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The practice of digital twin tech ology in comple
smart manufacturing digitagjplatfor

2[5 Qiao Guo

E[EEI__IQ&EHJ ﬁ'%‘z Senior VP, Xuelangyun
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? ER=EFABANE Introduction of Xuelangyun

B REFRTEZBIBA Xuelangyun’s Academician and Expert
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« KBAZATRICINRZEAZ SEIRA R BER=EIEE RERREIEE
« THmTAREAY '
+ BE and WS from  Southeast S i P TS AAHE
. previousﬁl, in National Instruments, Smart Manufacturing  Hign-end Equipment Process Industry Digital Economy Education

IBM and Alibaba
« Deputy to Jiangsu Provincial
People's Congress

BEAMAT (FIREBE., £A%) +HhidEl (N, sap, LIIGSH57E) BREERIIEIAALSIKARRA

Founders and partners from internet companies (Alibaba, Huawei, etc.) and manufacturing (NI, SAP, Mazak)
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® HE B EERIAIPE Essence of Manufacturing Digital Transformation

e 2 et A iy

TR RS TWEEN, A TSRS ESRARERS, SBUERIL, SEXSHL. REseis
Bir, R/ INTHERIER. EER. MERNEXEENEEEE, SEr-. . SHRIIIIR
Deeply integrated with industrial Internet, artificial intelligence and other modern information technologies, with the goal of green and low carbonization, high value and high-

end, digital intelligence, forming an independent intelligent collaborative regulation mechanism of material flow, energy flow and value flow in entire manufacturing process,
and realizing the transformation of production, management and marketing modes.
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Digital
Transformation

High-quality
Development

Digitalization
and Aggregation

SE:EEE MRS s s b B PETIERRLT, HEETASREMIST001EERAS

Source: Speech from Professor Feng Qian, Academician in 2021 XuelLang Conference
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TP REHBERIER (BUBERE) B EE SR ,
Industrial products business model from product-only to service
(Digitalization and Intelligentization)

20%

%601

N 40 40%

60 s 80 s 2000 s 2010 s
INELAIY HU W7 B SRR W ERS D o4
Value Proposition Mechanics Electronics Embedded Software Data Service Digital Twin

TP R IEFE M= R A B SRR R 32

Mechanical and electrical products to digital, intelligent and connected products
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Dlgltal Twin Appllcatlon Requirement of High-end Equipment

Iy ALk

"""Hi?iﬂ]m

Diesel Engine = Power Battery Gas Turbine

RSEEHL

FESSH

%ﬁéﬂﬁﬁﬁi’-}: Sophisticated System ﬁﬁ*ﬂﬁlﬂﬁﬁ Long Development Cycle I{’Eﬁiﬁ%{% Rugged Environment EQEEEZS% High Maintenance Cost

&mm s, BB, ZHl. BEIR BT R, B, &, & H. EERESING T Z R ESTEIS N EIRNAS, ik, &

ZNVFEGR, STRGEERES, MEZ MIEFRITUE, PREER SIERETEIERE NIE, SNAEEIC R KIS, ERERIE
BESIRFH LM RIS R RS, VJRSETA DR, ERIRITTREK. ITHIZ MR &=, TR

COUp|ed sub-system, nonlinear system Multi-physics and multi-discipline, coordination of Degradation in rugged environment leads to Unscheduled downtime increases the

different R&D development the concern of safety and reliability maintenance cost

HFEEFADRREInEEBESRELELRERNRL R, £, BTHIPIRE THINEE

Digital twin technology provides new method to overcome the challenges of high-end equipment R&D, manufacturing and maintenance for complicated working environment

TS MHEL sk sl



» SZUESSHEIEG: WESARS |
Overall Challenges from Design to Maintenance for Complex Equipment

iQi'l‘Design > 1&4EMaintenance

Kfﬁﬂﬁz, Maintenance
>

i i

NiEEE DR

Data Management R&D Collaboration

- <
EEE AN TS

Process Management Auxiliary modules

REHEXXE. &8, %ﬂ?&*ﬂﬂﬂtbmu*s, ALMEER, ARMDRMEEET, WIAASS

Customized design documents, models, data and approval process, manual operation, low collaboration efficiencies, incomplete auxiliary modules

TS MHEL sk sl



» EFicEITEEE: WSHASER

Detailed Challenges from Design to Maintenance for Complex Equipment

iﬁi‘l‘Design ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 1 il__?gEMaintenance
Egﬁﬂﬁﬁ Maintenance

=
High D|ff|culty High Requirement Incomplete Process

IZIHBE Design and simulation 2 Z=HEIE Digital Twin iE4EIRSZ Maintenance

RESRETESNES, S =~

U
RN, ) S i o EMRSARTES
o IIISARIEMEER, HELL FERAURE, SRk o EERSERMIZERE
SSFE(R, * FEREITIMHERS o REXIERSISIENA
= o S V==
o *Eﬂ*#@?éﬁ?@%, *EJE{EE&* Challenges of modeling complex product digital
Lack of platform to coordinate all the CAD/CAE twin. Challenges of real-time performance, Incomplete MRO process and lack of
toolchain. Inconsistency between simulation accuracy, and visualization of digital twin. intelligentization. Lack of data mining.

and physical testbed.

BIRTESNARAR. SEEERSERERTERESRZ

Lack of digital platform for hybrid modeling, data aggregation and coordination, integrated management, and thin
application software development

OERG AFETAR a2



o BIEAAUNFE—LET IR, BEE— "SFTE" NEIRRSE

Manufacturing digital transformation not only needs a set of industrial software, but also a digital platform

User Requirement R&D Purchase & Planning Scheduling & Production Warehouse & Logistics

Operation
Twtes. app 5 BEETAR{EEAPPEE gt T
A;k‘ Smart industrial software/APP
WaHE:S . B}
St TRl Hae™m T/ &t LRSS RS
= BN \ ’ H & LN\ z* NI ! H £y 3 L7l
Software Engineer: industrial K IR INE R ! SHEDH ﬁ* Efﬂ‘t”'—ﬁ o PRRLREAL A == FEH L
software, SaaS APP BEMRL ik TZmk
TIgEEts {5HE Smart design and Factory design, supply  Real-time, dynamic Supply chain Asset lifecycle
Iis;\ ‘[f‘ﬂﬁ : N simulation optimization and design analysis planning and scheduling optimization optimization
y L , .
o HEFH : e RIS £E/5
usiness Engineer: factor o _ _ _
modeling, simulation, optimization Digital prototyping Factor‘y S|muI§t|9n a.nd Supply chain digital twin Equipment digital twin
HiE Al ‘3\1_%: & twin real-time optimization
o = o W HEFERNBR. R, 5. BE—H, N TRENE B HREDHE
6 b Incorporated with design, manufacturing and maintenance, from resources coordination to operational coordination
; I:II == ===} A\l
et ~| ENAERNBALE. WESAMHASREDE. BETFTUHSNUSDE

Algorithm Engineer:
Data, Al, computing

Rich functional toolkit libraries, loose-coupled data platform and industry-oriented business platform

SERT Aslhislehsk BlElps
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Xuelang OS Smart Manufacturing Digital Platform

2 173 RERSHT BRI T FRSEE R
RRAFE '
App||cat|on PSR H LR MEEARZB ML ﬁ%ﬁfﬂlﬁ%?f—‘

KA HIER MR RIER EA S BANER

R FRHEZR Co-simulation Framework Data Development Framework IncorUSI nEramework
Application HITiH RS hit EAELS WAB R
Framework Parallel Computing Framework Edge Computing Framework Global Optimization Framework

- B FENBE

Application Layer

REESHEFREE TAVAPPLAR T Ak
IR "898 P, EEERIEX.
=575

Next generation of Industrial APP

> B AHAFEE

Component development layer

HIESAIBGTINIEEM

Data, Al and industrial knowledge component

library

. EESERG

/ .SerV|ce Discover tate Mana ement -~ DataCom ation — Node S .
on o 3 8 a duling <
mm\n\l '2/ A A J EIROS o—/. \\r\ N\ = / m

MiliE sk EFE

Fundamental supporting layer

REFEITE SRR RRESS,
MiRSHVTE. SHAHTIE.
KREFSIE. FBISHERESIES

Mixed computing, distributed parallel
computing, solver engine, new database engine



s =1 =IROSHISFIFERRANIR L. - > EFZEE - > EReN - > RESLRi S
Xuelang OS based Digital Twin Technology Roadmap: Digital Prototyplng >D|g|tal Twin->Smart
Application->Mix of Digital and Physical

S1: &M S2: {REFZE(F S3: fSiEigit5iz4n A S4: fEEERS
Digital Prototyping g Digital Twin N Smart Applications Mix of Digital and Physical
/ v A Iteration | Model Order " sg=njtiy) / RitHii DT \ 4 )
Reduction BB Eg Design P
RGALY e e e " . vy . Optimization ault Analysis
B > EENRE > RS/ | Iterated by mix of WRE
FHEM Calibration Analysis and Model-based v digital and physical ) R&D Digital Twin
Sub-system A Optimization Twin E?#ﬂ.ﬂ#;ﬁ!?@&ﬂg RSN TEREFTN
............ giﬁﬂ “ﬁonf:m?n Performance
— i onitorin Prediction
¢ %A Iteration | N e NN ’ ] t Pro%fio?l%ital
~£ N . ——_— ] o Twin
b FERE . opmme BB/t SRR b LRI SBRTE BT -
% Sub-system N Calibration Og?irﬁlzsaiign Real-time data Physical Entity ~ Twin Camparison warning v ——
. . . . ( ACqUiSitiOh L—_IEL;‘EH%%TL ;Hjﬁﬁ ) Management
BHERIEEEN Accurate Digital Prototy!amg el é;g I AR Digital Twin
Complete System _Calibration Ana.lysf|s a_nd LEER Op‘t:i‘:itzraotlion A'i.ii?:f;“
SR L Optimization -
=g RBFE —> EROR/MT sgsﬁﬁﬁal
Historical real- | #pi@spils  HAEH HEEETE 3 Twin
T eS| | world data Ash%E  Iterated by mix of Marnergy Kno%vqﬁ;?nﬁing
\ / digital and physical \_ ° / Y,
> PHERAFIHEOT RS (Distributed heterogeneous > {EBUEM T EEE (Model order
interface) reduction) > RICEETRE (RE(MiM) (Optimization)
o £ (Co-si ioni s . . .
o ; ngg.éﬁ(%t%tﬁﬁﬁ_ )(c:cla: é'é?:?:ﬁ; .:T:;?;:Ziment) - > *HEB‘EEZFE,?‘.E (Real-time data =) > HI,EE%“-SJ{E;E (Machine learning) .
B | > RUHETA% (Rt BEU5E) (Optimization) communication) o > BIRWEIES T TR (Fault tree analysis)
> TEHSETEE (E47EIF) (Real-time simulation) > =L TREE (3D visualization) > BUECIMEC I RE (Data visualization)
> (EBYZM T EE (Model order reduction) > e8I THEE (Machine learning)
> PHAEIBEETR. HBESEETAR (Distributed database toolkit, data management toolkit)

== sEOS Eﬂ *IJ ﬁ*,ﬁ@ Xuelang OS: Smart Manufacturing Digital Platform

TIPS MEE sk s Lo%
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Xuelang OS based DlglthjAL'LnlechﬂQIogy Roadmap

> IR ETRE
Real-time data
communication

L2

Connection

s

Real-time data
communication

L2

Connection

HE’: Serwce
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> ICEIZTRSE

> N=RFITHE

> BIEHRERESH IRE
> SiEnI R TRE

f
s > PHRANEE
EE Distributed soft data bus

Connektion
v
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> SHhEIRETR
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Connection
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Distributed soft data bus
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Connection
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> BHNIREL
Distributed soft data bus
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o ETEROSHFT LIRY: =EKT/1zHE—IME
Xuelang OS-based New Industrial Software: Equipment Design and Maintenance Integration

E14-AutoSimulation »

0 ® ¢ oE=E ©
R - EAA(AlgiE) ?—, O d:
AEAT TERVEH 28 mEEY
*TESHR:
£2h
s > W e E14-AutoSimulation
> HIEES
AR .
> g . TIEHEA :
» EFE - —
‘b — 5 ik
> EERE 9 - J/ [ - or 1 . > W
] workbench{5EL
> ISR MatiabffFeise Amesim{BEE o | =0 L,
> ST V=t
f - GlERTE] . 2022-09-25 11:08:25
> il
o a .
» FETR ia S TRE: e
&
© b gz
web input - -
o HIEHR
Eifp
JTEE TR ETON N
r ERIEE
Amesim{SEE 2 v~ wED BEEn v e WE(RHATEEES #5531
kbench{h Bz
workbenchffs H TmEE 52762120 —ERE 2022-11-29 16:41:00 heoz3xvjpysxFYNzAAAD - siofilereset - Done - 22.353ms INFO '
{HEEUREEN _
=B 52762120 =S 2022-11-29 1&:40:59 Downloading file: minio:///suanpan/studio/80210293/configs/55560/527621203c7f11edbc29e379...  INFO
—HiRg
_ TmEE 52762120 RS 2022-11-29 16:40:59 *SVGMEEP-v3mrs0eAAAR - siorfilereset - Done - 33.099ms INFO
BRI imjzj
_ . =B 52762120 =S 2022-11-29 16:40:59 Downloading file: minio:///suanpan/studio/80210293/configs/55560/527621203c7f11edbc29e379...  INFO
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N 4 -~
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-~
-



AT

» WOTHESE: ohilRapEROTES
Key Toolkit: Dlstrlbuted heterogeneous S|mulat|on interfaces

=r Features e T "
1. 30+{pERANMUNENL: TTEHA
XiFFREIIEE

30+ CAE supported

z.ammgﬁ%M%mwaﬁﬂw&- = h

/I|||r
A

MFEFFE AT ARSI R SFET o ome i
S 1’%%17}071}5‘5&&

Gateway and agent service of heterogeneous

simulation across different platforms and OS

3. (PRESRERI

Graphical programming of automatic simulation tasks

/& Values
RRZHHMER RS R EEN )RR, -
EREBHFHFNASFFEENRSE
TEMERR, R

Coordination of multiple CAE tools, overcome the

challenges of hybrid modeling and increase R&D efficiency

NEPS MEE sk ks Lo%
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» OTES: it/ ireEBstIES

Key Toolkit: Optlmlzatlon/callbratlon automation
=r Features

1. ETEE: Wigrit. MHEE.
ﬁl:ﬂﬁﬁxxEél Z. EBEHF

Complete feature set . B et !
2. ERUERSH: ROWOBEREN - :
PSR E M RE R S AR ’ =

i |

High-efficient search and optimization

B8
3. iRitiERERIdifL: SRIERNERZEEX a
%, (EHHgHeE —

Design performance visualization -

§ KD

P

CHRUTHETRAS, BANEARF - i —
el |

Design oriented not the tool itself, to drive more innovation

NEPS MEE sk ks Lo%
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» OTHES: REREMTAS
Key Toolkit: Model Order Reduction

= Features
FNERpERE, BESTEEENEEL, KEEEFEM1RE

Multiple algorithms provided based on different simulation type to achieve best performance

S Z M (Steady-state zero dimension): Kriging, Balanced Truncation,
Krylov, NARMAX

HIB{HE25I Mechanism Simulation Type

fas &4 (Transient-state zero dimension): POD-RBF, DMD, MLP, LSTM-Ne

e o m X = Ax+Bu [
in7 y_AX+B sute wt | y=Cx+Du |
== 2T 3
RSEY%E RS RS BSSH
Steady-state Transient-state Steady-state Transient-state
g zero dimension zero dimension multidimensional multidimensional

Encoder-Decoder-Net
BT 4t (Steady-state multidimensional): BWERSEFIFEERFIHRAER, Z

IV EIENIRE, MLP
B 4E (Transient-state multidimensional): CNN, NLP Transformer + Fourier

Transform
2 ﬁfl:—_r:FEIX—_MREIJ I‘;{L 'L‘|' %_”%EE*E;_—:F&B%B)/T Support dozens of millions of

meshing elements, fast model order reduction with high accuracy
{{E Values
RREFRETEEXR, ITERENRK, LMHESHER

Solve the problems of computation time and real-time performance

2. BIHPERE, AITRTREICINE,. SCRYZFEERIEE

Increase simulation speed, real-time digital twin realization

NEPS MEE sk ks Lo%

FHMRBM SR (MR I17)

Application Effect of Model Order Reduction (Dam Stress Field)

uuuuuuuu
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Key Toolkit: 3D Visualization

ERNMMEICESESTTEMIDIErDx
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o NFTHENAGES: JUIRE-YIERE - 1T oRE - =R

Digital Twin Appllcatlons Geometric Model, Phv-ical Model, Behavior Model, Rule-based Model

FTANTOUL WAL AT ¢ HUmiasa Vs Mites Mos of Top Dot + WECAM | (AGUNG 3

e 1. BNE 2. WFERI
Virtual Metrology Fault Simulation

(IRSERE) (BIIRENRE)

Condition Data Faulty Data

3. Eibliztas 4, EFRINH

Performance

Virtual Experiment
P Prediction

(it IEZ0HE) (TEEEENHRE)

Experiment Data

Performance Data

NEHT Mshslehsk sk
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Case Study
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faekit (SFRMERRITI. RiEGIT) | MEEEREEITES

Intelligent Design (Multi-physics and multi-discipline): Axial Piston Pump

EPFJE= Painpoint

“ > ERETHGER: FRoEEERIEMTRRAT, BIEREE, 55
Ny FUBEISWTRERTIC, RS, SEMIRITELIE,

Challenges in design optimization: manual process from CAD to CAE; isolation between

CAEs; long computation time of multi-physics and multi-discipline simulation.

| BiRAIEE Xuelang Solution

e > BEREME—ME: TE=HEESHES T, LWRE—IME. Baft. 2R
MNEBRERFERSHEDTT, 5. 5. NOGSYEBREEDT.

Integration with both modeling and simulation. Co-simulation including flow field, sound

field, stress field in one platform.

- > (FEMACINE: EAFEMERENESFRPERE, IEEEIIIIE.
. ﬂ Model order reduction to increase simulation speed.
: WEREAE N Impact and Values
N e — o s > TE—b: BEERIHINEEHRTE 1 FHeeds, —(MLFATMEREL, S
RIH-FE-— L.
e ik Localized integrated platform including design-simulation-optimization, benchmarking
a | against Siemens Heeds.
= = > FmiRiEgt: SESEERNRIHPERWE @R, BRASEIL, o

EREZER BAVREIRTH R

Rapid design: New Axial Piston Pump design software for multiple models.

TS MHEL sk sl



Bt (SFERMPERITHE. RiELZT)  HREERSERITES

Intelligent Design (Multi-physics and multi-discipline): Axial Piston Pump
> MVSSHEZR Architecture

THESIERTR HFHIGER
18R 28Ty IRprEY T R
P _ssazanesze0esn - a0 =
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" > __ 2000~
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SimcenterZFIER{t o [P - I
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“ — v o :
B4467R2S: A97 O7ESIST14051 - ——— T S — =¥k =
NIZHE 0\ e v = SHEEER IR
ot i i
000 2000~ 1000+
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ﬂ —_— -2.000- [
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8. — n ; | [Ee—— SEAH S

1SSy 2enmEe ELE: 74 EEEE L
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ke — Ly
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= - SRR e
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e ' S - l I Mz@ ; i SRR
pRem < o
v > 3
- sazzrs = - - q ‘ L—‘

@y-’i

- BEEEA
H0

TS MHEL sk Bl




SRl (MEEY, S5is) . BYFRERNTE (EHA) 8FSEFES

Intelligent Maintenance (Fault Simulation, Comprehensive Maintenance): Electro-Hydrostatic Actuator

EPFJE= Painpoint
> BPEEREER: EHARSEEMIOVERES, SR RAGAEIER SERFE

RE, SFFEREESHORE, FEHFFETEE.

> BUETRER, EHEERSS. ahSHMBISITRAFREM: TEAELIE, WREHESHITER
(B2 145, (ERMRGTEDHT. KIWIRSHSE) | (EFFEEMYIERRIRHEER. MK
A, HIEEIE. KOEUE. (CREUERER,

EHA as a highly integrated electromechanical hydraulic equipment, needs multi-physics and multi-

%«:ﬁﬁ;‘:%ﬁ% ékﬁféaulg/galt:;%igia/e intelligent maintenance.

> BFERTFEEEEHARFERE . [ REERA RS ESHHERMMREH TSN ITE,
WebGL+UES + VREATMAEREHASTEL, FANFEETA.

> BFSRESFHNNESEL: ETEHAREENSBEESTHITREINEEIRLR,
RIFRBEREEE, UEHE AR TRIGHESTE. 8Uitoi.

Integration with real-time testbed data and simulation data in 3D visualization. Plenty of accurate fault

simulation data after model calibration.

WERAE N Impact and Values

> SREESTTLEGNRSREANSEN: THSENSIHEA RN, K
SR A 2TV AN ERS,

> HEERSIEERE, WHMTSEA: RS S IIAESE, (R
FOTRETIER, DTSR (SRESHTERITR. AINCRISIIENYT. SRUEBHH) SK
Tk (REEE) WEEEIE. HEREEIIET

SE:E‘}EE Mg sE B &gt Improve the design to overcome coupling effect by co-simulation and achieve predicative maintenance by

plentv of <imituilated faultv data



et (EliflE, FSEi) - BIFRERITS

(EHA) #iIFZ4EET

Intelligent Maintenance (Virtual Experiment, Comprehensive Maintenance): Electro-Hydrostatic Actuator

> YISZHEZE Architecture

/ HFHEN (NIBRE)

REMNEBER

( s tE
(LTSRS + YRR

TS MHEL sk sl
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TS MHEL sk sl

intenance (based on historical data): Gas Turbine

EPFE= Painpoint
> REMESHIFEXIAS: RAMESXEMEREESS, WahERIHK, iRt

EEIE, (hERESSTYIRERSS, BERFET.

> VEHARRERKEEX: FEFEERHTEMNLN, HRESG (ESHN) PIEREREN
WS, UNRAEENH TR TRAIEISEIR,

> BHIRSRE: MEHRSAEERMAL, KESITERRZIZRE.

No co-simulation of flow field simulation and system simulation leads to inaccuracy of

digital prototyping. Expensive physical experiment and lack of real faulty data.

&FRBE Xuelang Solution

> 1SRN BINSFEHINSZERE: 1TBRAGERG (Simuworks) FIAZBERG
(Numecass) , HIZEEHAVEH, PEMMEERBI=4EnInFEEREL.

> INZFERBEYIRIRIS : 4R EER AR, FFREMNRE.

> FRRINEREHTS: FRMTETEISEZH,. XESMT MR4E) SaTtllSE4ERs,
EITHIESIZHEERERTZETE, SIRTIH TREETE,

Integrated with Simuworks and Numeca in one platform for easy co-simulation. Virtual

experiment is used to achieve predictive maintenance.

WERAE N Impact and Values

> RHECSYIBRISHERRER: B TREEE, W TR, B IESEE
&, BTHFFENEISSSSIIYELES. R TRNAKRAE, =B TEneREs.

> IEIRSRESEEL: BRUSEMTIRER LRI ENA, SIS FERFERYERE
X, KERBHRIFRUIELERS, SCCHRS TR S E R,

Achieve complete, accurate digital prototyping of gas turbine to realize virtual experiment

for corner cases. Increase physical validation efficiency and realize predictive maintenance.
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Intelligent Maintenance (Condition Monitoring, Control Optimization): Air cooling tower in thermal power plant

wemian | BEHIL
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TIPS MEE sk s Lo%

EFIT',‘“ Painpoint
EEEEE: ATEHiEE, RNAKE, BoAsEs, REEEEHAGER

N SR
> HHPMEEK: MBERAREZ, TEEEN, BSSRLEFNFEENR, B2RAE
Eﬂ ?\ éﬁ o

> BT SRIEERS, SR T E.

Manual control process leads to high maintenance cost and low operational efficiency.

£iRA X Xuelang Solution

> ZEAEIRBISCIRRETRN . (SENREEM AN, ENKE] HFFEEmUEER, L
WEE. EIOERRIBRETTL,

> TERRIIRENRAGIES . BT KB AR, RAMMNESIFISRIEER
fg, WHmRIETHE.

Digital twin to achieve rapid prediction and optimized operational control.

,&%&%&X Impact and Values
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Water temperature control accuracy £0.5°C, labor cost saving 50%, coal saving 1%
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Intelligent surface treatment production line






