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Downhole leakage failure analysis and structural optimization of a

cap-plate logging while drilling tool
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Abstract: A cap-plate logging while drilling tool experienced internal leakage in downhole operation due to the
penetration crack between the inner channel and the T-groove bottom. The original location of the crack was
determined through analysing the morphology of the penetrating crack, and then the cause for the penetrating crack was
determined through the macro— and micro—analysis of the fracture. Finally, the structure of the tool was optimized with
the finite element analysis to improve the service life. The analysis results show that the presence of large stress
concentration and the cutting marks at the bottom edge of the T-shaped groove led to the fatigue penetration crack,
which causes the intrusion of drilling mud, and the crack originated from both sides of the through bore at the bottom of
the groove. The stress distribution can be improved by optimizing the groove bottom fillet and other measures.
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Fig.1 Structure and size of the drill collar
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Fig.2 Leakage at the T-groove bottom
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EHT=20.00 kV Signal A= SE1 Date :27 Aug 2021
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Fig.3 SEM image of the penetrating crack in

1SS

the T-groove bottom
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Fig.4 SEM image of the penetrating the crack in

the internal channel
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Tablel Chemical composition test results of

the drill collar wt%

FE it Gt 5 15-15HS MAX HoARE R

Cr 19.03 18~21

Mn 17.72 16~19

N 0.50 0.5~0.8

Mo 0.751 0.5~3.0

Ni 1.91 <3.4

C 0.0228 <0.04

3.1.2  hifik e

FEAZAX A T A 3 B ARk I T b v i i a5
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Table 2 Tensile test results

Bedh EARXARIE/ JEMRSREE  BURORE WUE MR

9P mm Rpo2/MPa  R,/MPa A/%
1 ?12.5X50  1063.8 1171.4 21.9
2 O12.5X50  1065.9 1121.9 28.1
3 012.5X50  1062.7 1182.7 26.8

S AR AR R =965 >1034 =20

313 E il
TEZ AN 2% 45 PR R 1) A 1) BURE | 3k £ AST-
MA370-19el i 56 b5 #fE , 2R I PSW 750 £ 4k v i 3K
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Table 3 Charpy impact test results
o R W fiE B/ T
A E/°C A
1515-f 1 10x10x15 V 21 160.7 164  175.1
1515-4h[m 10x10x15 'V 21 202.3 276.3 196.6
HARER  10x10x15 V. 21 =81

i s MRS /mm
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Table 4 Hardness test results (HRC)
1 2 3 4 5 6 7 8 9 FHME
38.8 38.3 38.8 38.7 37.5 37.5 36.8 36.0 36.2 37.6
R E R 37.5~45.5
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Fig.5 Accumulation of the chromium carbide phase

on the grain boundary
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Fig.6 Microscopic structure and energy spectrum

analysis results
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Fig.7 Fracture of the T-groove bottom crack

after breaking
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Fig.8 Fatigue source zone of the fracture
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Fig.9 Brittle fatigue strip or secondary cracks
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Fig.10 Corroded mud pattern on fatigue spread and

energy spectrum composition analysis
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Fig.13 Stress distribution
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