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NOTE REGARDING TRAINING FLOW:  This curriculum is written for 

working adults.  Itôs a wordy document, so it is recommended that the course 

be driven via the accompanying PowerPoint slide presentation (which is more 

concise), and that excerpts of the written document be selectively read during 

the classroom portion in order to keep within schedule.   

 

 

IMPORTANT NOTE REGARDING SAFETY:  Safety is Continuous.  This 

document has been produced solely for technical training purposes, and while 

specific safe procedures and practices may be annotated in some cases, it 

excludes WARNINGS, CAUTIONS, and NOTES that relate to general safe 

working procedures.  Facilitators and students are expected to exercise safe 

practices in class, shop, and field practical applicationðusing common sense, 

basic industrial safety guidelines as outlined in 29 CFR 1910 (OSHA), oil & 

gas industry standards, and the rules and regulations of all companies 

applicable to class personnel (i.e. drilling contractor & operator safety rules).  

Keep your heads on a swivel; remember that all hands are active safety 

observers, practice Stop Work Authorityðif you see something, say 

something. 

 

 

NOTE FROM THE AUTHOR:  Learning should be funé it should be real.  

Keep in mind that this was not written for a corporation; itôs yours, itôs mine, 

itôs free.  So I wrote this the way I would teach it, and you may find some 

whacky analogies, a few sidebars 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 nameôs Matty Speights and Iôm 

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!  I hope 

that you will find its information useful 

to your day-to-day operations, whether 

youôre an experienced oil & gas 

maintenance professional or a new-to-

industry Floorhand.  It is an intense 30-hour course designed for Roughnecks 

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

issues common to this equipment. 

 

I developed this course for 

Patterson-UTI 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 culminated 

in a 40-hour certification.  

The course was attended by 

personnel of all ranks and 

professional backgrounds from 

divisions across the country, and it was 

lauded as a success by the company.  

In 2014, the curriculum was 

redeveloped as a 30-hour course for 

use by GDS International, a Houston-

based Top Drive manufacturer.  Three 

other courses stemmed from this one, 



 

 
   

covering Canrig 500, Tesco, and GDM Top Drives.  Augmented by a team of  

top technicians and translators, GDS proceeded to train international 

customers in a formal setting.  The customer feedback was very positive, and 

the training was internalized to teach our own Top Drive techs. 

 

 
 

In 2020, I was contacted by a Superintendent at Precision Drilling who sought 

TDS-11 training materials for his hands.  To meet this need, the course was 

revised and largely rewritten under Rig Angel colors and uploaded to 

rigangel.com for download as a shareable training resource.  Since its initial 

rollout in 2010, more than 300 individuals have received this trainingðlikely 

including Top Drive technicians who have been called to work on your 

companyôs rigs.  Also, several past students used this course as a launch point 

to transition from professional drilling roles into oilfield technical trades.   

 

The information youôll be receiving has been screened and vetted by industry 

professionals, and has even been hailed as ñbetterò than the $6,500 OEM 

course at NOVôs Technical College.  Best of all, itôs free, itôs streamlined, and 

itôs built for YOU.  If you have questions, please reach out day or night.  Now 

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

 

v/r 

 
M. Speights 

910-381-0876 

mspeights@rigangel.com 

www.rigangel.com 

mailto:mspeights@rigangel.com
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CHAPTER 1: 

Machine Basics, Hydraulic Primer, Electrical Primer 

 

In this section, we will learn the following: 

 

 1.  Definition and purpose of a machine 

 2.  Some basic mechanical concepts 

 3.  Definition and purpose of a óforce multiplierô 

 4.  A few principles of physics 

 5.  Basic hydraulic theory 

 6.  Basic electrical concepts 

 7.  How a system ties everything together 

 

1.1  What is a Machine? 

 

A machine is something designed to make work easier.  The idea 

behind a machineôs purpose is to provide greater physical output with 

less physical input.  Machines have been used since the dawn of 

humankind. 

 

Simple machines were developed using basic geometric objects and 

principles.  Applications using spheres, blocks, cylinders, pyramids, or 

cubesé could all be used in some way to transfer, amplify, or change 

direction of input energy to achieve a desired result. 

 

One of the earliest discoveries in machine developmentðthough it was 

not completely realized at the timeðis that force or pressure can be 

traded for distance.  The simplest illustration of this is in the example of 

a lever and fulcrum.  When the fulcrum is placed at the center 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 object itself.  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 lift an object (force 

is traded for longer cable across multiple pulleys). 

 

 
 

Figure 1.1 

 

1.2  Force Multipliers:  Advancing the Fleet 

 

What is a force multiplier?  A force multiplier is an object or factor 

that increases the effectiveness of a force.  In essence, anything that 

gives someone an advantage could be considered a force multiplier, such 

as healthy living habits, motivation & morale, favorable weather, tools 

& technology, quality training, and experience.  Colin Powell, former 

Secretary of State, has founded his leadership on Thirteen Rules.  His 

thirteenth rule is this:  ñPerpetual optimism is a force multiplier.ò  

Forbes Magazine is riddled with articles about CEOôs who push the 

force multiplier concept in the business world.  
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Mechanically speakingðas outlined aboveðthe proper use of fulcrums, 

levers, and pulleys can be used to multiply the load-lifting capacity of 

the human body.  Nutcrackers, Vise-Grips, wheelbarrows, and crowbars 

are other simple mechanical examples.  Hydraulic equipment is another 

powerful force multiplier when measured against our own biophysics.  

For example, a single backhoe and operator can out-dig 15 men.  

Similarly, in electricity, a capacitor collects and stores energy and then 

releases it in greater quantities.  In radio communications, 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 mind, your company is 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 your workplace, and show what you have 

learned.  You will then act as a force multiplier to advance the 

knowledge of your team.  As on the battlefield, our leaders have a 

specific intent:  to minimize downtime and maximize bottom-line 

operational efficiency through a safe, professional, informed, and 

maintenance-savvy fleet. 

  

1.3  Basic Hydraulic Theory 

 

Before diving into hydraulic or electrical theory, there are a few basic 

concepts of physics that youôll need to know.  The first is this:  the First 

Law of Thermodynamics states essentially that energy 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, where the 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 rotating shaft is transformed into electrical energy through 

an engine-driven generator, which powers a light plant, SCR or VFD 

house, and so on.  

 

In hydraulics, there are three examples that will be mentioned in greater 

detail later in this course.  A hydraul ic pump essentially converts 

mechanical energy into hydraulic energy.  A hydraulic motor  does the 

opposite, as it converts hydraulic energy into mechanical energy.  A 

hydraulic piston or cylinder, like a hydraulic motor, converts hydraulic 

energy into mechanical energy. 

 

ñHydraulicsò is another name for fluid science.  One of the most 

important physical concepts in hydraulics is derived from Pascalôs Law, 

which states that, when acted upon, fluid (or gas) exerts force equally 

and in all directions against the walls of its container.  The measure of 

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

 

 
 

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 Pascalôs law with the use of compressed air 

through tubes and flexible hosesé it made machine actuation simpler 

and less expensive.  The problem with pneumatics is that air circuits 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 introduced 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 hydraulically-driven component is nearly 

instantaneous, regardless of the length of the circuit between operator 

controls and the end actuating device 

 

1.4  Hydraulic Systems 

 

As applies to industry, a ósystemô is the collective term for a machine 

and its auxiliary components, controls, connective elements, and 

incorporated protective devices.  Hydraulic systems are classified in 

several types, but most often as either ñopen loopò or ñclosed loop.ò  

This course will not cover all scenarios that comprise these systems; 

here are the key discriminators: 

 

An open loop system: 

 

(1) Fresh fluid is constantly supplied to the pump from the reservoir 

(2) The reservoir is usually sealed; actuator fluid returns to reservoir 

(3) Provides flow without significant pressure or heat generation 

(4) Examples include turbines, compressors, and the TDS-11 Top Drive 
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A closed loop system: 

 

(1) Recirculates fluid from the actuator to the pump 

(2) Provides flow and on-demand pressure for precise response time 

(3) Is used for high-pressure applications and generates significant heat 

(4) Examples include internal combustion engines, refrigerating systems,   

      and hydraulic Top Drives (the drive portion, not the auxiliaries)  

 

The image below illustrates some components that are common to all 

pressure hydraulic systems (open loop illustration): 

 

 
 

Figure 1.3 

 

(1)  Hydraulic Reservoir ï aka tank or sump, this holds the fluid for use  

in a hydraulic system.  May incorporate a breather, fill port, drain,  
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internal or external suction strainer(s) near the bottom before / after the 

outlet, high-mounted internal or external return filter(s), an internal 

heater element for cold weather applications, a sight glass or level 

indicator, and low-level 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 ï first line of filtration defense in the system, 

protects the pump from contaminants that may have settled to the bottom 

of the reservoir.   

 

(2b) Shutoff Valve (optional) ï One should be installed upstream from 

each pump to isolate reservoir fluid during pump changes.  Usually a 

quarter-turn ball valve, this device can be a cause of pump cavitation and 

failure, especially if the pump is energized while the valve is still closed.   

 

(3)  Pump ï Creates flow for the hydraulic system.  There are several 

types used for different applications.  The pump is driven mechanically 

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 spares the 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 ï These one-way flow control valves are often 

installed just downstream of the pump.  Some types of pumps have 

incorporated these valves internally.   

 

(3c)  Pressure Compensators and Regulators ï 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 system.  Similarly, a  

flow adjustment may be located on the pump itself. 
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(4)  Pressure Filter ï Downstream of the pump, this is the primary filter 

in the hydraulic system.  May incorporate more than one filter in an 

assembly. 

 

(5)  Valve or Valve Bank / Stack ï One or more directional control 

valves that are each used to control an actuator, such as a piston or a 

hydraulic motor.  A stack of six individual valves may be referred to as a 

ñsix-valve bank,ò a ñsix-station valve stack,ò or any variation thereof. 

 

(6)  Hydraulic Manifold ï A hydraulic manifold is simply a block of 

metal with holes drilled through it, some which intersect.  The holes 

serve as channels to direct fluid through orifices and fixed or adjustable 

cartridge valves which may be installed into the manifold for various 

purposes.  Small manifolds are often referred to as valve blocks or valve 

bodies.  On the TDS-11 Top Drive, the large Main Manifold also take 

the place of a seven-station valve bank, as its design allows for the 

external mounting of seven solenoid-operated directional valves.  

Hydraulic manifolds can be compared to traffic intersections for 

ease of understanding. 

 

(7)  Directional Control Valves ï These types of valves are used to 

control the directions of double-acting cylinders and bi-directional 

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

the position of a directional valveôs handle position will determine 

which side of a cylinder receives fluid under pressure.  As the cylinderôs 

piston rod moves, the low-pressure side of the cylinder is vented back 

into the return circuit through the directional valve.  Of course, this 

doesnôt just happen magically.  On the outside of the valve, we see a 

handle.  But that handle is mechanically connected to a valve spoolð

basically a shiny rod with cutouts for porting fluid, usually returning to a 

neutral center position by way of spring tensionðand inside the valve, 

the spool is manipulated directionally to allow pressure to exit the valve 

through either ñA Portò to one side of a cylinder, or through ñB Portò to 

the other side of a cylinder.  Simultaneously, the cutouts in the valve 
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spool allow fluid to return from the actuator (in this example, a 

cylinder).   

 

(8)  Cylinders / Pistons ï 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 cover in this course are the most 

common type:  single-stage (one continuous piston rod), dual-acting (or 

double-acting, meaning the cylinder works both ways, in and out).    

 

(9)  Hydraulic Motors ï The second most common type of actuators in a  

hydraulic system.  All motors are used to create motion, whether they 

are electric, hydraulic, or combustion-engine type.  Hydraulic motors are  

always torsional (twisting or rotating, like most motors), and are 

generally used for low speed, high torque applications. 

 

(10) Hydraulic Return Filter ï 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 Accumulators ï There are several different types of  

accumulators, but they all serve the same essential purposes:  

(1) to store pressurized hydraulic fluid for rapid disbursal, 

especially in heavy load applications, and (2) to absorb fluid 

shocks & imbalance.  The TDS-11 uses the most common type 

of accumulatorsðbottle-style with nitrogen-filled bladders 

inside.  The maintained pressure of the fluid is determined by 

the size of the bottle, the size of the bladder, and the amount of 

nitrogen pre-charge pressure applied to the bladder.  

 

(B) Fittings ï There are four common types of fittings used in  

       pressure hydraulic applications:  (1) NPT (National Pipe  

       Thread, aka pipe fittingsðONLY USE Schedule 160 or XXH 
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       thick-walled, NOT standard iron pipe); (2) JIC, aka 37° flare  

       fittings, which are the most common used on the TDS-11 Top  

       Drive; (3) ORB, aka O-Ring Boss or óBoss-Oô fittingsðthese  

       are used to install into recessed machine surfaces such as  

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

       (O-Ring Face Seal, aka óflat faceô O-ring fittings)ðin the US  

       drilling industry, these are used on Canrig Top Drives,     

       Schramm carrier-mounted workover rigs, and in a few other  

       applications. 

 

(C)  Hoses, Tubes, and Connections ï Rigid tubing is typically  

        stainless or carbon steel type, and hoses are wire braid  

        reinforced (2-wire minimum).  Hydraulic connections are  

        either standard XXH QD, Stucchi, or Parker FET-style.  All  

        hoses, tubes, and connectors in a high-pressure hydraulic  

        circuit should be rated over the max rated pressure of the  

        hydraulic system + 33%.  This is the minimum standard.  For   

        a TDS-11, all hydraulic components should be minimally  

        rated to 3,000 PSI, though 5,000 PSI is preferred. 

 

(D)  Other Types of Valves ï In pressure hydraulics, there are  

        many types of valves used.  Regulating valves maintain a  

        desired working pressure.  Relief valves ensure a safe system  

        pressure.  Counterbalance and load-holding valves work to  

        protect cylinders while holding heavy loads.  In most cases,  

        these are cartridge-type valves, which are threaded for  

        insertion into valve bodies and manifolds.  The TDS-11 uses  

        valves from the most common cartridge valve manufacturer,  

        SUN Hydraulics Corporation.       

 

That about sums up your basic hydraulic primer.  For further study, you 

are encouraged to research the roles of oil purifiers / dehydrators and 

monitoring devices (flowmeters, pressure gauges, particle counters, 

Coriolis or ómass flowô meters) as used in hydraulics.  For further study 

in fluid dynamics, brush up on Newtonôs Second Law of Motion and 
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Bernoulliôs Principle.  Weôre now going to talk about circuits, as a segue 

into our segment on basic electricity. 

 

1.5  Circuit Fundamentals 

 

The word ñcircuitò is used to describe a path in both electricity and 

hydraulics.    Because many functions of the TDS-11 Top Drive are  

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 closed, or de-energized open or 

closed.  This is especially crucial to the understanding of schematics / 

technical diagrams.  Donôt worry, weôll cover this info quickly. 

 

Hydraulic circuits are opened or closed by way of valves.  When a valve 

is open, fluid is free to flow from the pump to the device being operated.  

When closed, fluid is stopped at the valve.  Too simple, right?  Well 

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

Instead of valves, weôre dealing with switch contacts, and a CLOSED 

switch contact is what allows the flow of current through an electrical 

circuit.  An OPEN contact will de-energize (or stop the flow of current 

through) an electrical circuit.  A normally open electrical contact means 

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

contact and allow current to flow (turn the device on).  Electricians often 

refer to this as ñmakingò the contact.  When you turn a light switch on in 

your bedroom, you are actually closing the electrical contact between the 

hot wire and the switch leg (the wire that goes to the light), in turn 

closing the circuit or ómaking the switch.ô  Refer to the image below for 

better understanding. 
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Figure 1.4 

 

Now, perhaps youôre wondering why the words óopenô and óclosedô are 

preceded by the word ónormallyô in the image above.  Itôs because all 

technical drawings, diagrams, prints or schematics youôll ever readð

will depict components in the way that they are when at a resting state, 

or de-energized.  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 cause it to change position. 

 

You will typically only see the abbreviations óNOô or óNCô on electrical 

devices, especially switches, to indicate that the internal contacts are 

either normally open or normally closed.  The abbreviations may be 

labeled, stamped, engraved or embossed.  NO is also sometimes referred 
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to as ñde-energized open,ò or ñenergized closed.ò  Conversely, NC = de-

energized closed, or energized open. 

 

If there are no abbreviations, then the colors red and green are 

alternately used on the parts themselves.  For electrical switch contacts, 

Green = NO and Red or Orange = NC (IEC breakers also use green and 

red to indicate open and closed, respectively).  Similarly, for anyone 

who has engaged in replacing a standard 120V electrical outlet / house 

plug, youôll probably remember that the gold screws are where you 

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 where colors are 

used as differentiators in electrical application.  Industrial cord grips are 

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.  Canadian drilling rigs and US drilling rigs often differ 

in their standard 3-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 get to the elbow.  Now letôs 

cover some electrical basics.  Iôm going to admit, that though Iôm 

perfectly comfortable working with 480V and 600V electricity, Iôve 

always had a hard time truly understanding the basics of electricity when 

they were taught to me.  Hopefully, my explanation is less confusing to 

you. 

 

Atoms are the smallest elements of matter.  All solids, liquids, gases and 

plasma are comprised of atoms.  Every atom is orbited by electrons, 

which are subatomic particles with a negative charge.  Strike that.  For 

ease of explanation, weôll just say that electrons are negative particles 

that are everywhere, and they always remain negative.  They are 

attracted to positive particles (specifically protons, which are part of 

every atom).  Electrons are constantly moving, and when theyôre 
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affected by an outside sourceðlight, heat, sound, frictionðthey literally 

jump their orbit (briefly becoming free electrons) before being attracted 

to the positively-charged proton of another atom (or ion, which is an 

imbalanced atom), where they resume orbit.  These transfers happen 

rapidly.  

 

 
 

Figure 1.5 

 

Electric charge is 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 charge from negative to positive or 

from positive to negative.   

 

Static Electricity ï Some materials tend to be positive in nature because 

they give 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 electrons.  When 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 rapidly loaded with electrons that youôve 

kicked upðmaking you negatively charged.  But since dry skin tends to 

be a ópositiveô material, readily willing to give up excess electrons, when 

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 difference 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 positive charge than yourself at the moment.   

 

Does that make sense?  Itôs all about yin-yang style balance and 

harmony.  Think of a clear tube-style water levelðwhen 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, there will be 

brief moments of inequality, but the water on both sides of the tube 

constantly strives for perfect balance.  Similar in concept is the balance 

of positive and negative charge, constantly seeking a state of neutral 

balance.  The movement of electrons to find that balance results in what 

we call electricity.  The same way we create turbulence by shaking a 

water level, we ócreateô electricity by causing electron imbalance.   

 

Current ElectricityðElectrons can essentially move freely through or 

across certain types of material, particularly metals such as copper, gold, 

aluminum, and silver.  Thatôs because the atoms of these materials have 

electrons that are loosely bound.  Such materials are referred to as 

conductors.  Other materials oppose the free 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 electrons traveling across 

the cross-section of a conductor per second, and it is expressed in 

amperes, amps, or óAô.  Voltage is electromotive force, measured in 

volts or óVô.  One volt equals the amount of force required to move one 
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amp across a resistance of one Ohm.  Ohms are the measurement units 

of resistance, expressed by the Greek Omega symbol (Ý).  Resistance, 

which occurs naturally in any substance, is the characteristic of an object 

that impedes the flow of electrons.  Resistance is increased 

proportionately with the increase of a conductorôs distance, or with a 

decrease in a conductorôs diameter.   

 

 
 

Figure 1.6 

 

Confusing ScienceðBefore electrons were discovered, 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 

discredit some brilliant scientists (Benjamin Franklin in particular), the 

scientific fraternity has decided that electrons travel one direction while 

current travels the other.  Since irrefutable, globally-accepted proof does 

not exist on either theory, this contradicting information stands as 
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gospel.  For now.  Sounds goofy, but donôt take my word for ité do the 

research.  

 

If you have a grasp of the info above relating to electrons, then itôs easier 

to understand exactly how electricity works.  There are, as you know, 

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

flow in a single direction from an area of negative polarityðor 

concentrationðto an area of positive polarity.  Most often, DC power is 

associated with battery power, especially when explained in theory.  

Weôre going to do the same, and then touch on AC power and some 

basic terminology before moving to the next chapter of the course.  

Drilling rig and Top Drive-specific electrical information will be 

covered later. 

 

1.7  DC Power 

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

ñ ò.  It is produced most commonly by a battery, and all batteries 

produce only DC voltage.  In high voltage applications, DC power is 

produced by a rectifier, a device which converts AC power 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. 

 

Letôs break down a battery.  A battery is an engineered source of DC 

power consisting of a negative plate or electrodeðcalled an anode, a 

positive plate or electrodeðcalled a cathode, and an electrolyte medium 

between the two, usually acid.  Batteries may exist in one of three states:  

static (not connected), charge, and discharge.  When the 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 

the anode.  Thatôs when the difference of potential 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. 

 

 
 

Figure 1.7 
 

Not all batteries are (re) chargeableé it depends on their chemical 

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 within the batteryôs electrolyte, reacting with 

the electrodes in a way which causes electrons to leave the cathode and 

recollect at the electrode.  Voila, battery charged.  The same is true of 

car batteries.  An carôs alternator is a device that uses the technology of 

both a generator, which converts the mechanical energy of a belt-driven 

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

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

vehicleôs DC-rated components. 
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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.  

Itôs become more confusing because all are now each their own separate 

entity, scientifically speaking, though they are all expressed in volts.  

The difference in energy (or difference in the number of electrons) 

between two points is called Potential Difference, or PD.  The principle 

behind measuring PD is derived from Ohmôs Law, which states that the 

current through a conductor between two points is directly proportional 

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

those two points.  In other words, V = IR, where V is voltage, I is 

current and R is resistance.  The greater the 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 coil rotates inside an electromagnetic fieldé literally, between 

magnets of opposite poles.  External DC power is applied to the 

generator through a continually-charged battery, supplying electron 

charge to the generator.  Charge is created and moved by the coil 

rotating between the magnets, then forced away from the generator 

through diodesðthe one-way check valves of electrical devices.  

Voltage passes in one direction initially, then in both directions 

alternately as the conductorôs potential changes with each rotation of the 

generator coil.  The opposite electromotive force (EMF), comparable to 

voltage, is directed back into the generator through opposing diodes.  

The concept is the same for three-phase 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 electricity to turn a 

shaft.   
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Figure 1.8 
 

1.9  Grounding and 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 an adjunct device is energized.  As the 

deviceôs charge increases, the potential discharge becomes greateré and 

could injure or kill the first person to touch it.  The concept behind 

grounding is to provide a path for electrons to attach to a much larger 

object (called óbondingô), or directly into the earth (grounding).  Devices 

with a high potential charge often require a ñdedicatedò ground (such as 

a VFD), meaning an isolated ground wire and grounding rod that shares 

with no other equipment.  See the image below for a simple illustration. 
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Figure 1.9 
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1.9  Common Electrical Terms  

 
Electron   A subatomic particle with a negative charge 

Current  The movement of electrons through a conductor, aka electricity  

Conductor  A substance w/ properties that permit free motion of many electrons 

Insulator  A substance that contains few free electrons 

Semiconductor A substance that is neither a good conductor nor insulator (silicon) 

Amperage  The measured rate of current flow 

Resistance  The opposition to current flow, measured in ohms 

Resistor  A component manufactured to possess a specific value of resistance 

Volt   A unit of electric force or potential, conceptually similar to water pressure 

Potential  Refers to the performance or composition of an electrical charge 

Potential Difference Measurement between two objects / bodies w/ different electrical charges 

Ground Potential Zero potential with respect to ground ï essentially zero or neutral charge 

DC   Direct Current electricity, in which electrons flow in one direction only 

AC   Alternating Current electricity, which reverses direction at intervals 

Frequency  Rate of AC current directional change, expressed in Hertz (cycles p/ sec) 

VFD   Variable Frequency Drive ï A system for controlling an AC motor 

Inverter  A device that converts DC power into single- or multi-phase AC power 

Single Phase  AC power, one electrical output provided for each complete source cycle 

3-Phase  AC electrical circuit made up of three conductors, synched 120 deg. apart 

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

Rectifier  A device that converts AC power into DC power through diodes 

SCR   Silicon-Controlled Rectifier, used for high-voltage applications 

Voltage Source A device capable of supplying and maintaining voltage under load 

Transformer  A device used to step the voltage in a system circuit up or down 

Power Supply  Converts AC to controlled DC power in low-voltage applications 

Capacitor  A device used to store an electrical charge 

Relay   A device to open / close circuits manually or at predetermined parameters 

Solenoid  A mechanical device that actuates when current is applied to its coil 

Short   A damaged circuit malfunction wherein current is directed to ground 

Open   Refers to a break in the flow of electrical current 

Closed   Refers to completion of an electrical circuit which allows current travel 

Keyer   A component that opens and closes contacts using heat-sensing elements 

Shunt   A resistor used to supply voltage in relation to current flow through it 

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

Parallel Circuit A circuit where current flows through separate paths to a common ground 

PLC   Programmable Logic Controller; computer to control multi-tool sequences 

SBC   Single Board Computer; implements single-system tool control sequences  

Braking Chopper Aka Dynamic or Resisting Brake, dissipates excess voltage as heat 

Encoder  Device which relays motor speed conditions to a drive system 

HMI   Human-Machine Interface; a touchscreen operator panel 

HOC Battery  Provides external DC power to engine-driven generators 

MCC   Motor Control Cabinets or Cubicles; the 480V wall of a rigôs Drive House 

Composite Cable A multiconductor cable containing multiple individually-insulated wires 
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 CHAPTER 2: 

Fundamentals of World-Class Maintenance 

 

In this section, we will learn the following: 

 

 1.  Types of maintenance programs 

 2.  Common factors in maintenance excellence 

 3.  Definition of machine failure 

 4.  Consequence management theory 

 5.  Maintenance management, monitoring, & reporting 

 6.  Maintenance roulette 

 

2.1  Maintenance Programs ï These 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 will be sunshine and rainbows 

and downtime will be a forgotten word.  They use fancy terms like 

ópredictiveô maintenance and RCMðReliability-Centered Maintenance. 

 

Well, the concept of proactivity with regard to machine care is as old as 

machines itself.  The term óPMô or Preventive Maintenance, has been 

around since at least the 1930ôs, courtesy of the US Army.  Iôm sure that 

as far back as the year 1200, a rider wouldnôt wait until his horse was 

crippled before he had him re-shoed.  Inspections are always being 

redeveloped, new maintenance systems and programs are introduced 

every time the reign of a companyôs equipment program changes hands, 

and it does not dismiss the very true fact that the value of prevention is 

not quantifiable.  In any field. 

 

So letôs break down the different types of maintenance programs today.  

For starters, thereôs Preventive or óPreventativeô Maintenance.  Using 

standardized quality inspections, servicing procedures, recordkeeping 

and communication / handover, this type of program works.  Itôs also the 

most commonly-used type of maintenance program used around the 

world, all industries considered.  The reason that it doesnôt work in some 
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situations is discipline.  Just like diets, there are many different methods 

of starting a preventive maintenance programðalmost any method will 

work, if you and your team is committed to being disciplined. 

 

Predictive Maintenance is the next-gen type of program which 

incorporates óconditions monitoringô equipment and smart technologies 

to predetermine the 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 choke a donkey.  

If thereôs a sensor for monitoring gases, fluids, vibrations, alignment, 

atmospheric sensitivity, electromagnetic interference or whatever you 

could dream up, they have it.  Today, hundreds of other companies have 

copied or modeled components after theirs.  Of course, thereôs more to 

predictive maintenance than just the monitoring equipment.  A lot of 

metrics are developed to support the processðall well-intended but time 

consuming.  Going predictive, in my humble opinion, sounds good on 

paper but is not quite the answer for the drilling industryé yet.  First, 

itôs damn expensive to pay for an offsite SCADA team on a monthly 

subscription basis.  Second, rig moves are an inherent part of every 

drilling operation, and no amount of monitoring or predicting will keep 

components from prematurely failing when they bounce down Permian 

pothole roads on non-air-ride trailers every other month. 

 

RCM is a popular maintenance program that gained traction in the 90ôs.  

It is concentric to corporate asset management.  Most companies, 

including most drilling companies, have integrated some form of asset 

management into their broader maintenance and reliability practices.  

Implementation of RCM created a few more jobs and brought follower 

companies into standards compliance of ISO (and in our industry, API).  

The key tenets of RCM include (1) structureðor disciplineðand scope 

to preserve equipment assets; (2) detailed analysis to determine how 

specific equipment fails, and how to prevent those failures; (3) the triage 

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 Excellence ï There exist some fundamentals of 

equipment 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 rigs.  Yet over the past 

several decades, when a 747ôs motor has failed, the whole world heard 

about it.  Itôs a highly uncommon occurrence.  Even the small HPU 

pumps and hydraulic boost packages that support flap, rudder, and 

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

 

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

same manufacturers we do.  Wires, hoses, linkages and actuatorsé 

maintained by human beings just like you and me.  And the average 

aviation maintainer makes less than a Derrickhand!  BUTé tool 

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 values, OEM 

service manuals, and standardized company checklists are stringently 

adhered to.  Personnel training is well-funded, structured, and deliberate.  

Gaskets and seals are not made on location, theyôre ordered to proper 

specs.  Welder modification and ófield engineeringô of equipment is as 

much a terminable policy as smoking pot while pulling slips.  Every 

piece of attaching hardware is safety wired, and properly so.  On-hand 

warehouse inventory is optimal, and well-secured.  PM schedules are 

religiously followed.  Personnel health and rest are mandatory pillars, 

not just a concept.  Finally, everythingðEVERYTHINGðis 

documented, and then reviewed again before going to work. 

 

Maintenance excellence is achievable in any industry; but it requires 

considerable investment of ownership by all hands from top to bottom.  

The reward?  In our case, rigs free of incidents and non-profitable time 

due to R&M (repair & maintenance). 
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2.3  Machine Failure ï All machines fail.  Beginning the moment they 

enter service, subject to the laws of physics, they begin to fail.  For the 

sake of this course, equipment 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 

doesnôt fail only when it stops working completely, failure begins when 

the pump starts operating outside of manufacturer specs.  If a failure is 

discovered early, then it can likely be fixed so that it does not become a 

total failureé and it can be fixed on our (scheduled) time, and not on 

down time.  Early discovery of a failure cannot occur unless (1) we 

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

our equipment frequently.  By doing this, we control the equipment 

instead of letting the equipment control us.   

 

Consequence Management Theory ï There is an important side to 

equipment maintenance and reliability that is often overlooked.  The 

term óconsequence managementô is a child of human factors 

engineering.  People make mistakes, sometimes without realizing it.  

Consequence management prompts the important question, ñWhatôs the 

wrong right decision?ò  In 2005, Amtrak learned a valuable lesson in the 

recertification of train engines, when the same major failure was 

occurring on several engines within months after each had been 

overhauled.  The failure involved a complex drive system which was 

removed, rebuilt, tested and reinstalled during each 3-year overhaul.  

The end finding was that the company, in an attempt to be proactive and 

score investor relations points with their new Acela models, forced the 

rebuild of a complex system that incorporated newer technology, 

without first investing in the training of organic and external personnel 

who were performing the physical work.  A re-evaluation of their 

maintenance program found that the system did not need to be rebuilt for 

12 years, and that the óproactiveô overhauls caused human-driven 

failures on more than twenty engines, costing tens of millions in lost 

potential revenue.  The moral is, before we go maintenance crazy, 

evaluate the consequencesé even of being proactive. 
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Back to failed equipment within our own industry.  When a failure has 

been identified on a 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.  Does the failure create an actual or potential safety hazard?  If  

              so, what is the actual or potential severity? 

2.  What is the specific equipment that failed?  Photos help. 

 3.  What is the severity of the failure? 

 4.  If intermittent, at what specific time / place does failure occur? 

5.  Can the condition be replicated or exaggerated without causing  

     a hazardous condition?  Letôs talk about it first. 

6.  When was the last time the equipment was running properly? 

 7.  What is the current state of rig operations? 

  8.  What events took place immediately preceding the failure? 

 9.  Who was operating the equipment when it failed? 

   10.  Any other equipment issues that may be related to the failure? 

11. What is the equipment history?  Is there a history of this type  

       of failure of this or similar equipment on other rigs? 

12. Who was the last person to work on or around this equipment? 

13. What are the current atmospheric conditions (weather, e.g.)? 

14. Has this equipment been moved? 

15. If electrical, is it plugged in? 

16. If hydraulic, is the pump running? 

17. If the component is supposed to move, does it move at all? 

18. Do you have a spare?  If not, does a co-located rig have one? 

19. Without this equipment, is there a safe, approved alternative to  

       continue operations?  If so, for how long? 

20. Are there any special tools required, or weighing circumstances  

       a maintenance person should know before heading to the rig? 

21. Are the published rig directions / coordinates accurate? 

 

Upon discovery of an equipment failure that requires technical-level 

assistance, the Rig Manager must inform his Drilling Superintendent 
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immediately.  The Superintendent will then decide upon how to handle 

the situation, using personnel or equipment assets at his disposal.  Often 

this necessitates other calls to operations & maintenance leadership, who 

will verify the specific information with the Rig Manager and then 

decide upon a course of action.  The flow chart below illustrates a 

sample reporting chain. 

 
 

Figure 2.1 
 

2.4  Maintenance Management ï this is a big one.  When it comes to 

skilled trade jobs, not all roads lead to management.  Just because 

someone is really great at fixing brakes at Midas, doesnôt mean that he 

or she needs to be the service manager based on seniority.  When 

mechanics, electricians, and technicians move up, we lose their valuable 

skills in the field, and often their irreplaceable asset value to the 

company.  That is why itôs important to keep top performers well-

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 

Equipment Fails.  RM 
troubleshoots.  After 1 

hour, goes on downtime 
and calls DS, then calls 

organic technical 
coordinator. 

DS informs RM to 
update him every 
hour.   Helps RM 
make some calls 
for assistance.  
After 4 hours, 

reports incident to 
Ops Mgr. 

Area Mgr receives call and informs 
DS to relay RM updates.  After 12 

hrs, calls to inform VP Ops.

Maintenance 
Manager

Maintenance 
coordinator 

receives call and 
works to
locate an 

appropriate repair 
person.  Calls back 
within 15 minutes 

with update.

Maintenance Mgr receives calls 
from DS and Maintenance 

coordinator.  Gets parts moving 
toward rig.  Calls to verify 

personnel are moving

Mechanic deploys from another 
rig.  Will 'time out' after 6 hours, 

informs coordinator
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personnel.  Solid teams are built and maintained by solid maintenance 

leaders; as it is said, people donôt follow companies, they follow people.  

Conversely, they donôt quit companies, rather people. 

 

Modern maintenance programs almost always incorporate some form of 

CMMS, or Computerized Maintenance Management System.  The 

system is used for accurate and precise recordkeeping, PM scheduling, 

and document control.  The 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 warehousing, shop 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 therefore maintenance personnel 

management is a #1 priority. 

 

IMTJ, Personnel Evaluation, Training & Efficiency Monitoring ï The 

Individual Maintenance Training Jacket is a strong tool for the 

management of maintenance personnel.  This multi-section folder, 

modeled 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. 

 

Figures 2.2 ÿ IMTJ 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) managers must also be evaluated; (2) 

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

should always be a standard of ñaverage,ò and a scoring system should 

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

record for retention & promotability, pay increases, and other incentives.  

While training should be a regular part of every maintenance 

management program, advanced training makes an excellent incentive 

for top performers.   

 

  
 

Figures 2.3 ÿ Maintenance Personnel Evaluation  

 

Lastly, a monthly efficiency tracker can be designed to break down the 

total number of hours worked by each employee, into the type of 

equipment they worked on, driving hours, general / non-technical hours, 
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and job numbers to 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 percentage, while also 

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 performed somewhere not deemed a ñright to workò state. 

 

 
 

Figure 2.4 ÿ Personnel Management Data Flow 

 

2.5  Maintenance Roulette ï In the drilling industry, no matter how hard 

we try to avoid it, our maintenance and repair activity is largely reactive.  

While youôll agree that a reactive system is not the optimal solution, itôs 

okay to be reactiveé so long as crisis reactivity is structured in a way 

that reduces wasted time and money.  To illustrate this, allow me to 

introduce the concept of ómaintenance rouletteô. 
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What is the only way to win a game of Russian 

roulette?  By keeping all the revolverôs 

chambers empty.  In maintenance roulette, we 

keep each chamber round-free by filling it with 

something else: 

 

 

 

 
 

Figure 2.5 ÿ The Six Empty Chambers of Maintenance Roulette 
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Figure 2.6 ÿ Loading the Chambers 
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Figure 2.7ÿ Avoidable Risks 

 

Reactive maintenance activity is often*  a corner-cutting, unstructured 

and haphazard approach to mitigating downtime.  Perpetuating this cycle 

does nothing to reduce like failure incidents in the future, and often ends 

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

regulations and policies are often written in bloodðsomething we can 

all agree is unnecessary.  Donôt let someone die before you change your 

approach as a company.  *Note:  a measure of reactive maintenance is 

required in the oilfield.  Reactivity can be planned and structured, 

however, so that is not driven by a perpetual state of óemergencyô. 

 

In Cecil B. DeMilleôs 1956 classic The Ten Commandments, Moses 

(Charlie Heston) and Ramses (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 slavesô prophesied ñdeliverer.ò  One day, their 

dadðthe Pharaohðcalls for a meeting and Moses doesnôt show.  His 

spiteful brother says, ñYeah dad, Moses said heôs busy.ò  So the Pharaoh 

is pissed.  Together with Ramses and an entourage of important 

Egyptians, Pharaoh takes a trip to Mosesô planning pavilion in the city 

heôs building.  Moses is there, stressed, overseeing the critical lift of a 

300ô obelisk not unlike the Washington Monument in D.C. 
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Pharaoh then begins to relay some recent accusations against Moses.  

Walking over to a measuring scale, Pharaoh picks up a weight and asks 

Moses, ñYou raided the temple granaries?ò  Moses replies, ñYes.ò  

Pharaoh drops the weight on the scale and picks up a second one off the 

table.  ñYouôre gave that grain to all the slaves?ò  Again, Moses replies 

ñYesò and his pops drops the other weight on the scale.  He picks up a 

third.  ñAndé youôre giving the slaves a day off every week?ò  ñYes.ò  

Pharaoh drops the third weight and tips the scale, then asks him in front 

of everybody, ñWhat do you have to say about these accusations??ò 

 

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

the scale and holds the brick up in the air.  This is what he says:  ñYour 

city is made of brick, Pharaoh.  The strong make many, the starving 

make few.ò  Then he slams the brick down on the scaleôs other 

balancing plate, burying it into the table while sending his point homeé  

ñThe dead make none.ò 

 

The number one cause of death in the drilling 

industry today is vehicle accidents, which 

occur driving to and from the rig.  It happens 

because weôre all rushed to get to a job, or 

rushing to get home.  It happens because weôre 

tired, or because of poor decision-making due 

to improper nourishment.  As leaders, we have 

a responsibility to take care of our people.  It is 

all of our responsibility to weigh the cost of 

downtime against the loss of life, and to make 

responsible decisions thereto.  Stop Work 

Authority applies in these cases also.  Dead 

Roughnecks canôt trip pipe, and in terms of 

maintenance, dead Top Drive techs canôt turn 

wrenches.  

 

Figures 2.8 (upper left) and 2.9 (lower right)ÿ ñThe Dead Make Noneò
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CHAPTER 3: 

 

Levels of Maintenance / Roles & Responsibilities 

 

In this section, we will learn the 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 promotability within the technical trade fields, 

for example:  instead of progression from mechanic to foreman to 

supervisorðwhich requires allocations to backfill and retrain more 

mechanics every time someone progressesðit instead provides a growth 

path for tradesmen, i.e. Mechanic I, Mechanic II, Mechanic III; and (2) 

the development of maintenance levels segregates the type of work into 

classifications based upon the skill level required to do the job.  

 

There are three recognized technical trade categories used as an 

industrial standard in the United States:  apprentice, journeyman, and 

master.  A companyôs maintenance program should, as a minimum 

standard, be divided into levels that correlate.  Note:  These levels are to 

be part of a companyôs internal maintenance program, and in the 

oilfield are not to be confused with APIôs inspection categories for 

equipment.   

 

3.2  Examples of maintenance levels: 

 

LEVEL I is basic maintenance, also sometimes referred to as 

Organizational-, Operational-, or O-Level maintenance.  This category 

of maintenance includes end user or operator servicing, preventive 

maintenance, basic troubleshooting, and removal and replacement of 

simple parts of any machine or system.  This 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 

time.  Of course, óshortô is subjective, so weôll assume a 4-hour 

timeframe for instructional purposes.  On a drilling rig, the rig crew 

performs LEVEL I maintenance (a shit-hot Motorman should exemplify 

it and display Level II qualities).   

 

LEVEL II is intermediate or technical level maintenance.  This facet of 

maintenanceðas the name impliesðincludes troubleshooting of a 

complex nature, removal and replacement of complex components, and 

the competent disassembly / repair / replacement of machine systems 

with limited assistance or supervision.  Level II maintenance 

incorporates specialty tools (electricianôs multimeters, hydraulic 

pressure-testing equipment, dial indicators and micrometers).  In the 

oilfield, most organic and 3rd-party field service hands provide Level II 

support.   

 

LEVEL III is depot or expert level maintenance.  This level applies 

advanced troubleshooting and testing to equipment by personnel who 

have the aggregate expertise of experience (usually > 5 years) and 

certified training from a recognizable authority.  Depot-level work is 

often performed in a controlled shop environment.  Level III may also 

incorporate precision machining, pressing, fabrication to engineered 

specifications, large-scale rework and overhaul.  In addition to the use of 

advanced tools, this expert level of maintenance also uses advanced heat 

& cooling methods, blasting, and exposure to dangerous chemicals 

(paints, thinners, dipping acids, liquid nitrogen, liquid oxygen, etc.)  

 

LEVEL IV is precision commissioning and maintenance.  This level 

includes certified new-build / repair and recertification work to OEM 

and industry standards, and includes Professional Engineering [PE] 

design, certified master inspections, and the full spectrum of Non-

Destructive Inspection & Testing (NDI/T) & quality control in a 

Standard Day (theoretically perfect vacuum) testing environment.  In an 

oilfield example, a certified API 8C facility provides Level IV 

maintenance service on Top Drives.   
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3.3  Operational roles and responsibilities ï the oilfield is a unique 

community.  Though each person has a specific title or position, many 

roles are overlapping.  For example, we know that each of us is a 

deputized safety hand.  Regardless of title or position, we have the 

responsibility and authority  to stop any potentially unsafe act or 

condition that we observe.  We are also good stewards of oilfield 

property and reputationé sometimes that means picking up anotherôs 

trash or policing our own in public.  Likewise, on a drilling rig, every 

person is responsible for maintaining equipment to keep our rigs in 

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 Organizational Level maintenance.  This is further broken down in 

the following maintenance guidelines, which should be adhered to in 

addition to (or in conjunction with) each positionôs regularly assigned 

duties: 

 

Important Note:  Rig Angel does not presume to negate, in any way, the 

operational structural or system of any company.  Following are general 

recommendationsðlike all concepts within this document, these are not 

intended to interfere with a companyôs policies, procedures, or 

guidelines.  Where conflicts of interest are discovered, follow your own 

companyôs lawful directives. 

   

Floor Hands:   (1)  Practice preventive maintenance by keeping  

equipment clean.  Know how to clean, where to  

clean, and where NOT to clean.  As a rule of  

thumb, donôt pressure wash within close  

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.  Donôt use red grease on any  

electric motor bearings.  Donôt grease sealed 

circuits that are intentionally plugged off on the  

opposite side.  If you donôt know or understand,  
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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  

equipmenté if you donôt know what the proper  

operation looks and sounds like, then you will not  

know how to identify malfunctions, misuse, or  

signs of failure! 

   (4) Learn and apply the basic techniques and  

procedures for extending the service life of each 

piece of equipment on the rig (specifically, the 

location, type, amount, and frequency of 

lubrication for all moving parts and mating 

surfaces). 

   (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 pop-up indicators on filter housings, or  

the visual sight glasses or sight tubes that indicate  

oil levels. 

   (6) When rigging up / down, pay close attention to 

     plug and connector labels and color codes.  If  

something is confusing (two red-painted hydraulic  

male connections, either one could be connected  

to the opposing two red-painted female  

connections), STOP.  Address it with your Driller.   

Replace labels as required.  

   (7) MOST IMPORTANT:  Know the approved  

Emergency Shutdown Procedures for all  

equipment on your rig. 

 

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

responsibilities of Floorhands (above).  Mentor 

Floorhands in the basic startup, shutdown, and 
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maintenance procedures that relate to your own 

job.  This assures continuity so you can move up. 

(2) Maintain an inventory of clean, properly-labeled 

filters, lubricants, bulk fluids, and critical spare 

parts for each piece of equipment.   

   (3) Continue to learn and hone the proper operational  

techniques and procedures for each piece of  

equipment; familiarize yourself with / study the  

applicable service manuals, operations &  

maintenance manuals, and drawings. 

   (4) Know your companyôs maintenance policies,  

procedures, and safety procedures, front to back.   

Reiterating from the Floorhand duties, know the  

Emergency Shutdown Procedures for each piece  

of equipment. 

 

Derrick Hands: (1) Starting with the equipment on your pits, keep a  

log, recording pertinent data including (but not  

limited to) serial number, manufacturer, known  

defects, fixes applied, and servicing performed.   

Then grow your log to incorporate all major 

equipment on your rig.  

   (2) Take an active role in training your crew members  

in proper servicing and preventive maintenance  

techniques and procedures.  Oversee your Motor  

Handôs training and mentoring of Floor Hands, to  

ensure that no steps are being skipped and that the 

procedures are correct. 

   (3) During tripping operations, you have a distinct  

vantage point of the Top Drive, and of derrick  

components, that others do not see as frequently.    

Learn everything about the Top Drive, that way,  

when something looks or sounds out-of-place,  

youôll be the first to catch it. 

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

 

Assistant  

Drillers:  (1) Follow the Derrickôs guidelines above. 

   (2) While your position is one of training, it is  

awarded because of your experience and    

maturity.  Use these tools to set 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 crew, intentionally creating  

opportunities to train your men, and allow them in 

turn to train others on your team when  

opportunity is available.  Remember, a well- 

trained and knowledgeable team makes your rig  

run rightðand it also reflects well upon yourself. 

   (3) Know where to find answers to maintenance  

questions that your hands might have.  Keep  

equipment maintenance manuals & drawings  

readily accessible; these tools are every bit as  

valuable as the ones in your doghouse tool box. 

   (4) Know who to call for maintenance-related  

questions or concerns.  Have those numbers  

available.  Build your phone list for qualified  

technicians, mechanics, welders, etc., so that you  

are preparedðfrom an R&M perspective, to  

assume a Rig Managerôs position when one  

becomes available, should you choose to do so. 

    

Rig Managers: (1) When reporting a maintenance issue, ensure that  

All  information relayed about the problem is  

Consistent, Reliable, Timely, and Accurate.   
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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 recurring failures.  Donôt  

         blame everything on the Top Drive.   

(3) Foster a maintenance-centric work environment,  

rewarding good practices with recognition and  

encouragement.  As you know, there is no greater 

hindrance to operational efficiency than a leader 

who does not challenge, motivate, and reward his 

or her teamé and ñwhatôs important to my boss 

fascinates the hell out of me.ò  Make equipment 

maintenance important. 

 

Superintendents: (1) Provide your rigs with keys to maintenance  

success.  Encourage your RMôs to share details of  

failures and fixes for the betterment of your total  

team.  Give them training tools, like this course,  

to cover with their hands during ten-minute  

ótailgate trainingô segments every day.   

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 inspection is a strong  

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 biggest rolodex. 

   (4)  Assist in your companyôs maintenance metrics  

development by monitoring the key performance  

indicators of your rigs.  The five standard KPIôs  
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of maintenance are: 

 

 (A) Unscheduled work activity / lost time 

 (B) Reactive R&M hours (besides Code 8) 

 (C) R&M cost (vs. rig cost, vs. day rate) 

 (D) Mean Time Between Failure (MTBF) 

 (E) Work Order Cycle Time 

 

Ops Managers: (1) Stress the importance of proper downtime coding. 

      If you have high RM turnover, this needs to be  

stressed continually.  If not being done adequately  

at the corporate level, take charge and have  

someone develop the metrics for an accurate look  

at where your regionôs downtime is.  Triage your  

R&M budget allocation to reflect the percentage  

of downtime by each piece of equipment  

respectively.  Compare to other regions. 

(2)    Regularly review your companyôs maintenance &  

repair program to determine whatôs working and  

what isnôt.  If adjustments are needed in your 

area of responsibility, propose changes.  If you  

need ideas but are unsure of their quantitative  

long-term cost / benefit impact, donôt worryðyou  

donôt have to re-invent the wheel.  A quick  

Google search of Fortune 50 companies will start  

you down a rabbit trailé pick a few companies  

that regularly make the list, study how they stay  

on top of their R&M, adopt some ideological  

tenets and make your pitch. 

   (3) Promote the sharing of maintenance knowledge.   

The greatest impacts to your company, both  

positive and negative, are determined by what you  

make important to your people.   

(4) 10,000ô View ï Youôre responsible for a  

geographic areaé but remember that the best  
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maintenance-related opportunities for your region  

may come from outside your region.   

   (5)  Champion your companyôs MOC policy as  

applies to R&M.  Disallow even the smallest of  

job site (equipment) modifications unless they are  

properly vetted and approved through a company  

matrix considering factors of cost, design, safety,  

human / training impact and long-term benefit. 

   (6) Start a monthly vendor meeting.  Invite non- 

vendors also, to stay abreast of new ideas and  

potential partnerships (ñyouôre either green and  

growing or youôre ripe and rottenò).  Cater 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 consumables / common  

parts restocking process.  Develop a plan for  

having your third-party groups work together to  

support your operation; it will spare your  

Superintendents and maintenance personnel a lot  

of unnecessary drive and call time.   

 

VPôs:  (1) Compare your current R&M cost not only with its  

currently allocated budget, but with last FYôs  

costs and budget projections for alignment of  

future forecasting.  Invest deliberately  

in structured, formal equipment training and  

compare its impact on NPT and R&M beginning  

for three years after rollout. 

   (2)  Standardize your equipment.  Do the SWOT  

analysis and youôll find that the greatest drilling  

industry opportunity for equipment  

standardization rests flatly in Drawworks.  Like  

the Top Drive, which is generally responsible for  

the most downtime, itôs the one other piece of  
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equipment on each rig that doesnôt have a backup  

or accepted way around it should it fail.  When  

you adjust CAPEX to ensure >50% of your fleetôs  

like-rigs have the same make and model of DW,    

youôre going to see hard improvement in this  

equipmentôs historical R&M / nonprofitable time  

segment. 
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CHAPTER 4: 

Introduction to the TDS-11 Top Drive 

 

In this section, we will learn the following: 

 

 1.  Top Drive description and importance 

 2.  History and development 

 3.  TDS-11 specifications 

  

4.1  What is a Top Drive?  Description and Industry Importance 

 

This segment is included for new-to-industry students.  In basic terms, a 

Top Drive is a giant corded DeWalt drill.  It is 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 circles uncontrolled. 

 

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

cord a service loop, because it is made up of several independent wires 

and itôs about 300ô long.  Also, since this drills really deep holes, we 

donôt mount the drill bit directly to the unit.  We keep the bit on bottom 

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 reasons, but weôll stick with the simplest one for instructional 

purposes:  the drill mud removes cuttings as we drill, through the powers 

of force, hydrostatic pressure, fluid viscosity and fluid surface tension. 

 

Since this is a big machine and it drills deep, it has two parallel motors 

that connect at a gearbox, to turn the Top Driveôs shaft at a 10.5:1 speed 

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 drill can change its own drill pipe without minimal 

hands-on assistance from a human.  It can twist 360-degrees infinitely in 
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either direction and then lock into any position.  It can pick up or release 

each section of drill pipe, screw into or out of the next piece.  The rigôs 

Driller controls the machine like itôs a remote-controlled robot.  The 

robotics are provided by a hydraulic system (tank, pumpsé cylinders 

providing mechanical movement) thatôs built onto the Top Drive, 

controlled by the Driller electrically from the rig floor.  The only real 

ñhands onò occurs when latching to, or unlatching from, a piece of pipe.  

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 a huge time saver.  While this machine is drilling, we can 

now make up (connect) three joints (pieces) of interconnecting drill pipe 

into triple sections, using a hoist and a floor wrench.  These triples, 

collectively called stands of drill pipe, can then be stacked in a óstandard 

tripleô derrick (172ô mast, +/- ~ 6ô), and when the Top Drive is drilled 

down to the rig floor, the crew sets slips (an interconnected band of pipe 

wedges) around the top pipe in the interconnected stack (called a drill 

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

Drive until his weight indicator 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 from the drill 

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 Top Driveôs elevators with enough 

force that they automatically latch around the pipe, then 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. Donôt need the handle. 

3. Letôs invert it since weôre drilling into the ground.   

    The broomstickôs nice, keeps from twisting your  

    wrist off, but we can adapt something better. 

4. So we remove the broomstick grip and we attach     

    the unit to an I-beam with brackets and wheels that  

    travel recessed in both sides of the beam, up and  

    down.  Then weôll secure the upright beam to a  

    crossbeam or girt that travels horizontally between  

    the derrickôs A-legs.  Youôll notice that we got rid  

    of that puny single-phase power cord.  Hell, we  

    made the motor bigger.  Itôs a three-phase motor,  

    rated for 600V AC.  Its power wires are protected  

    inside a big hose that comes from the VFD House. 

5. You know what, letôs replace that big motor with  

    twin motors, 400 HP each.  Weôll use the same  

    power service loop (power cord), weôll just split  

    the three phases between each motor. 

6. Ok, those motors now spin the same direction, but  

    theyôre kinda fast.  Oh, and they need to turn a  

    singular shaft.  So weôll mount a big bull gear to  

    the main shaft, and set it inside a gearbox.  The  

    pinion gears of the motors will each turn an  

    intermediate gear, which in turn will turn the bull  

    gear in the same direction of the motors.  The  

    bigger (more teeth) the bull gear, the greater the  

    speed reduction.  Weôre shooting for 10.5 to 1.   

    Also, we added a blower assembly to the top of  

    each motor, to keep them cool.  Each blower fan is  

    driven by a 5 HP motor, also 3 phases and 600  

    VAC, but at lower amperage (much smaller wires). 

7. Now that I think about it, weôre going to add some  

    robotics later.  So letôs install the first parts of a  

    hydraulic system.  Weôll squeeze a 25-gallon  

    hydraulic reservoir between the motors and install  

    an HPU under the gearbox, consisting of a 10HP  

    motor (3-phase 600VAC) which turns a primary  

    hydraulic piston pump.  Weôll also add a  

    ópiggybackô vane pump for the gearbox lube  

    system later.  Itôs mechanically splined to the main. 

8. Letôs add a power cord to the Top Drive.  This one  

    will be a 19-Pin, having 18 to 20 individually  

    insulated wires inside of it, depending on the cable 

    manufacturer.  Weôll run this óAuxiliary Service Loopô (because it powers the three auxiliary motors we just addedðblower, blower, HPU motor) from the  

    VFD House to the Top Drive, and weôll add a junction box where the cable terminates.  Then weôll run a pigtail wire from each aux motor to the J-box.  

9. Weôre gonna need a way to pump drilling fluid down through our hollow drill shaft and hollow drill pipe.  This fluid cools and lubricates the bit, helps build  

    up a wall cake inside the uncased hole to keep it from collapsing, and it removes the cuttings and brings them back to the surface.  The problem is, we canôt  

    just connect our mud hose, or Kelly hose, to a rotating shafté itôll twist right off.  So weôre gonna add an intermediate hollow piece that swivels inside of a  

    bonnet.  This will allow the mud to stay sealed inside its path, and on the top of the bonnet weôll have a stationary connection for our Kelly hose. 

10. Here we see it all together.  The swivel pack reverse threads into the main drill shaft below (aka stem or quill), and reverse threads to the bonnet above. 

11. Now weôre going to add some components below to manipulate the drill pipe.  First we need a way to rotate the bottom of the Top Drive 360 degrees, since  

    the top is fixed (connected to a stationary track).  Thankfully, the technology already exists, with something called a rotary manifold (depicted in the image  

    by the letter óRô).  A rotary manifold allows us to transfer stationary hydraulic circuits to another part of a machine that moves and has its own own lines.   

    Weôll put ears on the manifold so we can hang some arms or links, and connect a latching clamp (pipe elevators) to the bottom of those links for controlling  

    the pipe.  Our rotary manifold with earsé weôll call it a Rotating Link Adapter (RLA).  To secure this heavy sonofagun, weôll install a Load Collar on the  

    drill shaft just underneath it.  Also, weôre gonna hang a torque tube off the bottom of the RLA, and at the bottom weôll install a grabber assembly with a  

    piston for gripping the pipe when we want to make up or break out (screw / unscrew). 

12. Letôs complete the hydraulic system.  Weôll now install a manifold (MFLD) downstream from the main pump (P).  Hereô weôll dial the incoming pressure  

    down to 2,200 PSI, and install electrically-actuated directional valves that the Driller can control functions with buttons and switches.  Weôll connect the  

    hoses for our robotic elements to the manifold (cylinders (C), hydraulic motors (M)é so can move those links back and forth, grip the pipe, rotate the  

    manifold, etc.).  The electric-over-hydraulic valves, called solenoid-operated valves, will need another power cord.  Weôll use a big one, a 42-conductor, and  

    connect it to the J-box as well.  Weôll use all those extra wires to power little sensors like an encoder, pressure switches, and drill motor RTDôs also.  Done. 
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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, every joint 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 kelly drilling uses the rig floorôs Rotary Table to turn the 

through-passing drill string.  The first top-down drive system was called 

the ñhydraulic drive power sub unit,ò invented by a company called 

Baash Ross and used offshore on the drillship Nola I in the early 1950ôs.  

In the 1960ôs, after several other offshore companies were using 

hydraulic power sub technology, the hydraulic power swivel made its 

debut on the dynamically positioned coring vessel EUREKA.  It wasnôt 

until the 1970ôs that Brown Oil Tools, Inc. partnered with S.R. Bowen 

of Bowen Tools, Inc., to produce the first fully -electric power swivel, 

which was patented by Brown as an ñelectric power drive assemblyò in 

1975.  In 1976, the company ARCOðwhich is not affiliated with 

Varcoðimproved this design to produce a high-speed electric power 

swivel.     

 

In 1981, a man named Duke Zinkgraf was working at SEDCO, now 

known as TransOcean.  He conceptualized a means of drilling top-down 

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 and land-based drilling 

the world over.  He took his idea to the Varco manufacturing plant in 

Orange, California.  Varco embraced the concept, assigned a team of 

R&D engineers to the project, and early in 1982 put the first ñTop Drive 

Systemò prototypes to work on the SEDCO jackups Sedneth 201 and 

202, drilling for Abu Dhabi Marine Operating Company in the Middle 

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

worldôs first commercially available Top Drive, the TDS-3.  An 

improved model, the TDS-4, was awarded the P.E.I Engineering 
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Innovation Award at OTC in Houston the following year.  Duke 

Zinkgraf is recognized as the father of the Top Drive drilling 

system. 

 

With the TDS-6 model, Varco partnered with GE to marry 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 GEB-20 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 first 2-speed 

Top Drive, released in 1988; and the first dual-motor unit, the 700HP 

TDS-9S. 

 

Many companies in the 80ôs and 90ôs contributed to Top Drive 

development.  Maritime Hydraulics, now grafted into Aker Solutions, 

introduced the link-tilt technology that is widely used.  Tesco 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 TDS-11 500-Ton, 800 HP 

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

history, with more than 2,000 units soldé thatôs an average of over 

100 units per year for the past two decades. 

 

A sidebar on non-profitable time ï whatôs interesting, is that Top 

Drivesðall Top Drives including the TDS-11ðare responsible for more 

down time on drilling rigs today than any other piece of equipment.  Part 

of the reason is that they do not have backup alternatives:  during much 

of a rigôs drilling activity per well, a mud pump or engine-driven 

generator can 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 price of a TDS-11é so when times are good and drilling activity is 

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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The up-front cost of downtime or NPT for a standard double or triple 

drilling rig, in terms of crew pay, fuel consumption, and all quantitative 

factors is ~$800 +/- $100.  The total cost of downtime, weighing 

intangible and after-incident factors, can be up to three times that 

number.  For example, the longer a rig remains on downtime, the more 

personnel become involvedé even if only over the phone.  Time spent 

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 3rd-party hand for thirty-two different drilling 

contractors, Iôve experienced rigs who rarely accrue even the five-to-ten 

hours their operator might afford per month.  Conversely, Iôve worked 

on rigs that regularly see >50 hours of equipment-related downtime per 

month.  While older equipment, smaller company budgets, and poor 

weather or well conditions are always factors, the number one 

discriminator between these two types of companiesé is people.  

Attitude and aptitude of company leaders and workers in the drilling 

industry will most often determine which type of rigs they have, 

comparable to the examples above.  This 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  TDS-11 General Specifications       
 
Top Drive  Weight   27,000 lbs. (+/- 2,000 config.-based) 
   Stack-up Height  мтΦуΩ 
   Power Requirements 700 KVA @ 575-600 VAC, 50/60 Hz 
   Horsepower   800 HP (400 per motor) 
   Output Torque (Cont) 37,500 ft. lb. (800 HP) 
   Tool Torque (Intermit) 55,000 ft. lb. 
   Maximum Speed  228 rpm (w/ 4.38:1 reduction option) 
   Hoisting Capacity  500 ton (API 8C, PSL-1, SR-1) 
   Drilling Capacity  500 ton (API) 
   Static Locking Brake 39,000 ft. lb. 
   Load Path   Single 
   Gooseneck Entry  3" 1002 Female Union 
   S-Pipe Hose Connection 4" API Pipe or 4" 1002 Female Union 
   Rotating Head (RLA) Infinitely positionable 
   Water Course  рΣллл Ǉǎƛ /²t όоΦлέ ǿŀǎƘ ǇƛǇŜύ 
 
Drilling Motors Type    Reliance AC-575 VAC (2 x 400 HP) 
   Rated Speed   1,200 RPM  
   Maximum Speed  2,400 RPM 
   Max Continuous Torque 1,800 ft. lbs. (each) 
   Max Intermittent Tq. 2,600 ft. lbs. (each) 

 
Pipe Handler Type    PH-75 (75,000 ft. lb. Backup Torque) 
   Upper IBOP (Remote) 6-рκуέ !tL wŜƎǳƭŀǊΣ wIΣ .ƻȄ ƻƴ Box 
   Lower IBOP (Manual) 6-рκуέ !tL wŜƎǳƭŀǊΣ wIΣ Pin on Box 
   IBOP Pressure Rating 15,000 psi CWP 
   Saver Sub Min Shoulder уέ 
   Elevator Links  350 ton or 500 ton API 
 
Drill Pipe  Sizes    оΦрέ ǘƻ 6-5/8έ όпέ ǘƻ 8-1/2έ h5 Joint) 
 
VFD   Types    ABB ACS800, 575-600 VAC  

IDM Yaskawa Drive (800 HP, 575 VAC)  
       Siemens (800 HP, 600 VAC) 
Motor Braking Type    Hydraulic Caliper Disc Brakes 
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Motor Cooling Type    Local Intake Pressure Blower 
   Power   (2) 5 HP AC Motors 
   Speed    3,600 rpm 
   Output   1,100 cfm 
 
Transmission Type    Single Spd, Double Reduction Helical 
   Reduction   10.5:1 (4.38:1 optional) 
  Gears    (1) 102T Bull gear, (2) 34T motor  

     pinion gears, (2) 63T/18T compound 
 
Gear Lubrication Type    Pressure feed, filtered 
   Reservoir Capacity  15 gal 
   Flow Rate   10 gpm 
   Oil Pressure   33 psi optimal 
   Low Pressure Indication 20 ς 18 PSI Descending 
 
Hydraulic System Power   10 HP, 600V AC Motor 
   Flow Rate   8.0 gpm/3.5 gpm (Hi/Lo) 
   Reservoir Capacity  25 gal 
   System Capacity  25 gal 
 
 
 
 
 
 
Performance  
Curve 

 
 
 
 
 

Figure 4.1  
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Current-to-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 section names the tools required to work on the TDS-11 Top Drive, 

in checklist form. 

 
ITEM/TOOL/EQUIPMENT:        QUANTITY:    CHECK: 

I.  PPE AND GENERAL RESPONSE ITEMS 
 
SERVICE TRUCK       1   _______ 
SERVICEABLE SPARE TIRE     1   _______ 
FIRST AID KIT       1   _______ 
CELL PHONE       1   _______ 
CELL BOOSTER       1   _______ 
BLUETOOTH HANDS-FREE DEVICE    1   _______ 
RIG DIRECTIONS / GPS (CELL) AND PHYSICAL MAP  1   _______ 
VEHICLE A/C INVERTER     1   _______ 
FILLED WATER COOLER (OR 2 CASES WATER)  1   _______ 
FOOD FOR TWO DAYS      A/R   _______ 
LAPTOP       1   _______ 
ETHERNET CABLE      1   _______ 
EXTERNAL DRIVE W/ PRINTS & MANUALS   1   _______ 
FLAME-RESISTANT COVERALLS    2   _______ 
HARD HAT       1   _______ 
PAIR STEEL-TOED WORK BOOTS    1   _______ 
H2S MONITOR       1   _______ 
SAFETY HARNESS      1   _______ 
LOCKING STUBAI-85 STEEL CARABINERS   2   _______ 
OVERHEAD TOOL BAG     3   _______ 
TOOL LANYARD WITH SELF-LOCKING D-RINGS  4   _______  
PAIR THIN WORK GLOVES     3   _______ 
RUBBER GLOVES (BOX)     1   _______ 
PAIR IMPACT GLOVES      1   _______ 
PAIR CLEAR OR TINTED SAFETY GLASSES   1   _______ 
PAIR SAFETY SUNGLASSES     1   _______ 
FACE SHIELD       1   _______ 
 
II.  TOOLS AND TOOL KITS 
 
ASSORTED HYDRAULIC FITTING KIT    1   _______ 
HYDRAULIC HARD LINE REPAIR KIT (FLARE OR FERRULE) 1   _______ 
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ASSORTED NUT, BOLT, & WASHER KIT   1   _______ 
ASSORTED SWITCH, FUSE, AND BULB KIT   1   _______ 
ASSORTED BATTERY KIT ς 2 SPARE SETS FOR EACH TOOL 1   _______ 
MULTIMETER       1   _______ 
AMP CLAMP       1   _______ 
MEGGER       1   _______ 
18V BATTERY-OPERATED DRILL & CARBIDE INDEX SET 1   _______ 
му± ѹέ Lat!/¢ !b5 {h/Y9¢ {9¢{ ό599t ϧ {I![[h²ύ 1   _______ 
18V BATTERY CHARGER      1   _______ 
18V BATTERIES      4   _______ 
UNIBIT        2   _______ 
SET HEX NUT DRIVER BITS      1   _______ 
SET ALLEN HEAD BITS      1   _______  
HYDRAULIC TEST KIT (STAUFF OR SIMILAR)   1   _______ 
NITROGEN ACCUMULATOR TEST KIT    1   _______ 
DIAL INDICATOR      1   _______ 
VERNIER CALIPERS      1   _______ 
нрΩҌ w9¢w!/¢!.[9 ¢!t9 a9!{¦w9    1   _______ 
рΩ .!w        1   _______ 
LARGE CROW BAR      1   _______ 
FLAT PRY BAR       1   _______ 
/!¢Ω{ /[!² κ b!L[ t¦[[9w     1   _______ 
10 LB. SHOP HAMMER     1   _______ 
RUBBER MALLET      1   _______ 
BRASS HAMMER      1   _______ 
LARGE STEEL WIRE BRUSH     1   _______ 
SMALL BRASS WIRE BRUSH     1   _______ 
COLD CHISEL & PUNCH SET     1   _______ 
SCRAPER / PUTTY KNIFE     1   _______ 
TAP & DIE SET       1   _______ 
BOLT & SCREW EXTRACTOR SET    1   _______ 
STANDARD O-RING KIT     1   _______ 
VITON O-RING MAKING KIT     1   _______ 
BUNA O-RING MAKING KIT     1   _______ 
GASKET MAKING KIT      1   _______ 
TURBO TORCH       1   _______ 
TORCH FUEL       2   _______ 
ELECTRIC GRINDER      1   _______ 
GRINDER METAL GRINDING WHEELS    2   _______ 
GRINDER SOFT WHEELS     2   _______ 
GRINDER METAL CUTTING DISKS    4   _______ 
GRINDER WIRE WHEEL, SIDE BRUSH    1   _______ 
GRINDER WIRE WHEEL, FRONT BRUSH   1   _______ 
DIE GRINDER W/ ACCESSORY KIT    1   _______ 



 

64 
 

DIE GRINDER ASSORTED FLAPPER WHEELS (BOX)  1   _______ 
DIE GRINDER ASSORTED DISKS (BOX)    1   _______ 
DIE GRINDER METAL CUTTING DISKS    5   _______ 
SOLDERING GUN W/ ACCESSORIES    1   _______ 
мκнέ w!¢/I9¢ !b5 {h/Y9¢ {9¢ ό{¢!b5!w5ύ  1   _______ 
оκуέ w!¢/I9¢ !b5 {h/Y9¢ {9¢ ό{¢!b5!w5ύ  1   _______ 
мκпέ w!¢/I9¢ !b5 {h/Y9¢ {9¢ ό{¢!b5!w5ύ  1   _______ 
SET OF SOCKET EXTENSIONS     1   _______ 
мκнέ X 150 LB. TORQUE WRENCH    1   _______ 
оκпέ · 600 LB. TORQUE WRENCH    1   _______ 
TORQUE MULTIPLIER      1   _______ 
мκнέ ¦bL±9w{![ κ {²L±9[ I9!5 !5!t¢9w{   3   _______ 
оκуέ ¦bL±9w{![ κ {²L±9[ I9!5 !5!t¢9w{   3   _______ 
{9¢ hC {¢!b5!w5 9b5 ²w9b/I9{Σ мκпέ ς 1-1/2έ  1   _______ 
1-мκнέ {t9/L![¢¸ ²w9b/Iϝ     1   _______ 
SET OF STANDARD STUB WRENCHES, 1/4" ς мέ  1   _______ 
{9¢ hC {¢!b5!w5 /wh²Ω{ C99¢Σ мκпέ ς мέ   1   _______ 
оέ I!aa9w ²w9b/I     1   _______ 
SMALL SET OF STANDARD ALLEN WRENCHES  1   _______ 
SMALL SET OF METRIC ALLEN WRENCHES   1   _______ 
SET OF T-HANDLE STANDARD ALLEN WRENCHES  1   _______ 
SET OF T-HANDLE METRIC ALLEN WRENCHES  1   _______ 
SET OF STANDARD HEX NUT DRIVERS   1   _______ 
SET OF STANDARD SCREWDRIVERS    1   _______ 
SET OF PHILLIPS SCREWDRIVERS    1   _______ 
SET OF SMALL ELECTRICAL SCREWDRIVERS   2   _______ 
SIDE-CUTTING DIKES      2   _______ 
FRONT-CUTTING DIKES     1   _______ 
SAFETY WIRE PLIERS**      1   _______ 
.032 SAFETY WIRE**       2   _______ 
.041 SAFETY WIRE**       2   _______ 
.051 SAFETY WIRE**       2   _______ 
ID SNAP RING PLIERS      1   _______ 
OD SNAP RING PLIERS      1   _______ 
STANDARD PLIERS      1   _______ 
VARIOUS NEEDLE-NOSE PLIERS    4   _______ 
ADJUSTABLE / CRESCENT WRENCH9{ όсΣέ уΣέ млΣέ мнέύ 4   _______ 
VISE-GRIPS       1   _______ 
VARIOUS CHANNEL LOCKS (SM / MED / LG)   3   _______ 
DRAG MAGNET OR TELESCOPING MAGNET   1   _______ 
MAGNETIC BOLT TRAY     1   _______ 
FLEXIBLE CLAW FISHING TOOL    1   _______ 
ELECTRICAL PLIERS      2   _______ 
PIN CRIMPER AND PUSH TOOL SET    1   _______ 
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FERRULE KIT W/CRIMPERS     1   _______ 
CABLE LUG CRIMPERS 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 1   _______  
PAIR ELECTRICAL GLOVES     1   _______ 
SET ASSORTED COLOR ELECTRICAL TAPE   1   _______ 
SET ASSORTED COLOR ZIP-TIES    1   _______ 
BOX OF ASSORTED WIRE NUTS    1   _______ 
BAGS OF BUCHANAN COPPER BUTT-SPLICES W/ CAPS 2   _______ 
PACKAGES OF SM - LONG HEAVY-DUTY ZIP TIES  4   _______ 
ROLLS ELECTRICAL TAPE     6   _______ 
ROLLS TEFLON TAPE      2   _______ 
ROLL DUCT TAPE      1   _______ 
BOX RAGS       1   _______ 
BOX SHOP TOWELS      1   _______ 
CONTAINER OF HAND CLEANER    1   _______ 
CAN WD-40       1   _______ 
CONTAINER DRY GRAPHITE LUBRICANT   1   _______ 
CAN PB BLAST       1   _______ 
GREASE GUN       1   _______ 
TUBES RED NGLI GREASE     4   _______ 
TUBES CHEVRON EP2 BLACK PEARL GREASE   2   _______ 
CONTAINER OF LIQUID TEFLON    1   _______ 
TUBE ANTI-SIEZE COMPOUND    1   _______ 
TUBE LOCTITE / THREADLOCK    1   _______ 
TUBE SUPERGLUE      1   _______ 
ROLL SHEET RUBBER      1   _______ 
HIGH-VOLTAGE SPLICE KIT     1   _______ 
SMALL HEAT SHRINK TUBING KIT    1   _______ 
MEDIUM HEAT SHRINK TUBING KIT    1   _______ 
LARGE HEAT SHRINK TUBING KIT    1   _______ 
ASSORTED SIZE ZIPPER SHRINK KITS    3   _______ 
2-PART POTTING EPOXY KIT     1   _______ 
PENS, MARKERS, PAINT MARKERS, NOTEBOOKS EACH 2   _______ 
 
* Note 1:  Traditional TDS-11 configurations often require a 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 purpose, we use pre-drilled bolts with thru-cable and crimped 
ferrules, or traditional safety wire.  Guidance is per OEM, and per API Spec 8C Sec. 4.9.3.  Safety 
wiring instructions are found in Chapter 1 of the TDS-11 Service Manual.   
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Figure 5.1
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CHAPTER 6: 

TDS-11 Main Assemblies & Subcomponents 

 

In this section, we will learn the following: 

 

 1.  The seven major sections / systems of a TDS-11 Top Drive 

 2.  The names and locations of some key TD subcomponents 

 3.  A rudimentary illustration of how the hydraulic and electrical  

     systems interact 

 

  

Notes:  In this and subsequent chapters, you will notice a recap of some 

principles or basic components covered in Chapter 1, applying them 

now to the TDS-11.  This repetition is intentional to aid in memory 

retention.   

   

2.1  Main Assemblies 

 

There are seven major sections / systems on the TDS-11 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.  Power Section 

 

There are two 400-HP 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 top-mounted 5HP blower motor, blower fan, and 

hydraulic brake assembly.  The left side (DS) motorôs blower shroud 

houses a heat exchanger.  The right side (ODS) motorôs blower shroud 

houses a pulse encoder, which 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 measurement, adjustments, and drive 

fault indications.  

 

 
 

Figure 6.1 
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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 a 10.5 to 1 reduction. 

 

Inside the transmission, each of the two motor pinion gears turns a 

respective compound gear.  A compound gear is a single component 

with two different diameters and tooth counts.  Youôll see an illustration 

on the next page.  The compound gears transmit the motor torque to turn 
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a large, centralized bull gear, 

which is bolted to the hollow 

drive stem (aka main shaft or 

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.  

Attached to the bottom of the 

drive stem, in descending 

order, are the upper IBOP, 

the lower IBOP, and Saver 

Sub.  Attached above the 

drive stem is a swivel pack 

(encased by a protective 

bonnet), which is attached 

toðand rotates withðthe 

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) 
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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 case pressure in the gearbox is 

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

makes the ñOil Pressure 

Lossò lamp on the 

Drillerôs Console 

illuminate when pressure 

drops between 20 to 18 

PSI descending.  

Extended operation of the 

Top Drive with less than 

12 PSI gear case pressure 

will cause a catastrophic 

failure of the gearbox. 

     Figure 6.5 
 

 

Figure 6.6 
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3.  Mud Circulation 

Top Drive systems are an integral part of the rigôs drilling fluid 

circulation system, and have proven instrumental in the development of 

horizontal drilling technology.  Standpipe fluid under pressure is 

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 approximately 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 (~ -4ô). 

The hose connects to the S-Pipe at the TD, 

which is of rigid HP construction and 

fixed to the TD with a rubber-lined robust 

clamp  (S-Pipe can be configured for 

either side of the TD).  The S-Pipe then 

transfers fluid to the goose neck, which 

directs fluid downward into the bonnet 

through the swivel pack while also 

providing for well intervention with a 

wireline cap.  Because the IBOP valves are 

rated at 10K PSI, the only restrictive 

element that comes standard on a TDS-11 

is its 3ò 5K PSI wash pipe at the core of the packing.  

With the sweep of land triples upgrading to 7,500 PSI 

MP fluid ends over the past decade, the TDS-11 and 

similarly-rated Top Drives upgraded to 4ò 7,500 PSI 

washpipes.  The future of land drilling begs a 

complete 10K PSI circulation system, but it will likely 

require the redesign of entire drill strings among other 

equipment, and probably a revisit of API RP 53.       Figure 6.7 (a) and 6.8 (b) 
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4.  On-board Hydraulics  

This 25-gallon system includes the reservoir, suction strainers, hydraulic 

pressure filter, main manifold, accessory manifolds, RLA, pre-charged 

accumulators, actuators (pistons / cylinders and hydraulic motors), steel 

lines and hoses.  The TDS-11 is the first commercial Top Drive to boast 

a completely ñon boardò hydraulic system; nearly all other Top Drives 

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 ground-mounted skid.   

Main hydraulic system fluid is driven by the 3.5 ï 8 GPM HPU piston 

pump.  Gearbox lubrication is provided by a hydraulic motor that is 

driven by the HPU vane pump.  The HPU electric motor is powered 

through the 19-pin auxiliary service loop.  All hydraulic functions are 

electrically actuated via VFD House-supplied 24VDC power through the 

42-pin composite service loop.  When a robotic function is selected by 

the Driller, 24V passes through a closed switch contact at the Driller 

controls, down to the VFD house, where it is re-routed through the 42-

pin to the Top Drive Junction Box (hereafter, J-Box).  The actuating 

voltage then powers one of seven 

solenoid-operated (directional) 

valves, or SOVôs.  The solenoid 

essentially acts as an electromagnet, 

forcing the spool against spring 

pressure to allow pressurized 

hydraulic fluid to flow to the desired 

side of its respective actuator.  The 

hydraulic system is fully detailed in 

Chapter 9. 

          Figure 6.9 
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5.  Electrical Section   

The TDS-11 receives power via three separate service loops that begin at 

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

derrick, and hang from 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 models incorporate 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 

heavy-duty nylon ósockô or coiled with large-diameter plastic hose wrap.  

The service loop bundle comprises three individual service loops: 

(1) A 600V 3-phase power service loop with grounds, contained in 

a durable 4ò hose and flange-mounted to a weldment plate on the 

side of the TD.  The three large armored cables in this loop have 

colored plugsðblack, white, and redðwhich 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 motors (for rotation, speed and torque), the loop 

supplies power to nothing else.  For 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 (LOTO and look for physical cable / plug deficiency).   

 

 

Figure 6.10 
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(2) The 19-pin auxiliary service loop supplies 3-phase, 600V 

power and ground wires to the three auxiliary motors from their 

respective motor starters in the VFD House:      

 

Figure 6.11 

 

  The 19-pin also provides 120 VAC power to the drill motor  

heaters for cold-weather applications.  So the aux motors and  

the drill motor heaters, and nothing else.  If youôre  

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 drill 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 3rd-party gets called out, to determine which service loop  

a customer needs to get coming.  Thatôs why Iôm reiterating. 

  

3.  The 42-pin composite service loop supplies power from  

the VFD House to the TD J-Box for robotics (SOVôs) and  

sensing devices (pressure switches, motor RTDôs [overtemp  

warning devices], and the encoder.  If the Driller is getting a  

blower loss light or indication, and the blower is still  

blowing, suspect a blower pressure switch or some segment  

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

blower motor, motor starter breaker, or some segment of the  

19-pin.  Get it?  Good. 

  

In traditional rig layouts, the 42-pin and 19-pin service loops are 

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 outer power loop).   

 

6.  Pipe Handler   

 

The PH-75 Pipe Handler (rated at up to 75,000 ft. lbs of torque) mounts 

underneath the RLA and is comprised of four major components:  the 

torque arrestor, the clamp cylinder or grabber assembly, the IBOP 

actuator yoke & piston, and the link-tilt assembly consisting of two 

cylinders and the link-tilt crank.  As described, the Pipe Handler uses 

electrically-actuated, hydraulically-operated piston and cylinders to 

handle pipe. 
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Figure 6.12 

 

  
 

                                  Figure 6.13                                                    Figure 6.14 
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7.  Carriage and Hoisting 

 

The Top Drive is hoisted up and down in the derrick by a 500-ton 

McKissick hook & block combo [or other variable combination of block 

and hook], controlled by the Drawworks.  The hook connects to the Top 

Drive bail.  In this conventional setup, the TDS-11 Top Drive has four 

(4) bogey roller assemblies attached to a carriage thatôs bolted to the TD, 

which ride up and down a modular track at the back of the unit.  In the 

case of dolly-mounted TDS-11ôs that have guide runners which ride 

along the sides of the derrick (where the traditional track and carriage is 

not used), the blocks may not have a hook, rather an attachment which 

accepts pins for the TD arms (used in lieu of a bail).    This configuration 

of Top Drive, fyi, was originally called the TDS-11HP, named after the 

first customer to incorporate the design change. 

 

 

Figure 6.15 
 

The following page provides a simple illustration of how the TDS-11ôs 

hydraulic and electrical components / circuits interact. 
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Figure 6.16
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CHAPTER 7: 

Top Drive Operation and Controls 

 

In this section, we will learn the following: 

 

 1.  The definition and explanation of controls 

2.  Common control configurations that are available today 

3.  Where to find your configuration on the Student Thumb Drive 

 3.  How to operate the TDS-11 Top Drive 

 

So when I was developing this trainingðas in right now, as Iôm writing 

thisðIôd like to avoid writing a manual within this chapter.  So hereôs 

what weôll do.  Weôll talk about controls, then weôre going to discuss the 

different drive control systems for the TDS-11, which basically means 

machine controlsé and then weôll talk about the different operator 

interfaces, or human controls for the TDS-11.  Weôll cover the basic 

gist of all of them, and Iôll teach you how to fish (which manuals to look 

for in your student thumb drives to find answers, based on the system 

youôre using).  Then weôll use the classic Varco Drillerôs Console of a 

brake handle rigðthe simplest methodðto explain the basic operation 

of the Top Drive.  Sound good?  Letôs git after it. 

 

7.1  What are Controls?  A control is any device we use to start, use, or 

stop a machine.  When we say ñcontrolsò in plural, it usually refers to a 

control systemé which is an interconnected network of physical 

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

regulate a machine.  Controls can be manual or mechanical, pneumatic, 

hydraulic, electric, electronic, or fiberopticé and a control system uses 

a few different types of controls that work together to make a machine 

do what we want. 

 

To illustrate, weôre going to use power wrenches as our example, or 

ófloor wrenchesô in the oilfield.  If youôve ever used a Blohm & Voss 

Floorhand, youôll note that when you push or pull a handle, you are 

physically moving a valve spool that is attached to that handle, because 
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the handles are mounted on the valve bank.  An NOV ST-80 works in 

similar fashion but adds a level of complexity.  While you are still 

moving handles to mechanically operate the machine, those handles are 

connected to cables, and the cables are routed to the valve bank to move 

the hydraulic valve spools.  These are examples of manual controls.   

 

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

hydraulic but the actuators are not mechanical handles or cables.  

Theyôre typically air actuated (USA Oil Tools wrenches, for example).  

So when you lift a handle, air under 120 PSI pressure is ported through a 

3/8ò air hose to a pneumatic actuator on the hydraulic valve bank, to 

move the spool and direct fluid.  Even some doubles and triples still use 

air-actuated floor wrenches.  Anybody remember the Hawkjaw Sr.?  Itôs 

an overbuilt set of pipe spinners with articulating jawsé and it floats off 

the A-leg like manual tongs do.  Pneumatic over hydraulic controls.  

Uses Lincoln tubes instead of hoses. 

 

Hydraulic controls:  Schrammôs T-Series rigs use hydraulically-actuated, 

hydraulically operated tools.  Their valve banks have hydraulic 

actuators, and the Drillerôs control panels have handles and knobs that 

direct pressurized fluid when moved, actuating a hydraulic valve spools 

by pushing against them hydraulically.  That concept is called ópilot 

pressureô when hydraulics are used to actuate other hydraulic devices. 

 

Then weôve got the IR-3080 and TM-80 or 120.  Electric over hydraulic.  

The coup de grace is found on state-of-the-are offshore rigs, where 

everything is automated and usually begins electronicallyé by pushing 

a button on a touchscreen.  Ultimately, a hydraulic valve spool still gets 

moved to do the action, but as you can see, power wrenches offer the 

full spectrum of controls options. 

 

7.2  TDS-11 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 

bigger than a port-a-shitter).  Youôll know youôre in this house if, when 
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you open the door to enter, thereôs a red digital screen with two or three 

digits that look like letter-numbers (is that an óFô or a ó7ô?).  The house 

was made by Siemens and uses Siemens drives, aka inverters, aka 

VFDôs or Variable Frequency Drives.  IF YOU EVER FIND 

YOURSELF in one of these houses because your TDS-9, 10, or 11 is 

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

way to fix speed or torque issuesðafter youôve shut down the unit, 

LOTO and checked out all the power cables (same cables, slightly 

smaller black/white/red 646 with smaller plugs), is to run the driveôs 

ñAuto Parameterizationò function.  You have to do it several times for it 

to work, usually.  How do you do this?  Read the instructions.  That 

brings us to # 2:  the Siemens Simovert Compendium.  This is the Bible 

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

it enough, youôll start to understand it.  Promise.  Itôs on your student 

thumb drive.  Cool about this house:  encoder bypass is just a switch. 

 

Next up, the IDM Yaskawa Drive House.  Same frame and setup as the 

Siemens House mentioned above, only with different inverters.  Though 

Yaskawa drives are still used for the TDS-11 in Omron applications, and 

in Canrig and GDM Top Drive VFD Houses, the IDM Yaskawa Drive 

House for TDS-11ôs is believed to be completely phased out on land rigs 

today.       

 

Ok, this next one is still pretty popular with customers in West Texas, 

anyway.  For anyone who has a DC rig (SCR rig) and a TDS-11 Top 

Drive, they probably have one of the three classic variations of ABB 

Stand-Alone Drive House.  All three have two (2) ABB ACS-800 drives 

that control speed and torque for the TD, and a standard ABB keypad 

mounted on the wall, looks like the photo 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 knee-level with a clear plastic 

case around it, then you have the rarer of these three versions of VFD 

house, the ABB Finnish Drive House (made in Finland). 
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 Figure 7.1                   Figure 7.2 

 

 

 

So, the Finnish ABB house is configured differently, but the other two 

are identical except 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 can find some.  The other 

house uses SBC technology (NOV Amphion), and the Drillerôs Console 

is different.  You have the prints for all styles of ABB VFD House on 

your student thumb drive:  PLC, SBC, and Finnish houses.   

 

 
 

Figure 7.3 
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Moving on to AC rigs.  AC rigs donôt need ñstand-aloneò Top Drive 

VFD houses, because the Top Drive, Drawworks, and Mud Pumps all 

use AC drives (inverters) in whatôs called an Integrated Drive House.  If 

you have an NOV rig, youôll either see those same ABB keypads for 

each piece of equipment, or you might see Siemens Sinamics or 

Simatics controllersé could be button-style or touchpad.  If you have 

one of these rigs with ABB drives, you have a set of prints on your 

Student Hard Drive.  If theyôre Siemens drives, youôll need to obtain a 

copy of the prints.  I have several that are similar but none for the TDS-

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

changes too fast to keep up.  The good news is, for all NOV TDS-11 

drive houses, if youôre an end user (work for a drilling contractor), you 

can usually get a copy emailed to you if you sweet talk the tech support 

folks at NOV.  What youôll need is the 4-digit Job Number thatôs on the 

data plate of your VFD houseé usually mounted just outside the door.  

If your house is so old that it doesnôt have a data plate, good news!  You 

have the info now to determine what kind of VFD house youôre dealing 

with.  If itôs not an NOV design of drive system, youôll need to see who 

your company used when they built the rig.  IEC, IDC, IPS, Unicoé 

there are all kinds of customer-unique VFD designs, albeit relatively 

rare.  Hope this info helps you understand the different configurations a 

little better than you did already.  

 

7.3  Operator Interfaces.   

 

Now comes the fun part.  In a brake handle scenario, the operator 

(Driller) of a TDS-11 typically uses either a traditional Varco Drillerôs 

Console (VDC), an Amphion VDC, or in conjunction with an EDS 

system.  In a Drillerôs Cabin / cyberbase setting, the Driller will likely 

use an Amphion or Omron programôs HMI screené (Human-Machine 

Interface, aka touchscreen).  Of course, there are some outliers that use 

other custom-designed programs & systems.  All of the ones I just 

mentioned are pretty easy to use once you get the hang of them, and the 

instructions for each areðyou guessed itðon your thumb drive.   
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Here are the basic operator interfaces.   

 

For brake handle drilling: 

  
Figure 7.4 ÿ Varco Drillerôs Console 

 
Figure 7.5 ÿ NOV Driller Control Console 

 

 

 

 
Used in conjunction with one of the 

consoles above:  EDS or AutoDriller 

system (Pason, Totco, WildCat, e.g.) 

 
 

 
Figure 7.5 ÿ NOV Electronic Drilling System (EDS) 

 


