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Preface

This book provides detailed theory and working princi-
ples of positive displacement motors based on Moineau
principle. Our aims are to (1) emphasize the basic prin-
ciple involved in the operation; (2) instill theory in
the operation of the motor; (3) explain the application
with reference to drilling framework; and (4) provide
the advancement in this area in the recent years. The
text is intended for designers, practical field personals,
and drilling engineers. It can also be used as a supple-
ment book for downhole drilling tools study and other
advanced drilling courses. The mathematics, science,
and engineering presented provides in depth under-
standing of this simple machine but complex intricate
geometry. Undoubtedly, analytical and geometrical
treatment provided gives a systematic approach for
the use under downhole conditions. More advanced
treatment with mathematical rigor is also interspersed
throughout the book wherever needed and justified.
Numerous problems and supplementary problems are
given at the end of each chapter so as to give more
understanding of the theory presented.

Painstaking efforts have been taken to present usable
material; however, errors are sometimes inevitable. We
encourage readers to send their suggestions and comments
toward the improvement of this book. They can download
the errata sheets from the site sigmaquadrant.com.

Authors
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CHAPTER 1

General Introduction

Selection of proper downhole motor is important in designing the
bottomhole assembly (BHA) with mud motors. Improper designs
may lead to costly problems such as wellbore crookedness, improper
build rate, and string failures. One of the components in the BHA is
a downhole motor. Before going through in detail about the working
principle, position of the motor in the BHA, and operating param-
eters few basic terms need to be understood. This chapter outlines
the basic terms involved in the wellpath and motor design.

PUMPS AND MOTORS

A hydraulic pump converts mechanical power into hydraulic
power. The input of mechanical power into the pump is the product
of the angular velocity of the pump and torque, whereas the output
hydraulic power is equal to the volumetric flowrate and the pres-
sure drop across the pump as shown in Fig. 1.1.

Hydraulic motors can be broadly classified as shown in the chart
(Fig. 1.2).

Hydraulic motors are used to turn hydraulic power into rotary
motion and they can be classified as

e (Gear motors
e Vane motors
e Gerotor motors



Motor Components m
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Figure 3.8 Rotor cross-section.

As the number of lobes increase the speed decreases and torque
increases.

Universal Joint

Eccentric rotation of the rotor is converted to concentric rotation
by the use of a universal joint or a flexible joint, and an adjustable
universal drive shaft is shown in Fig. 3.9.

Adjustable Bent Housing

It is an option to provide wide range of build rates with the motor.
Different manufacturers provide different adjustment settings.
Bearing Assembly and Drive Shaft

The axial load is transmitted to the bit through the thrust bearing
assembly. The drive shaft rotation is made smooth by radial bearings.
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Figure 4.20 Formation of the conjugate profile with interference.

The chart description is as follows: 1 — shortened cycloid, 2 — offset cycloid, 3 — equidistant,
4 — motor axis, 5 — stationary circle, 6 — rolling circle, 7 — resulting position rack.

Figure 4.21 Shrinkage profile of stator.

1 - the nominal profile, 2 - the actual profile.



m Positive Displacement Motors

III. Calculation of axial forces

IV. Calculation of rotor and the motor output rotor
V. Calculation of rotor section

VI. General design of components

VII. Calculation of deflection layout

The details of the design in the respective categories are
explained in detail.

I. Calculation of the geometric parameters of the power section
(rotor and stator)

1. Outer diameter of the motor stator D (Fig. 6.1)

To provide the necessary clearance (gap between the borehole
wall and the motor stator) that can be calculated using the simple
equation:

D=(0.8->0.9) D, (6.1)

2. Pitch circle diameter of the stator

D, =D-2(gy + ap) (6.2)
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Figure 6.1 Outer diameter of the motor stator.
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Figure 9.20 Impact force vs flow rate.
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Figure 9.21 ROP vs WOB.
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The resultant force acting at the contact point is given by

2 2
F = 7rL(S)dSi\/Ap2 + (% pszesz (11.4)
where
1 = winding or configuration ratio
_n
n+1

n = number of rotor lobes of the motor (winding number)

Because of the contact forces, the piezoelectric material under-
goes strain as shown in Fig. 11.5 for a 3:2 lobe motor. The number of
piezoelectric material embedded in the motor will also be a function
of the number of lobes in the power section of the motor.

Piezoelectric
Material

Figure 11.5 Piezoelectric material placements for 3:2 lobe motor.




Check out the Nl

other titles from b

SigmaQuadrant.com! </
Leann for the .ﬂ, By J

Quadnant wot fjor He o e a4
oo dor i

Horizontal Drilling Engineering - Theory Methods and Application
Robello Samuel, Dali Gao

Drilling Operations - Cost and Risk Management

Prosper Aideyan
* Applied Drilling Engineering Optimization cast and sk
Robello Samuel, J.]. Azar Management

* Deepwater Drilling Engineering
Otto L. Santos, Robello Samuel

* 501 Solved Problems for Drilling Operations
Robello Samuel

* Well Engineering - Torque and Drag
Robello Samuel

Are you looking for a book publisher?

Tell us about your book or Submit a Proposal today!

We accept manuscripts for a complete publishing from copy editing to
printing. You will be working with experienced professionals.
So whether you are looking to publish a small book or a complex
engineering book we would love to work with you.

Visit and order at SigmaQuadrant.com or send e-mail to info@sigmaquadrant.com




About the Authors

Dr. Robello Samuel has been a Chief

L 2 il Technical Advisor and Technology

@l Fellow (Drilling Engineering) working

with Halliburton since 1998 in Houston.

He is currently a research and engi-

neering lead for well engineering applications and

responsible for research and scientific activities

for new drilling technologies. In his present role

he also conceives and develops creative/inno-

vative technology and drilling solutions critical

to the company’s success. He has more than 30

years of multi-disciplinary experience in domestic

and international oil/gas drilling operations. He

has been an adjunct Professor at the University

of Houston for the past 12 years teaching. He has

published more than 150 technical papers, reports

and 10 books. He started his career working on

rigs as a drilling engineer. He holds BS and MS

degrees in mechanical engineering, as well as MS
and PhD degrees in petroleum engineering.

Dr. Dmitry F. Baldenko, graduated from
= Moscow Oil Institute [(now Russian State
= University of Oil and Gas) with specialty

‘ in “Machinery and Equipment of Oil and

Gas Fields.” From 1957 to 1969, he was

a lead designer for production of rodless pumps
and involved in the development of single-screw
submersible pumps. Since 1969, he has been work-
ing for the Russian Scientific Research Institute of
Drilling Techniques (VNIIBT). As a chief designer
he was directly involved in design, testing and
implementation of multi-stage positive displace-
ment downhole motors (PDM). He authored 200
scientific publications, including 12 books and
holds more than 250 Russian and foreign patents.

D Dr. Fedor D. Baldenko, graduated from

the Moscow Institute of Petrochemical

# and Gas Industry with specialty

“Machinery and equipment of oil and

gas fields” and is currently working in

this institution (now Russian State University of Oil

and Gas). As an Associate Professor at the 0&G

machinery and equipment department he teaches

several course and conducts research in the field

of hydraulic machines, theory cycloidal gearing,

optimization of screw working bodies, modeling

of dynamic systems of drilling and oilfield machin-

ery. He has 120 scientific publications, including

8 monographs and holds more than 50 patents for
invention.

A comprehensive and valuable book
written by a team of outstanding
experts in this tool and published
through SigmaQuadrant publishing.
The Positive Displacement Motors
covers the full spectrum of topics in
terms of analysis and design of the
downhole mud motor that serves
the workhorse of the downhole drill-
ing system for several decades. This
book presents functional, operational
and technical aspects of positive
displacement motor. It provides a
platform ideal to seasoned engi-
neer, experienced researcher and
other professionals involved in the
drilling operations as it offers real
insight into this simple but complex
machine. It highlights the background
and development of this tool

* Provides details of the design

e Offers operational guidelines of
this tool

e Emphasizes technology selection
and innovation in the offing

e Incorporates practical operating
envelop

ISE‘\I 97‘809906836‘0‘5
9 780

990683605
ISBN: 978-0-9906836-0-5



	Prelims
	Page1
	Page65
	Page98
	Page166
	Page336
	Page398
	Last Page Advt

