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Performance of rubber stator bushing in screw drilling tools based

on swelling and aging experiments
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Abstract; With the continuous advancement of oil and gas exploration technology, China’s oil and gas resources development has en-
tered the stage of gradually shifting from shallow wells to deep and ultra-deep wells. This transition has brought about the forefront
significant issues regarding rubber stator bushing in screw drilling tools, such as high-temperature thermal aging, and swelling in oil-
based drilling fluids. These issues lead to the performance deterioration of drilling tools, thus severely affecting drilling efficiency.
Therefore, it is urgent to understand the impact of swelling on the performance of rubber stator bushing at high temperatures.
Through high-temperature swelling and aging experiments on rubber materials and subsequent performance testing, Yeoh model was
selected as the hyperelastic constitutive model. Finite element models were established using constitutive parameters and swelling
equivalent temperatures for different swelling durations. The effects of swelling duration on the inner cavity deformation of the rub-
ber stator bushing mechanical properties, sealing performance, flow area, and hysteretic heating were analyzed. The research results
show that with the increasing of swelling duration, the inner cavity deformation is initially increased and then begins to level off; the
Von Mises stress and contact stress gradually increase; the flow area gradually decreases and then tends to be stabilized, which is re-
duced by 12.2% in case of swelling saturation; the maximum temperature rise due to hysteresis heating gradually increases. This
study provides a guidance for the design and application of rubber stator bushing in screw drilling tools under harsh conditions of
high-temperature and high-pressure drilling fluids.
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Fig.1 Rubber standard specimens
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Table 1 Mass change rate and volume change rate

of rubber material
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Fig.5 Stress-strain curve of tension and compressive
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Table 2 Analysis of fitting results of the hyperelastic

constitutive model
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Table 3 Parameters of Yeoh model for different

swelling and aging time
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h MPa 1072MPa 107 3MPa
0 0.543 7.17 = 1.080
8 0. 604 7.56 = 1. 040
16 0.731 8. 24 = 1.000
24 0.963 7.28 0. 470
48 1. 046 7. 48 3.620
72 1.428 —2.34 0.224
168 2.083 —31.50 133. 000
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Fig. 10 Finite element model for equivalent temperature

calculation
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Table 4 Radial and height dimensions of specimens after

deformation at different equivalent temperatures

MR, "R/ /S AR

C mm mm %o

58 29.0545 12.5235 0.56
82 29.0942  12.5406 0.98
108 29.1372 12.5591 1.43
160 29.2232  12.5962 2.33
214 29.3124 12.6344 3.26
236 29.3289 12.6418 3.44
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Fig.11 Displacement distribution at different swelling

equivalent temperatures
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Table S Equivalent temperatures corresponding

to different swelling time

WK /h SRR/ C i EE/ C

0 0 120

8 58 178
16 82 202
24 108 228
48 160 280
72 214 334
168 224 344

B AR R A B S RO R 30 AR R i
PEAS i — M FEBAIR  (R T 4 e 1 1 PR A A L OofF
e 1 BCE O MIMAR 5ty T 5 5 R E 1 2 A7 7 4 ik TR 0t
£ Abaqus TP B H A0 3K 1) 42 Al A5 Y Oy < A 45 ik

D7) 1) oz fil A 780 Sy < ) 7 JRE AR A AL, BE AR R AN 0.3, B
T 5 ek B AE AN [ A 48 LA A ) 1 i
fiE 20 T $E @ BROR B 5 1 SRR £ K B ik
B R 100 mm, H BB HAR A B g K
FROTAL AL ANl 12 s .

F 4 A3 25 AU AT B AR TAE 43 i 6 O
TR 7010 A shid B R, a0 Oxg
Jie Aot 2 PN 3 Tt N PR S o VROV R 1R p = pgh
HEATIFEE . Hob B B B o O 1100 kg/m’ , 5 3
B g=9.81m/s  WFEGZEE R 15 MPa, 231844
FHBOBAE HE J1EL 50 MPa™" " oA Q) F FAR SR B 1)
TR S s R ASEAEL o Y ik et IO 1) HE T RIS IRLEE R 120 C L
JicH2 4 e R R R AT B, A WP O F TR U ES F
Bl I 2. 51/ s e FIERE 1 TR IR R 0. 45,

B12 ENBEFHESRHERRIEETE

Fig.12 Finite element model of rubber bushing of conventional screw drill
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Fig. 13 Radial displacement distribution of rubber bushing with regular wall thickness at different swelling time
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Fig. 14 Distribution of absolute values of radial displacements
of rubber bushing with regular wall thickness at

different swelling time
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Fig.16 Deformation distribution of stator rubber after matching with rotor
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Fig.17 Von Mises stress distribution for bushing with regular wall thickness under swelling saturation
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