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Variation laws of elastic modulus and yield strength of V150 drill pipe
under high-temperature environment of ultra-deep well

CAI Mingjie"*, MAO Dan’, TAN Leichuan®, PENG Hao’, SUN Niyuan®,
GUO Maolei*, GUO Lite"*, SUN Yueming'”’
(1. Drilling Technology Research and Development Center of Chuanxi Drilling Company, Chengdu Sichuan 610051,
China; 2. CNPC Chuanging Drilling Engineering Co., Ltd, Chengdu Sichuan 610051, China)

Abstract: To address the issue of strength and stiffness degradation of drill strings under high-temperature conditions in
ultra-deep well drilling, which affects drillstring safety and deviation control, high-temperature tensile and thermal
expansion tests were conducted on V150-grade drill pipe material. The elastic modulus and yield strength at different
temperatures were obtained, and a mathematical model describing their variation with temperature was established.
Combined with a transient wellbore temperature field model calibrated with measured data, the temperature
distribution along a specific ultra-deep well was analyzed. Integrating the material model and the temperature field
model, the effects of parameters such as geothermal gradient, drilling fluid flow rate, drilling fluid density, and inlet
temperature on drill pipe performance were systematically investigated. The results show that both the elastic modulus
and yield strength of V150 drill pipe decrease significantly with increasing temperature, with the yield strength
decreasing by approximately 15% at 250 °C. Conventional design models, which do not account for this temperature
effect, overestimate the actual strength of the drill string. The sensitivity indices of the parameters affecting yield

strength follow the order: inlet temperature = drilling fluid flow rate > geothermal gradient > drilling fluid density,
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while for elastic modulus the order is: geothermal gradient > drilling fluid density > inlet temperature > drilling fluid

flow rate. The design of drill strings for ultradeep wells must consider performance degradation due to high

temperatures, and safety can be enhanced by optimizing flow rate and inlet temperature. The research findings provide

technical support for the design and operation of drill strings in ultra-deep wells.
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Fig.2 The curves of sample length and linear expansion

coefficient varying with temperature
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Fig.3 High-temperature tensile testing instrument
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Fig.4 The curves of yield strength

varying with temperature
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Table 1 Drilling string for a certain ultra-deep well
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Fig.6 Comparison between measured and
calculated temperatures at wellhead and

bottomhole in an ultra-deep well
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Fig.8 Comparison between the calculation of

this model and the conventional model
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Fig.9 Yield strength and elastic modulus of V150 drill

pipe under different formation temperature gradients
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Fig.10 Yield strength and elastic modulus of V150 drill

pipe under different flow rates
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Fig.11 Yield strength and elastic modulus of V150 drill

pipe under different drilling fluid densities
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Fig.13 Influence of different working parameters on the

sensitivity index of yield strength and elastic modulus
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