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[Abstract] Real—time acquisition of near—bit engineering parameters is essential for rotary steerable drilling
technology. In this study, a downhole multi—parameter measurement sub was developed based on strain testing
technology. However, severe erosion was observed at the end face of the communication port piston ring under
downhole conditions. To enhance its reliability, the research focused on optimizing the vulnerable structure of
the sub for erosion resistance. By simulating and analyzing the erosion process and effects of drilling fluid before
and after structural optimization using numerical simulation software, it was confirmed that the structural

improvements significantly mitigate erosion damage. This study provides an effective solution for enhancing the

durability design of downhole measurement tools in particle—laden flow environments.

[Key words] Erosion; Measurement Sub; Structural Optimization; Sand Particles

B A B PRTT A 1 BE TR S BE R A A JZHfERE, R R
HIKOPH R R AR H 208 2, 06 MR BUIE AR B 2 i B2 1
THEEESR. e T A RO I SR B R IR B ik
TRV B, BE A5 S BLIF AR B 1 S i) 8 B8 skl . %
BRI St — S R AT, 7E T S PRGBSk Ak (9 85 5
THRESH, A 1A M 05 B I eI A Sk
for BB EERE T, SR T B RER I ER R A, REB SN L ME ML
KRG I O D8R TS H. X e i R Bt
TRERT “HREG ™, ARS8, R T R 2 T (R4
) PR R R MR A T B, WS e
R TSR BA AT AR UME . R, B SeREE 25
D& T H AR RBORWETE, — BRI TR USSR
14 F U

YA EE 7T LA S 25 0t i, ) G R A A ik TR A R R

R “xMza” DT, B PR B Al BRI BR2S HE T4,
P TR M ERE . S AT IR T LR S RS B AR 1
W9, BMHZ UK KA. b, LIU YOS TEME T
0T B, AATTER I 2R 5 s AR M 5 AR OB R B S
AEFERE, 5 PERS TR T BERE D AN AR St IR Tu el B4
HIB AT, LT C A TR TR &, KA
i 7RSI, IR TR T DL A Dy B AR AT
JE B AT . (R RS S IRIE DT T, HU 2.
TR T B e B B RS T SR, %0 AR TR R A RS
Pl Bl I S E W] T RGO R . BORE
TR TR A PR TSR S VERE, B EE Hr S
AR R IR S5 Z R b D B R IR . SR NI 5 2 )
(KI5 38, XHUE S HEAT AT BRIT I, ASR IR S5 44 (0 B 1k i

SR JEE o SR, AT PRSIl Skl B T AR I T 55 00 T W 0

16 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



Engineering Technology Development

LTAEBARAKR
B TEeN 2 HeRA 1.0€2026 4F
CERAL WS |FIS (ISSN): 2737-4505(P) / 2737-4513(0)

Pk, A 5 TSR DRI D 9 BT D SE LA A
SETNRE, HAM TR BOE @ I DT T G54, 1X SE AL 7E o Al
SR RS R R AR S R AR iR B, A R T TR
W, B ALFLIL [ FLAR U A B B AVA R Ak 2t B 52 (¥ 2 75
erh, XA B AR R PRSI IA T

xR, — R O g ke S B S R FERDRHE AR (A

19 FH R B kbt D) AR A BT P A T3 T . AE S5 R BETH T T,

I iz B AR 715 (CPD) {8 B0 T v 43 W Al S
Sy, 3030 A T T 2 R0 S B FS A 89 L ART 35 A SR N J) i o
Pl AR o TR 0 R (S VR SE RS TEIAE I T
HEIL R R A SR T R TR A B R 4

PR St 75 5 AT TR A T SRR BN 02 (CFD) BB TS V5,
S R A PR 2 A i T 5 R AT RE R ) — 2 S B AR A,

S SR R DU Y A B OB B AT Bl ) R SR, 0 T
TR ST S AL TS BRI A . SRR W
R S ph o 2 o 3 T HUE B G5 IR, B 00 B A i U
I T 2 A i S5 A R AT LA S5 A DA (S e T
fis ARAGRUIE S BRAE) , LLPIRR, BT BE [ ) of o e

1 ESHNEET 2HEA

Z AN E R BRI LR 2 TR 2l Ri%
S EINCIRZEIR, AR, PIEEES . KRR, RHER
NS AR AL, B SR VRAT N 2 TR A A PAY T )
AR Py, BET AR T HHAE S MR g BLR S TR A s A
24 EZZHANER T, B EE RO E R EE, &
FEAATHE A E S A E R iz g e b, SN R TR
Bz 18] i 7 580055 AR E i o SR T, 123 ZE 24 A 1 i 11 L
BEREETRISEIRT, 22 Hoph. — BB, %%
BOZZ AT B A BRI foh 1 - 3 P2 e, kT 5 R
fih FLBHLAE K A5 S AR fr A RRE A rh b, (A58 L AR SE Gk
SR A%

K1 2S8R0
2 HEEH
I R 4% 6] 7 A2 4 FINav i er—Stokes 5 F2, Jiis PR 2R
Realizable k- e, SRHIAI/K AN PERURLA SERD IR i e ARl
I, A Db R B AR 92e—4 mif) [ BRURL, i i BIRE 18 8 7E N
P o i P AR AR R FH Ok Y, PR DA Ok A [ 4% 00 20 2 A2 SR
WEERE. P& REVEZFELM, EARMEHAE. HEZMN

SEUR 2 P F v S SR B AR T S o AP RHR MR 18
A, AR PR E TR R YR A, (R BE s A
A FIREEEAE I PL I BE 22 5 EEEA R 2E IRAE R WL EL N
A P 24 PR

FERGIUL AR 2 A B o o R N, 5 B B Il R K
RHELE 1 R MO R R EROR, LRk S B
A8 i DA e B 4 M 1T 3 5 [ o P PR PO R B o T TR, B
RLEI NG R MR R R B GBS H . A SR A BE i
MR Z T RELR T AT TR, RE B 3 4 I 1 Sl

4= > [16]

TR
ey =0.993 — 0.03070 +4.75e 402 — 2.61e™66° (1)
€1 =0.998 — 0.0296 +6.43e~*0% — 3.56e°03 (2)

T DA TR 355 FE IR B S5 4, 80/ v Al HE U v B R
X 3 R I 5 2 A T S T ) o e, ) PR FLUENT 3000 0 TR A
PRHEAT A P R R BB AU, . AR Z 3B R L5 ZE R HEAT T
REERAAL, SR IG 73 B G5 R AT Ja A2 75 2D 1 Bl H O 3 28
A it TRyl o AN ) AR 8 0 2 AN [ 0 B RIS 2,
2R, Wit 1 =M R B R . P ASE R PTG R T
BRI IR R 2, AN N30L s, Y IH O H HH H, i
Tl S T PR 5 A B 2%, BT AR P AR T O A% HEAT PR Al 2

ALEH B et}

2 SR SER ) = b i i 1 4544

K3 HERLALAR I R L R R 2>
3 MEZRS
P40 B S R P A 35 A IS BT X S F) ORI A e i R
o BT R R AZE FY AT T ), LR BRI S, HLIR A (K90
LRI AR AT Z AL o B4R R AZE R I S 1 P P o R 2 ], M Kb
o R A T S T RO, B K R 94, 11e-3 kg/ (n* <) o i

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 17



Engineering Technology Development

LTAEBARAKR
B TEeN 2 HeRA 1.0€2026 4F
ERAL WIS (ISSN): 2737-4505(P) / 2737-4513(0)

TR 28 R 1 FE IR, 3 LA Ty A A 0 BT T8, S B
I 1] A B B 0P D 2, BRI Bl e R 1) 1 D X B T £
ey s 5, R AR I

B4 AL R RIORE i ik 3 DA ik R 2

P57 EELARBES A4 PO AU S 1 17 150 A O AR 2, B AR 4
REBEE R A AT S 18D 2 )5, B IR T2 PO BT RN, (E
FBIRRE AR SR AT PRI )RR . I ELB &S Ky 1l s T (17 3 0, 52 3]
T AR AR ik, B 3. 95e-3 kg/ (m* = s) o [l fA i
T AR IZ B, A OCE R A AR IR 4A)
Ttk 25 R N, 2 DR O 7 A T LT R T R D, R
TR RATA 2R B AU M R R 1 SR O T
FFREEAER, T BOX L 5y H DK ORI L2 iy 11 B8, AT
ERZEEAL B P, 1R ™ i

KI5 BES KRR ph P e DA B ph i = P
K6 EoR: BEHRAE L CE M RTIURHT I S, BRI
LB TN, JF EL AT B B R . Bk
PR AE R S T ) _E 3 7, KR ON5. 24e-4 kg/ (? »s) .
bE S S GILE )i B T i B e B s ] B 1K SN i S TRUES
AR B 25 LT R ™ B ) (R I, f oK PR EE M AR TR
PRB &, S TR RREFEMITRBIIRES .

i

PE6  CAf A 1A BRI e B3 DA B b o 2
7 7R CRY S5 M) 1) e K i 3R X 5. 24e-4 kg/ (0 = ),
FRE T O A BT PR AZRL 68 R RO A 50 g A0 B (B RS 2544y, Bkt 43 Sl
ILF8T. 3%AN86. 7%, bk GeAR B IRIE T

4.50E_03 - 4.11E‘03
4.00E-03
3.50E-03
3.00E-03
2.50E-03
2.00E-03
1.50E-03
1.00E-03
5.00E-04
0.00E+00

3.95E-03

Yq”m%i/kg/(mz's)

5.24E-04

ALEH

B&E
W OIS BRI =FhE

(®Z31]

SV NEEEYAROIVAIDEE SN LT RS

4 FRIE

TPt i 2 2B AT (T IER . . Ml )
&), JE L FLUENT P00 2 3 B iAL I EAT Ak (i ik 015 3, WF 72
BRI 458

(D) gk et &2 oG 1 ke t, CRESIGE A b i R Bl fe
Pt PEt)E BCHL S (IR B ) RENSAT 2051 SR HW SN,
R ORAF T U, 8 G 1 I3 73 1 AN B S PO A S U,
RN HFIRE ST 85D, REBBUREAR, AT MBI EF#AR T
PR ARS o ZE R RAAT RFRAR T o R, CRIGS R b bk

e .

(2) BB L4 5 2 R W, CHY 25 My 1 B Kl il 24 Ay
5.24e~4 kg/(m* « s), BT Uk AT IAZL S5 R RO SR F b3
FRIBRY S5 4, M) T F187. 3%AN86. 7%, i ik A5 15 2 K
77t

(3) AR Re PR 2) 51 5 5 RE R AR RE, LTI HE: 1
KA, CEARAE, CRUYE AT IR T BT, 12 2405 Tk A
T S B A 3 2R L T B0 v R [, O PP B 4

18 Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License.



Engineering Technology Development

TAEBARERE
FTHOF 2 HeRA 1.0€2026 F
EHFA: W TS (ISSND: 2737-4505(P) / 2737-4513(0)

FF 7RSS TAREE AT RREFE IR BIIRES o Xyl
R TR A G B R R % s T AR P s A ) R SR T —
TR RO S5 K AR AL T7 1, X 4R T LRI LAEw 2 A &

(5% 3]

[IIEXAKTFETZFZAFAATIESHNENHR
b ELJ]. 07 He o A H,2011,18(3):4.

(218 &=, 3, IR . 3 T T A 3 M 45 3R 2 ikt (0] 4%
R 5 % %,2013,32(08):105-107.

[3IAB it % 8 T T B o S M3k 1H (018 K, 2016,23(06):
280.

[A1E S8 7R, IR 5K A T 46 TR A 800 8 2 Sk 1[I0,
VR 3 A F AR CE SR A 10,2010,32(05):155-160+197.

(519 E 21, 5 %, B Al R, 0 R 46 R LB 12 R B i1t 5 2
HLJ1. % 35 LK, 201 0,39(04):65—68.

(618 2 3 . T TS B M 4N &8 Wik itldl.+
EfITH %,2019,11(015):31.

[7]LiuY,Mats,Chen P,et al.Method and apparatus for monit
oring of downhole dynamic drag and torque of drill=string in
horizontal wells[J].Journal of Petroleum Science and Enginee
ring,2018,164:320—332.

[81L1C,Ding T H, Wang P. An experimental rig for near—bit
force measurement and drill string acoustic trans mission of

BHALJ].Measurement,2011,44(4):642—652.

[9]Hu ZXie X H,Ge L,et al.Research on the system of down
—hole engineering parameters measure while drilling[J]. Open
Petroleum Engineering Journal,2014,7:149-153.

[101# A&, M6 7%, El AR A, 28 . 3 T NSGA- T #y 2 45 3k & 42
B O 2 AR D). B R LA, 2019,47(1 2):15—-22+30.

[IIINEEZRAE KPS HTIESENERTNA
W 70 2T [0 LA, 201 1,39(05):34-37.

[120F 38, 7%, BRI — b 8 0 v o 40 o7 IR e i A R I
A D)4 %R £ 7.,2017,40(05):111-114.

(135K 48 5C. 37 i IR o 4 M 4 007 55 iR e R (0] b
# A&,2020,27(02):316+323.

(141ZaF. ¢80T EA G ENF R B LI
A.2021,28(03):89-90.

[15]Y.1.0ka,K.Okamura,T.Yoshida,Practical estimation of er
osion damage caused by solid particle impact: Part 1: Effects
of impact parameters on a predictive equation[J].Wear, Volume
259, Issuesl—6,2005,Pages 95—101.

[(16IRGEAKEBEIARE. S FAEEHEEHNERENX
AR oo e (B AT IR (DDA 8 R 47,2020,53(02):6 1 —66+73.

EEE AT

AR 1981--), Bk, EHRGAKREEA ML A, FH
BIAIFBR T 6 wiEFE RAST 580 EHARBR.

Copyright © This work is licensed under a Commons Attribution-Non Commercial 4.0 International License. 19



