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NOTE REGARDING TRAINING FLOW: This curriculum iswritten for

wor king adul ts. |l t6s a wordy docum
be driven via the accompanying PowerPoint slide presentation (which is more
concise), and that excerpts of the wrtdocument be selectively read during
theclassroom portion in order to keep within schedule.

IMPORTANT NOTE REGARDING SAFETY. Safety is ContinuousThis
document has been produced solely for technical training purposestaled
specific safe procedures and practices may be annotated in some cases, it
excludes WARNINGS, CAUTIONS, and NOTES that relate to general safe
working procedures. Facilitats and students are expected to exercise safe
practices in class, shop, and field practical applicafiarsing common sense,
basic industrial safety guidelines as outlined in 29 CFR 1910 (OSH A8,
gasindustry standards, anthe rules and regulations all companies
applicable to class personnel (i.e. drilling contractor & operator safety rules).
Keep your heads on a swivedmember thaall hands are active safety
observers, practice Stop Work Authoditlf you see something, say
something.

NOTE FROM THE AUTHOR: Lear ni ng shoul d be fur
Keep in mind that this was not writté(nor a cor por ati on; |
I t 0 s Sofl wreteethis the way | would teach it, and you may find some
whacky analogies, a fesidebars on personal experience, or even some

colorful language. This is not intended to offend, rather to emphasize in field
terms. Chew up the meat and spit out the bones.



INTRODUCTION:
History of this Course

Hi ! My nameod6s Matty

the owner of Rig Angel LLC, a field

based rig maintenance & repair company

that started in West Texas in 2014.

Thanks for attending this course! | hope

that you will find its information useful

to your dayto-day opeations, whether

youdre an experience:i
s maintenance professional or a new

industry Floorhand. It is an intense-BOur courselesigned for Roughnecks

and intended to equip students to handle most of the maintenance & repair

iIssues common to ihequipment.

| developed this course for
PattersodJTI Drilling in
2010, as part of a series of
maintenance classes
designed for the same
audience to meet the same
purpose.At that time, it was
a five-day period of
instruction which culminatec
in a 4Ghour certification.
The course was attended b
personnel of all ranks and

|
. )

A

professional backgrounds from
divisions across the country, and it was
lauded as a success by the camp

In 2014, thecurriculumwas
redevelopeds a 36hour coursdor

use by GDS International, a Houston
based Top Drive manufacturethree
other courses stemmed from this one,




covering Canrig 500, Tesco, and GDM Top Drivégigmented by a team of
top technicians and translatpiSDSproceeded to traimternational

customers in a formal setting he customer feedback was very positive, and
the training was internalized to teach our own Top Drive techs.

CLASS 14-

._\.II.LMIEII\I(T"»‘A\ MEXIC 0 3

In 2020, | was contacted by a Superintenderi@recision Drilling who sought
TDS-11 training materials for his hands. To meet this need, the course was
revisedand largely rewritteminder Rig Angel colors and uploaded to
rigangel.com for download as a shareable training resource. Since its initia
rollout in 2010 more than 300 individuals have received this traiditigely
including Top Drive technicians who have been called to work on your
companyo6s rigs. Al so, several past
to transition from professnal drilling roles into oilfield technical trades.

The information youol |l be receiving
professionals, and has even been hailgibaten than the$6,5000EM
course at NOVOs Technic,ali tCbd | tgree a i
I t 6s bui IfyouHhaeerquediahtl please reach out day or nigaty

get ready to learn, and best wishes in your future endeavors!

vir

15 B~

M. Speights
910-381-0876
mspeights@rigangel.com
www.rigangel.com
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CHAPTER 1
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ELECTRICAL PRIME



CHAPTER 1.
Machine Basics, Hydraulic Primer, Electrical Primer

In this section, we willearnthe following:

Definition and purpose of machine

Some basic mechanical concepts

Definition and purpose of a of
A few principles of physics

Basic hydraulicheory

Basic electrical concepts

How a system ties everything together

NogrWDNE

1.1 What is aMachine?

A machine issomething designed tanake work easier The idea
behind a mac hipro@déggreafenphypicalo@putiwgh t o
less physical input Machines have been used since the dawn of
humankind.

Simple machines weideveloped using basic geometric objects and
principles. Applications usingphers, blocks, cylinders, pyramid, or

cubse coul d al | be used I n some way
direction of input energy to achieve a desired result.

One of the ediest discoveries in machine developng@eihough it was

not completely realized at the tidhas that forceor pressurean be

traded for distance. The simplest illustration of this is in the example of
a lever and fulcrumWhen the fulcrum is placed at thenter of the

lever, the amount of force required to lift an object on the opposite end is
equal to the object being lifted. If the fulcrum is moved closer to the
object, however, the force required to lift the object is less than the
weight of the objetitself. So force is traded for distance, and work is
made easier. The same concept can be applied to block and tackle
systems (think traveling blocks in the derrick), wherein the addition of
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each pulley reduces the amount of force required to liftpect(force
is traded for longer cable across multiple pulleys).

LEVER AND FULGRUM

lever

L\

fulcrum

10 POUNDS
OF PRESSURE

100 obj.ect
A
E(F)E(l\:l S is multiplied by moving the fulcrum closer to the object being lifted

Figure 1.1

1.2 Force Multipliers: Advancing the Fleet

What is aforce multiplie? A force multipliens an object or factor

that increases the effectiveness of a forcen essence, anything that

gives someone an advantage could be considered a force multiplier, such
ashealthy living habitsmotivation & morale, favorable weather, tools

& technology, quality training, and experience. Colin Powell, former
Secretary of Statdas founded his leadership on Thirteen Rules. His
thirteenth rule iIs this: nPerpetu
Forbes Magazine is riddled with ar
force multiplier concept in the business world.
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Mechanically speakgd as outlined abow@ the proper use of fulcrums,
levers, and pulleys can be used to multiply thediftidg capacity of

the human body. Nutcrackers, \i&gips, wheelbarrows, and crowbars
are other simple mechanical examples. Hydraulic equipmentibex
powerful force multiplier when measured against our own biophysics.
For example, a single backhoe and operator cadigut5 men.

Similarly, in electricity, a capacitor collects and stores energy and then
releases it in greater quantities. Inicacbmmunications, relays and
repeaters are used to multiply the distance that a signal can be carried.
These are all examples of force multipliers.

With this same concept in mingour companys investing in quality
maintenance training for its employees. Your Primary Objective in this
TDS-11 Top Drive Maintenance Course is to retain as much information
as possible, go back to yoworkplace and show what you have

learned. You will then actasa force multiplier to advance the

knowledge of your team. As on the battlefield, madershave a

specific intent: to minimize downtime and maximize botiome
operational efficiency through a safe, professional, informed, and
maintenanceavvy fleet.

1.3 Basic Hydraulic Theory

Before diving into hydraulior electrical theorythere are a few basic
concepts of physics that yoHigtl | ne
Law of Thermodynamicsstates essentially thahergy cannot be

created nor destroyed, only transformed (or transferred) into one

form or another. Machines and machine systems of all sorts follow

this principle.

When you start up a rig, the sequence of energy transfer begins with the
firing of a motor. Chemical energy stored in a battery is transformed
into electrical energy to fire a starter, wl¢he electrical energy is
transformed into mechanical energy to engage the Bendix to physically
turn a flywheel (or, in the case of an air starter, pneumatic energy is
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transformed into mechanical energy at the starter). The mechanical
energy of a rotag shaft is transformed into electrical energy through
an enginedriven generator, which powers a light plant, SCR or VFD
house, and so on.

In hydraulics, there are three examples that will be mentiongabater
detaillater in this course. Aydraulic pump essentiallyjconverts
mechanical energy into hydraulic energd hydraulic motor does the
opposite, as itonverts hydraulic energy into mechanical energy
hydraulic piston or cylinder, like a hydraulic motorconverts hydraulic
enerqgy into medical energy

AHydraul i ¢cs 0 ifleidszienoetOneaf themmesne f or
important physical concepin hydraulics idderivedfromPa s cal,6s L a
which states that, when acted upfiuid (or gas) exerts force equally

and in all directionggainst the walls of its containefhe measure of

this force is expressed in pounds per square inch, or PSI

10LBS

Basic hydraulic principle: Pascal’s Law
is used in hydraulic engineering to calculate
1" load capacities and dimensions for the design
of hydraulic system circuits and components.

100 LBS

Figure 1.2
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Modern hydraulics have a fascinating history. Simple machines that
used levers and elaborate linkages were replaced by machines with
pneumatic systems, applying Pascal
t hrough tubes and nfatchimeadtubtibnesimplers e s é
and less expensive. The problem with pneumatics isathaircuits are
subject to moisture contamination, and components often fail due to
corrosion brought about by moist air (the reason that lubricating oil and
air dryers were intragced into pneumatic systems). Another problem

with pneumatics is that air is compressible, which makes the actuation of
pneumatic components less reliable (especially when controls are distant
from the components). Hydraulic systems eventually replaced

pneumatic systems because, while the theory of both is similar, fluids

are less compressible than air. With time, hydraulic fluids were
engineered at the molecular level to become nearly incompressible, so
that actuation of a hydraulicallygriven componens nearly

instantaneous, regardless of the length of the circuit between operator
controls and the end actuating device

1.4 Hydraulic Systems

As appliesto industrnig0 s y s t e mdlleciive tert forea machine
and its auxiliary components, controlsconnective elements, and
incorporated protective devices Hydraulic systems are classified in
several types, but most often as e
This course will nbcover all scenarios that comprise these systems;
here are the key discriminators:

An open loop system:

(1) Fresh fluid is constantly supplied to the pump fronréservoir

(2) The reservoir is usually seajexttuator fluid returns to reservoir
(3) Provides flow without significant pressure or heat generation
(4) Examples include turbines, compressors,thedlDS11 Top Drive



A closed loop system:

(1) Recirculates fluid from the actuator to the pump

(2) Provides flow and edemand pressure forgmise response time

(3) Is used for higipressure applicatiorend generates significant heat

(4) Examples include internal combustion engines, refrigerating systems,
andhydraulic Top Drives (the drive portion, not the auxiliaries)

Theimage below illustrates some components thatanemon to all
pressurdnydraulic system@pen loop illustration)

=]

1. HYDRAULIC RESERVOIR - Contains oil for system. Usually incorporates a breather element.

2. SUCTION STRAINER - Screens contaminants to protect pump. Usually internal to tank, but may be external.

3. PUMP - Creates flow for the system. Usually incorporates (a) an internal check valve on the suction side to
maintain positive prime, (b) a check valve on the discharge side to prevent backflow, (c) a flow adjustment, \

and (d) an internal or external pressure p to set and maintain a desired output pressure. a
. PRESSURE FILTER - Often preceded and followed by a gauge to determine differential pressure. i
=

4
5. VALVE BANK or VALVE STACK, (or)
6. HYDRAULIC MANIFOLD - Either (5) or (6) may be used to incorporate any number of (7). l; f
7. DIRECTIONAL CONTROL VALVES These determine the direction of hydraulic fluid flow, determined by
the h C tor by pulating either a button or handle that: (a) mounts directly to the valve spool, ,

(b) attaches to the valve spool via ex ion cable or linkage, (c) supplies air to one side of the valve spool
or the other, (d) supplies actuating hydraulic fluid to one side of the valve spool or the other, or (e) supplies
electricity to a solenoid attached to the valve, which manipulates the position of the spool electromagnetlcally

8. CYLINDERS or PISTONS - The most common type of actuator, or end mechanical p t, in a hyd sy
9. HYDRAULIC MOTOR - The other common actuator around which a hydraulic system is designed.
10. RETURN FILTER - Prevents upstream contaminants from entering the hydraulic reservoir.

o B

Figure 1.3

(1) Hydraulic Reservoir aka tank or sump, this holds the fluid for use
in ahydraulic systemMay incorporate a breather, fill port, drain,



internal or external suction strainer(s) near the bottom before / after the
outlet, highmounted internal ongernal return filter(s), an internal

heater element for cold weather applications, a sight glass or level
indicator, and lowlevel and / or high temperature shutoff safety devices.
The reservoir should be installed inside of a secondary containment area
that is capable of capturing the full contents of the reservoir.

(2) Suction Strainer first line of filtration defense in the system,
protects thggump from contaminanthat may have settled to the bottom
of the reservoir.

(2b) Shutoff Valve(optional)i One should be installed upstream from
each pump tiasolate reservoir fluid during pump changes. Usually a
quarterturn ballvalve, this device can be a cause of pump cavitation and
failure, especially if the pump is energized while the vaill closed.

(3) Pumpi Creates flowfor the hydraulic systemThere are several
types used for different application$he pump is drivemechanically

by a motor shaft, usually incorporating some type of coupling made of
softer material (aluminum / rubber / composite) to prevent secondary
component failure (in theory, if the motor seizes while running, the
coupling disintegrates and spatke pump; if the pump seizes while
running, the coupling disintegrates to spare the motor). Examples of
motor / pump couplings are Dodge, Magnaloy, and Lovejoy type.

(3b) Check Valves These onavay flow control valves are often
installed just dowrtseam of the pumpSometypes of pumps have
incorporated these valves internally.

(3c) Pressur€€ompensators andegulators Used to set, adjust, and
maintain a desired downstream pressure. May be located internal or
external to the pump, or at any place in a hydraulic sys&milarly, a
flow adjustment may be located on the pump itself.



(4) Pressure Filtdr Downstream of the pump, this is themary filter
in the hydraulic system. May incorporate more than one filter in an
assembly.

(5) Valve or Valve Bank / StadkOne or more directional control

valves that are each used to controhatuator, such as a piston or a

hydraulic motor A stack ofsix individual valves may be referred to as a
As-val ve baskabi annsakve stack, o or

(6) Hydraulic Manifoldi A hydraulic manifold is simply a block of
metal with holes drilled through,isome which interg The holes
serve aghannels to direct fluithroughorifices and fixed or adjustable
cartridgevalves which may be italledinto themanfold for various
purposes. Small manifolds are often referred teahse blocks or valve
bodies. Orthe TDS11 Top Drive, the large MaiManifold also take
the place of severstation valve bank, as its design allows for the
external mounting aeven solenoigperated directional valves.
Hydraulic manifolds can becompared to traffic intersectionsfor
ease of nderstanding.

(7) Directional Control Valves Thesetypes of valvesare used to

control the directions of doublgcting cylinders and adirectional

hydraulic motors.Refer to the illustration above to see how changing

the position of a directional wvalywv
which side of a cylindereceived§ | ui d under pressur e.
piston rod moves, the lopressure side of the cylinder is vented back

into the return circuit through the directional valve. Of course, this
doesndt just happen magically. On
handle. But that handle is mechanically connected to a valved&pool
basically a shiny rod withutouts for porting fluid, usually returning to a
neutral center position byay of spring tensiod and inside the valve,

the spool is manipulated directionallyatbow pressure to exthe valve

t hrough either AA Portodo to one sid
the other side of a cylindeSimultaneously, the cutouts in the valve



spool allow fluid to return from the actuator (in this example, a
cylinder).

(8) Cylinders / Pistons The most common type of actuators in a
hydraulic system. Most hydraulic systems are designed to either push or
pull something; to do that, the end component in the system is usually a
cylinder. The cylinders we will coven ithis course are the most

common type: singistage (one continuous piston rod), daeling (or
doubleacting, meaning the cylinder works both ways, in and out).

(9) Hydraulic Motord The second most common type of actuators in a
hydraulic system All motors are used to create motion, whether they
areelectric hydraulic, or combustieengine type. Hydraulic motors are
always torsional (twisting or rotating, like most motors), and are
generally used for low speed, high torgyplications.

(10) Hydraulic Return Filteir The last stage of filtration in a hydraulic
system, installed to protect the hydraulic reservoir from upstream
components that are beginning to fail, for example.

(11) Everything Else

(A) Hydraulic Accumulator$ There are several different types of
accumulators, but they all serve the same essential psrpose
(1) to store pressurized hydraulic fluid for rapid disbursal,
especially in heavy load applicatigrasd (2) to absorb fluid
shocks & imbalance The TDS11 uses the most common type
of accumulator@ bottle-style with nitrogerfilled bladders
inside. Themaintainedpressure of the fluid is determined by
the size of the bott]ehe size of the bladder, and the amount of
nitrogen pe-chargepressure applied to the bladder.

(B) Fittingsi There are four common types of fittings used in
pressurdnydraulic applications: (1) NPT (National Pipe
Thread, aka pipe fittings ONLY USE Schedule 160 or XXH
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thick-walled, NOTstandard iron pipe (2) JIC, aka 37° flare

fittings, which are the most common used on the -IS op

Drive; (3) ORB,aka@Ri ng Bos©06of iodhBse s § S
are used tanstall into recessed machine surfaceshsas

hydraulic manifolds, pump and filter housings; and (4) ORFS

(O-Ri ng Face Seaktringfiingsd indtlielUg8t f ac
drilling industry, these are used on Canrig Top Drives,

Schramm carriemounted workover rigs, and in a few other
applications.

(C) Hoses, Tubes, and ConnectiérRigid tubing is typically
stainlessor carbon steel type, and hoses are wire braid
reinforced(2-wire minimum) Hydrauic connections are
either standard XXH QD, Stucchi, or Parker F&iyle. All
hoses, tubes, and connectors in a fggessure hydraulic
circuit should be rated over the max rated pressure of the
hydraulicsystem + 33%. This is the minimum standard. For
aTDS-11, all hydrauliccomponents should be minimally
rated to 3,000 PSI, thoudh000 PSI is preferred.

(D) Other Types of Valves In pressure hydraulics, there are
many types of valves use®egulating valves maintain a
desired working pressure. Relief valves ensure a safe system
pressure.Counterbalance and lodublding valves work to
protect cylinders while holding heavy loads. In most cases,
these are cartridggpe valves, which are threaded for
insertion into valve bodies and manifolds. The TIiSuses
valves from the most common cadltye valve manufacturer,
SUN Hydraulics Corporation.

That about sums up your basic hydraulic primer. For further syady

are encouraged to research the roleslgdurifiers / dehydratorand

monitoring devices (flowmeters, pressure gauges, particle counters,
Coriolis or OasasdinHydranlwsdor fordndr studys )

in fluid dynamics, brush up on New
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Bernoull i &Veo6Prei mowp lgbeut arquitstapasegud k a
into our segment on basic electricity.

1.5 Circuit Fundamentals

The word Acircuito I s used to desc
hydraulics. Becausenanyfunctions of the TDS11 Top Driveare

electrically actuated and hydraulically operated, each function has both
types of circuits Why is this important to know? Because, when

dealing with devices that are electric over hydraulic, it helps to know
whether they are energized open or closedgaenergized open or

closed. This is especially crucial to the understanding of schematics /
technical dagramsDon o6t worry, weol | cover t

Hydraulic circuits are op@uor closedoy way ofvalves. Whera valve

is open, fluid is fredo flow from the pump to the device being operated.
When closed, fluid is stopped at the valv@ao simple, right? Well

with electricity, you need to flip that way of thinking 180 degrees.

|l nstead of valves, weobre IdOSEBD i ng w
switch contact is what allows the flow of current through an electrical
circuit. An OPEN contact will denergize (or stop the flow of current
through) an electrical circuitA normally open electrical contact means

that you need to turn a knobipfla lever, or push a button to close the

contact and allow current to flow (turn the devae®. Electricians often
refer to this as fAmakingo the cont
your bedroom, you are actually closing the electrical coleteteen the

hot wire and the switch leg (the wire that goes to the lighturn

closing thecircuib r 0 ma k i n g Refehte thesmagetbeldw.fod

better understanding.
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Normally open valve (NO)

Normally closed valve (NC)

Normally open contact (NO)

— o

Normally closed contact (NC)

Figure 1.4
Now, perhaps youbre wondering
preceded by the word o6normall yo
technical drawings, diagram&, pr

will depict components in the way that they areewlat aestingstate,
or deenergized. Something needs to happen in order to take them out of
their normal state, meaning that the component must be acted upon by

some outside force mechanically, electrically, hydraulically, or
pneumatically to causetidb change position.

You will typically only see

t he

devices, especially switches, to indicate that the internal contacts are
either normally open or normally closed. The abbreviations may be
labeled, stamped, erepred or embossedO is also sometimes referred

13
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to asndédgi zed open, 0 or fienergi zed
energized closed, or energized open.

If there are no abbreviationken the colors red and green are
alternately used on the partsrimelves. For electrical switch contacts,
Green = NO and Rear Orange= NC (IEC breakers also use green and
red to indicate open and closed, respective§imilarly, for anyone

who has engaged in replacing a standard 120V electrical outlet / house
plugyouodél | probably remember that th
connect (black) power wires, silver screws are where you connect
(white) common wires, and the green screw is where you connect the
(bare copper) ground wire. This is not the only place whdogscare

used as differentiators in electrical applicatidbmdustrial ©rd gripsare
color-coded according to wire diameter. Multiconductor cables such as
those used on Top Drives, while usually numbered, are often colored in
a specific pattern. Canaufi drilling rigs and US drilling rigs often differ

in their standard-phase plug terminations. Colors are important in
electrical application, just keep that in your back pocket.

1.6 Basic Electrical Theory

Talk about going around the asshole to geht elbow.Nowle t 6 s

cover some electrical basics.6 m going to admit, th
perfectly comfortable working with
always had a hard time truly understanding the basics of electricity when
they were taught tme. Hopefully, my explanation is less confusing to

you.

Atoms are the smallest elements of matter. All solids, liquids, gases and
plasmaarecomprised of atoms. Every atom is orbited by electrons,

which are subatomic particles with a negagherge. Strike that For

ease of explanation, weoll just sa
that are everywhere, and they always remain negative. They are
attratcedto positive particles (specifically protons, which are part of

every atom).Electronsare onst antly moving, and
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affected by an outside souécdight, heat, sound, frictioh they literally
jump their orbit (briefly becoming free electrons) before being attracted
to the positivelycharged proton of another atqor ion, which is an
imbalanced atoimwhere they resume orbit. These transfers happen
rapidly.

the basic unit
around which
electricity is created

Figure 1.5

Electric charges produced by either an excess or deficiency of
electrons. A surplus of electrons on a substance creates a negative
charge, and a deficiency of electrons creates a positive charge.
Electricity is the migration of electric charffem negative to posie or
from positive to negative

Static Electricityi Somematerials tend to be positive in nature because
theygive up accumulated electrons when they contact other materials.
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Conversely, other materials tend to be negative in nature because they
attract and retain electron§¥Vhen you walk across a carpet, depending
on what your shoes or clothes are made of, and especially when your

skin is dry, your body becomes rap
kicked u@ making you negatively charge@®ut snce dry skin tends to
be a 6positived material, readily

you make contact with a door handle made of nickel, copper, or brass
(all of which tend to be negative materials, attracting and retaining
electrons), the therence of potential results in static shock, as the
surplus of electrons on your body race to the negative material which
happens to have a more positolearge than yaselfat the moment.

Does that make sensé?t 6 s a | -Yangastyle halanceyandn

harmony. Think of aclear tubestylewater leved when water is added

to one side of the tube, the other side of the level rises until the height of
water is equal horizontally. When you shake the level, thetdsvil

brief moments of inequality, but the water on both sides of the tube
constantly strives for perfect balancamiar in concepis the balance

of positive and negative charge, constantly seeking a state of neutral
balance. The movement of electraogind that balance results in what

we call electricity. The same way we create turbulence by shaking a
water | evel, we O0created6 electrici

Current Electricity Electrons can essentially move freely thrbuay
acrossertain types of materigbarticularlymetals such as copper, gold,
aluminum, andsilverThat 6 s because the at oms
electrons that are loosely boun8uch materials are referred to as
conductors Other materials oppose tiree movement of electrons,

such as rubber, plastic, wood, glass, and air. These materials are called
insulators When we direct the transfer of electrons across a solid
copper wire conductor, we are creating current electricity or electrical
current. Current is measured by the number of electtomseling across

the crosssection of a conductor per secoand it is expressed in

amper es, a\olage,is eleatrombtiveéforce, measured in

vol t s. Gne volbequals the amount of force required to move one

16



amp across a resistance of one Ohm. Ohms are the measurement units
of resistance, expressedRebistancehe Gr
which occurs naturally in any substance, is the charatntesifsan object
thatimpedes the flow of electrondkesistance is increased
proportionately with the increase
decrease in a conductords diameter

RELATIONSHIP OF ELEGTRICAL TERMS T0
COPPER WIRE CONDUGTOR

Iy e, £

Current is the number of electrons

transiting the cross-section of
a conductor per second,
measured in amps
(amperes - A)

f

14 ANG

Resistance is the me substance’s impedance Voltage is the power required

of electron travel, measured in Ohms (Q). Increases with to move one amp across

conductor length and with a decrease in conductor wire diameter one ohm of resistance
Figure 1.6

Confusing Scienc® Before electrons wermiscovered, it was accepted

and firmly established by the scientific community that electrical current
travels from positive to negative. It has since been discovered that
electrons travel from negative to positive. Because this discovery would
discreditsome brilliant scientisttBenjamin Franklin in particular), the
scientific fraternity has decided that electrons travel one direction while
current travels the other. Since irrefutable, globatigepted proof does
not exist on either theory, this coadicting information stands as
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gospel. For now. Sounds goofy, b
research.

| f you have a grasp of the info ab
to understand exactly how electricity works. There are, akiyow,

two types of electricity, AC and DC. With Direct Current, electrons

flow in a single direction from an area of negative polarioy

concentratiod to an area of positive polarity. Most often, DC power is
associated with battery power, especially wk&plained in theory.

Wedre goi ng t ohedtauchto@poweaandessomea nd t
basic terminology before moving to the next chapter of the course.

Drilling rig and Top Drivespecific electrical information will be

covered later.

1.7 DC Power
DC power is expressed volts, V, volts DC, VDC, or by the symbol

A o. |t i s produced most commonly

produce only DC voltage. In high voltage applications, DC power is
produced by aectifier, a device which converts AC paver into DC

power. In low-voltage applications of 24VDC or less, it is converted
from AC using a Power Supply, which essentially is a miniature version
of a rectifier.

Let 6s br eak Adateryis an ergiageredesouyce of DC
power consistin@f a negative plate or electrailealled an anode, a
positive plate or electrodecalled a cathode, and an electrolyte medium
between the two, usually aci@atteries may exist in one of three states:
static (not connected), charge, and dischakyben tle two terminals of

a battery are connected to an electrical device, electrons travel from the
anode through the electrical device to the cathode until the amount of
electrons at the cathode are roughly equal to the amount of electrons at
t he an o dnien the differancedospotential has been equaled or
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neutralized, the battery reads zero volts because electrons stopped
moving between the two points, and we pitch the battery.

FLOW OF ELECTRONS IN A DG CIRCUIT

Electrons follow path of least resistance to positive side of battery
until zero potential exists between poles (neutral state)

cathode (+)

electrolyte
é
electron path
anode (-)
_

Figure7l.

Not al l batteries ar ethéirrcteeinicac har ge a
design. In the example of a NiCad battery, the positive cathode is made

of nickel hydroxide, and the negative anode is made of Cadmium.

When a higher voltage of DC electricity is applied to the battery, a
chemical reaction occurs withindh b at t e r y,oeactirgwithc t r o |
the electrodes in a wayhich causes electrons to leave the cathode and
recollect atthe electrode. Voila, battery charged. The same is true of

car batteries. Ao a raltermator is a device that uses thehnology of

both a generator, which convettie mechanical energy of a bdliven

rotor across static windings into AC voltage, and a rectifier, which

converts the AC back to DC for recharging the battery and powering the

v e hi c |-reteéd compo@ents.
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1.8 AC Power

In the previous section, the word potential was used on a few occasions.
Once upon a time, voltage = potential difference = electromotive force.

| t 6s become more confusing because
entity, scientificallyspeaking, though they are all expressed in volts.

The difference in enerdipr difference in the number of electrons)

between two points is called Potential Difference, or PD. The principle
behind measuring PD is deriwted fro
current through a conductor between two points is directly proportional

to the voltage (and inversely proportional to the resistance) between

those two pointsin other words, V = IR, where V is voltage, | is

current and R is resistancé&éhe greatethe difference in potential

between two points, the higher the voltage.

In Alternating Current, electricity is produced using generator or turbine
technology A motor is used to rotate a shaft, attached to which is a coil.
The coi l rotates inside an electro
magnets of opposite poles. External DC power is applied to the

generator through a continuaktyrarged battery, supphyg electron

chargeto the generator. Charge is created and moved by the coil

rotating between the magnets, then forced away from the generator
through dioded the oneway check valves of electrical devices.

Voltage passes in one direction initially, tharboth directions
alternately as the conductoroés pot
generator coil. The opposite electromotive force (EMBnparable to
voltage,is directed back into the generator through opposing diodes.

The concept ishe same for threphase generators, which incorporate

more coils (three or six)An AC motor works almost exactly the same

as an AC generator, except instead of using shaft rotation to generate
electricity, the motor at the end of the circuit uses atgttito turn a

shatft.
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RELATIONSHIP OF
AG GENERATOR
TOACMOTOR

4. AC MOTOR DELIVERS
ROTARY MECHANICAL
SHAFT OUTPUT

3. AC MOTOR CONVERTS
3 ELECTRICAL ENERGY INTO
1. AC GENERATOR
2. AC GENERATOR MECHANICAL ENERGY

RECEIVES CONVERTS
ROTARY MECHANICAL MECHANICAL
SHAFT INPUT ENERGY INTO
ELECTRICAL

ENERGY

Figure 1.8

1.9 Groundingand Bonding

The reason we ground a device or piece of equipment, is to disperse the
charge or accumulation of electrons across its surface area that occurs
when it is energized, or when adjunct device is energized. As the
devicebs charge increases, the pot
could injure or Kkill the first person to touch it. The concept behind

grounding is to provide a path for electrons to attach to a much larger
objecct (call ed O6bondingd), ormDeviteasr ect
with a high potential char(guehasft en
a VFD), meaning an isolated ground wire and grounding rod that shares

with no other equipmentSee the imagedbow for a simple illustration.
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GROUNDING AND BONDING

Concept of charge
dissipation
Bond
Ground
Dedicat;d Ground

Figure 1.9
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1.9 Common Electrical Terms

Electron
Current
Conductor
Insulator
Semiconductor
Amperage
Resistance
Resistor

Volt

Potential

A subatomic particle with a negative charge

The movement of electrons through a conductor, aka electricity
A substance w/ properties that permit free motiomahyelectrons
A substance that contains few free electrons

A substance that is neither a good conduato insulator (silicoin
The measured rate of current flow

The opposition to current flow, measured in ohms

A component manufactured to possess a specific value of resistance
A unit of electic force or potential, aaceptually similar to water pressure

Refers tothe performance or compositionani electrical charge

Potential Difference Measurement between two objects / bodiédifferent electrical charges
Zero potential witlrespect to grountl essentiallyzero or neutral charge
Direct Current electricity, in which electrons flow in one direction only

Ground Potential
DC

AC

Frequency
VFD

Inverter

Single Phase
3-Phase

Diode

Rectifier

SCR

Voltage Source
Transformer
Power Supply
Capacitor
Relay

Solenoid

Short

Open

Closed

Keyer

Shunt

Series Circuit
Parallel Cicuit
PLC

SBC

Braking Chopper
Encoder

HMI

HOC Battery
MCC
Composite Cable

Alternating Current electricity, which versedirection at intervals

Rateof AC currentdirectionalcharge, expressed in Hertz (cycles p/ sec)

Variable Frequency Drive A system for controlling an AC motor

A device that converts DC power into singbe multi-phase AC power
AC power, one electrical output provided for each cletepsource cycle
AC electrical circuit made up of three conductors, synched 12Ggadg

A 2-terminal semiconductor that only allows current flow in one direction

A device that converts AC power into DC power throdgides
Silicon-Controlled Rectifierused for highvoltage applications

A device capable of supplying and maintaining voltage under load
A device used to step the voltage in a system circuit up or down
Convets AC to controlled DC power in lowoltage applications

A device used to store an electrical charge

A deviceto open/ close circuits manually or at predetermined parameters

A mechanical device that actuates wicarrent is applied to its coil

A damaged circuimalfunction wherein current girecedto ground
Refers to a break in the flow of electrical current

Refers to completion of an electrical circuit which allows current trav

el

A component that opens and closes contacts usingshaaing elements
A resistor used to supply voltage in relation to current flow through it

An electrical circuit wherein all current flows through one path to ground

A circuit where current flows through separate paths to a common ground
Programmable Logic Controller; computercontrol multitool sequences
Single Board Computer; implemersisiglesystemtool control sequences

Aka Dynamicor ResistingBrake, dissipates excess voltage as heat
Device whichrelays motor speed conditionsaalrive system
HumanMachine Interface; a touchscreen operator panel

Provides external DC power to engideven generators

Mot or Control Cabinets or Cubi
A multiconductor cableontainingmultiple individually-insulated wires
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CHAPTER
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CHAPTER 2;
Fundamentals of World-Class Maintenance

In this section, we willearnthe following:

Types of maintenance programs

Common factors imaintenance excellence
Definition of machine failure

Conseguence management theory

Maintenance management, monitoring, & reporting
Maintenance roulette

ok wNE

2.1 Maintenance ProgranisThese days, maintenance personnel love to
tout the concept of being proactive vs. being reactive. They build
inspections procedures that will supposedly change the world, swearing
that if you follow their system, everything wilelsunshine and rainbows
and downtime will be a forgotten word. They use fancy terms like
Opredictivedo maiReliabdity@Gentered Maimetande.C M

Well, the concept of proactivity with regard to machine care is as old as
machines itself. Thetem o0 PM6 or Preventive Mai
around since at | east the 19306s,
as far back as theear 1200, a i der woul dndét wait un
crippledbefore he had him rghoed. Inspections are always being
redeveloped, new maintenance systems and programs are introduced
every time the reign of a companyo
and it does not dismiss the very true fact that the valpeeskntions

not quantifiable. In any field.

So | eak down tierdiferent types of maintenance programs today.
For starPeesentheerpeds O6Pr.eUsiegnt ati v
standardized quality inspections, servicing procedures, recordkeeping

and communication / handover, this type of program wark | t 6s al
most commonlyused type of maintenance program used around the

worl d, al/l i ndustries considered.
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situations is discipline. Just like diets, there are many different methods
of starting a preventasrmaintenance programalmost any methodill
work, if you and your team is committedheing disciplined.

Predictive Maintenance is the nagen type of program which

l ncorporates oO0conditions monitorin
to predeterminehie failure point of machines and their components. For
more than two decades, the leader in industrial predictive maintenance
systems and supplies to aid a company in achieving this is Emerson
Global, with a catalog of process equipment that could chdkakey.

| f therebs a sensor for monitoring
atmospheric sensitivity, electromagnetic interference or whatever you

could dream up, they have it. Today, hundreds of other companies have
copied or modeled componentseaftheirs.Of cour se, there
predictive maintenance than just the monitoring equipment. A lot of

metrics are developed to support the progesswell-intended but time
consuming.Going predictive, in myumble opinion, sounds good on
paper but iIs not quite the answer

i td0s damn expensive to pay for an
subscription basis. Second, rig moves are an inherent part of every

drilling operation, and no amount of monitoriagpredicting will keep
components from prematurely failing when they bounce down Permian
pothole roads on neair-ride trailers every other month.

RCM is a popular maintenance progr
It is concentric to corporate asseanagement. Most companies,

including most drilling companies, have integrated some form of asset
management inttheir broader maintenance and reliability practices.
Implementation of RCM created a few more jobs and brought follower
companies into stalards compliance of ISO (and in our industry, API).

The key tenets of RCM include (1) structdirer discipliné and scope

to preserve equipment assets; (2) detailed analysis to determine how
specific equipment fails, and how to prevent those failureshé3iriage

of failures in order of importance (time, $, and personnel resources); and
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(4) the creation of maintenance tasks and the appointment of proper
candidates to perform the tasks.

2.2 Maintenance Excellentelhereexistsome fundamentals of
equigment care that withstand the test of time. Consider the aviation
industry. They use motors, pumps, hydraulic and electrical and
pneumatic systems just like ours. Many of the components they use are
no different than the ones we use on our drilling riget over the past
several decades,h e n a 7 hak fadedtheovhoberworld hedr
about ahighly uncdmma@uoecurrence Even the small HPU

pumps and hydraulic boost packages that suplagtrudder, and

aileron control are incredibly rssant to failure. How, or why is that?

Discipline. Think about it, they use the same parts we do. From the

same manufacturers we do. Wi r es,
maintained by human beings just like you and me. And the average
aviationmaint ai ner makes | ess than a Derr

accountability is paramount. In aviation maintenance, every nut, bolt,
rivet and wrench is accounted for at the end of a job, or all operations

will ultimately be halted and heads will roll. Torque valU @M

service manuajsand standardized company checklats stringently

adhered to.Personnel training is weflunded, structured, and deliberate.
Gasketandsealgsr e not made on | topreperi on, t
specs Wel der modi 8i eagi neeandgdof of
much a terminable policy asnoking pot while pulling slipsEvery

piece of attaching hardware is safety wired, and properiyOsehand
warehouse inventory is optimal, and ws#icured.PM schedules are
religiously followed Personnel health and rest are mandatory pillars,

not just a concept. Finally, everythi\deVERYTHINGS is

documented, and then reviewed again before going to work.

Maintenance excellence is achievable in any industry; but it requires
considerablenvestment of ownership by all hands from top to bottom.
The reward? In our case, rigs free of incidents andpnofitable time
due to R&M (repair & maintenance).
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2.3 Machine Failuré All machines fail. Beginning the moment they

enter servicesubjet to the laws of physicshey begin to fail. For the

sake of this courseguipment failure is defined as:Any equipment

deviation outside of normal operating parameters, per

manufacturer specifications, that is detected through observation,
inspection, or condition monitoring. What this means is that a pump
doesnot fail only when it stops wo
the pump starts operating outside of manufacturer specs. If a failure is
discovered early, then it can likely bedd so that it does not become a
total failureé anstheduled)imeaandioteon f i x e d
downtime. Early discovery of a failure cannot occur unless (1) we

know and understanttie heartbeat of our equipment, and (2) we inspect

our equipmenfrequently. By doing this, we control the equipment

instead of letting the equipment control us.

Consequence Management Thebihere is an important side to

equipment maintenance and reliability that is often overlooked. The
term 6consggmenté mana child of hu
engineering. People make mistakes, sometimes without realizing it.
Consequence management prompts the
wrongr i ght deci si on?0o Il n 2005, Amtr
recertificdion of train engines, when the same major failure was

occurring on several engines within months after each had been
overhauled. The failure involvedcamplexdrive system which was

removed, rebuilt, tested and reinstalled during €agbar overhaul.

The end finding was that the company, in an attempt to be proactive and
score investor relations points with their nAselamodels, forced the

rebuild of a complex system that incorporated newer technology,

without first investing in the training afrganic and external personnel

who were performing the physical world re-evaluation of their

maintenance program found that the system did not need to be rebuilt for
12 years, and that the Gédiivemacti vebo
failures on more thatwenty engines, costing tens of millions in lost

potential revenue The moral is, before we go maintenance crazy,
evaluate the consequencesé even of
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Back to

failed equipment within our own industiyhen a failure has

been identified om particular piece of equipment, the Rig Manager
must be well informed about the issue, to include all related factors that

may be

associated with the failure. Following is a checklist of items that

a mechanic, electrician, or technician will need to know

1.

A A

PRRPRRRRERR R
O©OO~NOOUURAWN RO

N
o

21.

Does the failure create an actual or potential safety hazard? If
so,what is the actual or potential severity?

Whatis the specific equipment that failed? Photos help.
What is the severity of the failure?

If intermitient, at what specific timeplacedoes failureoccur?

Can the condition be replicated or exaggerated without causing
ahazardous conditonk et 6 s tal k about it
When was the last time the equipment was running properly?
What is the current state raf operations?
What events took place immediately preceding the failure?
Who was operating the equipmeuiten it failed®
. Any other equipment issues that maydiatedto the failure?
. What is the egoment history? Is there a history of this type

of failure of this or similarequipmenbn other rig8
. Who was the last person to workarraround thissquipment?
. What are the current atmospheric conditions (weather, e.g.)?

. Hagthis equipment been moved?

. If electrical, is it plugged in?

. If hydraulic, is the pump running?

. If thecomponent is supposed to move, does it move at all?

. Do you have a sparePnbt, does a ctocated rig havene?

. Without this equipm, is there a safe, approved alternative to

continue operations? If so, for how long?

. Are there any special tools required, or weighing circumstances

amaintenance person should know before heading to the rig?
Are thepublishedrig directions /coordinates accurate?

Upon discovery of an equipment failure that requieefinicallevel
assistance, the Rig Manager must inform his Drilling Superintendent
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immediately. The Superintendent will then decide upon how to handle
the situatio, using personnel or equipment assets at his disposal. Often
this necessitatasther calls to operations & maintenance leadershiio

will verify the specific information with the Rig Manager and then

decide upon a course of action. The flow cbatow illustratesa
samplereporting chain.

DS informs RM td
update him every il Area Mgr receives call and infor
hour. Helps RM DS to relay RM updates. After
make some calls hrs, calls to inform VP Ops.
for assistance.
Equipment Fails. RM After 4 hours,
troubleshoots. After 1 reports incident to
hour, goes on downtime Ops Mgr.
and calls DS, then calls
organic technical
coordinator.

Maintenance Mgr receives callg
from DS and Maintenance
coordinator. Gets parts moving
Maintenance toward rig. Calls to verify

coordinator personnel are moving
receives call and

works to

locate an
appropriate repair
person. Calls bac
within 15 minutes

with update.

Mechanic deploys from anothe
rig. Will 'time out' after 6 hours,
informs coordinator

FigureX.

2.4 Maintenance Managementhis is a big oneWhen it comes to

skilled trade jobs, not all roads lead to management. Just because
someone is really great at fixing brakedtilass doesndt mean
or she needs to be the service manager based on seniority. When
mechanics, electricians, and teimins move up, we lose their valuable

skills in the field, and often their irreplaceable asset value to the
company. That 1 s why i1 tds-i mport a
compensated or otherwise incentivized, and to provide favorable

working conditions One of the biggest plagues to our industry in terms

of equipment maintenance lies in turnover and retention of skilled trades
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personnel. Solid teams are built and maintained by solid maintenance
| eaders; as i1t is sai deyfglsvpegoplee don
Conversely, they dondét quit compan

Modern maintenance programs almost always incorporate some form of
CMMS, or Computerized Maintenance Management System. The
system is used for accurate and precise recordkeepingckdduling,
and document controlThe CMMS should contain a library of technical
publications and data excerpts that can be viewed and shared by all
within a controlled setting. Other elements common to maintenance
program efficiency include warehousirghop efficiency, field
coordination, tool control, vendor management or coordination, and
most importantly, continuous personnel training & development. The
service tradesman is the nucleus of an efficient and effective
maintenance program, and therefonaintenance personnel
management is a #1 priority.

IMTJ, Personnel Evaluation, Training & Efficiency Monitorihg he
Individual Maintenance Training Jackista strong tool for the
management of maintenance personnel. This rsettiion folder,
modded after the military, tracks all training, qualifications, and
evaluations for an
individual in a
maintenance
program. The jacket
is the property of the
company until the
individual leaves the
company, at which
point it belongs to
the individual, for
use as a working
resume of sorts.

INDIVIDUAL MAINTENANCE
TRAINING JACKET

SECTION |

A. COVER SHEET
B. CHECK-IN SHEET
C. BASIC EQUIPMENT ISSUE

Figures 2.21TJ Excerpts
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Personnel evaluation in a formal setting, using a standard evaluation

format and occurring at regular intervals for all personnel (i.e., quarterly

or biannually), is an excellent motivator. A few elements are key to
good personnel evaluations: (1) marragaust also be evaluated; (2)

each reporting period must be a clean slate for every individual; (3) there

shoul d al ways

be
be applied; and (4) the reporting grade should be used to build a track

a standard of

Nnav

recordfor retention & promotability, pay increases, and other incentives.
While training should be a regular part of evaergintenance

management prograradvancedraining makes an excellent incentive

for top performers

(/2

MANAGER’S QUARTERLY EMPLOYEE EVALUATION

Fz EVAL-
17 TN 202

GENERAL NOUSBA A AA
« Employee arrives at work on time and is physically, mentally, matesially fit for duty... ] (1180 (3
= Employee knows and works to the requi of his or her position 0000
« Employee has all PPE on hand, ready, and it is in serviceable Congition............... OOORO
« Employee demonstrates proper understanding of the plan of the day, and is
positively engaged in all requisite daily
DAILY DUTIES
o Demonstrates active role In shared office and shop responsibilities
. Demmsuales time management regularly In the performance of dutie:
proper of rig
. D proper Tool Controt.
. sound general of current in the field.
* Demonstrates proper care and operation of Patterson vehicles and equipment............
+ Demonstrates timely servicing & maintenance of Patterson vehicles and equipmen
* Demonstrates pride in maintaining a clean and organized office space and vehicle.
« Demonstrates a positive ‘team player’ attitude and works well with others .......
SAFETY
o Employee continually evaluates at-risk behaviors and demonstrates safety 24/7..........
« Employee can fill out standard safety forms and hold a JRA conversation with ease.
= Employee can be relied upon to call a STOP when witnessing a potential incident....
+ Employee Locks Out / Tags Out before applicable work is performed....
o Employee properly and regutarly inspects safety equipment and PPE.....
« Employee utilizes 100% tie off at al} times when required by Patterson poli
« Employee reports safety violations and potential safety hazards when obse
LEADERSHIP
* Justice—employee treats others with fairness and equality... o
. Judgement—employee generally makes sound, weli-t rtmugm out decns-ons
. ployee sharply a course of action.
s Integrity—employee is upright in character and can be trusted to do what is right..
* Dependability—employee is on time and can be counted on
e Tact—employee s respectful, courteous; deals with others without causing offense...
» Initiative—employee takes action in the absence of orders, always doing something...
+ Bearing—employee’s gait, carriage, poise, and demeanor s positive and confident.
* Unselfishness—employee avoids comfort & advancement at the expense of other:

Q
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» Courage—employee displays intestinal fortitude; stands up 1nr what is right..... *

= Knowledge—emplayee displays a high range of i

* Loyalty—employee displays 1o beliefs and to people.

o Enthusiasm—employee displays sincere interest and motivation in doing his job......... @
Discipline—employee exercises control, self- int, and level-

* Common Sense—employee finds the simplest viable solutions to probiem
»  Follow-through—employee regularly finishes what he starts...

FINESS s GABAT QUAZITY . A L2T oF ﬁf - 53

»  Speed—employee moves with purpose, not compromising safe integrity of action......
= Strength—employee is physically capable of performing his or her assigned job.. 5

» Endurance—employee has mental and physical stamina; able to withstand stress...... [:l <l m]
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MANAGER’S QUARTERLY EMPLOYEE EVALUATION /P Ten 24/
Highlighted Trends from Self- and Peer-based Evaluations: VEﬁ%M] 28D PIYETY CompPusdd V=3 hT/\

T Gt gz Gy Lt kit 2,5
(éa,)%n 2d g A&cﬁ'ﬂrmc 7 v 79 Meads o Sngrerass 0
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Reviewing Manager’s Notes:
el e
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pm*m/ % 2

&

24 24 raecT 75 Mngut /wwew/r'_q;{
roved A 2 ,énmy‘// s rz00

Rig Manager’s “Ready to Progress” Determination:

To colevlate totol score:
1. Assign numbers to the categories s follows: US=2, BA=3, A=d, AND AA=

%}ﬁwwed with Enthusiasm
Approved (38-40) 3-75
[C] Approved with Reservation 385-3.7)

[_] Disapproved - Not Ready to Progress (1.0 -3.4)

(4.1-5.0)

*Note: Receiving a di grade a formal ing entry in Section 3 of the employee’s
IMTI for poor performance. New hires are exempted during their first reporting period. Furthermore, at the
Reviewing Manager’s discretion, a formal counseling entry may be written on any employee who, after four
reporting periods {12 months), has shown stagnant reports on the grounds of “Failure to Progress.” Receiving
2 disapproval grades within four reporting periods {12 months) requires that the employee appear before a
Performance Review Board, presided over by the Regional VP Operations.

“i have read and understand all parts of this employee evaluation, and will strive to exceed the expectations
set , our Division, and Patterson-UTI.”

Ve o /&

Emp! / Date i tghature Date
YA it
7 Niea Maniagement Representative Date

Figures #.Raintenance Personnel Evaluation

Lastly, a monthly efficiency tracker can be designeoreak down the
total number of hours worked by each employee, into the type of

equipment they worked on, driving hours, general FHsahnical hours,
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and job numbexto which assigned. Divided into the total number of
available working hours (days of the month at X working hours a day,

less scheduled days off, approved sick days, and training days), you can
calculate efficiency of each employee as a percentages alsib

gleaning the data to track proficiency. Both of these can be used during
personnel evaluations; while generally a positive tool, the data is also
sometimes necessary to justify employment termination, particularly
when work is performedomewhereiot deemed a dri ght

1. Work Order / Job Tracker 3. Quarterly Performance Evaluation

4. Enter into IMTJ

INDIVIDUAL MAINTENANCE
TRAINING JACKET

SECTION Il

A. QUARTERLY PERFORMANCE
EVALUATIONS

1. MAINTENANCE SELF-EVALUATIONS

2. PEER-BASED MAINTENANCE EVALS

3. ED L TS
4. MANAGER’S QUARTERLY EVALUATIONS

B. FORMAL COUNSELING

2. Monthly
Employee
Efficiency

Figure Zi#ersonnel Management Data Flow

2.5 Maintenance Rouletteln the drilling industry, no matter how hard

we try to avoid it, our maintenance and repair activity is largely reactive.
Whil e yotuumadatl agmrea®ctive system i s
okay to be reactiveé sduedmawayas cr
that reduces wasted time and money. To illustrate this, allow me to
introduce theoncepo f O mai nt enance roul ettebo
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keeping all

What is the only way to win a game of Russian
roulette?B y
chambers empty In maintenanceoulette, we
keep each chamber roufrée by filling it with

something else:

t he

CHAMBER 1- EQUIPMENT KNOWLEDGE

This is the fundamental element of a quality field service response.

EQUIPMENT
KNOWLEDGE

CHAMBER 3 - PROBLEM IDENTIFICATION

After asking and answering the right questions related to the equipment issue
(as outlined in Section 2.3), use the data to identify the problem.

Very Important: information related to the
EQUIPMENT

KNOWLEDGE problem should always meet the
following criteria:
WORK
REQUEST
C - CONSISTENT
R - RELIABLE
IDE:{CYI:I?AATIDN T - TIMELY
. A - ACCURATE

CHAMBER § - WORIC RESPONSE

Be prepared!!! Have response Kits built with parts for different scenarios.
Make sure rig coordinates are
updated. Have plenty of gas,

EQUIPMENT food, and water. Don't speed.

KNOWLEDGE

WORK
REQUEST

PROBLEM
IDENTIFICATION
(C-R-T-A)

WORK
RESPONSE

PLANNING

&
SCHEDULING

Plan for inclement weather. Plan
an alternate route. Communicate
with the rig so they know when to
expect you.

CHAMBER 2 - WORK REQUEST

Don't just call for help, have a conversation.

EQUIPMENT
KNOWLEDGE

WORK
REQUEST

CHAMBER 4 - PLANNING AND SCHEDULING

Caller, be patient. Coordinator, take the time to build the correct response.

EQUIPMENT
KNOWLEDGE

WORK
REQUEST

IDENTIFICATION
(C-RT-

PLANNING

SCHEDULING

CHAMBER 6 - POST JOB REPORTING AND ANALY SIS

This is what completes the circle by increasing our equipment knowledge.

EQUIPMENT
KNOWLEDGE

POST-JOB
REPORTING WORK
& REQUEST

ANALYSIS

PROBLEM
IDENTIFICATION
(CRT-A)

WORK
RESPONSE

PLANNING

SCHEDILRIG Good after-action reporting is

key to learning how to correct
repetitive failures.

Figure /5 he Six Empty Chambers of Maintenance Roulette
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When we reactively jump for a work

request without first attempting to identify
the issue and plan for a quality response...

EQUIPMENT
KNOWLEDGE

POST-JOB
REPORTING WORK
& REQUEST
ANALYSIS

PROBLEM

WORK IDENTIFICATION
RESPONSE (C-R-T-A)

PLANNING
&
SCHEDULING

EQUIPMENT
KNOWLEDGE

POST-JOB
REPORTING WORK
& REQUEST
ANALYSIS

WORK
RESPONSE

We load the bullets of
URGENCY and COMPLACENCY

And when the workload gets heavy,
with back-to-back calls, we skip or
skimp out on reporting & analysis...

EQUIPMENT
KNOWLEDGE

POST-JOB
REPORTING WORK
& REQUEST

ANALYSIS P{{OPO
‘l“\,

\(\?z
o
WORK @

RESPONSE

WORK
REQUEST

WORK ~ y
RESPONSE :

...therein loading the bullets of
ignorance and poor reporting.

Figure Z/6oading the Chambers
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Figure®.Avoidable Risks

Reactivemaintenance activity is oft&ra cornercutting, unstructured

and haphazard approach to mitigating downtime. Perpetuating this cycle
does nothing to reduce liKailure incidents in the future, and often ends

In injury or death. In the oilfield as in geral industry, our rules,

regulations and policies are often written in bldagbmething we can

all agree I s unnecessary. Donot |
approach as a companyiNote: a measure of reactive maintenance is
required in the oileld. Reactivity can be planned and structured,

however, so that is not driven by a perpetual statemiergency

|l n Ceci |l B. De WhelTdn€arsnantiepioses | as s i ¢
(Charlie Heston) and Rames (Yul Brenner) are adoptive brothers
competitively vying for the throne of Egypt. Both have been tasked with
Important projects; Moses was told to build a huge city and Ramses was
told to find the Hebrew sl avesodo pr
dadd the Pharaod calls fora meetinganslo s es doesnodt s hi
spiteful brother says, AYeah dad,
Is pissed. Together with Ramses and an entourage of important
Egyptians, Pharaoh takes a trip to
hebds bui | &thergstressetd overeeringithe critical lift of a
30006 obelisk not wunli ke the Washin
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Pharaoh then begins to relay some recent accusations against Moses.
Walking over to a measuring scalf)araoh picks up a weight and asks
MoseYsou firai ded the temple granari e:¢
Pharaoh drops the weight on the scale and picks up a second one off the

tabl e. AYoubre gave that grain to
AYeso and his pops dr ¢eepHdepicksepaot her
third. AAndé youbre giving the sl

Pharaoh drops the third weight and tips the scale, then asks him in front
of everybody, AWhat do you have to

Moses looks around theam and locates a brick. He walks quickly to

the scale and holds the brick up i
city is made of brick, Pharaoh. The strong make many, the starving

make few. O Then he sl ams the bric
balanc ng pl at e, burying it into the
ARThe dead make none. 0

The number one cause of death indhiéing

industry today is vehicle accidents, which

occur driving to and from the rig. It happens
because weodOmaetoajbb,orr ushed
rushing to get home. | t
tired, or because of poor decisioraking due

to improper nourishment. As leaders, we have

a responsibility to take care of our peopleis
all of our responsibility to weigh the cost of
downtime against the loss of ljfandto make
responsible decisions theretStop Work
Authority applies in these casalsa Dead
Roughnecks camétmsofr i
maintenancej e ad Top Dri ve
wrenches.

Figus28 (upper left) and 2.9 (IgmMier tight) Dead Make N«
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CHAPTER 3:
Levels of Maintenance / Roles &Responsibilities
In this section, we willearnthe following:

1. The importance of establishing maintenance levels
2. Examples of maintenance levels
3. Operational roles and responsibilities

3.1 Maintenance levels within an organization are important for two
reasons: (1) They allow promotabilityithin the technical trade fields,

for example: instead of progression from mechanic to foreman to
supervisod which requires allocations to backfill anetrain more
mechanics every time someone progressesstead provides a growth
path for tradesmen, i.e. Mechanic I, Mechanic II, Mechanic IlI; and (2)
the development of maintenance levels segregates the type of work into
classifications based upon tblll level required to do the job.

There are threeecognized technical trade categoussd as an
industrial standard in the United Stategpprentice, journeyman, and

master . A companyO06s maintenance p
standard, be dividkinto levels that correlatdNote: These levels are to

be part of a companyds i nternal ma
oilfield arenottoo e conf used with AR ds i nsp
equipment.

3.2 Examples of maintenance levels:

LEVEL | is basic maintenance, also sometimes referred to as
Organizational, Operational, or O-Level maintenanceThiscategory

of maintenancencludesend user or operatservicing, preventive
maintenance, basic troubleshooting, and removal and reptatef

simple parts of any machine or systemhis type of work is generally
categorized as that which can be performed by one or two individuals of
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relative competence, using regular hand tools, within a short period of

ti me. Of c o uercstei,v eo, s hsoor t-hoardil sl sausbsju r
timeframe for instructional purposes. On a drilling tiggrig crew
performsLEVEL | maintenancdga shithot Motorman should exemplify

it and display Level Il qualities)

LEVEL Il is intermediate or technical level ménance This facet of
maintenanc@ as the name impliésincludes troubleshootingf a

complex natureremoval and replacement of compt@amponents, and
thecompetentlisassembly / repair / replacemennadchine systems

with limited assistance or sup&wn. Level || maintenance
incorporatespecialtytools (electr ci an 6 s ,hyddadlic met er s
pressurgesting equipment, dial indicators and micrometers). In the
oilfield, most organic and®@party field service hands providevel II

support

LEVEL Il is depot or expert level maintenancehis level aplies
advanced troubleshooting and testioggquipmenby personnel who
have the aggregate expertise of experience (usuéllyears) and
certified training from a recognizable authorityepot-level workis
often performed in a controlled shop environmengvel 1l may also
incorporateprecision machining, pressing, fabricattonengineered
specificationslargescale reworlkand overhaul.ln addition to the use of
advanced tools, this egp level of maintenance also ss&lvanced heat
& cooling methodgplasting, and exposure to dangerous chemicals
(paints, thinners, dipping acids, liquid nitrogen, liquid oxygen, etc.)

LEVEL IV is precision commissioning andaintenance. This level
includescertifiednew-build / repair andecertification work to OEM
and industry standardandincludes Professional Engineering [PE]
design, certified master inspectioasd the full spectrum of dh-
Destructivelnspection & esting(NDI/T) & quality contol in a
Standard Day(theoretically perfect vacuum) testing environmdntan
oilfield example, a certified API 8C facility providégsvel IV
maintenanceervice on Top Drives
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3.3 Operational roles and responsibilitiethe oilfield is a unique

community. Though each person has a specific title or positiany

roles are overlapping. For example, we know #aath of us is a

deputized safety handRegardless of title or positip we have the

responsibility andauthority to stop any potentially unsafe act or

condition that we observalVe are also good stewards of oilfield
property and reputationé someti mes
trash or policing our own in publid.ikewise,on a drilling rig, every

person igesponsible for maintaining equipmeatkeep our rigm

serviceable condition. So where do specific roles come into play?

As mentioned in the last section, rig hands are responsible for all Level

I, or Organizdional Levelmaintenance. This is further broken down in

the following maintenance guidelines, which should be adhered to in
addition to (or in conjunction wit
duties:

Important Note: Rig Angel does not presume @atein any way the
operational structural or system of any company. Following are general
recommendatiorgslike all concepts within this document, these are not

i ntended to interfere with a compa
guidelines. Where conflictd interest are discovered, follow your own
companyo6s | awful directives.

Floor Hands: (1) Practice preventive maintenance by keeping
equipmentclean. Know how to clean, whete
clean, and wherBOT to clean.As a rule of
thumb, donét pressure was
proximity of electrical or electronic equipment.

(2) Learn the types and uses of specific lubricants.

Not every grease zerk is made to accept standard
red NGLI grease. Donot wu
electrc motor bearingsDon 6t gr ease se
circuits that are intentionally plugged off on the
opposite side. | f you do
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ask! Do not mix oils. Use only immaculately
clean buckets and pumps to service hydraulic
equipment.

(3) Learn the basic operation of all major pieces of
equi pmefntyéou dondét know wt
operation looks and sounds like, then you will not
know how to identify malfunctions, misuse, o
signs offailure!

(4) Learn and apply the basic technigques and
proceduregor extending the service life of each
piece of equipment on the rig (specifically, the
location, type, amount, andfrequency of
lubrication for all moving parts and mating
sufaces).

(5) Learn the locations of ALL filters for every
system. Often, there are filters on rigs that are
continually overlooked. Do not blindly trust the
red / green pojip indicators on filter housings, or
the visual sight glasses or sightéglthat indicate
oil levels.

(6) When rigging up / down, pay close attention to
plug and connector labels and color codes. If
something is confusing (two rgzhinted hydraulic
male connections, either one could be connected
to the opposing two repdainted female
connections), STOP. Address it with your Diriller,
Replace labels as required.

(7) MOST IMPORTANT: Know the approved
EmergencyShutdownProcedures for all
equipment on your rig.

Motor Hands: (1) Know, understand, and work to theven

responsibilities of Floorhands (above). Mentor
Floorhandsin the basic startup, shutdown, and

43



maintenance procedures thelake to your own
job. This asures continuity so you can move up.

(2) Maintain an inventory oflean properlylabeled
filters, lubricants, bulKluids, and critical spare
parts for each piece of equipment.

(3) Continue to learn and hone the proper operational
techniquesnd praedures for each piece of
equipmentfamiliarize yourself with / study the
applicable servicenanuals, operations &
maintenance manuals, and drawings.

4) Knowyour companyo6s mainten.
procedures, and safety procedufest to back.
Reiterating from the Floorhand dutiesidw the
Emergency Shutdown Procedures for each piece
of equipment.

Derrick Hands: (1) Starting with the equipment on your pitgep a
log, recording pertinent data including (but not
limited to) serial number,manufacturer, known
defects, fixempplied, and servicingerformed.
Then grow your log to incorporate all major
equipment on your rig.

(2) Take an active role in trainingpur crew members
in proper servicing and preventive maintenance
techniques angdrocedures. Oversee your Motor
Handds training and mento
ensure that no steps are being skippedthat the
procedures are correct.

(3) During tipping operations, you have a distinct
vantagepoint of the Top Drive, and of derrick
components, thaithers do nosee as frequently.
Learneverything about the Tadprive, that way,
when something looks or sounalst-of-place,
youd | |  firstto datbhat.

(4) Know all rig equipment Emergency Shutdown
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Procedures well enough to teach your hands.

Assistant
Drillers: (1) Foll ow t he Derrickods gquid
(2) While your position is one of training, it is
awardedbecause of your experience and
maturity. Usehese tools teet the example
on every rig you may be fortunate to train
on. Attitude is contagious; leave a lasting
impression.

Drillers: (1) Keep a log with all pertinent equipment info, as
outlined for Derricks (above).

(2) Lead your crewintentionally creating
opportunities to train younen, andallow them in
turn totrain others on your teamhen
opportunityis available. Remember, a well
trained ancknowledgeable team makes your rig
run rightd and it alsaeflects well upon yourself.

(3) Know where to find answers to maintenance
guestionghat yourhands might have. Keep
equipment maintenance manuals & drawings
readily accessible; these tools are every bit as
valuable as thenes in your doghouse tool box.

(4) Know who to call for maintenanaelated
guestions or concerns. Have those numbers
available. Build youphone list for qualified
technicians, mechanics, weldess;., sothat you
are preparedl from an R&M perspgctive to
assume a Ri g Mehenomeer 6s po
becomes avkable, should you choose tio so

Rig Managers: (1) When reporting a maintenance issue, ensure that
All informationrelayed about the problem is
Consistent, Reliable, Timely, and Accrate.
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Strive for perfection in this area, and you will
spare your rig from the costly downtime that
results from misinformation.

(2) Practice proper downtime coding. This is crucial
to the prevention of recu
blame everything on the Top Drive.

(3) Foster a maintenanagntric work environment,
rewarding good practices with recognition and
encouragementAs you know, here is na@reater
hindrance to operational efficiency than a leader
who does not challenge, motivate, and reward his
orherteal@ and Awhatos i mport:
fascinates the hell out o
maintenance important.

Superintendentgl) Provide yaur rigs with keys to maintenance
success. Encourage your
failures and fixes for the betterment of your total
team. Give them training tools, like this course,
to cover with their hands during temnute
Ot ai | gategmentseveryndayn g 6 s
Incorporate brief maintenance training discussions
into tourly safety meetings. Reward top
performers.

(2) Set maintenance expectations for your Rig
Managers. Inspect what you expect. A
comprehensive rig inspectiana strog
motivator to get things turning the right direction.

(3) Have a good working knowledge of the personnel
assets in your region that will help with R&M
situations, both internal and external to your
company. You should have the biggedodex.

(4 Assist i n your companyaos
development by monitoring the key performance
i ndicators of your rigs.
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Ops Managers:(1)

(2)

3)

(4)

of maintenance are:

(A) Unscheduled work activity / lost time
(B) Reactive R&M hours (besideCode 8)
(C) R&M cost (vs. rig cost, vs. day rate)
(D) Mean Time Between Failure (MTBF)
(E) Work Order Cycle Time

Stress the importance of proper downtime coding.

If you have high RM turnover, this needs to be
stressed contirally. If not being done adequately

at the corporate level, take charge and have

someone develop the metrics for an accurate look

at where your e g i downtinee is. Triage your

R&M budget allocation to reflect the percentage

of downtime by each piecof equipment
respectively.Compare to other regions.
Regularly review your com
repair program to deter mi
what i sno6t. | f adj ust men
area of responsibilitypropose changes. If you

need ideas buwre unsure of their quantitative

longt er m cost [/ Dbenedfypt | mp
dondt himvenethetwbeelr A& quick

Google search dfortune 50 companies will start
youdown arabbit r ai | € wxompdniesa f e
that regularly makéhe list, study how they stay

on top of their R&M, adopt some ideological

tenets and make your pitch.

Promote the sharing of maintenance knowledge.

The greatest impacts to your company, both

positive and negate; are determined by what you

make important to your people

10, O00iGYoWwiGerwe responsible
geographic areaé but r eme
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VPOSs:

(5)

(6)

(1)

(2)

maintenanceaelated opportunities for your region

may come from outside your region.

Champon your companyos MOC
applies to R&M. Disallow even the smallest of

job site (equipment) modifications unless they are
properly vettedand approvethrough a company
matrix considering factors of cost, design, safety,
humary training impact antbng-termbenefit.

Start a monthly vendor meetingnvite non

vendors also, to stay abreast of new ideas and
potenti al partnerships (
growing or youobre ripe a
cheap lunch and use this time to pass new

company policies or changes that apply to

vendors. Let your vendors get to know each

other. Automate your consuales / common

parts restocking process. Develop a plan for

having your thirdparty groups work together to
support your operation; it will spare your
Superintendents and maintenance personnel a lot

of unnecessary drive and call time.

A
n

Compare your current R&M cost not only with its
currently all ocated budge
costs and budget projectiofts alignment of

future forecasting Investdeliberately

in structured, formal equipmetraining and

compare its impact on NPand R&M beginning

for three years after rollout.

Standardize your equipmeribo the SWOT

anal ysi s andhegreatest trillingf i nd
industry opportunity for equipment

standardization rests flatly in Drawworks. Like

the Top Drive, which is generally responsible for

the mosdownt i me, i1 tdés tdie one

48



equi pment on each rig tha
or accepted way around it should it fail. When

you adjist CAPEXtoensure 50 % of your
like-rigs have the same make and model of DW,
youbre going to stkise hard
equi pment ®R&M /monprofimblei time |
segment.
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CHAPTER 4:
Introduction to the TDS-11 Top Drive

In this section, we willearnthe following:

1. Top Drive description antnportance
2. History and development
3. TDS-11 ecifications

4.1 What is a Top Drive'®escription and Industry Importance

This segment is included for nee-industry studentsin basic terms, a
Top Drive is a giant corded DeWalt drill. it mounted inside a frame

that travels up and down a track in the derrick of a drilling rig. The track
is secured near the bottom of the derrick so that the Top Drive can drill
without torqueing up and spinning around in ciralesontrolled

So with ths big yellow drill, there are a few differences. We call its

cord a service loop, because it is made up of several independent wires
andit 6s about 3006 | ong. Al so, sini
dondt mount t he dr WeKeeplihe bitombottomc t | vy
and we just keep adding extensions between the drill and the bit. The
extensions are hollow, and we pump a thick fluid through a channel in

the center of the Top Drive, all the way down to the bit. This is done for
several reaso s , but weol | stick with the
purposes: the drill mud removes cuttings as we drill, through the powers

of force,hydrostatic pressure, flumscosity andluid surface tension.

Since this is a big machine and it drills degas twaoparallelmotors
thatconnect at a gearbox, to turn th
reduction. In other words, if the shaft and connected drill pipe are

turning at 100 RPM, then both motors are spinning at 1,050 RPM each.

Lastly, this particular drilcan change its own drill pipe without minimal
handson assistance from a human. It can twist-86Qrees infinitely in
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either direction and then lock into any position. It can pick up or release

each section of drill pipecsr ew i nt o or out of the
Driller control s t hoentroiedeobatThe | i ke
robotics are provided by a hydraul
providing mechanical movement) t ha
contrdled by the Driller electrically from the rig floorThe only real

Ahands ono occurs when | atching to

While the technology exists to automate this, in land drilling
applications it is still usually done manually.

The invention of the Top Drive revolutionized the drilling industry

because it is Augetime saver. While this machine is drilling, we can

now make ugconnect) thregoints (pieces) of interconnecting drill pipe

into triple sectionsusing a hoist and a floor wrencithese triples,

collectively calledstandso f dr i | | pi pe, can then
tripled derr-rcbBojl7aadmaewbeiglledt he To
down to the rig floor, the crew sets slis (interconnected band of pipe
wedgesround the top pipm the interconnected sta¢&alled a drill

string in its entirety)just under its flange. Ae Driller lowers the Top

Drive until his weight indtator shows that the slips have wedged against
the pipe (and the weight of the drill string is now supported / suspended
by the Rotary Table). With the weight off the Top Drive, the Driller

breaks out (unscrews the shaft assembly of the Top Drive frodrithe

string, essentially), then he raises the Top Drive to the top of the derrick,
where he then reaches out for another stand of pipe (a triple). The
Derrickman feeds the pipe into the
force that they automatically @t around the pipeghen the Driller sets

the stand on the stump, makes up the top and bottom ends of the stand to
a specified torque value, and then picks up on the drill string to assume
the load, which loosens the grip created by the pipe slips. The
crewmembers on the drill floor quickly remove the slips, the Driller

lowers the string back to the bottom of the hole and continues drilling.
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DRILL TO TD CONVERSION:

1. Okay, we have a drill.

2. Dondt need the handl e
3. Let 6 s i n vdellinginta thegreundn c e
The broomstickdbés nice,

wrist off, but we can adagbmething better.

4. So we remove the broomstick grip and we attach
the unit to an-beam with brackets angheels that
travel reessed in both sides of the beam, up and

down. Then weol | secur
crossheam or girt that travels horizontally between
the detfreigskds Youol I not

of that puny singlgphase power cord. Helke
made the mot or -phasegwterr .
rated for 600V AC. ts power wiresire protected
inside a big hose that comiem the VFD House.

5. You know what, |l et 6s
twin motors 400 HP eachWe buke the same
power service loop (power cordy,e 6 | | j u s |

thethree phases between eacbtor.

6. Ok, those motors now spin the sadiection, but
theyo6re kinda fast. Oh
singular shaft. So wed
the main shaft, andsit inside a gearbox. The
pinion gears ofhe motors will each turn an
intermediategear, which in turn will tur the bull
gear in the same direction of the motors. The
bigger (more teeth) the bull gear, the greater the
speed reduction. Wedr e
Also, we added a blower assembly to the top of
each motor, to keep theroa. Each blower fan is
driven by a 5 HP motor, alsophases and 600
VAC, but at lower amperage (much smaller wires).

7 . Now t hat | t hi nk sanb o u
robotics | ater. So | et
hydraul ¢ sy st em. Vgallonl | s g

hydraulic reservoir between the motors and install
an HPU under the gearbox, consisting of a 10HP
motor (3phase 600VACWhich turns a primary

hydraulic piston pump.
O0pi gl o baa nferthp gearipox lube

system | ater. I'téds mec
8. Letds add a power cor

will be a 19Pin, having 18 to 20 individually
insulated wires inside of it, depending on the cable
n his O6Auxiliary Service Loopd ¢ blaveralowee HRUtmotprpfrare thes
VFD House to th Top Drive, and weol |l a d ain aapigtpiluvirecfron each aux mator w thiedk.e  t h
9. Wedbre gonna n d a way to pump drilling fluid danddubricdtes theubd, helps huitd
up a wall cake inside theuncaded | e t o keep it from collapsing, and it removes the
just connect our mud hose, or Kelly hose, to a r otoapidcathatswiheks ingidé of a t
bonnet. This will allow the mud to stay sealed inside its path, and on the topbobtien et we 6 | | have a stationary c
10. Here we see it all together. The swivel pack reverse threads into the main drill shaft below (aka stem or quilysaritireads to the bonnet above.
11. Now we 6 rsemeganpanants betow taadipllate the drill pipeFirst we needaway to rotate the bottom of the Top Drive 360 degrees, sinct
the top iffixed (connected to a stationary trackrhankfully, thetechnology already exists, with something calledtary manifold (depicted in the image
by the |l etter O6R0O) . A r ot ary macicuitsto dndthemphri obawrsachitigatmdvesand hrasits swiovenrlines. t a t
We 61 | put ear s on t heeamsaalinks and donneab a latchingalanpipenekevatgrs) st tmottonof those linkdor controlling
thepipe.Our rotary mani f ol dRowting LinkAelapter(REA).Wieod Isle ccuarlel tihti sa heavy s daronfteg un
drill shaft just underneath.it Al so, wedbre gonna hang a torque tube off the bottom
piston for gripping the pipe when we wantiake up or break out (screw / uresg).
12. Letds compl etWedlhle mogwrianudtial Isyastmami fmahpbmy MFLD) Héeowlbswedébain i ¢

manufacturerWe 6 | | ru

down to 2,200 PSI, and install electricadigtuatediirectional valves that the Drillercanont r o | functions with button:
hoses for ourobotic elementto the manifold ¢ylinders(C), hydraulic motos (M)é  scan move those links back and forth, grip the pipe, rotate the

manifold, etc). The electrieoverhydraulic valves, called solene@p er at ed val ves, wi || need an oeconduetor, apdo w
connectitothedbox as wel | . We bl | use allikboae ertobpdewijr pseteoup elseshourietl c h
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To summarize, during drilling operations with a Top Drive, the
operational tempo must only be paused once for every three joints of
drill pipe to make a connection. In the past, eyenyt of drill pipe had

to be connected, and it took at least three times longer to drill a well than
it does today.

4.2 History and Development

Conventional kel ly drilling uses t
throughpassing drill string. Thérst top-down drive system was called

the fAihydraulic drive power sub uni
Baash Ross and used offshore onthe drilldlaali n t he earl vy
Il n the 196006s, after several other
hydraulicpower sub technology, the hydraulic power swivel made its

debut on the dynamically positioned coring ve§8¢REKA | t wasn ot
until the 19700s that BrSoRwBowedi | To
of Bowen Tools, Inc., to produce the fifstly -electric power swivel,

which was patented by Brown as an
1975. In 1976, the company AR@Qvhich is not affiliated with

Varca improved this design to produce a higjreecklectricpower

swivel.

In 1981, a man maed Duke Zinkgrafvas working at SEDCO, now

known as TransOcean. Kenceptualized a means of drilling tdpwn
while incorporating handling tools to manipulate pipe. His vision,

which came at a time when US drilling was just about to enter one of its
harshest downturns, would transform offshore andaasked drilling

the world over He took his idea tthe Varco manufacturing plant in
Orange, California. Varco embraced the concept, assigned a team of
R&D engineers to the project, apdrly in1982 put he f i r st i
Systemo pr ot ot WRDCS jackupSedmeth ROArmdn t h
202, drilling for Abu Dhabi Marine Operating Compaimnythe Middle

East. In 1982, Varco upgraded the prototypes to produce the

worl dés first «c¢ommeaivecthedD33yAnav ai | ab
improved model, the TD8, was awarded the P.E.I Engineering

ToO
e
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Innovation Award at OTC in Houstdhe followingyear Duke
Zinkgraf is recognized as the father of the Top Drive drilling
system

With the TDS6 model, Varco partnered with GEnmarry the GE 752

high torque DC locomotive motor into the Top Drive, a move that was
adopted by other prominent Top Drive companies for decades to follow.
Varco also worked with GE to develop the GE@ AC motor for

drilling. Canrig and GDS / GDM Top Drives still use these GE motors
today, which have over the years been adapted specifically for drilling
use. Other developments by Varco and NOV include the firsp@ed

Top Drive, released in 1988; and fivst duatmotor unit, the 700HP
TDS-9S.

Many companies in the 8006s and 9060
development. Maritime Hydraulics, now grafted into Aker Solutions,
introduced the linkilt technology that is widely usedl'esco is credited

with introducing and widely marketing portable Top Drives for land

drilling application. Through continued advancements in technological
research and development, NOV released the-TDS0GTon, 800 HP

Top Drive. It is to date the mast popular Top Drive system in

history, with more than 2,000 units sold t hantv@rage abver

100 unitsper yearfor the past two decades.

A sidebar on noiprofitable timef what 6 s i nteresting,
Drivesd all Top Drives including thdDS-116 are responsible for more
downtime on drilling rigs today than any other piece of equipm@&art

of the reason is that they do not have backup alternatives: during much
of a rigbs drilling act i idivenn 'y per w
generatocan go down and the rig can still cripple along on its spare
equipment until repairs are made. Secondly, Top Drives are expensive.

At ~$1.6M, you can buy six brand new 1600 Triplex Mud Pumps for

the priceofaDS11é so when ti mesactityés good
at its peak, drilling contractors are less likely to have an operational

spare just laying around in the yard to swap out.
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Theup-front cost of downtime or NPT for a standard double or triple
drilling rig, in terms of crew pay, fuel consungati, and all quantitative
factors is ~$800 +/$100. Theotal cost of downtimeweighing

intangible and aftemcident factorsgcan be up to three times that

number For example, the longer a rig remains on downtime, the more
personnel b e cwemifeonly omev thel plioeed &@imeespent
by company personnel on the phone supporting a downtime incident =
time lost on whatever project they would otherwise be working on. In
another example, the longer a rig is on downtime, the more sleep is lost,
which directly or indirectly affects the operational tempo (and
efficiency) immediately following a downtime incident. Whenever
regular time is affected, the additional costs of downtime become clear.

Having worked as a'8party hand for thirtytwo different drilling
contractors,d ve experienced rigs wen r ar e
hours their operator might afford
on rigs thatregularly see >50 hours of equipmealated downtime per

month. While older equipmergmaller company budgets, and poor

weather or well conditions are always factors, the number one

di scri minator between these two ty
Attitude and aptitude of company leaders and workers in the drilling
industry will most ofterdetermine which type of rigs they have,

comparable to the examples abovdis training is intended to improve
aptitude relating to the most common model of the most common
equipment responsible for downtime on a rig.
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4.3 TDS11 GeneralSpecifications

Top Drive

Drilling Motors

Pipe Handler

Drill Pipe

VFD

Motor Braking

Weight 27,000 Ibs.+/- 2,000 confighased
Stackup Height MT ®y Q

Power Requirements 700 KVA @ 57600 VAC, 50/60 Hz
Horsepower 800 HP (400 per motor)

Output Torque (Cont) 37,500 ft. Ib. (80HP)
Tool Torque (Intemit) 55,000 ft. Ib.

Maximum Speed 228 rpm(w/ 4.38:1 reduction option)
Hoisting Capacity 500 ton(API 8C, P4L, SR1)

Drilling Capacity 500 ton (API)

Static Locking Brake 39,000 ft. Ib.

Load Path Single

Gooseneck Entry 3" 1002 Female Union

SPipeHose Connectiord" API Pipe or 4" 1002 Female Union
Rotating Head (RLA) Infinitely positionable

Water Course pnnn LJAA [/ 2t oOodnéE
Type Reliance AG75 VAC (2 x 400 HP)

Rated Speed 1,200 RPM

Maximum Speed 2,400 RPM

Max Continuous Torquéd,,800 ft. Ibs. (each)
Max Intermittent Tg. 2,600 ft. Ibs. (each)

Type PH75 (75,000 ft. Ib. Backup Torque)
Upper IBOP (Remote) 6-pky € ! t L wS 3Bak I NE
Lower IBOP (Manual) 6-pky € ! t L RirSod Bok | NE
IBOP Pressure Rating 15,000 psi CWP

Saver Sub Min Shouldey €

Elevator Links 350 ton or 500 ton API
Sizes 0 ®p 65/85 2 0 B-4/2¢ 0 Adobt)
Types ABB ACS800, 560 VAC

IDM Yaskawa Drive (800 HP, 575 VAC)
Siemens (800 HP, 600 VAC)
Type Hydraulic Caliper Disc Brakes
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Motor Cooling

Transmission

GearLubrication

Type

Power
Speed
Output

Type

Reduction

Gears

Type

Reservoir Capacity
Flow Rate

Oil Pre

ssure

Local Intake Pressure Blower
(2) 5 HP A®lotors

3,600 rpm

1,100 cfm

Single SpdDouble Reduction Helical
10.5:1 (4.38:1 optional)

(1) 102T Bull gear, (2) 34T motor
pinion gears, (2) 63T/18T compound

Pressure feedfiltered
15 gal

10 gpm

33 psi optimal

Low Pressure Indicatior20 ¢ 18 PSI Descending

Hydraulic SystemPower

Performance
Curve

Flow R

ate

Reservoir Capacity
System Capacity

10 HP600VAC Motor
8.0 gpm/3.5 gpn{Hi/Lo)

25 gal
25 gal

55,000
50,000
45,000
g 40,000
£ 35,000
g
g 30,000
= 25,000
2
& 20,000
E 15,000
10,000
5,000

TDS-1ISA PERFORMANCE CURVE

Dual 400 HP AC Motors =800 HP, 500 Ton System, 10.5:1 Transmission

800 HP

0
0 25 50 75 100 125 150 175 200 225 250
Drill Pipe RPM

Figure 4.1
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Currentto-Torque Chart

TORQUE (FTLB) CURRENT (A) TORQUE (%) VALUE #

0 200 0 1
1680 214 4 2
3360 226 9 3
5040 240 13 4
6720 256 17 5
8400 270 21 6
10080 290 26 7
11760 314 30 8
13440 334 34 9
15120 355 38 10
16800 376 43 11
18480 400 47 12
20160 424 51 13
21840 446 55 14
23520 470 60 15
25200 500 64 16
26880 525 68 17
28560 550 72 18
30240 580 77 19
31920 606 81 20
33600 632 85 21
35280 664 89 22
36960 693 94 23
38640 725 99 24
39480 732 100 25
40320 755 103 26
42000 785 106 27
43680 804 111 28
45360 845 115 29
47040 874 119 30
48720 908 123 31
50400 940 128 32
52080 970 132 33
53760 1004 136 34
55440 1034 140 35
57120 1070 145 36
59220 1110 150 37
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CHAPTER 5;
Tools of the Trade

This sectiomamesghe tools required to work on the TH3 Top Drive
in checklist form.

ITEM/TOOL/EQUIPMENT: QUANTITY: CHECK

|. PPE AND GENERAL RESPONSE ITEMS

SERVICE TRUCK

SERVICEABLE SPARE TIRE

FIRST AID KIT

CELL PHONE

CELL BOOSTER

BLUETOOTH HANBSEE DEVICE

RIG DIRECTIONS / GPS (CELL) AND PHYSICAL MA
VEHICLE A/C INVERTER

FILLEBVATER COOLEBR 2 CASES WATER)
FOOD FOR TWO DAYS

LAPTOP

ETHERET CABLE

EXTERNARIVEN/ PRINTS & MANUALS
FLAMERESISTANT COVERALLS

HARD HAT

PAIR STEEDED WORK BOOTS

H2S MONITOR

SAFETY HARNESS

LOCKING STUBBS STEEL CARABINERS
OVERHEAD TOOL BAG

TOOL LANYARD WITH SEXEKING-BINGS
PAIRTHINWORK GLOVES

RUBBER GLOVES (BOX)

PAIR IMPACT GLOVES

PAIR CLEAR OR TINTED SAFETY GLASSES
PAIR SAFETY SUNGLASSES

FACE SHIELD

/R

PRPRRPRPRPOMWONRRPRPRPNRPRRPRPIRPRPBRRPRRERR

[I. TOOLS AND TOOL KITS

ASSORTED HYDRABLITING KIT 1
HYDRAULIC HARD LINE REPAIR KIT (FLARE OR FERRULE)
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ASSORTED NUT, BOLT, & WASHER KIT 1

ASSORTED SWITCH, FUSE, AND BULB KIT 1

ASSORTED BATTERY KSPARE SETS FOR EACH TDOL

MULTIMEER 1

AMP CLAMP 1

MEGGER 1

18V BATTERYPERATED DRE.CARBIDE INDEX SET 1

My+ oyé Lat!/ ¢ ' b5 {h/Y9e¢1{9¢{ 06599t g {I![[h?
18VBATTEREHARGER 1

18V BATTERIES

UNIBIT

SET HEX NUT DRIVER BITS

SET ALLEN HEAD BITS

HYDRAULIC TEST(BTAUFF OR SIMILAR)
NITROGEN ACCUMULATOR TEST KIT
DIAL INDICATOR

VERNIERALIPER

HpQb w9c¢w! /¢! . [ 9 ¢!'t9 a?9
pQ . ! w

LARGE CROW BAR

FLAT PRY BAR

/[veQ{ [/ [!'"2 k b!'L[ t}[[9w
10 LB. SHOP HAMMER

RUBBER MALLET

BRASS HAMMER

LARGE STEEL WIRE BRUSH

SMALL BRASS WIRE BRUSH

COLD CHISEIPUNCHSET

SCRAPER / PUTTY KNIFE

TAP & DIE SET

BOLT & SCREW EXTRACTOR SET
STANDARD-RING KIT

VITONO-RING MAKING KIT

BUNA GRING MAKING KIT

GASKET MAKING KIT

TURBO TORCH

TORCH FUEL

ELECTRIC GRINDER

GRINDER METAL GRINDING WHEELS
GRINDER SOFT WHEELS

GRINDER METAL CUTTING DISKS
GRINDER WIRE WHEEL, SIDE BRUSH
GRINDER WIRE WHEEL, FRONT BRUSH
DIE GRINDER W/ ACCESSORY KIT

PRPRPANNRPRNRPRRRPRPRRPRPRRPRPRPRRPRPRRPRPRRPEPRPRERRRERERRLRENN
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DIE GRINDER ASSORAIAPPER WHEHBOX)
DIE GRINDER ASSORTED DISKS (BOX)
DIE GRINDER METAL CUTTING DISKS
SOLDERING GMWY ACCESSORIES

MKHE w! ¢/ 1 9¢ !'b5 {h/Y9¢ 9¢ o6{¢! bb5! wh
OKYyé w! ¢/19¢ !'b5 {h/Y9¢ 9¢ 6{¢! b5! w5
mkné w! ¢/ 19¢ !'b5 {h/Y9¢ 9¢ o6{¢! bb5! wh
SET OF SOCKET EXTENSIONS

M K X 850 LBTORQUE WRENCH

0 K n &00 L.B. TORQUE WRENCH

TORQUMULTIPLIER

MKHE | bLxOw{![ «k {2Lz9] 9I'5 1'51 ¢t ¢9 w{
okyé¢ | bLxOW{!'[ «k {2Lzx9] 9I'5 1'51 ¢t ¢9 w{
{9¢ hC {¢!b5! w5 9§I51/22 wObAl 9{ S mMKn¢E
IMmkHE {t9/ L!I[¢, 2w9b/IF

SET OF STANDARD STUB WHRENQ@/4¢ m €

{9¢ hC {¢!b5! w5 dwéh2z Qf{ C
oé¢ | laa9w 2w9b/ |

SMALL SET OF STANDARD ALLEN WRENCHES
SMALL SET OF METRIC ALLEN WRENCHES

SET OFHANDLE STANDARD ALLEN WRENCHES
SET OFHANDLE METRIC ALLEN WRENCHES
SET OF STANDARD HEX NUT DRIVERS

SET OF STANDARD SCREWDRIVERS

SET OF PHILLIPS SCREWDRIVERS

SET OF SMALL ELECTRICAL SCREWDRIVERS
SIDECUTTNG DIKES

FRONTCUTTING DIKES

SAFETY WIRE PLIERS

.032SAFETY WIRE

.041 SAFETY WIRE

.051 SAFETY WIRE

IDSNAP RING PLIERS

OD SNAP RIN®LIERS

STANDARBLIERS

VARIOUS NEEBDNBSE PLIERS
ADJUSTABLE / CRESCENTWRENCH c 2 ¢ vy X
VISEGRIPS

VARIOUS CHANNEL LQSKS MED / LG)
DRAGVIAGNET OR TELESCOPING MAGNET
MAGNETIC BOLT TRAY

FLEXIBLE CLAW FISHING TOOL

ELECTRICAL PLIERS

PIN CRIMPER AND PUSH TOOL SET

9¢X MKDMNE

MNTZE MHEDU

PNRPRPRPOR®ARPRRPRPNNNRPRPEPNNRPRPRPRPRRPRPRPREOBRPRPPOODRRRERE®S®SRLJRR
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FERRULE KIT W/CRIMPERS 1
CABLE LUGRIMPERS W/ DIES FOR 646 / 777 1
WIRE STRIPPERS 1
RACHETING CABLE CUTTERS 1
BUCHANAN CRIMPS 1
BUTTER CUTTERS 1
RETRACTABLE UTILITY KNIFE FOR SHEATHING CABLE
PAIR ELECTRIGAIOVES 1

SET ASSORTED COLOR ELECTRICAL TAPE
SET ASSORTED COLORE®

BOX OF ASSORTED WIRE NUTS

BAGS OF BUCHANAN COPPERSRITTES W/ CAPS
PACKAGEOFSM-LONG HEAWUTY ZIP TIES
ROLLS ELECTRICAL TAPE

ROLLS TEFLON TAPE

ROLL DUCT TAPE

BOX RAGS

BOX SHOP TOWELS

CONTAINER OF HAND CLEANER

CAN WB10

CONTAINEBRY GRAPHITE LUBRICANT

CAN PB BLAST

GREASE GUN

TUBES RED NGLI GREASE

TUBES CHEVRON EP2 BLACK PEARL GREASE
CONTAINER OF LIQUID TEFLON

TUBE ANTSIEZEOMPOUND

TUBE LOCTITE / THREADLOCK

TUBE SUPERGLUE

ROLL SHEET RUBBER

HIGHVOLTAGE SPLICE KIT

SMALL HEAT SHRINK TUBINIG

MEDIUM HEAT SHRINK TUBING KIT

LARGE HEAT SHRINK TUBING KIT

ASSORTED SIZE ZIPPER SHRINK KIT

2-PART POTTING EPOXY KIT

PENS, MARKERS, PAINT MARKERS, NOTEBOOKS EACH

P WRRPRRPRRPRPRPRRPRPRENARPRRPRPRRPRPRPREPRLPNOANRRE

* Note 1: Traditional TDEL configurations often require specialty wrench for removal of the
two upper rear bolts for each drill motor. A drawing is provided on following page.

** Note 2. All fasteners on overhead traveling equipment in the oilfield must be outfitted for
secondary retention. For this purposee use pralrilled bolts with thrucable and crimped
ferrules, or traditional safety wire. Guidance is per Q&M per APl Spec 88ec. 4.9.3Safety
wiring instructions are found in Chapter 1 of the TIDSService Manual.
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CHAPTER 6:
TDS-11 Main Assemblies & Subcomponents

In this section, we willearnthe following:
1. The £venmajor sections / systems of a TI2$ Top Drive
2. The names and locations of sok®&y TD subcomponents

3. A rudimentanyillustration of how the hydraulic and electrical
systemsnteract

Notes. In thisand subsequemhaptes, you willnoticea recap of some
principles or basic components covered in Chapter 1, applying them
now to the TDSY1. This repetition is intentional to aid in memory
retention.

2.1 Main Assemblies

There aresvenmajor sections / systems on the DS Top Drive
(controls will be covered in another chapter)

(1) Power Section

(2) Drive Train

(3) Mud Circulation

(4) On-board Hydraulic System
(5) Electrical System

(6) PH-75 Pipe Handler

(7) Carriage & Hoisting
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1. PowerSection

There are two 4061P Baldor Reliance AC traction motors on the TDS
11 Top Drive. Each motor is rated at 600VAC, 50/60 Hz. Attached to
each motor is a temounted 5HP blower motor, blower fan, and

hydraulic brake assembly. Thedt side( D S)

mo teoshrowe b |

houses &eat exchangerTherightside( ODS) mot or 0 s
houses a pulsencodeywhich reads the actual rotation speed of the

motor, converts the mechanical input into an electrical signal, and sends

the signal to the ABB drive for rmsurement, adjustments, and drive

fault indications.

BLOWER MOTOR

BLOWER FAN

AIR INTAKE
THROUGH HOLES

IN ADAPTER PLATE A

MOTOR HOUSING

POLY LAMINATED ="

ROTOR ASSEMBLY

"

MOTOR SHAFT

PINION GEAR

DRILL MOTOR ANATOMY

BLOWER JUNCTION

(2)

ASSEMBLY

WINDINGS)
AIR EXHAUST VENT

BLOWER
PRESSURE SWITCH

BRAKE CALIPERS
BLOWER DUCT

DRILL MOTOR
UPPER BEARING

END COIL

STATOR

(POLY LAMINATED

(3 SIDES OF MOTOR)
MOTOR HEATER

DRILL MOTOR
LOWER BEARING

Figure 6.1
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COOLING AIR

Figure 6.2
2. Drive Train

A large reduction gear assembly is located inside the transmission
housing, directly below the motors. The transmission is also known as
the gearcase, the case, the gearbox, the reduction gearbox, or the RGB.
It provides &l0.5 to lreduction.

Inside the transmissioneach of the two motor pinion gears turns a
respective compound gear. A compound gear is a single component
with two different diameters and t
on the next page. The compound gears transmit the hootjpre to turn
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6 < >4
Tapered Roller Bearing

#~sMain Body Cover

O

_ &
; Bull'‘Gear

« 4Compounrd‘Gears

Tapered Roller Thrust Bearing

Main RollerBearing

< <Lower Main Bearing
Bearing Retainer -
;

71'Compound Gear
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alarge centraizedbull gear,
which is bolted to théollow
drive stem (aka main shatt
quill) of the Top Drive.The
drive stem passes downward
from the gearbox through the
RLA, below which is a Load
Collar upon which the RLA
rests when hydraulic system
pressure is relieved.
Attachedto the bottom othe
drive stem, in descending
order, are the upper IBOP,
the lower IBOP, and Saver
Sub. Attached above the
drive stem is awivel pack
(encased by a protective
bonnet), which is attached
tod and rotates with the
drive stem below while
maintaining a seal with the
fixed-position Goose neck,
S-Pipe, and kelly hose above.

Figure 6.3
(Above)

Figure 6.4
(Below)



Gearbox lubrication is provided by a continuous positive pressure fed
pump that is mounted in the gearbox. The pump is turned by an external
hydraulic motor, which is driven by the HPU vane pump whenever the
hydraulic system is energized. Optimal cassgpure in the gearbox is

33 PSI; a gear lube pressure switch is plumbed into the case, and it

makes t he N Qeir———m"— 3
~ 4 T GEAR LUBE PUMP

L 0SSO I a mp / 3 s MOUNTED TO THE
i 0O HIFSE E i . INSIDE OF THIS
Pr ' ' 1 erds C¢ . B ~ TRANSMISSION
illuminate when pressure B S , R | /\CCESS PLATE

(COUPLES TO THE

drops between 20 to 18
PSI descending.
Extended operation of the
Top Drive with less than
12 PSI gear case pressu
will cause a catastrophic
failure of the gearbox.

Figure 6.6
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3. Mud Circulation

Top Drive systems are an
circulation system, and have provestrumental in the development of
horizontal drillingtechnology. Standpipe fluid under pressure is

i ntegr al

channeled through rigid HP pipe up the side of the derrick to just below

board height, at or about 73 feet, where it enters a 10K PSI rated kelly
hose apmximately 75 feet long. The kelly hose should dip down to
around six feet above the floor when connected to the Top Drive at its

lowest conventional position in the derrick-¢-0 )

The hose connects to thePHoe at the TD,

which is of rigid HP constrction and
fixed to the TD with a rubbdined robust | s-piPE
clamp (S-Pipe can b configured for BALL

WIRELINE ACCESS—*
GOOSENECK I’ "

TRAVELING BAR

either side of the TD) The SPipe then BONNET —

transfers fluid to the goose neck, which | wasHpiPE A§
. . . (AKA SWIVEL
directs fluid downward into the bonnet |
S-PIPE BRACKE T

through the swivel pack while also
providingfor well intervention with a
wireline cap. Because the IBOP valves {
rated at 10K PSI, the only restrictive
element that comes standard on a 711S
I's its 30 5K PSI wash. p
With the sweep of land triples upgrading to D35l
MP fluid ends over the past decade, the IT1Sand
similarly-r at ed Top Drives up
washpipes. The future of land drilling begs a

complete 10K PSI circulation system, but it will likelf*

require the redesign of entire drill stringsiong other

equipment, and probably a revisit of API BB.  Figure®(a) and 6.8 (b)
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4. On-board Hydraulics

This 25-gallonsystem includes the reservoiuction strainershydraulic
pressurdilter, main manifold, accessory manifold®l.A, pre-charged
accumulatorsactuaors (pistons / cylinders and hydraulic motors), steel
lines and hosesThe TDS11 is the first commercial Top Drive to boast

a completely fion b oamldotherfiop®rivesul i c
draw their hydraulic fluid through a set of hydraulic hoses attached to

the service loop, from a reservoir and pump assembly located remotely
on the drill floor or on a grounrchounted skid.

Main hydraulic system fluid is driven bize¢ 3.51 8 GPMHPU piston
pump. Gearbox lubrication is provided byhgdraulic motorthat is
driven by theHPU vane pump The HPU electric motor is powered
through the 19in auxiliary service loop All hydraulic functions are
electricallyactuatedria VFD Housesupplied 24VDC power throughe
42-pin compositeservice loop When a robotic function iselectedy
the Driller, 24V passes through a closed switch contact at the Driller
controls, down to the VFD hous&here it is rerouted through the 42
pin to the Top Drive Junction Box (hereaftelBdx). The actuating
voltage then powers one of seven
solenoidoperated (directional)
valves, or SOV©O6s
essentially acts as an electromagne]
forcing the spool against spring
pressure to allow pssurized
hydraulic fluid to flow to the desired
side of its respective actuatorhe
hydraulic system is fully detailed in
Chapter 9.

ON - BOARD HYDRAULICS

Figure %.
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5. Electrical Section

The TDS11 receives power vidiree separateervice loogthatbeginat

the Variable Frequency Drive (VFD) house, run up the outside of the

derrick, and hanffom a rainbow shaped termination near the

monkeyboard to create a traveling loop on the inside of the derrick

before they connect to the Top Drive. Some rig moaelsrporate a

drag chain to protect the service loop bundle, but most simply allow the
loops to hang freely to the side of the Top Drive, usually wrapped in a
heavyd ut y nyl on 0 s oc kd@ameter plastio hoseevdhp. wi t
The service loopundlecomprises tree individual service loops:

(1) A600V 3phasepowerservice loopwith ground, contained in

a dur abl e 4 omdurdesl ® awetdohent plata oanghe
side of the TD. The three large armored cables in this loop have
coloredplug® black, white, and redl which correspond to like
colored bulkhead connections the Top Drive plug panel. The
grounds are mounted at a common brass block near the hose flange
weldment. The power service loop supplies power to the two
400HP drill motorgfor rotation, speed and torque), the loop
supplies power to nothing els€or VFD fault indications, suspect
the VFD House (inverters, rectifiers, chopper / DB module,
associated fuses) OR a drill motor, OR one or more phases of this
service loop (LOTGand look for physical cable / plug deficiency).

Figure®)
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(2) Thel9-pin auxiliary service loopsupplies 3phase, 600V
power and ground wires to the three auxiliary motors fronn the
respective motor starters in tl&D House

Term 13 120VAC rrte bite

5 Term 14 Neutral mitr htr

: ‘Q'Term IS spare

=8 Term I6 120VAC power
. —Term I7 Neutral

erm I8 spare

erminals 1,2.3 (B00VAC) for HPU Terminal 4 ground for HPU
erminals 5.6.7 (BOOVAC) for RTD Blower motor. Terminal 8 ground
erminals 91011 (EOOVAC) for the LTD Blower motor. Terminal 12 ground |

Figured

The 19pin also provided20 VAC power to the drill motor

heaters for coldveather applications. So the aux motors and

the dril | mot or heat er s,

and

experiencing a problem with one of these items, suspect the

19-pin auxiliary service loop and its connected circuit
components, and nothing else. Similarly, if there is a

problem with anything else on the Top Drive besides blower
/ HPU operation or di motor heaters, do not suspect the 19

pin (it would be highly irregular, unless it is shorting to
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something else). Sounds simple, but this is a common reason
that 39-party gets called out, to determine which service loop
a customer needsto geto mi n g . That 6s why

3. The42-pin composite service logupplies power from

the VFD House to the TDBoxforr obot i ¢cs ( SOVOs
sensing devices (pressure swit
warning devices], anthe encoder. If thBriller is getting a

blower loss light or indication, and the blower is still

blowing, suspect a blower pressure switch or some segment

of the 42pin. If the blower is not blowing, suspect the

blower motor, motor starter breaker, or some segmentof th
19-pin. Getit? Good.

In traditional rig layoutsthe 42pin and 19pin service loopsre

continuous, while the three power wires and grounds connect together at
a termination point (saddle) near the board (splitting the inner power
loop from the oter power loop).

6. Pipe Handler

The PH75 Pipe Handler (rated at up to 75,000 ft. Ibs of torque) mounts
underneath the RLA and is comprised of four major components: the
torque arrestor, the clamp cylindargrabberassembly, the IBOP
actuator yoke & piston, and the Intit assembly consisting of two
cylinders and the linkilt crank. As described, the Pipe Handler uses
electricdly-actuated, hydraulicallpperated piston and cylinders to
handle pipe.
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HPU
ASSEMBLY

RLA GEAR

| gl
LINK-TILT CYLEWE&(Z) =

LINK-TILT CRANK (#.
TOOL JOINTLOCKy 7}
IBOP ACTUAIOR s;IEEv
LINK-TILT LINK= )y
=y ot o S &
T

STABILIZER ﬂ\{‘_

STABILIZER- -

CLAMP PISTON
STABILIZER SPRINDD
STABBING GUIDE %

Figure @1

ROTATING LINK
ADAPTER (RLA)

RLA CATCH LINK

\ Il o
#l ™" |BOP ACTUATOR CYLINDER

~8& L IBOP ACTUATOR YOKE
WEXTERNAL CRANK ASSY
' UPPER IBOP VALVE
<WA OWER (MANUAL) VALVE

ﬂ'" PH75 PIPE HANDLER

[
e =i
4 ,."—Z'
y = W

l.g, %WS, DIE RETAINERS, DIES

GRABBER ASSEMBLY

IBOP ACTUATOR SLEEVE

If you installed it and now it’s

remove your external crank assemblies
and rotate the sleeve 180 degrees

Figure 6l1
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7. Carriage and Hoisting

The Top Drive is hoisted up and down in the derrick by at60

McKissick hook & block combgor other variable combination of block

and hook] controlled by the DrawworksThe hook connects to the Top
Drive bail. Inthis conventionaketup the TDS11 Top Drive has four

(4) bogey roller assembliest t ached to a carrjage
which ride up and down a modular track at the back of the lmihe

case of dollynounted TDSL 1 6 s t hat have guide r
along the sides of the derrick (where the traditional track and carriage is
not used), thélocks may not have a hkbarather an attachment which
accepts pins for the TD arms (used in lieu of a bailhis configuration

of Top Drive, fyi, was originally called the TBELHP, named after the

first customer to incorporate the design change.

TDS-11SA WITH TDS-11HP
CONVENTIONAL TRACK OR VARIANT

Figure @1

Thefollowing page provides a simple illustration of how the TD3 6 s
hydraulic and electrical components / circuits interact.
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REDUCTION
GEARBOX
10.5:1 /15 GAL

VFD
INVERTERS
(DRILL
SPEED

19-PIN (AUX MOTORS) | <—— | - CONTROL)
PLC

Figure G1
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CHAPTER 7:
Top Drive Operation and Controls

In this section, we willearnthe following:

1. The definition and explanation of controls

2. Commoncontrol configurations that are available today

3. Where to find your configuration on the Student Thumb Drive
3. How to operate th&d DS-11 Top Drive

So when | was developing thistrainthbgs i n ri ght now, &
thisdl 6d | i ke to avoid writing a manu
what weoll do. Wedll talk about c

differentdrive contol systemdor the TDS11, which basically means
machinecontr ol sé and t hen waepérdtdr t al k

interfaces or human controls for the TDS. 1 . Wedl |l <cover
gi st of all of them, and | 6llobk t eac
for in your student thumb drives to find answers, based on the system
youodre using). Then weol | use t he
brake handle ri§ the simplest meth@dto explain thebasicoperation

of the Top Drive. Soundgood?et 6 s git after it.

7.1 What are ControlsA controlis any device we use to start, use, or
stop a machine. When we refastoancont
contr ol syst etaréonnected retwork of physinal

devices circuits,or electronic programs that we use to command or

regulate a machineControls can be manual or mechanical, pneumatic,
hydraulic, electric, electronic, o
a few different types of controls that work together to make a machi

do what we want.

To il lustrate, wedOre going to use
0fl oor wrenchesd i n t hRlohmm&Voksi el d.
FI oorhand, youol | note that when vy

physically moving a valve spbthat is attached to that handle, because
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the handles are mounted on the valve bank. An NO®Torks in

similar fashion buadds a level of complexity. While you are still

moving handles to mechanically operate the machine, those handles are
conneckd to cables, and the cables are routed to the valve bank to move
the hydrauliovalvespools. These are examples of manual controls.

On a workover rig or a super single, the floor wrenches are also

hydraulic but the actuators are mo¢chanicahandlesor cables.

Theyore typi USA OilyTooks wrenchedpt example) d

So when you lift a handle, air under 120 PSI pressure is ported through a
3/ 80 air hose to a pneumatic actua
move the spool and direcuftl. Even some doubles and triples still use
aractuated fl oor wrenches. Anybody
an overbuilt set of pipe spinnessi t h  ar t i cul dlbatsoff | aw
the Arleg like manual tongs dd?neumatic over hydraulic contso

Uses Lincoln tubes instead of hoses.

Hydraulic controls:S ¢ h r a m$efdes rig¥ use hydraulicalpctuated,
hydraulically operated tools. Their valve banks have hydraulic
actuators, and the Drillerbés contr
direct pressurized fluid when moved, actuating a hydraulic valve spools

by pushing against them hydraulica
pressured when hydraulics are wused

Then we 0v 60809 antd TM3thoe 120. Rectric over hydraulic.
Thecoup de gracés found on statef-the-are offshore rigs, where
everything is automated and wuswuall
a button on a touchscreen. Ultimately, a hydraulic valve spool still gets
moved to do the action, but as you can see, power wrenffaethe

full spectrum of controls options.

7.2 TDS11 Drive Control Systems. The first drive control system for

this unit was a Siemens Drive House, the Atari of VFD Houses. The

house itself came in three sizes: tiny, super tiny, and micro (not much
biggerthanapo&s hi t t er ) . Youol | Kknow you
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you open the door to enter, therebo
digits that look like letten u mber s (i s that an O0F©O
was made by Siemens and usem&ins drives, aka inverters, aka

VFD6s or Variable Frequency Drives
YOURSELF in one of these houses because your-3[09, or 11 is

having issues, you need to know two things:st, the most common

way to fix speed or torque issdesft er youdve shut dow
LOTO and checked out all the power cables (same cables, slightly

smal l er bl ack/white/red 646 with s
AAut o Parameterizationo function.
to work, usual). How do you do this? Read the instructions. That

brings us to # 2: th8iemens Simovert Compendiuiihis is the Bible

for that entire drive house. And just like with the real Bible, if you read

it enough, youodoll stadarts tom ymoder stt
thumbdrive. Cool about this house: encoder bypass is just a switch.

Next up, the IDM Yaskawa Driveouse. Same frame and setup as the
Siemens House mentioned above, only with different inverfémsugh
Yaskawa drives are still ad for the TDSL1 in Omron applications, and

in Canrig and GDM Top Drive VFD Houses, the IDM Yaskawa Drive
HouseforTDS1 1 6s i s believed to be compl
today.

Ok, this next one is still pretty popular with customers in \Wesas,
anyway. For anyone who has a DC(&R rig)and a TDSL1 Top

Drive, they probably have one of the three classic variatioA88f
StandAlone Drive House All three have two (2) ABB AC800 drives

that control speed and torque for the HDd a standard ABB keypad
mounted on the wall, looks likealphoto at left below. Now, you see

the photo at right? If you have one of these drive houses, but that main
breaker is underneath the ABB keypad at kieseel with a clear plastic
case around,ithen you have the rarer of these three versions of VFD
house, théABB Finnish Drive Housé@made in Finland).
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Figure 7.1

So, the Finnish ABB house is configured differently, butdtier two

are identicakxcept for the guts. The original of them incorporated

Siemens PLC technology, the discontinued parts for which are all but
extinct today, and stupid expensive if you fiad some. The other

house uses SBC technology (NOV Amp
Is different. You have the prints for all styles of ABB VFD House on

your student thumb drive: PLC, SBC, and Finnish houses.
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Moving on to AC rigs=-al om@or iTgpsp dan
VFD houses, because the Top Drive, Drawworks, and Mud Pumps all
useACdr i ves (i nvert eintegrated DriveiHbuself6 s ¢ a
you have an NOV rig, youoll either
each piece of equipment, or you might see SierSamsmics or
Simatics cont r ol-dtyéeenrdotichmad. Uf yodi havee b u t
one of these rigwith ABB drives, you have a set pfints on your
Student Hard Drive. yolufol tobbdapadEmde Si
copy of the prints. | have sevethht are similar but none for the TBS

11. Keep in mindhere are a lot of variations and the technology

changes too fast to keep.uphe good news is, for all NOV TDEL

drive houses, i f youdre an end use
can usually get a copy emailed to you if you sweet talk the tech support

fol ks at NOV. Whdait g iyto uJéd b Muesebde ri st
data plate of your VFD houseé usua
| f your house is so old that it do
have the info now to determine wha
wi t h. | f 1 tds wet syt Joxuidbdnh o

your company used when they built the rig. |HOC, IPS,Un i c o é
there are all kinds of customanique VFD designs, albeit relatively
rare. Hope thisfo helps you understand the different configurations a
little bette than you did already

7.3 Operator Interfaces.

Now comes the fun parin a brake handle scenaribgtoperator
(Driller)ofaThS11 typically uses either a
Console (VDC), an Amphion VDC, am conjunction withan EDS
system. |l n a Drillerds Cabin [/ <cy
use an Amphion or Omron p-Maclkgnea moé s
Interface, aka touchscreen). Of course, there are some outliers that use
other custordesigned programs & systems. Aflthe ones | just

mentioned are pretty easy to use once you get the hang of them, and the
instructions for each adeyou guessedat onyour thumb drive.
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Here are the basic operator interfaces.

For brake handle drilling
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Figure ABIOV Driller Control Console

Used in conjunction with one of the
consoles above: EDS or AutoDriller
system (Pason, Totco, WildCat, e.g.)

Figure ABIOV Electronic Drilling System (EDS)
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