


The contemporary container crane industry, like
many other industry segments, is often enamored by
the bells and whistles, colorful diagnostic displays,
high speed performance, and levels of automation
that can be achieved. Although these features and
their indirectly related computer based enhancements
are key issues to an efficient terminal operation, we
must not forget the foundation upon which we are
building. Power quality is the mortar which bonds the
foundation blocks.

Power quality also affects terminal operating
economics, crane reliability, our environment, and
initial investment in power distribution systems to
support new crane installations. To quote the utility
company newsletter which accompanied the last
monthly issue of my home utility billing:

‘Using electricity wisely isagood environmental and
business practice which saves you money, reduces
emissions from generating plants, and conserves our
natural resources.’

Aswe are dl aware, container crane performance
requirements continue to increase at an astounding
rate. Next generation container cranes, already in the
bidding process, will require average power demands
of 1500 to 2000 kW — amost double the total average
demand three years ago. The rapid increase in power
demand levels, an increase in container crane
population, SCR converter crane drive retrofits and
the large AC and DC drives needed to power and
control these cranes will increase awareness of the
power quality issue in the very near future.

For the purpose of this article, we shall define power
quality problems as:

‘Any power problem that results in failure or
misoperation of customer equipment,
manifests itself as an economic burden to
the user, or produces negative impacts on
the environment.’

When applied to the container crane industry, the power
issues which degrade power quality include:

Power Factor
Harmonic Distortion
Voltage Transients
Voltage Sags or Dips
Voltage Swells

The AC and DC variable speed drives utilized on board
container cranes are significant contributors to total
harmonic current and voltage distortion. Whereas SCR
phase control creates the desirable average power
factor, DC SCR drives operate at less than this. In
addition, line notching occurs when SCR’ s commutate,
creating transient peak recovery voltages that can be 3
to 4 times the nominal line voltage depending upon the
system impedance and the size of the drives. The
frequency and severity of these power system
disturbances varies with the speed of the drive.
Harmonic current injection by AC and DC drives will
be highest when the drives are operating at slow speeds.

Power factor will be lowest when DC drives are
operating at slow speeds or during initial acceleration
and deceleration periods, increasing to its maximum
value when the SCR’ s are phased on to produce rated or
base speed. Above base speed, the power factor
essentially remains constant. Unfortunately, container
cranes can spend considerable time at low speeds

as the operator attempts to spot and land containers.
Poor power factor places a greater kVA demand burden
on the utility or engine-alternator power source. Low
power factor loads can also affect the voltage stability
which can ultimately result in detrimental effects on the
life of sensitive electronic equipment or even
intermittent malfunction.

Voltage transients created by DC drive SCR line
notching, AC drive voltage chopping, and high
frequency harmonic voltages and currents are all
significant sources of noise and disturbance to sensitive
electronic equipment.



It has been our experience that end users often do
not associate power quality problems with
container cranes, either because they are totally
unaware of such issues or there was no economic
consequence if power quality was not addressed.

Before the advent of solid-state power supplies,
power factor was reasonable, and harmonic current
injection was minimal. Not until the crane
population multiplied, power demands per crane
Increased, and static power conversion became the
way of life, did power quality issues begin to
emerge. Even as harmonic distortion and power
factor issues surfaced, no-one was really prepared.

Even today, crane builders and electrical drive
system vendors avoid the issue during competitive
bidding for new cranes. Rather than focus on
awareness and understanding of the potential
issues, the power quality issueisintentionally or
unintentionally ignored. Power quality problem
solutions are available. Although the solutions are
not free, in most cases, they do represent a good
return on investment. However, if power quality is
not specified, it most likely will not be delivered.

Power quality can be improved through:

Power factor correction,

Harmonic filtering,

Special line notch filtering,

Transient voltage surge suppression,
Proper earthing systems.

In most cases, the person specifying and/or buying
acontainer crane may not be fully aware of the
potential power quality issues. If thisarticle
accomplishes nothing else, we would hope to
provide that awareness.

Are you aware of all the existing power factor
penalties, kVAR demand charges, or regulatory
requirements that may be in your contract with the
local utility?

In many cases, those involved with specification and
procurement of container cranes may not be cognizant of
such issues, do not pay the utility billings, or consider it
someone else's concern. As aresult, container crane
specifications may not include definitive power quality
criteria such as power factor correction and/or harmonic
filtering.

Also, many of those specifications which do

require power quality equipment do not properly
define the criteria. Early in the process of preparing the
crane specification:

Consult with the utility company to determine
regulatory or contract requirements that must be
satisfied, if any.

Consult with'the electrical drive suppliers and
determine the power quality profiles that can be
expected based on the drive sizes and technologies
proposed for the specific project.

Evaluate the economics of power quality correction not
only on the present situation, but consider the impact
of future utility deregulation and the future
development plans for the terminal.

Become familiar with the following terms and
relationships:

kW = |/(KVA? - KVAR?)
Does productive work like lifting containers. (kilo-watts)

Reactive Power kVAR = (kVA2 - sz)

Does no work - excess baggage.(kilo-volt amps reactive)

KVA = (kW2 + KVAR?)

Apparent Power

kVA = KW / cosg
Total power that determines utility equipment size (kilo-volt
amps)

Power Factor PF = cosg = kKW / kVA

Ratio of real power to total (apparent) power.

Lagging A kVA
kVAR

Power Triangle

Leading
kVAR ¢



THE BENEFITS OF POWER QUALITY

Power quality in the container terminal environment
impacts the economics of the terminal operation, affects
reliability of the terminal equipment, and affects other
consumers served by the same utility service. Each of

these concernsis explored in the following paragraphs.

1. Economic Impact

The economic impact of power quality is the foremost
incentive to container terminal operators. Economic impact
can be significant and manifest itself in several ways:

a. Power Factor Penalties

Many utility companies invoke penalties for low power
factor on monthly billings. There is no industry standard
followed by utility companies. Methods of metering and
calculating power factor penalties vary from one utility
company to the next. Some utility companies actually

meter kVAR usage and establish afixed rate times the
number of kV AR-hours consumed. Other utility companies
monitor kVAR demands and cal cul ate power

factor. If the power factor falls below a fixed limit

value over ademand period, a penalty is billed in the form
of an adjustment to the peak demand charges.

A number of utility companies servicing container

terminal equipment do not yet invoke power factor
penalties. However, their service contract with the Port may
still require that a minimum power factor over a defined
demand period be met. The utility company may not
continuously monitor power factor or kVAR usage and
reflect them in the monthly utility billings, however, they do
reserve the right to monitor the Port service at any time. If
the power factor criteria set forth in the service contract are
not met, the user may be penalized, or required to take
corrective actions at the user’s expense. One utility
company, which supplies power serviceto several east coast
container terminalsin the USA, does not reflect power
factor penaltiesin their monthly billings, however, their
service contract with the terminal reads as follows:

‘The average power factor under operating conditions

of customer’sload at the point where service is metered
shall be not less than 85%. I f below 85%, the customer
may be required to furnish, install and maintain at its
expense corrective apparatus which will increase the
power factor of the entireinstallation to not less than 85%.
The customer shall ensure that no excessive harmonics or
transients are introduced on to the [utility] system. This
may require special power conditioning equipment or
filters. The IEEE Std. 519-1992 isused asa guidein
determining appropriate design requirements.’

The Port or terminal operations personnel, who are
responsible for maintaining container cranes, or specifying
new container crane equipment, should be aware

of these requirements.

Utility deregulation will most likely force utilities to
enforce requirements such as the example above.
Terminal operators who do not deal with penalty issues
today may be faced with some rather severe penalties
in the future. A sound, future terminal growth plan
should include contingencies for addressing the
possible economic impact of utility deregulation.

b. System Losses

Harmonic currents and low power factor created by
nonlinear loads, not only result in possible power factor
penalties, but also increase the power losses in the
distribution system. These losses are not visibleas a
separate item on your monthly utility billing, but you
pay for them each month. Container cranes are
significant contributors to harmonic currents and low
power factor. Based on the typical demands of today’s
high speed container cranes, correction of power factor
alone on atypical state of the art quay crane can result
in areduction of system losses that convertsto a6 to
10% reduction in the monthly utility billing. For most
of the larger terminals, thisis a significant annual
saving in the cost of operation.

c. Power Service Initial Capital Investments
The power distribution system design and installation
for new terminals, as well as modification of systems
for terminal capacity upgrades, involves high cost,
specialized, high and medium voltage equipment.
Transformers, switchgear, feeder cables, cable reel
trailing cables, collector bars, etc. must be sized based
on the kVA demand. Thus cost of the equipment is
directly related to the total kVA demand. Asthe
relationship above indicates, kVA demand isinversely
proportiona to the overall power factor, i.e. alower
power factor demands higher kV A for the same kW
load. Container cranes are one of the most significant
users of power in the terminal. Since container cranes
with DC, 6 pulse, SCR drives operate at relatively low
power factor, the total KV A demand is significantly
larger than would be the case if power factor correction
equipment were supplied on board each crane or at
some common bus location in the terminal. In the
absence of power quality corrective equipment,
transformers are larger, switchgear current ratings must
be higher, feeder cable copper sizes are larger, collector
system and cable reel cables must be larger, etc.

Consequently, the cost of the initial power distribution
system equipment for a system which does not address
power quality will most likely be higher than the same
system which includes power quality equipment.



2. Equipment Reliability

Poor power quality can affect machine or equipment
reliability and reduce the life of components.
Harmonics, voltage transients, and voltage system sags
and swells are all power quality problems and are all
interdependent. Harmonics affect power factor, voltage
transients can induce harmonics, the same phenomena
which create harmonic current injection in DC SCR
variable speed drives are responsible for poor power
factor, and dynamically varying power factor of the
same drives can create voltage sags and swells. The
effects of harmonic distortion, harmonic currents, and
line notch ringing can be mitigated using specialy
designed filters.

3. Power System Adequacy

When considering the installation of additional cranes
to an existing power distribution system, a power system
analysis should be completed to determine the adequacy
of the system to support additional crane loads. Power
quality corrective actions may be dictated due to
inadequacy of existing power distribution systems

to which new or relocated cranes are to be connected.

In other words, addition of power quality equipment
may render aworkable scenario on an existing power
distribution system, which would otherwise be
inadeguate to support additional cranes without high risk
of problems.

4. Environment

No issue might be as important as the effect of power
quality on our environment. Reduction in system losses
and lower demands equate to areduction in the
consumption of our natural resources and reduction in
power plant emissions. It is our responsibility as
occupants of this planet to encourage conservation of
our natural resources and support measures which
improve our air quality.

POWER QUALITY CRITERIA

As mentioned earlier, one can be aware of the power
quality issues, however, appropriate criteria must be
defined to insure the system delivered properly
addresses the needs of the application.

1. Harmonic Mitigation Criteria

Guidelines for harmonic mitigation have been
established throughout the world. IEEE Std. 519-1992
provides the guidelines for harmonic current and voltage
distortion at the point of common coupling. This
standard is accepted and applied in North America, and
is referenced in many other countries of the world where
asimilar local standard has not been created.

British Standard G.5/3 is recognized and
followed by most countries of the European
Community and the British Commonwealth.

In lieu of any specific local government or utility
company requirements, these standards should

be used as the criteria for harmonic mitigation.
TMGE recommends the use of the IEEE Std.
519-1992 as the most practical standard available
today. Following the IEEE guidelines will insure
acceptable results at the most reasonabl e cost.

2. Power Factor Criteria

If power factor correction isrequired dueto
contract or regulatory requirements, the crane
specification criteria should repeat the terms
verbatim. However, it isimportant to understand
how the power factor is measured.

In most cases, the power factor is
calculated as an average value over a
demand period.

Demand periods are commonly 5, 15, or 30
minutes. In other words, the customer is
penalized if the power factor dips below a given
value over a sustained period of time. For
example, the utility may meter the lowest power
factor that occurs for 1 minute and compute the
average of 15 readings over a 15 minute demand
period. Thus the criteria should state ‘ The
average power factor over a 15 min. demand
shall not be less than 0.90 as measured over 1
min. intervals.” In terms of the crane power
factor demand, the electrical supplier hasto
supply sufficient kVAR correction to maintain a
0.90 power factor when lifting arated load for 60
sec. In most cases, it is not necessary to specify
power factor corrected on an instantaneous basis.
It isdifficult and very expensive to maintain the
instantaneous power factor above nominal values
of 0.80 to 1.00 during the acceleration or
deceleration period of avariable speed DC drive.

Often we see specifications that read ‘ Power
factor shall not be less than 0.90." What may
have been intended is ‘ Power factor shall not be
less than 0.90 over a 15 min. demand period.’
The first statement, when taken verbatim, may
increase cost 3 to 4 times, when the cost of
equipment, installation, additional machinery
house space, larger feeders, etc. are considered.



POWER SYSTEM ANALYSIS

Once one has established the criteria for power factor
and/or harmonic filtering, power system data must be
collected from the utility company, dock installation
contractors, the crane OEM, and the electrical drives
supplier. Thisdatais used to construct a system
impedance diagram similar to the one shown in Fig. 1.
Since the overall system is comprised of many
segments under the responsibility of several
participants, an early awareness of the power quality
issue and bringing the involved parties together will
enhance the ability to retrieve the necessary data. Note
there are several areas of responsibility and some key
parameters that must be considered.

* PCC (Point of Common Coupling). The PCCisthe
point in the system at which the power factor and
harmonic distortion criteriawill apply. In many cases,
this point will be the point metered by the utility
company. However, from amore practical standpoint,
the PCC should be selected as the point in the system
where other terminal loads, which may be sensitive to
power quality issues, are connected. In Fig. 1, the green
arrow indicates the bus which was selected as PCC.
Here the PCC islocated at the High Voltage bus, which
serves al other terminal loads in addition to the cranes.
It isimportant to identify the PCC early in the process
and include it in the crane specifications. The power
quality criteria are not complete without identification
of the PCC.

* SCC (Short Circuit Capability). The second most
important parameter is the short circuit capability of the
utility entering the terminal. The SCC (see dark blue
arrow in Fig. 1) isindicative of the ‘stiffness’ of the
utility system. It can be expressed as short circuit

MVA or given in amperes. The SCC should be stated
and given in al crane specifications or established early
in the design process since the crane OEM and the
electrical drive supplier need thisinformation to
complete short circuit studies. The results of the short
circuit study are required to properly design and specify
medium voltage switchgear and protection equipment.

» Transformer Data. Any utility transformers and/or

distribution transformers (see light blue arrow in Fig. 1)

located in the terminal to derive the distribution voltage

to the crane must be specified with the following data as
aminimum:
1. Power rating in KVA or MV A including nominal
and force cooled overload ratings if applicable.

. Impedance expressed in per cent.

. X/R ratio

. Primary voltage rating.

. Secondary voltage rating.

. Neutral grounding configuration — solidly
grounded, impedance grounded, or high resistance
grounded. When the neutral isimpedance or
resistance grounded, indicate the impedance or
resistance valuesif possible.

7. Isthe transformer supplied with automatic primary

tap changers? If so, what is the response time?

8. Isthe transformer supplied with fixed primary

taps? If so, what are the tap ratings?
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« Standby generator or co-generation systems.

If diesel engine driven alternators or turbines are used
as the primary source, co-generation, or as standby
units, indicate the power ratings, power factor rating,
and sub-transient reactance.

* Feeder Data.

Length, size, and types of all feeders should be
provided. InFig. 1, Z1, Z2, and Z3 must be supplied
by the utility and/or contractor responsible for the
siteinstallation. Also, impedances Z4 and Z5 must be
supplied by the crane OEM. Crane transformer data
will be supplied by either the electrical drive supplier
or the crane OEM depending on the scope of supply
for the specific project.

* Other Terminal L oads.

Indicate the nature and power demand of any other
terminal loads connected to the PCC or anywhere
between the PCC and the crane pick up point.

With the pertinent datain hand, the electrical drives
supplier and the crane OEM can insure the proper
design and compatibility you should expect. An
appropriate power system analysis should be
completed for al craneinstallations. The load flow
study should include short circuit analysis, voltage
drop calculations, and power flow analysis as well as
power factor and harmonic distortion analysis when
power quality criteria are imposed.

POWER QUALITY SOLUTIONS

There are many types of products and a variety of
recommended solutions that address power quality
issues. Power factor can be improved and harmonic
distortions reduced through the use of passive or active
devices. Voltage transients can be addressed with a
myriad of different TVSS (Transient Voltage Surge
Suppressor) devices available in the marketplace today
and through the addition of filters designed for the
specific application. Noise problems can be avoided by
observing appropriate wiring practices, and using
suitable types of cables as recommended by the
electrical drives supplier.

Grounding, wiring, and cabling practices can go along
way to improve the reliability of any container crane.

Make yourself aware of the potential issues - consult
with the utility company and the electrical drive
suppliers and then appropriately address your power
quality needsin the crane specifications. In many
instances, the configuration of the crane drives and
crane distribution system, as well as the selection of DC
vs. AC drive technology can itself have a significant
impact on the power quality without the need for
additional onboard or off-board corrective equipment.
If the cranes operate in an area of high lightning
incidence, specify lightning arresters at the incoming
cable red collector ring assembly or in the ground level
disconnect near the collector earth on collector bar fed
cranes. Lightning arresters should always be specified
on the primary windings of all drive isolation and
auxiliary power transformers on board the crane.



TMGE Automation Systems takes Power Quality issues as serious as we do our drives systems. We
have in house application engineering talent to perform Power Systems analysis and provide
consulting services for:

Short circuit studies

Load flow analysis

Voltage Drop Calculations

Power Factor Correction Studies, payback calculation and equipment sizing
Reduction of power bills

Harmonic Distortion Analysis and MV filter calculation, sizing, specification, supply
Diesel Generator sizing and application

Pump Back Resistor calculation, sizing, specification, supply

Primary Transformer calculation, sizing, specification, supply

Medium and Low Voltage Switchgear calculation, sizing, specification, supply
50 to 60 Hz conversions

60 to 50 Hz conversions

...All specifically designed to solve power utilization issues related to Container Cranes.

We are highly involved in the design, application and sizing of all facets of electrical equipment in
Material Handling. For specific customer needs, we even have created innovative products:

Crane Factor + The world’s first RC2000 The world’s first Stepless pump back resistor
dynamic power factor correction controller. The RC2000 automatically phases in pump
system designed for a container back resistor banks to assist load absorption of diesel
crane application. Developed in generator powered cranes. Developed in 1990, we
1997, we now have over 300 have over 300 successful installations worldwide

successful installations worldwide.

TM GE Automation Systems

1501 Roanoke Blvd., Salem, VA 24153 USA
Material Handling

E-mail: mh@tmeic-ge.com

Internet: www.tmeic-ge.com

Phone: +1(540) 387-7004

Fax: +1(540) 387-7549



