Table 1 Physical parameters of thermal-fluid-solid coupling simulation modeling of motorized spindle unit
	
	Density (kg/m3)
	Thermal conductivity (W/(m·K))
	Specific heat (J/(kg·K))

	Spindle structure (45#)
	7850
	50.2
	448

	Bearings (GCr15)
	7830
	40
	670

	Motor rotor (Cu)
	8930
	398
	386

	Motor stator (45#)
	7850
	50.2
	448

	Coolants (oil)
	910
	0.13
	2090






Table 2 Physical parameters of thermal-structure coupling simulation modeling for motorized spindle unit
	
	Young's Modulus (GPa)
	Poisson's ratio
	Expansion coefficient (K-1)

	Spindle structure (45#)
	206
	0.28
	1.16e-5

	Bearings (GCr15)
	208
	0.30
	1.4e-5

	Motor stator (45#)
	206
	0.28
	1.16e-5

	Motor rotor (Cu)
	100
	0.35
	1.8e-7






Table 3 The optimization results of thermal loads for spindle numerical simulation
	
	Loading position
	Optimization results

	Heat generation (W)
	Motor stator
	216.64

	
	Motor rotor
	105.8

	
	Front bearing group
	164.16

	
	Rear bearing group
	39.57

	Convective heat transfer coefficient (W/(m2·k))
	Rotor end
	91.3

	
	Check bar
	70.1

	
	Shell
	9.7





Table 4 Spindle preloads under various operation time lengths
	[bookmark: _Hlk115963436]Time (h)
	0.5
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0
	4.5
	5.0

	Preload increment (N)
	289
	305
	308
	310
	310
	310
	310
	310
	310
	310






Table 5 Spindle preloads under various rotation speeds
	Speed (r/min)
	1000
	2000
	3000
	4000
	5000

	Preload increment (N)
	100
	276
	427
	510
	578






Table 6 Spindle preloads under various liquid supply temperatures
	Supply temperature (℃)
	17
	18
	19
	20
	21
	22

	Preload increment (N)
	32
	103
	254
	428
	579
	693






Table 7 Load-axial displacement value of motorized spindle unit (continuous operation for 5 h)
	[bookmark: _Hlk39153044]Load value (N)
	Deformation (μm)
	Deformation affected by temperature rise (μm)

	500
	7.8962
	7.2536

	1000
	15.7924
	14.5072

	1500
	23.6886
	21.7608

	2000
	31.5848
	29.0144

	2500
	39.4810
	36.2680



