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Open knowledge driven green engineering material selection method
AN Ning, ZHANG Yingzhong, TIAN Jinghai

(School of Mechanical Engineering, Dalian University of Technology, Dalian Liaoning 116024, China)

[ Abstract] Material selection is an important part of mechanical product design and manufacturing, and directly affects product
performance. Material selection needs to consider the entire life cycle of materials, involving multi—domain professional experience
and knowledge, and requires an open knowledge—driven engineering material selection method. This research proposes an ontology—
based conceptual model of engineering material selection knowledge and an open knowledge representation framework. Based on the
ontology model, semantic retrieval can be provided for new product design material selection. The mapping relationship between
them is openly and explicitly defined through knowledge rules, and the characteristic indicators of material selection are automatically
obtained through knowledge reasoning, which is helpful for efficient and high —quality material selection. Therefore, taking die
casting mold material selection as an example, the material selection process based on knowledge reasoning is shown. The proposed
material selection knowledge representation method has good openness and knowledge expression ability, and provides a beneficial
attempt for intelligent solutions to engineering problems driven by open knowledge.
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Fig. 1 The full life cycle of engineering material
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Fig. 2 Knowledge framework for engineering green material selection
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Fig. 3 Ontology model of knowledge concept for engineering green material selection ( partial content)
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Fig. 4 Engineering material knowledge ontology class definitions
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Tab. 1 Some product design requirements and material property knowledge rules
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Tab. 2 Some material properties and manufacturing process knowledge rules
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Fig. 6 Knowledge map of wheel hub material selection example ( part of the content)
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Tab. 3 Knowledge reasoning of die—casting material selection
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Fig. 8 Die—casting mold material selection interface

5 H#RiE

2RO TR RHE PR 25 AR AR R
W RGP, X BRI AR AE L 45
P AR b 22 56 R AT AR 75— PR ] L
FIALY"FE ) T AR % @b R 28 £ IR R m B X Ty
¥ o ARSI ) TREAA AR 4 A i A 0T, o A ) 328 9 A
WHEATIRA I, 48— 17 1) oA e A i o) 30 144
TR RREFE IR A AR K T — A TP AR
RS2 O T REA R FEHESE e TR A AR
R HT OWL #4218 Ak B b1k e 6 RS2 01 )%, R
FH SWRL A& AL 28 RO P28, S BT ik 19 T
PR PERITR R R 8 A 3 8 % S PR A 9 2L, 52
LT AR AR 3 S0 5T SOR M TR BRI 1
PRI SIARHL, B2 AR R R BCR MR, O TR
FHRHERERFIT GRS FIN I BEE 1 BT AR

ARSI T IE A SRR T K a8 2 S 3
AF R 1 0 RO TR K B ) S €, TR R 8 05 1002



142 oBe

itow oM 5w

ERRES

ATATAG W, 0 o T B O o A
P B PR 09— 21 TR R, I 4 PR R
BERHIO 2 FBR 2 0 PSSP T4, Dk
AR IS0 TREBER . ST I TR
SRS e TR T 35 0241

[1] ASHBY M, SHERCLIFF H, CEBON D. Materials engineering,
science, processing and design[ M ]. Oxford; Elsevier,2007.

[2] BARBARA P, VALENTINA R. Early - stage material selection
based on life cycle approach: tools, obstacles and opportunities for
design [ J]. Sustainable Production and Consumption, 2021,28;
1130-1139.

(3] BRZai, mmn s, AU RERDR 1 5 vk i iR st BAR [ 1] B
TR, 2007,43(01) :19-24.

[4] GOEL V, CHEN J H. Application of expert network for material
selection in engineering design [ J]. Computers in Industry, 1996,
30(2) :87-101.

[5] ZARANDI M H F, MANSOUR S, HOSSINIJOU S A, et al. A
material selection methodology and expert system for sustainable
product design [J]. International Journal of Advanced
Manufacturing Technology,2011, 57:885-903.

[6] IPEK M, SELVI I H, FINDIK F, et al. An expert system based

material selection approach to manufacturing [ J]. Material Design,

2013,47:331-340.

[7] URREA C, HENRIQUEZ G, JAMETT M. Development of an
expert system to select materials for the main structure of a transfer
crane designed for disabled people [ J]. Expert Systems with
Applications, 2015, 42(1) :691-697.

[8] ZHANG Yingzhong, LUO Xiaofang, ZHAO Yong, et al. An
ontology — based knowledge framework for engineering material
selection [ J]. Advanced engineering informatics, 2015, 29 (4):
985-1000.

[9] F K FETAKN TR EEMNEN IS EHR[D]. K
i R T R%:,2016.

[ 10] PENG Gongzhuang, LI Tie, ZHAI Xiang, et al. Knowledge -
driven material design platform based on the whole — process
simulation and modeling [ J]. International Journal of Modeling,
Simulation, and Scientific Computing, 2022,13(2) ; 2241001.

[11] ProtEGE- OWL API[ EB/OL]. [2022]. http://plugins/owl/
api/protege. stanford.edu.

[12] HORROCKS I, PATEL-SCHNEIDER P F, BOLEY H, et al.
SWRL: A semantic web rule language combining OWL and
RuleML [ EB/OL ]. [ 2013 - 06 - 02]. http://www. w3. org/
Submission/SWRL.

[13]O'CONNOR M J, DAS A K. SQWRL: A query language for
OWL [ C]// Owled’ 09: Proceedings of the 6" International
Conference on Owl: Experiences and Directions. Chantilly VA.
ACM, 2009, 529. 208-215.

( FHESE 132 1)

4 ZRiE
1G5 118 458 R G 2 O AL B RS & 1

B M 55 B R W 2 e L R B s ok, DR T 4
RS WRAZD 7 piates Mo e Sl T[T A
S5 FRTCK N A & | HAFTEAR AT AU [) 8, A%
SCHE 5 A X HBE , 5 RE BE 3 £k T ) ) &5 580 D
AL S5 R i B E e A PR T s 4
AIE e T R 1l 55 T B v 0445 AT 98 A5 1m) R,
2ok geat, W R 455 KRR A = 80% L I,
W JE B4 45 60% LA L, H K 285 S HER 1T 55 100%
X 22 55 A Sl o7, Bl 55 A D3 T T Ik v gt ik
ok, RRBRR T AT RUA, HhER ) ot X
B e S T i B B P IR B A N 45, D)) [ 2
v 55 M PIA R R B 1A G A B T AT T
AR

B B A Rl A I 1 AR o L 2 0 4% 7 1) 32 B R
KRR S5 hEa sk EER lESS HERTT,
WEis 2k i — ZR 91 ) B0 0 AT W E T ok, AR SCHE H )
HW R, 8B 58 ex 4 % His e, KR
Al 25 X e 2 R 2] T R afER

FEAR Y T AR, v B I56E K LA 25 53 8 Ry St

T A RV MR U 0 (FO0 P28 e 1, Ak
eI e T SR T (R DX B 1 7 2
ST Al A A TR S0, o I 1 4 3
I B 7 AL 0, 75 1 4 B T — 25
R

Sk

(1] B2, IBSCHF, XUMmEE. X P AR LR [ EB/OL]. [2016-
11-22]. http.//www.paper.edu.cn.

[2] xfE3g, Z=w, 29w, £T Docker 4 AR M4 25 # b B 5T [T ]
A, 2015(04) :110-113.

[3] BURNS B, BEDA J, HIGHTOWER K. Kubernetes: Up and
running ; Dive into the future of infrastructure] M. 2™ ed. USA:
Wiley,2019.

(4] MREE. NEIFIGHRE X HGEEMIRARZE[T]. kiR S 5
K, 2020, 16(30) :56-59.

[5] XU Xiaogiong , SUN Gang , LUO Long , et al. Latency
performance modeling and analysis for hyperledger fabric
blockchain network [ J ]. Information Processing & Management,
2021, 58(1) :102436.

[6] 2=t 5, kb, SUBLIE, 3. —Fh il B 2 80 2 1 = Bl bl
IR i AR B PE, CN110096337B[ P]. 2021-01-05.

(7] BREHEHS , E00, 2255 %5, BREG 2 20 Kb [ T]. A dhfkss
iz, 2019, 45(03) :445-457.

[8] MK, T XHBEBRM A S Bl FEMEwEAR[T]. Tt
T#, 2020, 28(03) :93-97.

(9] i, BTN, WRIESE. DX HRAE S HEH A R I K A 90 453
[J]. PEAERAE2 AR ( A ARFLAERR) , 2021,40(03) :1-14.



