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Abstract: Pressure - Preserved Coring Tools are critical to deep -~sea resource assessment and development, and the closure
performance of their sealing ball valve directly determines the success of acquiring in situ core samples. Addressing the difficulty of
accurately quantifying the ball-valve actuating force under multi-variable interaction effects, this study integrates experiments with
machine learning to achieve quantitative prediction across multiple factors. Through comprehensive factorial experiments, we
obtain driving-force data under multi-level operating conditions involving temperature, seal-ring type, and lubricant viscosity, and
systematically analyze main effects and interactions. The results indicate that lubricant viscosity is the primary influencing factor,
exhibiting strong coupling with temperature. Building on these findings, we employ data-augmentation techniques and a gradient

boosting regressor to construct a multi-factor prediction model. The model attains an R* exceeding 0.99, and quantitative feature-
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importance analysis yields a ranking consistent with experimental trends, validating the effectiveness of the approach. The results

provide a reliable basis for the optimized design and materials selection of sealing systems in deep-sea Pressure-Preserved Coring

Tools.
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Fig.1 Pressure-preserved coring tool
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Fig.4 Mechanical analysis of the sealing ball valve's motion process
a BRIGSEARTIVE ; b, BRI A5 OB o BRI oS 22 M 5

W 3 3 1 64 5 e RS 3 0 A 1A IR I A
RN, 485 78 1 52 W O s JBC O il EL 3K 1) 9K 51 g A O
SEJSEN e S F

1 F Al

1.1 $HERAEHRFEE

TE 5K ] B 2% B R b AR Sl T L B R (Y
W) BRI BT i JAE R A ) N RS Bl [ B R T Tl
5 SR R B IRV 5 28 92 IR IR 90 e . 3K 1] 7
B OCHEAE TR Sh B RE A SR AL RS IR Sh Sy L T
fraffeep R oy LG (1) a8 I Fys (2) B
Fo i oy A5 - (1) TN F;(2) 70
Fy; (3)EEERL /1 F(WLIE 4). 8 B AR IF 15 A
R BRI B R, 5 IR B PR R OGN R, T
SR AT 128 3 BT g A IR 32 3 i O R 2 T i
JAE %% S B 5 1 JAE A i) () EE A5 BHL T, i EE 5 BHL 7 %7
% o P 2 A K = %Emﬁmrﬁm
A 555 1k B 2 A S W Vi Y A SR BE L F — AP ks
PR TT .
1.2 BRI KT 2 1 1 E AR R

T R B0 i EL R 8 1 G A — A sl 3 ) 2 it
it IR 3h J) F 02502 DA ST R BE 77 A B 4 2 1 32 iy
ShERRNE % 2 5P B ) 2 A AR N

=>F,=F+F,+F +F, (1)

H S F BB, 328l DURJLE A

I i )R 5 st AR A A T A BE 9 T FOJE

FEMIRE, A TEHSBEENEIERATS
W] A% P R 1) 2 fh 1T
SR ) F RS ) F UL SRR T F
ok BT ERIE A B R, 55 R OCH R
/N A SN
PRt B i 3K 2h g Fy, FE R/ A T vl IR JEE
¥y
F,>F;=p-N. (2)
JEE A8 T F 5 %5 3t P it fin ) A ] 4 ik s 0 B
A BIEE ) NFTRR A
N=P, XA, (3)
Horr: P % ) B 09 42 1] 42 fish . 7 (Pa) , A 2 42 fil T
B(m?). X F—DHIE % E % m
A=nrDw, (4)
WAL - D 2 IR N AR w o 5 3 B 1 A 003 finh 5 T
1.3 EZNZ5METHER
131 EBAZEE5EBRE T EESGHTHE
WAETE L BEEE T FOAT oR A R 4 A R
Fi= ﬂN p+P.enDw. (5)
U R OB R OGRS B R R AN
%éfﬁﬁ.ﬁﬁkﬁﬁTmSmmw%%?ﬁCE
FREAHLFN S, 2004) iz 2k p 2 h Tt NS 8
P8 % (Hersey number, H) K bR £ ( 5Kk 1% 9% 5% |
2024 ) , Ho i v A — M R ak 0k
7
R’
Horr s 30 T RGBE o S A N R

H= (6)

L E$1JE7F




%8l

ST 4 ¢ VR (IGO0 BR IS 30 30 7 0 L35 00 45 4905

i BB et 33 e R 6 ) 3K 2l g K 0 AR

£ (G 2 5
@ il UKL UK F T RE il ek
® UK /KR A TR AR

_________#__:________

SRR
© 5l HKIB R
@ [ THE L1 eChnvk iR
© TR NI IR S TR S

2 5
@ T4 R R R Bl HL BRI 5K

PSR AR sh g i i e 4]

Fig.5 Main test flowchart of the ball valve actuating force
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Fig.8 Main effect of lubricant viscosity on actuating force
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Table 2 Setting parameter values of prediction model
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