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Abstract

Because of its excellent mechanical properties and high temperature resistance, superalloys are
widely used in key fields such as aerospace, energy and power. However, its inherent difficult-to-
machine characteristics seriously restrict the improvement of processing efficiency and economic
benefits. In order to achieve high-efficiency and high-quality processing of superalloys, this paper
carried out research on process parameter optimization based on intelligent algorithms. Firstly, the
firefly algorithm, an emerging meta-heuristic optimization method, is introduced and adopted. The
surface roughness prediction model in the form of power function is constructed with the minimi-
zation of surface roughness and the maximization of material removal rate as the optimization ob-
jectives, and the multi-objective optimization model of process parameters is established. Finally,
the engineering application case of GH4169 side milling is designed, and the processing effect of
traditional empirical parameters and optimized parameters is compared. The results show that the
optimized parameters increase the material removal rate by 125 % and reduce the surface rough-
ness by 30.9% on the premise of meeting the process requirements of surface roughness < 1.5 pm.
The synergistic improvement of processing efficiency and surface quality is realized. This study
closely combines intelligent algorithms with engineering practice, forming a complete technical
path from “theoretical modeling” to “parameter optimization” to “engineering verification”. The re-
search results provide a practical reference for solving the problem of high efficiency and precision
machining of superalloys, and confirm the great potential of intelligent optimization algorithms in
the decision-making of complex manufacturing process parameters.
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Figure 1. FA algorithm optimization
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Figure 2. FA algorithm optimization framework diagram
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Table 1. CNC milling machine technical specifications

=1L BITHRRARSH

2R H Ax 2R

HOs PR HIUE Tl VG 11/min < 7 < 24000 r/min
10 mm/min <v,, <60000 mm/min
B PR & A 25 BA e Va1 10 mm/min <, <60000 mm/min
10 mm/min <v,, <60000 mm/min

0 r/min < < 24000 r/min

0 mm/min <v, <5000 mm/min
JI R HI S B

Ommﬁapﬁlmm

Omm<gq, <1mm
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4. BHISHMUTIIENA
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ARSI A T B K AR 2 11 o AT W B AR A, WERILRT M ASECN 6, Hire
o2, FAEECN 60, HORIEAIRECN 200, ZZXHRN 0.8, RAMEK 0.05. BATHIKER 2] Pareto 7}
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Table 2. Pareto optimal solution set of GH4169 side milling process parameters (Partial)

5% 2. GH4169 Mtk TZ S HMBIER M AREE D)
F4EE n HEETHE vy VISR EE ap VIHITERE ae  RIMBERE Sa MEIEBRE Q

(r/min) (mm/min) (mm) (mm) (um) (mm?®/r)
1 18000 1000 10 0.1 1.250 100.0
2 20000 1200 12 0.1 1.485 144.0
3 15000 1500 8 0.2 1.860 240.0
4 12000 2000 6 0.3 2.350 360.0
5 10000 3000 4 0.4 2.980 480.0

KIS ) b SE R AR 72 1 GHA169 MIBE I T/5 Rk, T2 RRMMREE S, < 1.5 pm (i 2 J5 2 I
THIRM R E S REEK), KIENSFERMAET, EEHE S.<1.5 um L0 MR BR 23 5K E
YERNTRERGAE (3 2 TS 2), XM ESHFEHE n = 20,000 t/min. HEZ5T8E V= 1200 mm/min. YIHIEE
ap=12mm. VM5 a.= 0.1 mm FISEAE, ZIUE s SLI T TR T 229 5 N T8CR o KA W E
Hr, B Shr R
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N EIREGUE 5 K R S EO A R, AR FTIE LA A A T GHA169 U BEIN T &5 5%
HAE A IRA, ZSHONTILNER LT GHAL69 MRS HEHIE 24, M Tie 5 A sd, A
EBUE S5 A TR SEE S PAE IR E[27]-[29].

ARSI HCER A 4 GHA169 NI TXT 4, Wil 3 fiR, SR 4 Aplos FGV1060L 323 i L.+
Oy JIHSR AR &4 D12 U718 I (M-S GU2SUF, MWHZERZ), JIESHWE 3 i, L
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Figure 3. On-site photo of superalloy side milling test
3. miRAeMsREIHmE

S SN

Figure 4. Machined workpiece surface
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Table 3. Main parameters of the milling cutter
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Table 4. Comparison of processing effect

4. IR

THEE . HREE Y, UVHIRE ap  VIMITEE ae  RETHIRSRE S MOBLEERE O

(r/min) (mm/min) (mm) (mm) (um) (mm?/r)
JF 24 8000 800 8 0.1 2.150 64.0
iS4 20000 1200 12 0.1 1.485 144.0
AL +150% +50% +50% 0 -30.9% +125%

TR IR S T ZIT R GH4169 MIBEXS ELskls, (L4424 5wl K MENEI S50 BARSUE 2
TGRSR i 4 fis, bRl L BRZRiE = 6 THE, RIDHERE RN SL R EE, #id s
BEUWEIARASER AR . B3 4 7751, HETAWESRARSH, @K BEERNEN TZS
#, RIMEHKEEM 2.150 pm £ 2 1.485 pm, [FEARIEZIL 30.9%, HARMEREFHREE <1.5um; Ak
B M 64.0 mm¥/min $2F+ 2 144.0 mm*/min, HRFHEEZIE 125.0%.
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SRR AL ) s 2 AN D) HI TR B SR A [F R, RS B R R 0.015 mm/z, BR@EE /NS =R
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PR AL

(2) FINE KRG FR G2 BARRARE Y, 15 2136 55 A [7) R HHDRE FE 5 A0k 25 B R 1 il RAT A
g, BEASPR TZER(S, < 1.5 pm), BB LT E LW TR B i K BIRAE R LRI A

(3) Wit GHA169 MIEXT L 525, xf AR AR S GRS E I TR, dREBHRMSHER
THURELRE B2 AR 30.9% A RF LR FHRTE 125%, SEIL TN TACR SRR R RET, A R0 K R
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SE MK
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