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ABSTRACT
Current Offshore operations involving drilling, laying pipe, or mobile work platforms require
Dynamically Positioned vessels, which depend upon the availability of electrical power for operation,
integrity of the well and for safety – of both the ship and its personnel. The Power Management System
(PMS) is a critical segment of the control equipment in the ship, to provide the power when it is wanted
and to prevent blackouts. The equipment actually within the PMS includes the engines, generators,
switchboards and controls along with the automation equipment that performs the calculation algorithms.
Some trade-offs between efficiency and fault tolerance must be made to achieve a level of reliability that
will provide the confidence necessary for a profitable partnership for the drilling contractor and for the oil
company. These trade-offs begin during the conceptual design of the vessel, and continue during the dayto-day operation of the ship throughout its lifetime.
This paper looks at some system decisions that are made during design, how they affect the operation of
the Power Management System, and provides some of the results from operational experiences of
drillships based upon those decisions. The evaluation of fault tolerance or redundancy from the
regulatory agencies, such as the ABS classifications of DPS-2 or DPS-3, is based upon the operational
capability of the vessel while experiencing a single point failure. However, the design choices can result
in more or less extensive effects from such failures. Design of the Power Management System and
Blackout Protection must consider the performance characteristics of the system components, but it must
also anticipate failures of critical equipment and provide continued protection for the remaining systems
in spite of these failures.

POWER MANAGEMENT and BLACKOUT PROTECTION
Operation of special purpose commercial offshore vessels requires that these vessels maintain a desired
location. For vessels with purposes like pipe-laying or survey, this location is generally a track across the
sea floor. For vessels with applications like oil well drilling the position is a fixed location relative to the
sea floor. Other service vessels, such as Diving Support or Supply vessels fall into either category,
depending upon the phase of their mission. In relatively shallow water the position can be maintained by
anchoring the vessel to the sea floor using pilings, chains or other passive methods. For vessels using
these methods, loss of power may terminate operations, but the vessel position is not in jeopardy. As the
water depths increase, these passive methods to maintain location are no longer practical. For these
deeper locations vessels use on-board power generation to maintain location by Dynamic Positioning.
With these systems loss of power, or even inadequate power, will cause loss of the capability to maintain
the required location. The loss of this capability can further jeopardize the safety of the vessel and its
crew.
Because of the recognition of the critical dependency upon continuous power availability, guidelines and
regulations for system design and implementation have been set up to help to improve the integrity and
reliability of all equipment on the vessel. Unfortunately some builders and some users believe that
meeting these requirements that have been defined is all that is needed to have a totally reliable
operational platform. This is a false sense of security. Not only must the vessel be designed and built to
provide the necessary reliability, the crew operating the equipment must understand both its capability
and its limitations. This level of understanding can come only with experience along with extensive
training on the equipment and controls. Drills to simulate problem recovery and instill confidence in the
operators. Since failures will occur, the crew must also understand the implications of continuing the
operation with some equipment inoperative and the potential problems that could occur if additional
failures occur prior to repair of the equipment first subjected to failure.
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Many equipment systems and subsystems must all operate properly for the vessel to operate properly and
for it to be able to carry out its mission. This includes the major systems such as the DP system and
power distribution system, but it also includes supporting systems and equipment such as the cooling
water, fuel systems and cooling air flow or even air conditioning systems. The successful vessel
operation is also dependent upon proper control of these systems, generally being supervised by the
Power Management System (PMS). There is a tendency to view PMS as a software program that
evaluates input data from various sensors to provide status of equipment, determine power requirements,
and issue commands through output controls that start and stop engines to supply that power. I apply a
more general definition of the PMS that includes this control software, but it also includes various
segments of the hardware systems that are involved in the proper operation of the entire power generation
and distribution systems and the major utilization equipment that consumes the power and operates the
propulsion equipment. I believe the hardware that responds to the software commands is an integral part
of the PMS system. In many cases this hardware also performs some of the functions at the heart of the
PMS system.
The Power Management System, as being discussed in this paper, includes or regulates the following
functions and equipment:
Power Generation
A.
Number of engines on line
a. Starting of engines and the starting process
b. Synchronization of engine with bus
c. Stopping of engines
d. Monitoring engine loads to automatically start or stop engines
B.
Load sharing between engines
a. Real power – KW
b. Reactive power – KVAR
c. Alternative loading – e.g., base loading, peak loading
C.
Protection of engines from damage
a. Engine Manufacturer supplied controls
b. PMS response to engine sensors
D.
Engine Auxiliary systems
a. Fuel
b. Cooling Water
c. Air Supply
Power Distribution
A.
Main Power System configuration – Bus Tie Breakers
B.
Ship’s Distribution Systems
C.
Emergency Load Distribution
D.
Power Sources for PMS and related system controllers
System Loads
A.
Propulsion devices
B.
Application Loads – Drilling systems, Cranes or Pipe Laying equipment
C.
Primary Vessel Loads
a. HVAC system
b. Lighting
c. Communications (Radio, radar, PA system, General Alarm system)
d. General Ship Services (Water, sewage, galley, Fire fighting, ballast)
e. Auxiliary Systems for propulsion and power generation
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Controllers for the System Loads
a. DP System
b. Drilling System (or equivalent for Pipe Laying or other services)
c. Load Switching to add or remove non-critical loads

The operational objective for the design of the PMS is to achieve a functional, efficient, and reliable
platform that will perform the mission of the vessel in a profitable manner. Once the vessel is placed into
operation, some of these goals become confrontational or competitive, and the crew must make decisions
about the configuration of system that can impact the capability of the ship to continue operation if a
failure occurs. For example, there should be no problem with power availability if all engines were
operating all time, regardless of the load, but this would cause increased maintenance, increased operating
cost, and is not a practical solution.
Reliability for the PMS, just as for any system, is not an option that can be added onto the vessel after it is
put into operation – it has to be designed in, and it must be maintained at every stage of manufacturing
and throughout the operating life of the vessel. Proper design must understand the equipment being used,
and provide safeguards to prevent trying to cause it to operate in excess of its capabilities. (Some
illustrations of these requirements are included in later sections of the paper.) Decisions made at the
beginning of the system and vessel design will impact the system reliability and the capability to ensure
the desired functionality of the PMS system.
While there are many choices that must be selected to perform the design function, the choices are
generally not between a “right” and “wrong” method of implementation, but choices that subsequently
require further selections to achieve a properly designed system. These subsequent choices may not be
wrong in and of themselves, but a selection may be wrong because of earlier selections. Some of the
choices are created by the design of the vessel itself, and others are made in the process of defining and
designing the systems in that vessel.
Examples of choices that occur during the design process:
Capability to operate after sustaining damage – e.g., DPS-2 vs. DPS-3
Environmental forces in which to remain operable
How many divisions or groups of equipment
Central Controllers or Distributed Controls
Level of redundancy
There is likely some uncertainty or misunderstanding about the implication of the DPS-2/3 classification.
These terms relate to the amount of damage the vessel can sustain and still be capable of maintaining its
position as defined in obtaining that classification. It has no specific performance capability with the
classification, but each vessel submits the environmental conditions that it can handle if it sustains the
damage as classified. The DPS-2 category looks primarily at the various equipment and considers
damage that would take any piece of equipment out of operation. For most installations the most critical
equipment is within the electrical system. Each piece of equipment is considered a block, and the
remaining capability is analyzed as the various blocks are taken out of service one at a time. Generally
one of the main switchboards is the most critical. The DPS-3 category looks at compartments in the
vessel. Compartments are blocks of spaces surrounded by A-60 watertight bulkheads. Each compartment
is considered one at a time, evaluating the damage caused by a fire or flood that would totally eliminate
use of any equipment in that compartment. Generally the most critical is an engine room or a main
switchboard room.
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The consideration of a failure does not include any information on probability of the event. There is also
no consideration of multiple failures in more than one block or compartment at a time. The capability of
the vessel after a failure is based upon the configuration that can be achieved within a few seconds after
the failure occurs. There is no definition of the “few “ seconds, but events that would happen
automatically, such as the operation of an electrical changeover switch, is considered to be completed
satisfactorily. An engineer going over to a control device and making a change is not considered to have
been completed within the scope of the few seconds. As long as engine starting is completed
automatically, and the engine will be on line within about 45 seconds, its power can be included in the
analysis whether or not it was operating prior to the failure.
When a vessel is classed as DPS-3, there are always questions about how the engineer should configure
the bus and power system. From the standpoint of efficiency and being able to use loads to greatest
extent, a single common bus is preferred. In that configuration any load can get its power from any
engine or engine combination. And, in the event of a failure of a major component – whether a load or a
generator – the actual impact on the total system will be less than if the system were split into two. For
example, with a total of four generators, operating as a single bus if one fails the other three engines could
supply 75% of the power available prior to failure, to be available t\o all the loads. However, if the same
failure occurred on a split bus, half the systems would continue to operate as if nothing happened, but the
other half would then have only 50% of the pre-failure power to be spread around to the loads on that
side. The latter instance would likely create more disruption.
Note that when the power system is operated as a single common bus there are certain failures that will
negatively impact the total system. For example, a main bus fault causes a failure of the entire
interconnected bus. There are circuit breakers between the sections of the bus that will open in such
instances; however, these take a very short, but finite, time to operate. There are other interconnections,
such as the load sharing mechanism, that can result in improper operation of the entire system until the
problem is resolved. For example if the one of the loads on the system is increased beyond the capacity
of the engines, the bus frequency will drop and engines will be tripped off line because of their circuit
breaker settings or the under frequency protection. If the system were operating as a split bus only the
segment of the bus that actually had the failure would be affected.
So, as is generally the case, there is not a black and white, or a right and wrong choice. The system will
be affected more by single system failures if the bus is split. But there are failures that could cause a
complete blackout if the bus is not split. There is also a much higher probability that failures will occur in
some of the individual loads or generators than for the failures to occur that would cause a total blackout.
As long as the Captain and people in charge understand there is possibility of a complete blackout, even
though not likely, operation in the more efficient single bus configuration is a reasonable configuration.
There is a parallel to the electrical switchboard operating in a common bus configuration. For DPS-3 the
compartmentalization is created with the use of automatic watertight doors. If the doors are open the
spaces would not be separate. It’s not likely a problem would occur that would prevent the doors from
closing if damage occurred in a space, which after the door closes the compartmentalization would be
complete. Would the Captain be comfortable at sea operating with the doors open? (I don’t think the
regulatory bodies leave this choice to the Captain – I believe all vessels must have the doors closed at sea,
whether they are DPS rated or not.)
Any failure causes disruption, and concurrent failures can quickly compound the situation. And these
multiple failures can further facilitate a failure that would result in a total system blackout.
The purpose for the PMS is to ensure that power is available for the required operational loads, prevent
overload on the generators when loads increase, and to prevent a complete blackout as a result of anything
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that might happen, whatever the bus configuration. Meeting these purposes involves all the equipment
and functions listed above. Successfully achieving all the desired results seldom actually occurs in
operation.
Ensuring adequate power is available is generally a matter of evaluating the actual load compared to the
capacity of the engines on line, and starting additional engines at predefined load percentages. These
setpoints are generally controllable by the engineers on duty, with the values based upon the design
philosophy. This philosophy is based upon being able to survive an unexpected trip of an engine while
operating at high power levels. The values generally approximate those percentages that would maintain
an excess capacity of one engine, having a spinning reserve of approximately one engine. In addition to
load changes, the PMS must respond to problems that may arise in one of the operating engines. If an
engine trips, or the protective system notifies the PMS that an engine is having difficulty, the PMS must
start additional engines to maintain power capability.
Preventing generator overloads is generally accomplished through a multi-step approach. Commands are
issued to start more engines, but time will elapse before these engines will be on line and their power will
be available. Loads must be limited until that power can be utilized. In some cases non-critical AC loads
are disconnected in a process referenced as Load Shedding. In larger propulsion installations this
produces limited results. The more common action is Power Limiting.
Power Limiting is a mechanism to cause heavy loads to decrease their demand for power to prevent
excessive loads on the engines. For Electronically Controlled Systems such as variable speed thruster
drives and DC drilling motor drives, this is achieved by communicating a signal to the controller to limit
speed and power consumed by the system.
There are three basic reasons for providing Power Limiting:
1.
Steady State Limitations – the total loads exceed the generation power
2.
Transient Limitations – response to sudden load or system changes
3.
Preferential Load Treatment – e.g., DP has priority over drilling
If we look at these in more detail,
–Steady State Limitations
•Loads exceed power sources
•Typically operate with less than all engines
•Some equipment unavailable due to maintenance

–Transient Loading Limitations
•Loads demand power quickly
•Engine trips off line
•System configuration changes
•Engines cannot supply additional load quickly

–Preferential Load Treatment
•DP normally has priority over drilling
•Conditions may require drilling priority (to provide power for a safe disconnect)
Power Limiting aids in preventing a blackout, but this system alone generally will not totally prevent
blackouts. Certain significant events, such as a generator tripping off line under load, generally require
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additional actions to be able to reduce loads on the engines quickly enough to prevent a complete
blackout.
I would like to examine one implementation and some of the problems identified in trying to reach these
goals.
Global Marine Drilling Company has recently completed construction of two new deep water drillships,
and they have been operating successfully for an average of about one year each. While their operation
has been successful, it has not been without some incidents, generally due complications arising from
multiple concurrent problems. The PMS system for these ships was based upon the systems implemented
for other Global Marine operational systems, but with improvements based on experience gained from
those installations. The design for these ships was based upon company standards and practices, but they
also follow my own concepts for a system that will achieve the stated goals.
Prior to the new build project, Global Marine operated approximately 30 offshore drilling systems, a
combination of jackups, semisubmersibles, and drillships. All have some form of power management.
The majority of these systems are positioned by passive mooring, and the power management was
provided by a simple Power Limiting system, combined with the active intervention of the duty
engineers. Two of the vessels were capable of Dynamic Positioning and had a more complex PMS. One
of these, the Glomar Celtic Sea semisubmersible configuration, was converted from a DPS-3 classed
hotel DP support vessel. As a drilling system, it uses a mooring system to hold position, and operates in a
common bus configuration. While drilling, the propulsion system has little, if any, activity. In this
configuration the PMS is controlled by the Power Limiting system that is a part of the drilling SCR
system. When transiting and using propulsion, the PMS is provided by the VMS/DP system, which was
supplied by Kongsberg (Simrad), and which provided the function when it was a hotel vessel.
The full DP vessel, the Glomar Explorer drillship, has a full PMS/PMS system, designed or defined by
Global. The equipment was constructed and programmed by companies subcontracted by Global. The
DP system was supplied by Nautronix, and she has a DPS-2 classification. The electrical system is
actually designed to meet DPS-3 requirements even though the physical compartmentalization would
meet those requirements. This PMS/VMS system is configured basically the same as the two new build
systems, although the PMS/VMS system was supplied by ABB for the new builds. The Glomar Explorer
has been operating successfully for over three years. I am unaware of any blackouts that were not a direct
result of operator error, or any other DP incidents.
The basic system requirements for these vessels included a classification of DPS-3, and an environmental
capability based upon half the equipment being out of service. The ships each have eight 4 MW engines
and six 5 MW thrusters, arranged or divided generally down the centerline. Based upon these basic
requirements the rest of the design decisions for the PMS and system equipment progressed in light of the
characteristics of those systems that had already been defined.
The main power system is divided into four 6.6 KV switchboards, each controlling two of the generators
and loads split as equally as possible. Controls for configuration are possible both automatically from the
PMS system and manually at the equipment for the basic system control functions.
One of the requirements imposed on the system design was to have the capability to operate the vessel
manually, albeit with limited capability, in the event of a major or complete failure of the PMS system.
To achieve the manual control capability, load sharing is controlled as a part of the discrete controls for
each engine generator set, not a part of the centralized PMS equipment. Automatic synchronization of the
generators and switchboards is also controlled by discrete separate equipment, initiated either manually or
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from the PMS system. This configuration also facilitates a fully manual synchronization capability, if
such became required.
The thruster units are Variable Frequency AC Drive fixed pitch azimuthing systems. The Drilling System
is a DC Motor driven system operated by SCR drives.
As noted above, the VMS/PMS system was supplied by ABB.
Nautronix.

The DP system was supplied by

The basic PMS software is split into two individually redundant systems, each controlling the equipment
on its respective half of the ship.
Because the vessel loads other than thrusters and drilling were relatively small, no Load Shedding or
automatic tripping of non-critical AC loads was implemented.
Power Limiting, to prevent overload of the on line engines, is accomplished in conjunction with the DP
system and the drilling system. The PMS calculates the maximum load capability of the engine generator
sets that are on line, accounting for certain problems that impact the capability of the engine to actually
supply loads. Based upon the Hotel load – that load supplied via the 480 VAC distribution – the
remaining power is made available first to the DP system and then to the drilling system. Each of these
systems much limit their utilized power to be less than the level allocated to them. Power calculations are
based both upon KW and upon KVA to limit excessive demand on the engines and on the generators.
As further protection against overload in the event of a failure in a part of the PMS system, both drilling
and DP would perform their own calculations of power availability to prevent overloading the engine
generator sets.
The Drilling and DP systems each include load ramps to prevent load rates that would exceed the
capability of the power system.
Blackout Prevention is an additional set of programs within PMS. Recognizing that the response of DP
system is relatively slow because of the complexity of the system, other actions are triggered by certain
conditions or events that cause immediate reduction of the loads controlled by the DP or drilling systems.
An event such as the unexpected trip of a generator initiates a logic signal to the thruster variable
frequency drives to momentarily shut off the output of the drive. After two seconds the drive is released
to respond to its command from the DP, which has then had time to be set to zero, subsequently ramping
back up to acceptable levels. The drilling system is also simultaneously brought to zero and then allowed
to ramp back up.
Once the system architecture and basic building blocks were defined, the algorithms to be processed by
the PMS system were configured. While the general form of these may be similar between different
installations, the specific controls must be tailored to meet the requirements of the selected hardware or
system components, and they must be constructed to work around the limitations of the specific
equipment.
A successful PMS system must be based upon the realistic characteristics of available engine power. A
few years ago the typical engine used in offshore installations was an EMD or Caterpillar engine with
little or no turbo charging. With this type of engine, power could rapidly increase to supply the wide
variations of loads encountered in operation. When the engine was on line its power was available for
distribution with very little restriction. As the power requirements for each installation have increased,
and the ecological impact of operating such engines has become more of an issue, the performance of the
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engines has changed. Engines are larger, slower speed machines that are more fuel-efficient, produce
fewer polluting emissions, and are very highly turbo charged. With greater use of turbo charging, they
operate at higher manifold pressures, there are more protective features to prevent damage to the engines,
and there is less margin for producing excessive power – even momentarily. All these changes must be
considered in the design of the PMS system.
The engines used in the illustrated drillships were manufactured by MAN/B&W of Germany. As with
comparable engines of their power rating, they run at 720 RPM with manifold boost pressures near 25
bars – 370 psia. They depend upon the exhaust driven turbo chargers to produce this pressure and the
required air density to be mixed with the fuel. At low power levels the turbo charger does not spin and
the manifold pressure is near atmospheric. No matter how much fuel is supplied to the engine with no
turbo boost, it can produce only about 30% of its rated power until the manifold pressure is increased.
The “excess” fuel – that amount above the proper air to fuel mixture ratio – does not burn properly and
serves only to create black smoke and leave unwanted deposits in the exhaust system. To reach full
power the turbo charger speed must be increased to about 30,000 RPM. This speed increase requires
more time than might be expected. Testing indicates the engines require 12 to 15 seconds or more to be
able to deliver their rated power starting from a no-load situation. Placing excessive power demands on
the engine prior to this period will result in a speed reduction of the engine – a speed reduction that can be
so great as to cause a trip of the generators and a subsequent blackout.
Additional limitations exist during normal operation of the engines. For normal operation of the engines
a pre-lubrication process must ensure that adequate oil flow is achieved and proper temperatures are
reached prior to starting the engine. Once started, the load must be applied slowly to gradually bring the
engine to operating temperatures. Again these limitations affect the design of the PMS system and impact
the power availability. For these ships an alternative standby mode was created, but this again added
more steps to be performed during normal operation. The details of this process are not relevant to this
paper. With the standby function and in conditions deemed critical, the engines can be loaded as soon as
they are placed on line, limited only by the rate at which they can produce power.
Other equipment also exhibited certain characteristics that potentially could cause a blackout. Ramp rates
from the DP system and in the drilling system were not based upon the number of engines on line, but
remained fixed. The DP system used a propeller curve to estimate thruster KW based upon the
commanded speed, which is relatively close in DP operations that are in areas with low water currents.
Any thruster that was in manual mode was not included by the DP system in its total power calculation,
but the PMS allocation of power to the DP system included power for all thrusters in the value supplied to
the DP system, regardless of the thruster mode. While these items are problematic, means existed within
the system to compensate for them, once the problems were understood by the crew. And in normal
operating circumstances, they were not significant items. As a further backup to blackout prevention, the
power cutoff signal, described earlier as being triggered by an unexpected generator trip, is also triggered
if the bus frequency drops below 58 Hz for more than half a second.
The operational problems that have occurred were a result of more obscure relationships within the vessel
systems. Certain UPS systems did not have alternate power sources, or a bypass capability enabled. The
failure of the UPS resulted in a loss of engines and power on one side of the ship when the controllers
supplied by the UPS lost control power. In another incident, duplicate UPS devices on each side of the
ship had failed, and were operating on bypass – from the emergency distribution for both sides. In this
event, a routine test of the Emergency Generator system caused a momentary loss of power on the
emergency distribution. The loss of the bypass power source triggered a protective circuit in the engine
control system. This protective system subsequently caused the PMS to reduce the power demanded
from the affected engine – which in this case was for all engines, and resulted in the PMS system
reducing the power available signal being sent to the DP and drilling systems to zero. No blackout
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occurred, but a short period transpired prior to getting the systems all reset, during which the DP system
commanded no thruster operation.
As these problems have arisen, modifications have been made to prevent their recurrence. Operation of
these ships is in DPS-3 mode with the power system split. Consideration has been given to operating
with a common bus power system, typical of DPS-2, but we recognize there is less fault tolerance in that
mode. The system has been designed and tested to demonstrate the survivability of the system with an
equipment failure while operating in common bus mode. However, the possibility of problems resulting
from multiple concurrent equipment failures is higher in a common bus configuration. The confidence of
higher reliability has out-weighed any potential savings that might be gained from operating fewer
engines.
While there have been incidents that have arisen that showed weaknesses in the overall system, there have
been demonstrations of the effectiveness of the system as compared to the installation on other systems.
For example in the above incident that was created by the emergency distribution failure (in conjunction
with other failures) the captain recognized that there were engines on line and switched to manual control
of the thrusters. The DP system was not allocating thruster power because the PMS was telling it there
was none available. He was able to maintain position manually until the control systems were reset by
the engineer. During the manual control process he was controlling 30 MW of potential thruster power to
be supplied by the 4 engines on line at the time – about 16 MW capacity. At times the control commands
caused the loads on the engines to exceed their capability resulting in a reduction of bus frequency. When
the frequency dropped below 58 Hz the logic cutoff signal shut off the thrusters and prevented further
frequency drops and averted a blackout while allowing position to be maintained.
Another example of the protection afforded by the PMS implementation was demonstrated during sea
trials. To prove the protection afforded by the system, the loading on two engines was raised to be above
90% on each engine. At that point the Emergency Trip was activated on one of the engines and the
system reaction recorded using a one second sampling rate for the data. At the instant after the trip, the
load on the remaining engine exceeded 180% of its power rating. The system triggered the thruster cutoff
and removed all loads on the remaining engine other than hotel load. After two seconds the DP system
was allowed to reapply thruster loads up to the capacity of the engine. A standby engine was started and
about 40 seconds later it came on line, which then allowed the DP system to add more loads returning to
the loads existing prior to the engine trip. During the event, bus frequency dropped very slightly for one
sample, then reacted to the load removal and was slightly above 60 Hz for the second sample. Copies of
the data recorded during the Test are attached.
So, how do you ensure that you have an effective Power Management System?
1.
Define a person responsible for PMS that understands the vessel operational requirements
and has experience with Power Management.
2.
Make sure the design specifications and goals were based upon providing a system that
will actually perform as desired, not just meet regulatory requirements.
3.
Recognize that the system is comprised of pieces provided by several non-related
suppliers. They probably do not interface as easily or as effectively as expected and
needed.
4.
Also recognize that each part of the system may not function as expected by the PMS
designer, or that changes were made by the supplier that will impact the way the PMS
operates.
5.
Design and perform tests that will expose weaknesses, not just get the system accepted.
6.
Evaluate day to day operation of the PMS, using information from operating personnel.
Use the data to refine the system and specifications.
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Make changes and improvements. No system is bulletproof, especially right off the
drawing board. Identify indications or hints of problems or oversights, and correct them
before they create an incident.
Don’t be over confident or over protective. We all make mistakes – let’s learn from them
and avoid repeating them.
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