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Fig. 1. Hardness prediction workflow of WC-Co cemented carbides based on ML.
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Fig. 3. SHAP values (a) and the absolute value of average
SHAP (b) of each feature with target variable of hardness.

ikl hl, WC SRR Co 5 e i fif
[ 4 B ) OCSEARAE. P, b4 WC b R
I Co & BEAE N CSERFIE, HEATRE 575 A B2 19 55
A .

3.2 EZFEEBSHHMRK

H1F GBDT 5% 5 RF 58 (1 S HOCH /A
[A], n552¢ 2] #5580 (number of estimator) , # [#4
W (max depth) . 715 S B/ HEAREL (min sam-
ple leaf) AR PEBAT s B 43 T e/ IMEAR KL (min
sample split) 5. [HAPHSEAF, 1 GBDT &
FARIE AW T RFE A (subsample), 2% 2] %
(learning rate) LA S5k pRi %k, 1ii RF 75 2987 &
i B RFFIEEL (max feature). 25 I8 F) — {0 1]
S EA AL AR, BHBEASC L GBDT A7
W EESHA RG], M ATFhRSNEE. B
RZEANE 4 frs.

Kl 4(a) IR T 595 2 25 B0 W S5 F hy
0—200 i, GBDT FiEM AL AR 1 e 4L i
ZMTr 2. ATLUEH, 855 B 70 B, B

126201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 12 (2024)

126201

—e
4+ .—o—.‘._.,.—c"_._._._._._._./.

Bias/10-2 Var/10-3
(V)

I
“~A_$_A_47A,A_$_A7A7A—Aff7A—A7A—A—f
I

R?/%
=

72t 170

0 50 100 150 200

Number of estimator

» /.\././.\._ ./'\.

A
_a—ha

2.5 F | A—A—A—_, X
| A—d_ AT

Bias/10-2 Var/10-3
(v}
S

I
2.0} smstny/ .

88

R?/%

86

84

0 5 10 15 20

Min sample leaf

15 F(b)
10 | Ve

|
6| | A—A—A—A—A—A—A—A—A—A—4
A

Bias/10-2 Var/10—3

[S]
T

I
88 | ;
80 -

R2/%

Max depth

4.2 F(d) .

3.6 1 /._./ .\./ \".\'\._.,._.\ )

3.0 e

Var/10—3

24¢

A, A
2.2+ | / o “A\
a—A A—A—A—A

AAAAAAA ~A—A—A

2.0F 4—d
88.5

Bias/102

87.0 i

R2/%

8551 13 . . .
0 5 10 15 20
Min sample split

K4 RIS HO GBDT Fpe 20 ity i 56 HE A % (R2). M 22 (Bias) FIJ5 22 (Var) BYSEIR (a) 535722 T #80E; (b) WY IR KRB

JEE5 (c) M9 R DREAH () PR A 0 B s e/ MR AR

Fig. 4. Performance of typical parameters on the testing set in terms of accuracy (R?). bias (Bias) and variance (Var) based on GB-

DT model: (a) Number of estimator; (b) max depth; (¢) min sample leaf; (d) min sample split.

RIBAGR ) R, B3] T 87.2%, [FHFHA K
FIR 2EME 0.0207 FIEARAY 7 226 0.00309. st
Uk, PEAPABIRL R R G T s P | R Az Ak
BEJ). ARYEE 4(b)—(d) ATLAR H, MR N 3.1
FAT s D REARRC 4 N SR A TR f s
FEARKCH 3 B, GBDTHERY B A I & 1 R2H L &
R 22 For 248, B Bt eS8 G160 GB
DT AL S50 T b S5 &1
GBDT FABIRL XECHE 51T 10 IR 10 H758 X
UE, &5 SR AR () i B AL 87%, i IbHE I
WIERESHEH A TE N GBDTH AR i 2
B, PEATRE B A A 0 R A TR . RF SRR AR A e
S HCR MR B kA5 3.

3.3 RBIRKIEMN
Mlanp IR A R rp ) DI ZREE R A X
3 Fi R — 5 Bl He B REALI 43 . SE ISR 10 Fr38
SCYGUF ) 75, W B R 40 I SR L A1) 25 R
BRI it 22 R 08 2 i 8, DR eI 2R Al il 4
B A3 e T 9:1, 8:2, 7:3 Fl 6:4 HEAT

RS IINZ5. 25 SRR, A A A2 H5 s L 5]
TE 73 B, 4 LA S BT R4 R? A
X . R, K WAL B BRI SR 4 IR 73 L
BIBEAL A3 I 2 e Ak 4 . R S50 AL 5 1)
4 PR S BRI SRR HE A 722 2], IRX
AV TN, 255 & 5 FE 6 FiR. B sk
A RIZL € 1) 5200 [ 43 o A R I B A i 4 1 4
P, FELR - B 3R WA 5154 Al ) 0SS RN )
B8 W) &, BB iz i 4, 2% IH Tl {E A
SEAEL 2 ] R 4 X iR 22 )N,

Il 5 AT, 4 FPETAAR RS B SR AR 1 BE
R BTE AR 5 A 4 R R 19 L S A T A 5 4
W) I RS L, N ASCR B AH LT, RF
B R R KGEF) 0.95 (K 5(d)), INGRR &
I Hik & GBDT 8L M SVR Bk, R? {H 5 4
9 0.93 F1 0.87 (K 5(a), (c)), T PR BEIIZ5
WARXTEE 22, R>AEAA 0.86 (& 5(b)). X F K
LR TR (K 6) M5, GBDT B3 i T RS
FEfsn, HO® RF B350 SVR B, PR A
R ESTE-S

126201-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 12 (2024)

2400

2000

1600

1200

Predicted HV3/(kgf-mm~2)

800

2400

2000

1600

1200

Predicted HV3/(kgf-mm—2)

800

800

1200 1600 2000
Experimental HV 3/ (kgf-mm—2)

2400

(c)

yd

>
'ti:r

e t “ e
o ® © °

::*.

2!

ad

R?=10.93

800

& 5

1200 1600 2000
Experimental HV3/(kgf-mm—2)

2400

DU i B0 VR A R I R 2 S R

Predicted HV3/(kgf-mm~2)

Predicted HV3/(kgf-mm~2)

2400

2000

1600

1200

800

2400

2000

1600

1200

800

126201
(b) S
800 1200 1600 2000 2400
Experimental HV 3/ (kgf-mm~2)
(d)
ot
L ’/...
o e o
¥
i e
)
e R2=0.95
| o
800 1200 1600 2000 2400

Experimental HV3/(kgf-mm—2)

(a) SVR #¥:; (b) PR & ¥, (c) GBDT &3 (d) RF Ak

Fig. 5. Performance of four models on training set: (a) SVR algorithm; (b) PR algorithm; (¢) GBDT algorithm; (d) RF algorithm.
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Abstract

The hardness of cemented carbides is a fundamental property that plays a significant role in their design,

preparation, and application evaluation. This study aims to identify the critical factors affecting the hardness of

WC-Co cemented carbides and develop a high-throughput predictive model for hardness. A dataset consisting of

raw material composition, sintering parameters and characterization results of cemented carbides is constructed
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in which the hardness of cemented carbide is set as the target variable. By analyzing the Pearson correlation
coefficient, Shapley additive explanations (SHAP) results, WC grain size and Co content are determined to be
the key characteristics influencing the hardness of cemented carbide. Subsequently, machine learning models
such as support vector regression (SVR), polynomial regression (PR), gradient boosting decision tree (GBDT),
and random forest (RF) are optimized to construct prediction models for hardness. Evaluations using 10-fold
cross-validation demonstrate that the GBDT algorithm model exhibits the highest accuracy and strong
generalization capability, making it most suitable for predicting and analyzing the hardness of cemented
carbides. Based on predictions from GBDT algorithm model, PR algorithm model is established to achieve high-
precision interpretable prediction of the hardness of cemented carbides. As a result, a quantitative relationship
between hardness and Co content and WC grain size is obtained, demonstrating that reducing grain size and Co
content is the key to obtaining high hardness of cemented carbide. This research provides a data-driven method
for accurately and efficiently predicting cemented carbide properties, presenting valuable insights for the design

and development of high-performance cemented carbide materials.
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