55 46 55 5 ) W g fl %K Vol. 46, No. 5
2025 4 10 A IRON STEEL VANADIUM TITANIUM October 2025

TAExplorer: # A & & % 88 AY
KERZATHRLERER

Fraged', 7 #E #Pk g BRI, kst

(1. B FRHE I AT AR 5 TR, WU BGES 611731; 2. B SCHEE B R W BRI BB Aa FR A =, 1)1
RER 610300; 3. SRR IEFI FH EI K H S 52802, D)1 B8 6170005 4. BERAE AT 5T A R E, U1 AR 610301)

B RS HA R, JUF5 AT I R AN AR AR AT, DA IR | A T B AU iz BT . i
TR SR PEREIR T RO ZS ARHIE, A [ 0 FH U0 T80 B PR RE Y ZRAN A ], & 220 T— B8O Tidad ik
B T R O AR AT BARYERERET AT RE, DL SR Ek & SRR T ZINER . Rk & S MHET Z
S22k, WA A I, ARG T ok 8RB 18 AR e, H ATE THLE A > B85 L AT TRt
I, AER R S BT | RERS XL &7 S R BEA T EDULMERE LSRN A 27 > T HANARAD . ittt 5L T8k
e HATAL T R SE TAExplorer, il UM B RBMETr NS % . ARG RMZ Tl AT %, B
TENAEAF B REAT M, BIAVRAAE A | Bs AR BORIPERE L R R B L A 1ol i S PR 9 2 i A7
T RO, B G RAESE TIZR G ARSI
SRR B s ARV AT BLAS 7~

RES%S:TF823,TP391.9  3TEREAD:A X EHS:1004-7638(2025)05-0123-10
DOI: 10.7513/j.issn.1004-7638.2025.05.013 FigRlE (RIRRS) FRIRAS (OSID) :

TAExplorer: visualizing key factors in titanium alloy performance
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Abstract: Titanium alloys have the characteristics of high strength, excellent corrosion resistance and
heat resistance, so they are widely used in aerospace, chemical and medical fields. Since the properties
of titanium alloys depend on their structural characteristics and the requirements for titanium alloy prop-
erties vary from application to application, researchers have been working on designing and obtaining
new materials with the targeted properties through experimental trial-and-error methods, as well as
searching for process factors affecting the properties of titanium alloys. However, the production pro-
cess of titanium alloy is complex, time-consuming, and it is very difficult to find the appropriate materi-
al by traditional methods. Machine learning based methods have currently being introduced and used for
material prediction, but there are few learning tools designed for researchers that are capable of intuit-
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ively comparing and analyzing the performance of machine learning models. Herein, we propose TAEx-
plorer, an interactive visualization and analysis system based on titanium alloys that can provide ex-
perts with multifaceted references. Our system employs a multifaceted visualization scheme that aims to
analyze from various perspectives, such as feature distribution, data similarity, model performance, and
result presentation. Experts have conducted case studies through practical laboratory experiments, and
the final results confirm the effectiveness and practicality of our system.

Key words: titanium alloy, materials data, data visualization, machine learning
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—Published literature
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—Computational simulation
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T2: Feature engineering
—Data cleaning
—Noise removal
—Feature extraction

T3: Machine learning
—Random forest
—XGBoost
—Gradient boosting
—Linear regression

T4:Model optimization
—Grid search
—Cross-validation
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Fig. 1 Workflow of titanium alloy performance prediction and visualization system
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Fig. 3 Visual encoding of titanium alloy properties
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Fig. 6 Features with a correlation coefficient greater than 0.27 between yield strength and tensile strength
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Fig. 7 Comparison of predicted and actual values of yield
strength and tensile strength of titanium alloys
from machine learning training results
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Fig. 8 Performance comparison of different machine learning models
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Table 1 Standard composition and calculated selected
composition of TC4 titanium alloy

Element Ti Al A% Fe (6]
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, TiRQ.ZﬁAlﬁ.19V4.24Fe0.200.11
\uvdt/

s “Z
va@mwu«@un

G .
Tigo44Als.13Vi11F€02200,

Ti89 67A1().lv4.05FeO U&OO,I

B9 S$AERERERSHIFEARBEHRNE
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um alloy samples

(b)
0200 o ....:..:..'..o'..o:..o’ﬁ." Yy O«
0.175 Féfse. 0.166
0.150 0.164
0.125
§J 0.100 .....‘.-.,0. ..‘...: .o:..o:..':.-'.: .":..‘t .-" ..3;.' » 0.162
£0.075 S 0.160
o -
o
: SESEES s : 0.156

(a) Al: 6.5; (b) 0: 0.15
B 10 WMo TC4 hEEHHEEES o« HATEREENZI

Fig. 10 Effect of composition on phase fractions and solubility in a phase of TC4 titanium alloy
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