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Fig.1 Reference architecture for digital twins as
proposed by both Chinese and international

standards
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Fig. 2 Design architecture for digital twins
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1:Function CreatelnitModel(J# 41 M)

2:  Dy= Simulate(M) // 7= i U808 Dy,

3 if D\ Wi R REYIHEZE K then

4 if S == null then

5: /SR B AR RS S

6: S = CreateSystem(M, D)
7 end if

8 else

9. /B B AR RGBT AR R M
10: Modify (M)

11: CreatelnitModel( /351l M)

12: end if

13:  returnS, M, Dy
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1: Function Synchronized (331 M, J¥%1 Ds)
2: Dy = Simulate(M)

3: if |Dg — Dy| <<% EfH then

4. return M

5: else

6: Modify (M)

7: Synchronized(M, Dg)

8: end if
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1: Function Evolved (J¥31 Fg)

2: if m. == null then

3: // BT RE T 9] F o 1 AE A A5 Y
4. m = ConceptionModeling(F¢)
o //AEM IS

6: M. addCm)

7: end if

8: S, M, Dy, = CreateInitModel(M)
9: Dy = Operate(S) // 847 S 7= 4 5L Edi Dy
10: if m;, == null then

11: /B R 3R B LA

12: my, = DataModeling(Dyg)

13: M. addCmy)

14: end if

15: M = Synchronized(M, D¢)

16: D,, = Simulate(M)

17: if D IIfiE & D, i 2 IIHE then
18: return S, M

19: else

20 Evolved(J¥ 41 F)

21: end if

22: Function main( 7% Fg)

23: S, M = Evolved(J¥51 Fy)

24 output S, M
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Fig.3 Object process diagram and object process lan-
guage of minimum general-purpose ontology of

digital twin
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1:Function Conception Modeling(J¥# %1 Fg)

2: me = OPM(F¢)

3: for fin Fqdo

4: if /AL TUIRENF S then

5: /0T B FE B £HG A BT
6: me; = OPM(f)

7: me. addCmep)

8: else

9: ConceptionModeling(J¥ 51 /)
10: end if

11:  end for

12:  return m.

2.2 WTEBEHRGNBTEEEAER

AT AR U R G A LR A A
HIBE S AL, WP 6 B o Forp, i i a5 A 4
R L0 AR R AE B R BIL LA 2 A D A a5
e E LA b AL A% S AL e 3D 45 B 8N
g o MG BT AR AR B T R o A

FEHRM BN RE RS R, BiEiERS
OPD 1 & 4 HE Bl (System Diagram, SD) @1l 7
frs, HESE RS K 1% OPD(SDD) 41 &l 8
BT

R E R G 0 R GEAHE IR (SDOli ik 1t e ik
ARG KA U SCRE i e e g L . A
PRGN 19 OPD(SD DR T /L 1 ik R 48
(AR o A A TE R W] R i AR A
Krgm B BAEEL, BEEHLT, 1R
35 Wk R Y U B T AR X BT BB R B B AR AR R
B OI% sh A R i G G S R L, R ARE A A R A
LT A e D O A | E I S B T e
(R BURE BE o 2 T S S A =5 W) 0 o8 TE LI Bl
P B AE AT IR AR, T B XY EAE
— AT RGE, IR R R0 Oy i AT A A A
i) 4, BF 5% 5K B 2k AR b 4 B ALK H R AR 4
PUAR BE 1Y SE PR FE I, WD R M EFR R
o BN A 1 F B R BIK Bl gk AR T B B R IR
A MEAE T — A2 SRR, X

BB BRI

K6 TeATE LR RGN A

Fig. 6 Schematic diagram for electric propulsion system of aircraft
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Table 1 The first calculation of energy consumption of electric propulsion system during typical flight

E=2 = i /s MOFB R IR /KW AR B R S /KWh e /kWh P Y FRL TR BE/ 4
1 A 1 43 200. 00 3.438 41. 260 41. 260 1.481
2 B 2 50. 00 3.438 0.048 41. 308 1.483
3 B 3 60. 00 5.333 0. 089 41.397 1. 486
4 C 4 7.50 470.733 0.981 42.377 1.521
5 C 5 5.00 502. 800 0.698 43.076 1. 546
6 C 6 8.75 501. 667 1.219 44.295 1.590
7 D 7 32.00 510.433 4.537 48.832 1.753
8 E 8 110. 00 362. 333 11.071 59.903 2.150
9 D 9 27.50 270. 367 2.065 61.969 2.224
10 C 10 15.00 461.433 1.923 63.891 2.294
11 C 11 120. 00 507.433 16.914 80. 806 2.901
12 C 6 8.75 501. 667 1.219 82.025 2.944
13 D 7 32.00 510.433 4.537 86.562 3. 107
14 E 8 25.00 362. 333 2.516 89.079 3.198
15 D 9 27.50 270. 367 2.065 91. 144 3.272
16 C 10 15.00 461.433 1.923 93.067 3.341
17 C 11 120. 00 507.433 16.914 109. 981 3.948
18 C 12 7.5.00 457.667 0.953 110.934 3.982
19 C 13 7.5.00 457.667 0.953 111.888 4.016
20 F 14 45.00 1.833 0.023 111.911 4.017
21 F 15 50. 00 3.438 0.048 111.959 4.019
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Table 2 The second calculation of energy consumption of electric propulsion system during typical flight
5 i poR JHI /s MO IIR /KW A RFE R R /kWh 26 5 /kWh L L TR BE/ V6
1 C 4 7.50 470.733 0.981 0.981 0.035
2 C 5 5.00 502. 800 0.698 1.679 0. 060
3 C 6 8.75 501. 667 1.219 2.898 0.104
4 D 7 32.00 510.433 4.537 7.436 0.267
5 E 8 140. 00 362. 333 14.091 21.526 0.773
6 D 9 27.50 270. 367 2.065 23.592 0. 847
7 C 10 15.00 461.433 1.923 25.514 0.916
8 C 18 7.50 457.667 0.953 26.468 0.950
9 C 19 7.50 457.667 0.953 27.421 0.984
R3 FIMARNTHREPEEHRRFREFEITE
Table 3 The third calculation of energy consumption of electric propulsion system during typical flight
75 i FuR S JHE /s BOPB IR /KW AR R /kWh FitFEHL i /kWh L Y HL TR BE/ 6
1 C 4 7.50 1.833 0.023 0.023 0.001
2 C 5 5.00 3.438 0.048 0.071 0.003
3 C 6 8.75 3.438 27.220 27.291 0. 980
4 D 7 32.00 3.438 0.048 27.339 0.981
5) E 8 140. 00 5.333 0.089 27.427 0.985
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A design architecture and conceptual modeling approach for
digital twins
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Abstract. Amid the emergence of Industry 4. 0 and intelligent manufacturing, significant attention has been garnered,
and swift advancement has been undergone by the technology of digital twin. A design framework for digital twins,
along with a conceptual modeling approach tailored to this technology, is presented. The proposed digital twin design
architecture is anchored in the 3D model, and a comprehensive elaboration is offered of the bidirectional mapping rela -
tionship between the target object, pertinent data, and the model, as well as the evolutionary trajectory of the digital
twin. Leveraging the object-process methodology, the attributes of objects and processes are extended, and ulti-
mately the minimal general ontology for digital twins is formulated. To illustrate the approach, the UAV electric propul-
sion system is employed as a case study. Through this lens, a conceptual model of the system is established, and an
in-depth account is provided of its composition, behavior, and performance. Promising outcomes are obtained.
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modeling; electric propulsion system
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