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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.
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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

•  Gear motors
•  Vane motors
•  Gerotor motors

1C H A P T E R
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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. 



Positive Displacement Motors98

5 Stationary Circle

(n + 1)r

6 Rolling Circle

4 Power Section Axis
y

x

1 2 3 7

e

r

∆x1

ru

2πr

δ
2

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.

a 2

h

1
2

a 1

D 1

hh*

* D 2
*

D
2D

1

Figure 4.21  Shrinkage profile of stator.
1 - the nominal profile, 2 - the actual profile.



Positive Displacement Motors166

   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) Dh	 (6.1)

2.  Pitch circle diameter of the stator

	 Dc = D – 2(εM + εp)	 (6.2)

Figure 6.1  Outer diameter of the motor stator.
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The resultant force acting at the contact point is given by

	 Fn = π ρL S d p
d

eNs
s

s( ) i ∆ 2
2

2 2
2

2
+








 	 (11.4)

where
 i = winding or configuration ratio

 i = 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.

*
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*
*

*

Piezoelectric
Material 

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