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| 1-INTRODUCTION

This plan has been performed with the view to
achieve the technical knowledge and self-
sufficience in the petroleum industry for
production of electrical system of oil and gas
offshore and onshore drilling rigs. Over 30
years, Iran o1l industry has been providing the
electrical system of platform by the American
and British companies specially Ross-Hill
control and Hill-Graham. Since the drivers of
drilling rigs equipment have been mechanical
and electrical, that about half of rigs are
mechanical type.

Oil industry is in the urgent need for
construction of electrical system of drilling rigs
(which called "SCR&MCC" system) and due to
change of mechanical system to electrical and
also of the ruined some drilling rigs.

JDEVS designed of SCR & MCC system since
12 month and manufacture it jointly with foreign
partner since 18 month.

Hereon design and manufacture cost, Iranian
part and foreign part was 53% & 47%
respectively .

So, save width for this project was 40%.

In this report, will be described components of
system and detail them.

2- INTRODUCTION OF
COMPONENTS OF SYSTEM

This system has been formed the separate parts
as we describe as follows:

2-1 Power House

2-2 Generator control unit

2-3 S.C.R unit

2-4 Dry Type Transformer unit

2-5 Motor Control Center (MCC)

2-1~- Power House

Since the drilling rigs are mobile and will be
moved maximum every six months. therefore
the electrical system of drilling rigs should be
portable at one package, so all the introduced
units in section 2 will be installed in a power
house.

2.1.1. The minimum weight of installed
equipment in power house is 14 tons which will
be setup ina 10m*3mx=3m room for installation.
With the regard to the weight of equipment and
the way of its moving by winch needs to have
high stability to avoid damage while equipment
transportation.

2.1.2. As the external temperature of power
house is 80°C. therefore appropriate
temperature for the internal equipment is 25°C,
so power house should have suitable heat
1solation, therefore the room temperature can be
kept25° C by two air conditions.

2.1.3. The power house can be setup in outdoor
area and 1s in the rainy and dust laden
atmosphere, so the degree of protection of power
house is Ip53.

2.1.4. In such cases power house might release
from the height (90Cm maximum), so chassis at
room must have considerable stability,

2.1.5. The maximum SCR unit powerless is
40kW and because of high insulation
temperature of this room, powerless amount
increase the temperature, therefore this room is
equipped with two 10 tons air condition.

2.1.6. Since the total time of disassemble of
drilling rig is maximum one week, so motor
connections to the room should be disconnected
at the minimum time. In order to do so plug panel
is used to connect power house to motors. All
connections have IP67 degree of protection.



2.1.7. Regarding the power house is exposed to
radiation of UV ray so the cover room's color has
a particular feature. In power house three layers
of paint has been used in two interior layers is
epoxy type which is water proof, but it is not
resistance for radiation of UV ray. So the
external layers of power house are supplied with
polyurethane which resistant against the UV ray.

2.1.8. Each drilling rig is divided minimum into
100 single units for transportation, so that can be
moved using the same method leads to
expedition of transporting of rig. So that the
room has been constructed in such way, so that
like the others rigs equipment can be settled by
winch under truck by means of two pipes which
are connected at the end of room.

As mentioned above the designed structure for 4
situations while moving has been modeled in
SAP2000 software At it is shown rate in a worst
mode of resistible tension structure rate to the
input tension is minimum 3 times as much.
During simulation the cover of layer is not
considered (with a thickness of 3mm on the wall
and the floor of the room) which plays important
role in tension resistance.

Also with a consideration of internal powerless
rate and external heating exchange, the
insulation type and its thickness is specified by
mechanic team, which some points will be
discussed here:

As the power house is adjacent to four powerful
diesel generators, so it should have a proper
audio isolation, electrical technicians can have a
room to seat. During the research the slag wool
has a higher damping coefficient to other
insulations (such as "stone wool" mineral wool,
polystyrene and polyurethane). Therefore a part
of wall and floor are covered by slag wool with
thickness of 4Cm.

Also polyurethane has a lower damping
coefficient the other heating insulation (like
cork, brick & polystyrene), so a part of wall and

ceiling of room covered by polyurethane.
We could obtain required isolation by two
blending proper heating & audio isolation.

2-2~- Diesel Generator Control Unit

The power of drilling rig is supplied by diesel
generator. To the type of platform (rate of
drilling depth), consumption power may be
changeable form 3 up to 5 MW. Almost diesel
generator power i1s a bout IMVA; therefore
diesel generator might be 3, 4 or maximum five
sets.

According to the figure (1) this system is able to
control four diesel generators. To control each
diesel generator one cubicle is used in this
system which has the following specifications:

2.2.1. Automatic output voltage control by AVR
unit.

2.2.2. Control speed engine by electronic
gOVernor.

2.2.3. Active and reactive power control unit.

2.2.1. Generator output voltage control:

In figure (2) generator voltage control and also
reactive power control (in parallel mode) will be
done by current control injected to the exciter
field of generator, which error voltage signal
will be obtain from the sampling of voltage
generator and comparison with reference signal.
On the other hand by sampling of generator
current and its voltage KVAR signal obtains in
KVAR transducer.

The comparison of this signal with error voltage
the input signal to controller will be provided.
The output voltage variance should be done so
that ratio of V/F in generator should not exceed
at permissible amount, because in this case the
generator will be damaged quickly.

Therefore V/F cutback signal will prevent the
extra changes of output voltage generator and



' Figure 2: Control output voltage of genar_atnrJ




Control in a safe area as the V/F ratio 1s 1n a
permitted area. With applying the produced
error signal to the input controller (which is
almost PI), the generator exciter command
gives.

With comparison this signal with generator
exciter current, the suitable signal to apply for
obtains for control of thyristors firing angle.
Generator exciter circuit 1s a half controlled
single phase thyristor bridge which is to set
output voltage generator by the change of
generator exciter current.

2.2.2. Engine speed control by electronic
gOVernor:

The block diagram of motor speed control and
also active power control (in parallel mode) 1s
shown in the figure (3).

Speed feedback signal can be prepared in 2
ways:

1. Frequency converter
2. Pulse pickup sensor

In the frequency converter by sampling of
generator voltage and measuring zero detecting,
frequency is detected. In second method a
magnetic sensor has a magnetic couple on the
flywheel, which square wave {requency 1is
proportion with rotation of flywheel. These
signals are selectable by a switch. In this
controller each of two ways is used. At first
when the speed is low, frequency signal is
indicated by the magnetic sensor and in the
nominal speed (stable mode), frequency signal
is indicated from frequency converter.
Regarding that the signal 1s of great importance
for diesel generator with simultaneous use of
these two converters the possibility of cut or
omission of signal will be decreased.

In comparison with reference signal and actual
speed the error signal is obtained and will be
apply to the PI controller. Then command
actuator signal is obtained after applying the
error output signal to the others controller. After
amplifying this signal and applying to actuator,

nozzle changes so much that engine output
speed and the required amount will be balanced.

2.2.3. Diesel generator parallel:

For supplying about 4MVA require power in
drilling rigs a diesel generator 1s never used for
the following reasons:

|. Decrease of redundancy.

2. Since it is very big it's moving is almost
impossible compared to 4*IMVA diesel
generator.

3. Mamntenance of diesel generator is not
possible on the load.

Therefore it 1s logical to use 4*1 MVA diesel
generators instead of [*4MVA diesel generator,
which 1s performed in this project. But using
parallel four diesel generator will cause some
problem as follows:

l. Phase synchronizing (very important).

2. Frequency and amplitude synchronizing.

3. Active and reactive power share between
diesel generators.

The first step to parallel diesel generator 1s very
important. In order to parallel diesel generators,
at the first one of them is described as a master
and the others as slave, that usually the lowest
diesel generator number is selected as master
and obviously the rest are slave. So at the
beginning the first diesel generator 1s run and
connected to the main bus with connection of
output switch of diesel generator. Therefore
output signal of first unit 1s considered as a
reference signal for synchronizing of output
signal of second unit. In figure(4) superiority
structure for determination master and slave
generator is shown.

- If each slave generator wants to be parallel with
master generator, at first it is started in idle mode
(standby) and output signal of slave and master
generator will be applied to the sync box unit.
This unit contained of one syncroscope, two
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lamps and two frequency meters. If the
syncroscope 1s fixed on 12 o'clock and 1ts
rotation is too slow and also lamps are minimum
brightness indicates that same phase and
synchronize output voltage of slave generator
with master unit.

So they are of the same frequency (by stopping
the syncroscope pointer connection of to the
main bus is provided by activation of sync check
relay, which can be connect to this main bus by
pressing run push button). The Protections for
diesel and generator in the system are as follow:

1. Overload protection

2. Protection for increase and decrease of
voltage and frequency

3. Reverse power protection

2-3- DC motors control unit (SCR unit)

Drilling operation is performed by traction
motors which these motor are:

2.3.1. Mud pump:

Mud injection for casing and bit cooling, two or
three mud pumps are used which each pump 1s
equipped two DC motors with the minimum
[000hP power which are parallel (MPIA,
MPI1B). In this system is possible supply &
control of two mud pumps including four DC
motors, with power of 1000hP.

2.3.2. Draw-works:
For pipe running and taking out is used draw-
work system. This unit is equipped with two DC
motors with power of 1000hP, which are
parallel. Draw-work unit can rotate in CW &
CCW (DWA,DWB).

2.3.3. Rotary table:

For pip rotation the rotary table is used that are
couple with drilling pipes. The moving of this
table i provided by the 1000hP DC motor and
the table can rotate in CW & CCW (RT).

This system is able to supply the seven DC series
motors (each one is power 1000hP). In the figure

g

(5) connection of DC motor to SCR cubicles is
shown.

Each DC motor can be supplied at least by two
SCR cubicles; it leads to increase safety of DC
motor operation. Also the reserving of DWA &
RT speed motor is done by 750VDC/1000A
contactors.

2.3.4. Power rectifier:

To supply of DC motors are used 3 phase
Rectifier Bridge that is supplied by 600VAC
main bus. The maximum of rectifier voltage is
T50VAC & the maximum current is 1800A
which are suitable to supply maximum two DC
motors (750VDC / 1000hP).

These motors operate in the torque and speed
control modes which the control of these two
modes 1s performed by a unit called "DC
Module".

2.3.5. Speed control loop:

According to picture (6) for sampling of speed,
from output voltage signal is used, because in
shunt motor speed is proportion with output
voltage and in series motors it 1s obtained by the
division of output voltage to exciter field
(V/p =speed). With comparison the reference
signal with actual speed, the error signal is
obtained.

[f motor torque does not exceed then the error
signal applving to PI confroller without any
changes.

The applying error signal to the PI controller, so
current command is given. If the requested
current 1s not more than maximum limit current
it 1s compare with output signal of motor, and
current error signal after passage of PI
controller, a suitable command to determine
thyristor firing angle is issued.

[f the operator wants check the rectifier in
manual mode he can directly apply fire

2.3.6. Torque control loop

According to the block diagram figure (6) if the
load torque 1s more than reference signal,
control loop is transferred to torque control loop,



! Figure 6: Speed & torque control loops block diagram for DC motor
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and by decrease of speed motor the output torque
is controlled.

[f the motor is shunt type then torque control is
formed by controller of current. Torque control
loop block diagram in the shunt motor has been
shown in the figure (7).

2.3.7. Electrical brake unit:

Quick pause of draw-works when hook is
moving up is very important. While hook 1s
going up if the operator stops the motor, due to
inertia moment, motor will operates in the same
side and n this case the crash of hook to mast is
possible, which will cause the collapse of mast.
So when the operator command order stops in
the minimum time, it should be stopped
(maximum 10sec.). For the quick pause of
reverse torque must be applied to the motor
access. In the series motor creation of reverse
torque 1s not so easy.

In this unit process of creation reverse torque 1s
as follows:

As shown in figure (5) by open KA contactor &
close of KB contactor, the motor changed from
series type to the independent exciting type. In
this case exciting current 1s supplied by Aux.
rectifier. On the other hand with "K51" contactor
will be changed rotation of motor. By this way
motor will stop quickly, because in this mode
motor 1s changed to generator and power is
returned to the network, so this way called
regenerative brake. Time diagram shows DWA
the operation of electrical brake. The advantages
ofthis brake to other ways are as follows:

1 Low maintenance
2 High efficiency
3 Adjustable

Disadvantages:

1 Complexity of braking system

12 Risk of engine over speed

'3 Risk of failure

4 Waiting for reduce motor voltage to 650V

2-4- Dry type transformers

[n figure (1), all AC motors on the drilling area
are used in two levels voltage as follows:

1. All 3 phase motors which are supplied with
480 VAC voltage and 60Hz frequency.

2. Diesel generator heaters & lighting system
and accommodation units which are supplied
with 230/127 VAC voltage and 60 Hz frequency.
In order to two 750k VA & 180k VA transformers
are supply them. This 750kVA transformer is
composed of 3*250kVA / single phase &
1 80k VA transformer 1s composed of 1* 180k VA

3 phase which that its most features 1s that can
operate 1n unsuitable heating condition. These
transformers can service in 60°C temperature
constantly:.

Fiberglass insulator for bobbins with
temperature class "C" can resist maximum
temperature of 220°C. During the measuring
temperature rise it was observed that the average
of transformer heat will be more than 50°
C from the ambient temperature and the hot spot
will increase 100°C.

Therefore the maximum temperature of the
transformer which located in the center of
mternal layer is equal 160°C (in 60°C ambient
temperature). Other point which is considered in
design of transformers is the creation of proper
space between each bobbin layer.

If the bobbin insulation destroyed in a longtime
there 1s not short circuit in rings and transformer
continues its operation, Technical features of the
transformer are as follows:



All transformers have been tested according to

[EC726, for example:

l. Temperature rise test.
2. Insolating test.
3. Fullload and no load tests.
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2.4.1. Techniecal data of
T50kVA transformer

Ratio: 600-480 VAC A=A\
Type: Dry
Transformer group: 11
Taps changer: 5 Taps

(630.615.600.585.570)

Rating power: 750 KVA
[ fficiency: 97%
Sland;rcl: IEC 726
Temperature class C

2.4.2. Technical data of

180kVA transformer

Ratio: 600-230 VAC /\- A
Type: Dry |
|
= r'

Transtormer group: 11

Taps changer: 5 Taps

(630.615.600.585.570)

Rating power: 180 k VA
Efficiency: 95%
Standard: . IEC 726
Temperature class c il

—
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2-5- Motor control center unit
(MCC Unit)

All 3 phase motors are controlled and supplied
by MCC unit. As the supply of AC motors is

more important, so repair of this unit must have

two features:

|1 Easy to maintenance.

12 Rapid in maintenance.
So in order to reach the first aim the following
features are considered in MCC cubicles:

L All parts are front access

12 All the feeders are separate from each other

13 Cable tray of cubicle is separate

14 Equipment is assembled in cubicles with the
least connection

Since the shut down of power will cause
irreparable  damages some as blocking and
destroying ofrig, so if each feeder is shut down it
must be repaired as soon as possible.

@ All the parts, are assembled on separate
panels

(2 All the input switches are designed as draw
out that can be change without removing
electrical connections.

2.5.1. Electrical specification of MCC Unit:

Bus voltage 480VAC
Maximum of bus bar current 1200A
Control voltage 110VAC
Frequency 60HZ
Short circuit current 30KA

2.5.2. Mechanical specification of MCC:

Location Indoor
Feeders access Front
Degree of protection  Ip21

Thickness of plates  2.5mm
Paint type Electrostatic
M.C.CDimension  7300*450*2510(L,W,H)

2.5.3. Feeders Control:
All feeders are controlled in two modes as
follows.

2.5.3.1. H.O.A (Hand - Off - Auto)

Some of the feeders can be local control from
MCC unit in two modes such as manual and
automatic.

In a manual mode feeder can be connected
without any condition, but in the automatic
mode feeder might have inter lock with one or
more motors.

In the figure (9) a simple circuit of feeder with
H.O.A control is shown.

2.5.3.2. Start/ Stop

Some feeders are activated by remote command.
This command might be issued from the
installed motor place or other place. The simple
circuit of the feeder is shown in figure (10).
Some feeders are without control and are
supplied only by draw-out compact (MCCB)
switch type.
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