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Experimental Study on Function Electrode Ablation Machining of
Difficult-to-Machine Materials

Xu Anyang » Liu Zhidong , Li Wenpei , Qiu Mingbo, Tian Zongjun
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics &.
Astronautics. Nanjing., 210016, China)

Abstract: In order to study the processing adaptability and influencing factors of discharge-induced com-
bustion with function electrode for difficult-to-machine materials, contrast experiments between conven-
tional electric discharge machining (EDM) with cylindrical electrode and combustion machining with
function electrode are carried out. Four typical difficult-to-machine materials, i. e. nickel-base superal-
loy GH4169, die steel Cr12, titanium alloy TC4 and titanium-aluminum alloy TAC-2 are selected in the
contrast experiments. The results show that the efficiencies of combustion machining for GH4169 is
112 mm?®/min, for Crl2 is 92. 28 mm®/min, for TC4 is 347. 7 mm?®/min and for TAC-2 is 152. 5 mm®/
min, which are 37.3, 13.5, 58.7, 13.7 times than those of conventional EDM respectively under the
same conditions. With the augmentation of metal activity, the burning intensity and combustion hot
melting increase and the combustion effect also becomes more apparent. The characteristics of oxidation
layer covering on machining surface plays a significant role in improving alloy material processing effi-
ciency. Some factors determine the relative wear of the electrode,which include the weakened phenome-
non on anti-plating of inner ejection liquid, the improvement of ablation processing efficiency,the charac-
teristic of the oxide layer,etc.
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dation layer
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Tab.1 Experimental parameters
%%;E& I/A ZO,,/ Z‘O[(/ Pg/ P[/ Tl/'
us ps  MPa MPa (r- min ')
EDM 17 800 100 0.0 W& 0
Pemtin T 16 800 100 0.1 0.1 1 200

x2 LBHER
Tab.2 Experimental results

Jim Ty =X S8 GH4169 Crl2 TC4 TAC-2

MRR/

) ., 2,97 6.83 5.92 1.1
EDM (mm’ * min ')

G/% 0 —3.6 —6.8 —4

MRR

\ /.,1 112 92.28 347.7 152.5
BT (mm’ » min )

G/ % 1.87 1.4 0.43 2.22
IMTRCRIEE B (EED 37.7 13.5 58.7 13.7
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Fig. 3 Processing efficiency of different materials

2.2 BIRMHBRERBS T
WA b BR A A9 82 0 32 AT PR O3 - <6 TR AR R
93 FE A AR e AR A A AL A
2.2.1 & BR By i AAE A
FIRIRBERHAEE R &R 5 AR AN
SR BE B T AR TR AT R RO
WA e 2 ' e B i 0 SR S L SN S B A

B 4 R S g . L, &R B IE TR e
TRAPEIHFE MR B . Bl 4R 0 IR PR A RIS ek e
Ji) Z AR B ARG BRI AR 1Y & R R BRI . PRIl R
PIHAEIE I BE S & 8 16 Ik M $g m M g ok . SE 5
HETEEEGEIUE N R MEIT b 280k
B VBR AR R VBT R BE T AR AE A A KNI Y
5 TAC-2>TC4>Cr12>GH4169,
2.2.2  BRBEHATH A6 AL AE A

& SRR B RGT F  BRbe o AR T R R
MIBR B . BRI T R B8 B 1 5 g A 1T AT TR
BB H (AND fli &,
AH®
AN=NH 1AM
K- AH® REEIRIRBEHG AHY Ry A4 8 B A1
Frits i s A, & @ s fb

AR FIBRBE P L AN S 15, 2, B 1 mol 4k
WA} 24 MR BE 7 A IR BB 15. 2 mol P ER
AR TS B e . TR b, BR e R L R
KRB I AL A FTBR K

M F & 4 e 2 2% 3 LR A a7 AL R 7 i
IR WA SR REd S MEESEITRIT
BT SRR 2 5 RN . AR AR B
SR R IFF A BOTE A S R IVE L AN
k3 PR,

B2 3 AT, 4 Tl G 42 0 2 I BR e FA06 LL A 4
Ko R WA e PR s AL AT TR I 28038 AR 9 i
HVER . BB tb AN Bl 4 & 1% ik M 5t = 2
AR AR I A RS R . SRR 4 B
LI R be 26 ORI 8 AR AE TN 5 TAC-2>
TCA>Cr12>GH4169, SLE45 R BR T B
S5 ORI CAR A W i 2 s PR

(D

K3 GEMBUZERS RBMERIEE

Tab.3 Chemical composition and ratio of combustion and melting

heat of alloy materials

ok GH4169 Crl2 TC4 TAC-2

% Cr Fe Ni Cr Fe Al A% Ti Al Cr Ti
J L Y 21 24 55 12.0 88.0 6.0 4.0 90.0 46.5 2.5 51.0
JF o8/ % 24 25 51 12.8 87.2 8.6 3.3 88.1 60.7 1.7 37.6
AN (44 8) 9.8 7 4.48 9.8 7.0 32.8 6.8 15.2 32.8 9.8 15.2
ANCE ) 6.39 7.41 16.5 21
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Fig. 4 Oxide layer section in ablation machining of

Crl2
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Tab.4 a and melting point of oxides

g A a T/C
Ni NiO 1.65 1984
Cr Cr, O, 2.07 2 266
Fe Fe; 0, 2.10 1594
Ti TiO, 1.70 1850
Al Al O, 1.28 2 027
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Fig. 5 Micro photograph of ablation surface
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Fig. 6 Micro photograph of oxide layer section
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