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Abstract: The stress and strain distributions of radial bearings for deep drilling tools under the syner-
gistic effects of temperature and load are studied via finite element simulations using ANSYS Workbench.
The simulation results show that the maximum equivalent stress and strain occur near the cemented carbide-
solder interface (i. e. ., the welding interface) and the cemented carbide-cemented carbide interface (i. e. ,
the sliding interface). Temperature significantly increases the stress and strain levels; the maximum equiva-
lent stress and strain at 300 °‘C are approximately 2. 5 times higher than those at 100 ‘C. The frictional stress
at both ends of the bearings is higher than that in the middle region, making the end regions more suscep-
tible to adhesive wear. The simulation results are in good agreement with the damage distribution character-
istics observed after field application. indicating that these findings can provide a theoretical reference for
the optimal design of radial bearings.
Key words: radial bearings; surface damage; temperature; load; finite element analysis
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Fig.1 Typical structures of the drive shaft assembly

and the radial bearing set of drilling tools
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Fig.2 Schematic diagram of sliding contact surfaces
between the moving rings and stationary rings

of radial bearings
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Fig.4 Simulation results of the radial bearings at a
temperature of 100 ‘C and dynamic bearing loads
of 0~10 kN
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Fig.5 Simulation results of the sliding interfaces for
bearing (100 ‘C, dynamic loads of 0~10 kN)
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and interfaces of the moving ring and stationary ring of
radial bearings dismantled from deep drilling tools
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T RS RN gt BEAE EE 48 BT 4, 100 °CL 200 °C,
300 CF Y H5 K & &N 1 43 9 Dy 261.8 MPa,
597.8 MPa,933.8 MPa, 5 K % &4 hj 48 H B 7E 4B
AT JBE 452 5T (1% 3 Pl A BT 4 DX s, 100 °CL 200 °C
300 CF 1Y f5e KA BN AR 43 1 h 2.4 X 107.5.5X
10°.8.6 X107, FH L AT U, 428 ) (19 15 3 / 1 A% 35 it
T T T B KL H L 300 CTR A B R SRR S
B I E5 5500 A8 5 100 “CI 38 K 24 2. 54% , 5 1 Ji
o Bl 1) SO 7/ 7 78 B R W IR AR — K,

4y B BE 48 B AE 300 CHY R N S L BE N S
A IR S B 10 i . 5 100 °CF 1 45 B4

I 7) M E N 7 A0 EE 88 7 7 7 B g5 X 8k rp
(] AT PP i e P R A AR A2 L {H 300 “CHY e K s
N 71 408.3 MPa #2100 ‘CHY 113.0 MPa iy 2.5
£, Je K EEHERY J1 31.6 MPa%s 100 ‘CH i1 2.6 MPa
WKLY RS . PR 45 R 4 v v 4545 47 DA B O B
5 0 Bl BE P CHLAR S ) Sy 3=, v SR X3
Ay R TR ity ) 28 A S Y A L R T A A X A T
BB A 3 (B 10c) . B8 A 4 A0 B 1 e 3 %
mﬁ%@TwmeTm@F%ﬁmmew,

X R A R T A 4 1 B ML AW S 1 e R AIG L W B
JEE R B R (300 C By W Bh B R 4 1.2
10° mm®/(N-m)"™) . ¢ sl WL, B4 IR 2% 3
300 “C A B A% FEE 48 5L 1 b 1) 15 g 43 A A R i
T 5 EE 82 107 g ) Sk 9 DR R i 2k DX o i
U/ 2 S S0 R B 5 )

50 mm \
() JERE A3 434 I—' '

CLIN——— W
Lo N—koo—
—OUnoULON—

[VToNCONCINTER

50 mm

(b)EEHE L J1 43 A5 I—» '

W iz

O gz
O wah
CRE

50 mm .
(OBBERES T -
10 EEAEEEE 300 C s A& 0~10 kN
THHELER

Fig.10 Simulation results of the sliding interfaces at a

temperature of 300 ‘C and dynamic bearing loads
of 0~10 kN

P11 S 7 B b RE 5 R AN [ 4 Y A
BN I3 /0 AR A A Bl B R A TI(CL,N) 42 &
ey 32 Bl 7 R 1) Bl R R /AR ARk B T AL Y e KA KN
3 YG8 B it 4 4 il K 4 K 13.6% . R ] Cu
JE AR Tl 2R R /KRR B T AL 0 SR KSR RN ) A
K Ag BRI K 25 5.5, il 1f) ) S5 RN AR
SRR E A% TI(CLN) 4 Ja B il R A B 28 3%
7R Y G8 B i A 4 il K K 7000 . HlR /o

- 1577 -



hE LM T AR 2837 B 2 7 2026 4F 7 H

—— YG8+Ag R}

—— YG8+Cu sk}
so0. — THC.NYtAg R}
LIz

1

o
(=3
S
T
]

~~~~~

L5 . F] o/MPa
S
P
)* =Y
i
)
=~

593

f=3

(=]
T

1005=56"T00 150 200 250
A B y/mm
(@) ZE R0 B 77 W VB 45 B v Al 1) A9 S AR

—— YG8+AgJER}
—— YG8+Cufih}
30— TIC.NyAg R

1 1 1
100 150 200 250
AL y/mm

(bS5 280 A T P 450 S T 16 9 2%
5001 4 i

1
0 50

400 L[\
Ak iR
—— YG8+AgHLE}
—— YG8+Cu &Lk}
— Ti(CN)+Ag#k

SR AR/ 107
D W
S o
S S
T

o U RN

: a4
1 " 1

0 S 10 15 20

AL E x/mm

(C)SEFRIURE ) 48 % Bl /e 8 122 1 #9424k

3.5 ZhlE P

3.0F 15}
. 7N

—_
(=)
S

B LS

—— YG8+Agfif}
—— YGS8+Cus5tk}
— Ti(C,N)+Ag SR}

A B x/mm
() 2535 LA W B/ P A28 1) 1 A8 Ak

11 FE# A EFERE 100 CHZh A& 0~10
KN THHESER
Fig.11 Simulation results of different materials
combinations at a temperature of 100 C and dynamic
bearing loads of 0~10 kN

kBT Ak 1) F5 R A BN AR I/ 506 5 SR T Cu kAR
A Bl AR R DX R RN AR AN Bl R R/ AR B D
YN QPN G A S N SV R ol L o S |
Ti(CN) e G Jm B R il 7R R ik JBE 482 5 T BT 3 )
H R AR RN ) A0 3 0 R 5 2R Cu AR IR L 321X
S f R AR ) W AR . Ti(CLN) G R
b e R R Y G i A < A R Y i R AR AR
IO A8 28 53 5 R HT Cu BE AR I B A5 R 722
- 1578 -

VDN BRSO AR T R B A A% 0 RS TR A R AR
TERLA . AHT RO AR RE A, YCGR I & &5
Cu SEAR R 2 A v A R8N e R AS  FEAR AL A
AT A8 43 AT o 32 17 B v A ) A R R A R T
TR AR A% T RE T

RGO B 11 It 14 45 B 235 SR AT 00 B )
(4 N 3/ 7 75 43 A3 ) 5 Wi AN KL A 45t 35 3 K sh/
B P (0% 2 g /7 738 5 WL 4 B AR X T / I AR
B o AR B RS . 5 B B 4E
S BR /AR 1 R BT R R /R R 1 TR
8 L2 A7 7 fie K S5 RN 7 0 e R S 0N AR (1 X
B35 % ) Al R 5 2% 1 (1D 8) W 5% B 1 K Rt
F V5 il R T A A A .

4 Hp

1) %l 7R 2l /8 B 2 1 0 B T A 4 R R K
DX, X R LA R ) AR AR AR AR 5 A5
X 35 2 M s BT AR 7 o g AR AR AR 5 I KA
RN 7 /g 78 1 BAE R T A 4/ ARORE B T (R A
1) FIVRE 5T G 4 /B 5T 5 4 3L T (R 482 AL 1) B kT

2) 0 EL R IRl 7K 2y /e B PR 452 L T P i 1 s
JNE 77 R EE 88 157 7 359 O vl i) X3, K ek DX A A
Jot G A X IR ) R A A B A L X 5 S IR A Bl
AR5 5 FEAE R W) A

3) Tk B )l R e/ BT N T /N AR o A s
M) N Ao {25 B 35 4 v 7 g /AR (300 °CTF A i
KR S/ 78 #5100 C I 8 K 2y 2.5 6% ) 5
YG M it & 42 5 Cu B4R 2 A T o3 AL 1w Bt
T B R AR G A AR T TR AR ) R Y e i IR AR
AR

R S K T AR A B e AL R BT R AR 1)
R Ag i Cu KR} (RAH JCAF 92 07 12 TR A A
FH T 45 8 HE AR U4 il R, RO I 9 v R 4
AR NGRS g A B S T L [ I R
AR PR A BE L SR ) E M RE A RE  R EK
b — A 52 3 0 LA AL, DL PR AL A% 1) SR bR
A BN T T2 B 0 e 5 0 H

SE Lk

L1 warar, R, A4S, 5. Mom a3k im TR R 3tk
PERL 2= ) S5 g LT ], P E AL TR, 2022, 33(12):
1388-1417.
CHANG Keke, CHEN Leilei, ZHOU Ruonan., et al. Pro-
gresses of Surface Engineering in Extreme Environments
and Its Common Scientific Problems[ J]. China Mechanical
Engineering, 2022, 33(12): 1388-1417.

(2] wAIal, FENr -, BEREAE . A 00 HLAR 2 T S A
Sy or st O] E HLRCT R, 2020, 31(2) -
206-220.



TR 5 7 P IR T M B LA i R B SR TR AT b ——% W] e RJToT 4%

[3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

CHANG Keke, WANG Liping, XUE Qunji. Progresses
of Damage and Protection for Surfaces and Interfaces in Ma-
chinery under Extreme Operating Conditions [J]. China
Mechanical Engineering. 2020. 31(2): 206-220.

T, R, AR08, S T RPBRAR A TR AL B LML A
WoELT]. B R TR, 2023, 50(4) : 16-24

YIN Hao, LIANG Jian, LI Kuan, et al. Research on Opti-
mization Measures of Key Instrument for Myriametric Sci-
entific Drilling [J]. Drilling Engineering, 2023, 50 (4) .
16-24.

MR, R, EHDT . TCRR O I A 1 1.2 el
GUERERTSELI]. MO TLAR . 2016, 44(7) . 61-66.

YANG Jiaoxi, HU Xing, WANG Yanfang. Microstruc-
ture and Properties of Laser Additive Manufacturing TC
Bearing [ J]. Journal of Materials Engineering, 2016, 44
(7): 61-66.

LIU Qiancheng, CUI Mei, HE Qingkun, et al. Failure
Analysis of Tungsten Carbide Bearing on Screw Drill [J].
Engineering Failure Analysis, 2018, 89: 37-45.

I, mAk, 5, 55 SRR IR B BE 4 TC Ak
PR A e ERE R R [T ] SR 4. 2016, 33(4)
230-237.

WANG Wenzhai, YUE Lin, YANG Dang, et al. Influ-
ence of Copper Based Solder on Properties of Cemented
Carbide for Impregnated Sintered TC Bearing[ J]. Cement-
ed Carbide, 2016, 33(4): 230-237.

VP o2, Mitlet . medES . &5 Ies S m LA 25 el
AR BATATTELT]. AL, 2022, 50(12) : 32-39.
XU Airong, LIU Meimei, XUE Jianan, et al. Load Char-
acteristics of Multi-row Block Sliding Bearing for Rotary
Steerable System[J]. China Petroleum Machinery, 2022,
50(12): 32-39.

M. R, BRI, AF BRSO X A U R
fi) Al A 7 ) AR AL LA AR e LT ). R H A L 2024, 48(5)
653-660.

SHEN Bin, YANG Hao, XUE Zhejing, et al. Investiga-
tion of Stress Variation in Push-the-bit Rotary Steering
Bearings under Weight on Bit and Push Forces[J]. Well
Logging Technology. 2024, 48(5): 653-660.

B, s, AR, 45 . BE T SolidWorks A BRFT
H PDC fi Jy il A& 2R 305 By B LT]. Bl T A2 . 2023, 50
(1) . 175-182.

ZHAO Wenjie. ZHANG Yuxin, TAN Songcheng. et al.
Failure Simulation Analysis of PDC Thrust Bearing of
Screw Drill Based on SolidWorks [J]. Drilling Engineer-
ing, 2023, 50(S1): 175-182.

WANG Hongtao, WEBB T, BITLER J W. Study of
Thermal Expansion and Thermal Conductivity of Cemented
WC - Co Composite[ J]. International Journal of Refrac-
tory Metals and Hard Materials, 2015, 49: 170-177.
KAZYMYROVYCH V, KRYZHANIVSKYY V. Ther-
mal Properties of Cemented Carbides Used for Metal Cut-
ting [J]. International Journal of Refractory Metals and
Hard Materials, 2023, 111: 106097.

OKAMOTO S, NAKAZONO Y., OTSUKA K., et al.
Mechanical Properties of WC/Co Cemented Carbide with
Larger WC Grain Size [J]. Materials Characterization,
2005, 55(4/5) : 281-287.
CHO S, LEE J, SHIN S,
temperature Properties of Stainless Steel Composite with

et al. Enhancing High-

Titanium Carbide Reinforcement: a Study on Coefficient of
Thermal Expansion, Thermal Conductivity, and Strength

[J]. Journal of Materials Research and Technology, 2023,
25: 7241-7253.

YI Shanjie, YIN Haiqing, ZHENG J, et al. The First-
principles Study on the Mechanical and Electronic Proper-
ties about Rim Phase and Hard Phase of Ti(C, N) Based
Cermets[J]. Computational Materials Science, 2013, 79:
417-423.

LONG W M. ZHANG G X, ZHANG Q K. In Situ Syn-
thesis of High Strength Ag Brazing Filler Metals during In-

[14]

[15]

duction Brazing Process [J]. Scripta Materialia. 2016,
110 41-43.

ANSUINI F J, BADIA F A. High Strength Microduplex
Cu-NI-Zn Alloys[J]. Metallurgical Transactions, 1973, 4
(1): 15-20

LOU Ming, CHANG Keke, XU Kai, et al. Achieving Ex-
ceptional Wear Resistance in Cemented Carbides Using B2

[16]

[17]

Intermetallic Binders [J]. Composites Part B: Engineer-
ing, 2023, 249 110400.

KLUNSNER T, MARSONER S. EBNER R, et al. Ef-
fect of Microstructure on Fatigue Properties of WC-Co
Hard Metals[ J]. Procedia Engineering. 2010, 2(1): 2001-
2010.

SRFFIR, VIER L SKRIEE . GE L mEERIE R R R Ak A
A S R/ S Bl R R R ) R A MERELT D R R LA T
. 2019, 30(18): 2172-2178.

ZHANG Kaiyuan, YIN Yanguo, ZHANG Guotao, et al.
Tribological Properties of FeS/Iron-based Bearing Materi-

(18]

[19]

als by High Energy Ball Milling-powder Metallurgy Method
[J]. China Mechanical Engineering, 2019, 30(18) : 2172-
2178.
[20] LI KOU Haibo, ZHANG
Temperature-dependent Elastic Modulus Model for Metal~
lic Bulk Materials[J]. Mechanics of Materials, 2019, 139:
103194.
MILMAN Y V, CHUGUNOVA S, GONCHARUCK
V., et al. Low and High Temperature Hardness of WC-6

Weiguo, Xuyao, et al.

[21]

wt% Co Alloys[ J]. International Journal of Refractory Met-
als and Hard Materials, 1997, 15(1/3): 97-101.

DENG Jianxin, ZHANG Hui, WU Ze, et al. Friction and
Wear Behaviors of WC/Co Cemented Carbide Tool Materi-
als with Different WC Grain Sizes at Temperatures up to
600°C [J]. International Journal of Refractory Metals and
Hard Materials, 2012, 31: 196-204.

[22]

(#EE K F)

fEE® -4 9,5, 198844, RIDFSE bt M L WF 58 A 50
WF 5 T7 W h B R 6 R B R A A MR . SR 50 R
E-mail: louming@nimte. ac. cn, & T T GH{EMEH ), B 1986 4F
Az BT BRI SE A N, WS 5 ) S 2 SR LA R I
B, K FIE L 10045 . E-mail: changkeke@nimte. ac. cn,
ARSI

UL U R TT o0 . 45 . TS 5 R DI A A R TR sl B A 1)
b R /9 2R 5 AT 9 LT]. v LA TR 2026, 37(7) < 1572-
1579.

LOU Ming, YANG Xunwang, HAO Kaiyuan, et al. Surface Dam-
age Behaviors of the Radial Bearings for Deep Drilling Tools under
the Synergistic Effect of Temperature and Load [J]. China Me-
chanical Engineering,2026,37(7):1572-1579.

- 1579 -



