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Abstract

The high-speed electric spindle is a crucial component of precision machining equipment, and its
thermal performance has a significant impact on the machining accuracy and quality of workpieces.
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To rapidly predict the temperature field of the high-speed electric spindle, this study established a
thermodynamic model of an electric spindle system using the thermal network method. Precise cal-
culation models were developed for contact thermal resistance, power loss, and convective heat
transfer in various structural components of the spindle system. Additionally, the PIPE module was
incorporated as part of the thermal network model to achieve fluid-thermal coupling, enabling
more accurate simulation of fluid flow and heat exchange within the pipes. Subsequently, MATLAB
software was used to solve the heat balance equations, providing detailed temperature distribution
profiles for critical components of the electric spindle and the cooling water jacket. The coupled
flow-heat-solid simulation results are used for comparison with them, which fully demonstrate the
rapidity and accuracy of the thermal resistance network model developed in this study in accurately
predicting the temperature field distribution. In addition, compared with the traditional thermal
resistance network model, it can quickly and effectively study the influence mechanism of coolant-
related boundary conditions on the temperature of key nodes of the spindle system, which is of
great significance for the design assumptions and rapid iterative optimization in engineering prac-
tice.
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Table 1. Parameters related to the spindle

1 BEMEXSH

LA E Th =R MRS BeFR BREE BeHE FofE
B7007C

14.4 KW 12,500 rpm 18,000 rpm 11N-m 0.00033 kg-m?
B7008C
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1 (1-7n)
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Table 2. Bearing detailed parameters
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Table 3. Dimensionless load efficiency coefficients
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load, 0 0.05 0.1 0.2 0.4 0.6 0.8 1

Ul 0.01 0.6 0.7 0.83 0.93 0.97 1.0 0.96
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Table 4. List of formulas for calculating each convective heat transfer coefficient
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Table 5. Contact thermal resistance values
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L& FREAE (W/m?®)
5 S T P e ik A B 2.12x 10
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Figure 1. Thermal resistance network model of motor spindle
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Figure 2. Node heat flow diagram
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Pipe 144 FJy Simscape 1 Fluids e —#87, A TAEMERAE 17 3R K T RRSEIX — Hir. BN
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33. BAFHITEER

HL R AR % S AT 5 M RLB YEA IR SC AR, T LAFE TS A ZE WAl 25 2L R 20 BRI AR 5
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Table 6. Material parameters of each component of high-speed electric spindle

6. BEREIHEBEMRSE

A HHER R ) oo e oy
LI AISI 4130 Stell 7.85 427 477 1.12x10°° 205
ET BT PR GCri15 7.83 44 450 1.2x10°° 219
hhse HK. HE Structure Stell 7.85 60.5 434 1.2x10° 200

L AT G818 4T 25 A 5 10 564 BTN 8 T FABBEROL 20 B 5 SR HE AR 14 o A SOV e BRI
23°C, LAI%%3H 10,000 r/min, O ) H RO BIE R MATLAB #HAT M Z TR .. E TR EREH
¥ R A E1K, BN 2 Limin, NFHRFEN 18°C, HI/K R E FRER R . S5ERTRHX A
G ERRH B R RE T SRR EAE R, Wk 7.

Table 7. Calculation results of thermal load and boundary conditions of high-speed electric spindle

7. SREEMAHTRAFEFHTESR

SHAER THHER

HIMLEE T A AR 1.43x10° W/m®

HLMLE T HE 1.77x10° W/m®

Al 7R AR R 6.01x10° W/m?

Ja AR A AR 5.23x10° W/m®
BT e AR R 143.11 W/(m?°C)

L 3 AR T 5 s SRR R B 1R 2R ) 9.7 W/(m?°C)
FL AR T 23 AR e 3 R B (G2 B4R 1) 108.41 W/(m2-°C)
TR S SR R 90.41 W/(m2°C)

J AR 5 o R R B 96.96 W/(m2°C)
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Figure 3. Flow chart for unidirectional flow-heat-solid coupling analysis
3. BER - # - EiBA S RIEE

45 .
- = RIME
b — ERErr—————
40
535 -
)
IE30
/
25+ 7
| /
20 1 1 " 1 1
0 500 1000 1500 2000

A (s)

Figure 4. Comparison between simulation and test of transient maxi-
mum temperature of bearing outer ring
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Figure 5. Overall temperature field distribution of high-speed electric spindle
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Figure 6. Temperature variation of each main part of the main spindle with time
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Table 8. Comparison of simulation results between thermal network and finite element method
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A2 AR FAREL 4832 (C) HRITEE(C) FHXHRZE (%)
L 68.11 66.82 1.93%
ET 29.30 27.22 7.64%
By 68.23 67.43 1.19%

A& 44,05 48.21 8.63%
JE & 41.10 43.83 6.23%
BEKE 28.92 28.28 2.26%
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Figure 7. Relationship between maximum temperature and coolant
inlet flow rate of high-speed motor spindle
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Figure 8. Relationship between maximum temperature and coolant
inlet temperature of high-speed motor spindle
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