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Abstract

In order to improve the finite element simulation accuracy of thermal characteristics of motorized
spindle and the identification accuracy of thermal boundary conditions, an online monitoring me-
thod of thermal characteristics of motorized spindle driven by digital twin is proposed in this study.
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A digital twin system for thermal characteristics of motorized spindle is built using C++ and Qt.
The objective functions of thermal contact resistance and convective heat transfer coefficient are
established based on least square optimization method. The thermal boundary conditions are real-
timely optimized using the measured and simulated temperatures of thermal key points and out-
put to ANSYS Parametric Design Language (APDL). The thermal characteristic analysis and data
processing of the motorized spindle are completed by calling ANSYS in the background. The digital
twin for thermal characteristics of the motorized spindle is realized through real-time mapping of
physical entities and virtual models. The experimental results show that the simulation accuracy
of thermal characteristics of the motorized spindle is effectively improved using the proposed dig-
ital twin-driven online monitoring method, the prediction accuracy of temperature field reaches
98%, and the prediction accuracy of thermal deformation reaches 96%, which provides a basis for
thermal optimization design and thermal error control of the motorized spindle.
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Figure 1. Flowchart of thermal boundary optimization
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Figure 2. Digital twin system for thermal characteristics of motorized spindle
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Figure 3. Physical dimension of digital twin for thermal characteristic
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Figure 4. Flow chart of twin dimension
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Figure 5. Schematic diagram of data transmission
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Figure 6. Digital twin interface for thermal characteristics
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11. BEHMXRMNERE

m

DOI: 10.12677/m0s.2022.116141 1510 e RSE TR


https://doi.org/10.12677/mos.2022.116141

F L FEITE

Pl 12 Dy Fi = it A2 1) 45 i 1 AR T2 S5 0 BT B el P 12 W, o it PR T AE
2400 s JafaFARGE, o fl R R K RRIE O 12.36 pm, AR RIRRIAIE N 11.24 nm. AT IURS BEIA
96%, it W FAVRFVE R 7R AR AR G RE IO 17 1) S HEL T S R

"] =aaRiwEr
Coe Sk
| — sensaay
<e SRR

HAEF (L/um)

ST T T T T T T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
BT (t/s)

Figure 12. Radial and axial thermal deformation of the shaft end
12. HhimfEm SR

5. &

AR A T dp ) T IRAUALIL T L AR R T AR AR T i, AT L R AL S A F AR e
B, WOHIFRIET CHIOEHER T REE, LI R AR IR AR R . SRR S R ], WAl
3 2R EARRG BER ZE T HIAE 2% 2 A, IR 2R AERG SEORZE AR RIAE 4% 2 N B S VRS PERG B 7 A K
PRI . AR EZ LR T

1) IR A Rl ARV (1 2 BRI S Bz, SR SRR 5 SN B 07 TR EE AT SRR AT R
TCAT FT N 25 A RO SR A 28 1T e v oL e AR R 7 AR

2) T HGLGHISEIS B DA SR, T SEEIL A S R ) B SRR R AE SR SR P B,
FEL 2 ol AR P S M I B A BETHR B, RIS IO iR 2 AR AT B

3) T EMARIEREAR, MREARAE, B2 AT HUE e 208 A SE B 3 AR
HEILE, SECEERRERAE.

SE K

[1] Uhlmann, E. and Hu, J. (2012) Thermal Modelling of a High Speed Motor Spindle. Procedia CIRP, 1, 313-318.
https://doi.org/10.1016/j.procir.2012.04.056

[2] Su, C. and Chen, W.F. (2022) An Improved Model of Motorized Spindle for Forecasting Temperature Rise Based on
Thermal Network Method. The International Journal of Advanced Manufacturing Technology, 119, 1-23.
https://doi.org/10.1007/s00170-021-08592-0

DOI: 10.12677/mo0s.2022.116141 1511 jé

m

5


https://doi.org/10.12677/mos.2022.116141
https://doi.org/10.1016/j.procir.2012.04.056
https://doi.org/10.1007/s00170-021-08592-0

B FEITE

(3]
(4]
(5]

(6]
(7]

(8]

[°]

[10]
[11]
[12]

[13]

[14]

[15]

R, BR/NzZ, BRoCHl, FIEIZ, TRRIGR. s 3 Rl R A i S SEIR e AU 0], MUARGEE, 2011, 33(6):797-802.
Moz, g, A, T, Bochk. b B R A e LR D). HUAK TR S4R, 2013, 49(11): 135-142.
SKENTS, ZEEAE, EEM, kI, RERE. w0 SR AR T R[], ML TR 2R, 2017, 53(23):
129-136.

AU, BB, R, X, REF. BT HEST IS IE R R R 4 A VR[] BULBREREE, 2020,
42(6): 1445-1452.

Meng, Q.Y., et al. (2020) Research on Thermal Resistance Network Modeling of Motorized Spindle Based on the In-
fluence of Various Fractal Parameters. International Communications in Heat and Mass Transfer, 117, Article ID:
104806. https://doi.org/10.1016/j.icheatmasstransfer.2020.104806

PR SE, XIVLEE, X, B, 2T HR TR T A F R B R M R RS R A]. HLBREREE, 2017, 39(1):
154-159.

SRIEA, MRorD5, TR, XUARE L w5l i R R O S S AT A (3], A aU e TR R (H AR FAAR),
2015, 42(6): 90-96.

T, e, AR, BRBERH. 5B ) AR AR SRR WA sh 1k, 2018, 33(2): 477-486.
WROLZE, E2REK, R, KBRS, modBRER RO AR O], AR B A0 244, 2007, 22(1): 163-168.

WK, RIEAR, M, RIBEZE, X9, JEHE, IR, wKHEE, MW, IROCH, EER, R, XRT, B,
FEVLWE, BRERHK, SKEA, 9KBY, BEO78R, (ISR, ZREIS, P2, By ard N IRR ] THE L RliE &
45, 2018, 24(1): 1-18.

LR, X, SKZN, mEE, K@%, KR, IR Rz AR B3I A R]. MU 5HE 5T,
2021, 37(5): 111-116.

Grama, S.N., Mathur, A. and Badhe, A.N. (2018) A Model-Based Cooling Strategy for Motorized Spindle to Reduce

Thermal Errors. International Journal of Machine Tools and Manufacture, 132, 3-16.
https://doi.org/10.1016/].ijmachtools.2018.04.004

Fan, K.G. (2017) Research on the Machine Tool’s Temperature Spectrum and Its Application in a Gear Form Grinding
Machine. The International Journal of Advanced Manufacturing Technology, 90, 3841-3850.
https://doi.org/10.1007/s00170-016-9722-x

DOI: 10.12677/m0s.2022.116141 1512 e RSE TR


https://doi.org/10.12677/mos.2022.116141
https://doi.org/10.1016/j.icheatmasstransfer.2020.104806
https://doi.org/10.1016/j.ijmachtools.2018.04.004
https://doi.org/10.1007/s00170-016-9722-x

	多边界寻优的电主轴热特性数字孪生
	摘  要
	关键词
	Digital Twin for Thermal Characteristics of Motorized Spindle Based on Multi Boundary Optimization
	Abstract
	Keywords
	1. 引言
	2. 电主轴热边界优化
	2.1. 接触热阻优化
	2.2. 对流换热系数优化

	3. 热特性数字孪生系统
	3.1. 数字孪生系统架构
	3.2. 物理维度构建
	3.3. 孪生维度研发
	3.4. 虚拟维度设计

	4. 实验验证
	4.1. 实验设置
	4.2. 热边界条件计算与优化
	4.2.1. 初始边界条件计算
	4.2.2. 边界条件优化

	4.3. 实验结果分析

	5. 结论
	参考文献

