster than normal. That all
means we are able to focus more on our primary mis-
sion, which is to make cement”.
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