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Review on the Failure Mechanisms of Rubber Liner used in
Stator of Downhole Motors
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Universal jonint assembly ﬂ
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——— Stator
Rotor

Lining

i

Drive shaft assembly

% P 4
Motor assembly

Dump valve assembly
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1. Vertical Drilling 2. Directional Drilling 3. Downhole motor

8. Drive shaft 9. Lobe 10. Eccentric

4. Drilling Bit

5. Moineau 6. Dump valve 7. Universal joint
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1. Rate of penetration(ROP)
9. Hardness

2. Chunking

8. Failure 10. Tear Strength  11. Resilience
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3. Debonding 4. Interferences

5. Fatigue Crack Growth 6. Hysteresis Heating 7. Sealing
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Elastomer Type
Characteristics Buna High Nitrile ~ Hydrogenated  Viton
Mechanical Properties Excellent Good Cood Poor
Abrasive Resistance Very Good Good Good Poor
Aromatic Resistance GCood Very Good Cood Excellent
H»> S Resistance Good Good Excellent Excellent
Water Resistance Very Good Good Excellent Excellent

Temperature Limit** 95C (203°F)

95C (203°F)

135°C (275°F) 150°C (302°F)

**The internal operating temperature of the pump due to the friction heat generated by the rotor/stator inteference
fit can be significantly higher than the reservoir fluid temperature.
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Component Role PHR
NBR Elastomer 100
CBG00 Filler 60
DOP Plasticizers 5
Zn0 Activator 5
Stearic Acid Activator 2
IPPD 4010 Anti-Oxidant 1
Sulfur Cure Agent 2
OBTS Accelerators 1
TMTD Accelerators 1
Nanoclay Nano Reinforcement 0.2.5.5.75.10

1. Hydrogenated nitriles (HNBR)
8. Highly saturated nitriles or HSN

2. Fluroelastomers (FKM)

9. HSN  10. Aromatic

3. VITON 4. Formulations
11. Izadi

5. Medium Nitrile 6. Buna 7. High Nitrile

12. Nanoclay
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Code Basic event Code Basic event

Code Basic event

deformation

T Failure of power section assembly X;  Intermittent drill and frequent braking X5 Friction heat production
E, Failure of rotor Xz  Ultrahigh pressure working environment  X;s Rubber material defects
E;  Failure of rubber lining X3  Unstable radial and axial impact load of PDM X,; Fatigue failure of rubber lining
Ey  Joint thread fracture X4  Bigger swing of rotor, not uniform speed  X;5 Large gap between rotor and stator
E4  Wear and erosion of rotor surface Xs  Faster speed of rotor and larger pressure X, Cavitation caused by gas in drilling fluid
drop
Es  Leakage of rotor thread Xg  Drilling fluid displacement is too large X0 Stagnation behavior of rotor
Es  Plating peeling and pitting of rotor X7  High sand content of drilling fluid X271 Lager interference between rotor and stator
E;  Wear of rubber lining surface Xg  Harmful solid of drilling fluid X2 Larger roughness of rotor surface
Eg  Chipping and tear of rubber lining Xg  Unreasonable chrome plated of rotor surface X;3 Reduced physical properties of rubber in high temperature
condition
Eg  Aging of rubber Xio High friction of rotor and stator Xa4  Bigger interference caused by temperature rise
Eig  Erosion of rubber surface X11  Unreasonable grinding process of rotor X35 Lower physical properties of rubber
surface
E11  High friction of rotor and stator Xy2  More than life of rubber X35 Heat production caused by rubber viscoelasticity
Ey2 Thermal failure of rubber X3 Large centrifugal force of rotor and stator X7 Unreasonable design of rubber structure
Eyz  Seal failure caused by rubber Xy4 Poor cementing quality of rubber and steel
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1. Zhang 2. Fault tree model

‘F\—

3. Thermal degradation

4. Thermal fatigue

5. Chemical degradation
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1. Thermal failure 2. Strata

8. Han

3.Zhang 4. Finite element

5. Two-dimensional

6. General rubber lining 7. Uniform wall thickness
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Thermal stress
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Thermal stress
Max:0.2126MPa

20400.
= 18000
— 15600.
[ 13200.
10800.
8400.
6000.

MAXIMUM
& 398797.
NODE 400

MINIMUM
¥ 101592.
NODE 1067 (101594.)

SMOOTHED
EFFECTIVE

STRESS
Arc top RST CALC

- TIME 10.00

E 382500~

= 537500.
— 292500.
— 247500.
= 202500

i 157500.

Arc bottom

'

112500.

MAXIMUM
A 0.0005229
NODE 667

MINIMUM
-000

DISPLACEME
MAGNITUDE

TIME 10.00
t Q0004667

0.0004000
~ 0.0003333
= 0.0002667
= 0.0002000
0.0001333
0.0000667
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1. Coupling
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Mechanical

= = = = Thermo-mechanical coupling

Stress (MPa)

1 1 1 1 1 1 1 1

0 40 80 120 160 200 240 280 320 360

Circumferential (°)

Mechanical

0.60 |-

= = = = Thermo-mechanical coupling

Displacement (mm)

0 40 80 120 160 200 240 280 320 360

Circumlerential (°)
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1.Shi 2. Mooney-Rivlin 3. Yeoh 4. Mesh
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150 100 400 238 1 125 1 500
200 200 400 344 2.3 49 0,17 87
200 100 600 332 1.2 52 0.33 167
250 100 400 338 1.3 51 0.31 154
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Abstract: The power section of downhole motors consists of a helical steel rotor and a rubber-covered stator
which together converts the hydraulic energy of a drilling fluid to the mechanical energy of rotor rotation.
Flowing of drilling fluid through the cavities formed by the geometrical difference between the rotor and the
stator can finally rotate the drilling bit. From a design point of view, it is essential that the rubber lining is able
to provide proper sealing for the cavities at minimal mechanical deformation so as to allow advancement of
drilling fluid without excessive heat generation. For this purpose, on the one hand, the elastomer used needs
to have high modulus to avoid distortion and high dynamic deformation, and on the other hand, it must have
sufficient resilience for adequate sealing capabilities. Sufficient strength and resistance to crack formation
and growth are among the other important criteria for this application. Failure of downhole motors is mainly
due to the poor performance of the power section and in particular it results from the failure of the stator
rubber lining. The high pressure and temperature existing inside the well, the chemistry of drilling fluid and
also the intensified mechanical stresses due to the rotor rotation, can all contribute to various mechanisms of
rubber failure including thermal degradation, chemical degradation, thermal fatigue and mechanical fatigue.
To repair any damage to the rubber lining makes the failure of downhole motors very costly. This paper works
on the latest achievements in the analysis of elastomer failure in downhole motors. It was realized that the
thermal degradation mechanism is more prominent for the lining known as “uniform wall thickness” than
the “conventional” type. However, failure resulting from the mechanical periodic loading is greater in the

uniform wall thickness lining than the conventional types.

Keywords: Downhole motors- Failure- Rubber lining
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