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Abstract

Our study investigates how to achieve consistent quality in high-throughput diamond-coated tools
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production via Hot Filament Chemical Vapor Deposition (HFCVD), focusing on the substrate tem-
perature distribution. Through orthogonal experimental design, we examine the effects of filament
height (H), spacing (D), and length (L) on temperature distribution. Our simulations revealed that
filament length and spacing adjustments enhance temperature uniformity at the tool tip, while fil-
ament height adjustments benefit the chip groove area’s temperature uniformity. We found the op-
timal filament settings are a length of 270 mm, a height of -10 mm, and a spacing of 25 mm. Our
experimental results confirmed that these optimized parameters create a uniform temperature dis-
tribution, leading to high-quality diamond coatings with consistent grain size and thickness.
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Figure 1. (a) Model structure of the HFCVD equipment, (b) Results of mesh division
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Table 1. The physical properties of the materials
= 1. MRS

SHEAEL(W/(mK)) A (kg K) S E kg/m?
A 0.1672 14283 ANH] 4 <A
il 401 391 8978
R A4 35 130 14600
e 129 710 2090
G| 63 185 15500
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Table 2. Parameters used in orthogonal experiments
F< 2. IE3ZSCUGeA

B9 =~ D (mm) H (mm) L (mm)
NO. 1 25 +10 250
NO.2 25 0 270
NO. 3 25 -10 260
NO. 4 30 +10 270
NO. 5 30 0 260
NO. 6 30 -10 250
NO. 7 35 +10 260
NO. 8 35 0 250
NO. 9 35 -10 270
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Figure 2. Temperature distribution of the tool tips and surrounding area
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Figure 3. The numbering of milling tools 1 to 30
B 3. 1-30 STIRES
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Figure 4. (a) The simulated tip temperatures of the 30 milling tools, (b) the temperature distribution
within a range of 20 mm from the tip along the Z-axis
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K 5(d)~()F2 Z Flif T, R AN o, OIS h 2R . 2L H 235 Z o1 250350 R RV 5 1 7 22 7 A
BEMZERRR, K ny A3 Bl RS 3 2 = BRI HIBARAE Z B B iR E AR M. ez
fE H #£-10 mm I, R, Ml o, 5/, PR R, 4 884.58°C.

REAR B (1377 ZE N, RS AR ST ERRAT . Xk, SRS R ) D) ) X IR R 1) Sy
fifg, BEAKTTRSHEI . RLKE L =270 mm, #AZEE H=-10 mm, #ZAFE D =25 mm.

Table 3. Calculated average temperatures, ranges, and standard deviations along XY -plan and Z-axis

F3.XY FEM Z e THEE . SERMREENIHTELSR

XY plane Z direction
No.
Txy Rxy Oxy T R: Gz
No. 1 869.96 64.46 11.62 757.65 283.85 81.48
No. 2 1001.74 48.48 9.11 888.90 300.03 87.33
No. 3 979.45 37.46 8.32 931.72 167.37 47.92
No. 4 858.41 52.61 9.57 754.23 269.63 77.17
No. 5 947.19 49.87 9.60 846.04 261.00 77.43
No. 6 927.32 76.65 15.94 878.70 190.66 46.73
No. 7 827.66 68.79 13.37 731.00 264.26 72.24
No. 8 895.00 96.67 18.72 804.00 273.50 71.00
No. 9 896.34 51.12 10.81 848.92 162.59 4341
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Figure 5. The quality effect charts of (a) average temperature (Txy), (b) temperature range (Rxy), and (c)
standard deviation (oxy) on the XY-plane, The quality effect charts of (d) average temperature (Tz), (e)
temperature range (Rz), and (f) standard deviation (cz) along the Z-axis
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Table 4. Parameters of diamond film deposition experiments
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Parameter Value

Mass fraction of methane 2.5%

Flux of gas/sccm 2000

Pressure of reactor/Pa 3000

Filaments temperature/°C 2200
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Figure 6. The surface morphologies of diamond coatings on tools (a) No. 1, (b) No. 5, (¢) No. 26, (d) No. 30
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Figure 7. The cross-sectional morphologies of diamond coatings on tools (a) No. 1, (b) No. 5, (c) No. 26, (d) No. 30
7. %S (a) 1\ (b) 5. (c) 26, F(d) 30 M TIERIAREEER R
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Figure 8. Raman spectra of diamond coating of tools No. 1, 5, 26, 30 and 0
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