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Study on Axial Force and Tool Temperature of AISI4340 in Step Drilling
LIU Xueyong, WANG Minghong

(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Sciences , Shanghai 201620, China)

Abstract; Aiming at the problems of large axial force, high drilling temperature and severe tool wear in the drilling
process of high-strength steel AISI4340, a step drill based on ordinary twist drills was designed. The drilling process of
AISI4340 with step drill was simulated, and the theory of axial force formation of step drill was analyzed. The influence
of spindle speed, feed rate and vertex angle on the axial force and the maximum temperature of the drill bit was studied
and compared with that of ordinary twist drills. The results show that the spindle speed has the least influence on the
axial force, and the vertex angle has the least influence on the maximum temperature of the drill bit. The step drill is
more advantageous than the twist drill in reducing the axial force and reducing tool wear. At the same time, it is found
that when the spindle speed of the step drill is 2 500 r - min ™", the feed rate is 0. 1 mm « r™', and the first point angle
is 118°, the obtained axial force is the smallest and the bit temperature distribution is ideal. The research results provide
a certain reference for the selection of actual drilling AISI4340 parameters.
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BEE AT UK R AL TS TPk e, 5
588 FE AN PR s B2 (RM > 1 200 MPa) il = i B (30
~50 HRC) VI J RUFINERG T2 ReTm A3 172
JOEFRE o L R A L N T 3 v A AR R ) )
IR RIS 55 (] R 75 5 it
AN T 28R AR I TR AR 8 2 o e T U4 i
S8R A0 1 L R A% A TR AR, [ N 41
HHEVETIREZMF

%5 H #9:2020-11-08 ; 1& [E] H #A :2021-03-25

TIEMA T : B3 AR bR A Sk T0A 1 4
BN R 2 2% e H Rl I gy i R B A DU AR B Sk
SEIRFI Ul Sk 1) U H BTN A R AL BE IR I
JE G TG Sk A5 i 8K s Pang Siqin 45 78 MRS S
BT 22 50 SR L U NN TT S R RS R, B
T R T R i R B ) R AR T < R
B W R B AL 5 B B T B 10% ~20% ,
BEEIZCR (LI Rl FLAR) B8 2 ~ 3 A7, I TR

E—EFEB N XNE T (1994) B W R5E 5 N AL OFFE AR, EEWFSE 7 1 4 R D S EE AR FL . E-mail : 842559692

@ qq. com



(iR - i&it]

XEH,F: MNEHTETEH AISIH340 VMR DR DREEHAR - 45 -

TR E 20 1 9% ShEIPEREIE B TR B2 41
X 1 6 R EH360 By 7T B RRIEAT TR EE 44T,
WF5E & BRAE N T 59 BE A0 EH360 B, 1 269 TJ EA1
i W6Mo5Crd V2AL, Hk 2 YGS, FRikJ& W18Cr4V ; i}
TR AN X B 7 9 B 4R 20CeNiMo T P JRR 78 £ 19
JUMTSEGHIEAT T HIFT, 45 SR 2 B 2 085E R L 20°, 4 )
BRI 53°, TR A B 138° B, AT LI 3 15 42 4 1 4 1)
N

HIFL A 7 THT - T R ) 384 B v o
SR AISI4340 F4G I FTEIEAT TARALTRSE , AL 2
SR YT TE 40 m/min A5 A7, k2 BRI E
0.08 ~0. 114 mm/r i}, % Bl 2 SRy BRAR s £ 250 0ot
ek 1) AR R A9 34CrNi3 MoV 9 T i3 A1 FEL S 0 3 A e
A7 TWRSE, AR5 TN TR, et 10 T2 A
ZELOVBEE T R 34 CeNi3 MoV 5 5 13 A I B R A5 1Y
A AR TS 4 S 2 Wl 5 2 ) B LA S8R 4]
) T LA A A ) S TV 25 B VI LA 555 4
SIS TR Al ) R R 3 44 34 CaNi3 MoV M) 1 4% 3
REPEEAT T WFSE, o e BN T AR il ) e
FEAN TSR T PSR, s A 45 A BR IS vk
X BRI A0 ATSIA340 15 1 A VI HEAT 1 05 2, WFE
TR AR ] R T ELRT AR S S 00 S
(TR AR S 149 B 1T 1 1 A % DT B 5 4 5
Wi 3 2402V RIR T e o - 0 A I £
— BRSO A A 5 T R
AU — DT S B N ST 3 & 5 KR,
TR G r i , Yo s T 35 99 28 T S 1 S U0 1) 0 52
VIBISE 2R 4T 73 B, 8 57 U H A7 I 647 5%
2543 H7 B UE 5 9 1) P2 90 B T A AR o

Hofth 75 i : F 5 % F ] DEFORM-3D %% {4 %
42CrMo SR ZE IS FEERT T RFSE , 2007 T 1 i o
LI 3 AL B A AL 5 B R LA g i g
JE HLA Cr12MoV Y ¥ i Fi rp— S OO 35, 1178 5 2
e TA T O AN = D=3 9 3 ) s T ) Nl
B, )L I A TR 2R X 0 3 1 A8 5 A K 6 oL
AR, X V) EI S5 — 2 2% M E;
A. Jayaganth 25175 35 A [ B0 T T 20AE SS410 |k
FF T EEFLIZE 4007 T AL 2 BORUIN T35 55 %) 2 T KL
s FE£ 10 B ] £ 5% 106 ; Jiménez-Penia. ¢ 2510 i R
[F A FTFLELAR , % fi SS00MC il 5 i) IR AR #4717 —
ZIPESFIR 38 1 SR B R I AR i TRA
W T AU Tad At ry e J LR FsR R i,
WIS 25 ST LA 0 A L T2 X v o

AR 38 I

A i S — i e R AE B BE Al AR A B T —
PRCHT B Sk A M B VRO IR TR ) o Bir ik Al
FEF 1 b 555 E R AR B — B, AR/ BAR HEAT 1AL
I, — R B/ 1 7008 il ) g s AR R 5 5
2 BB AT D0 SR AR X R A 5 A, AR BRSO 4
FIRYEE 2 YT JT, [F] R B0 i R b i B AR 5 i
Hb, BT 2 BB A I TR R, AT AR G 4 25 B
55 1 P RRTERL I 72 b A i B R, AT 7E — 5 72 2
A B TR R AL LR B

T AR OR R B P AN ATSIA340 B 1 5 i v A7 7 Al
[6a) 13 R Rl I 2 v 7 L A o S ) A, DRI R
FH A BT BB AR Bl 5 9 B A ATSI4340 HE4T B H
D5 EBIRGE, 43 BT 70 sk 7 v (%) B 0 Bl g g A0 ) HLR
JE 5@ AR R AT o Dy T T AL, BB
FUBRAC B N 1 25 B Y O AH AL, B n =2 500 + -
min~' f=0.1 mm-r"',
1 DEFORM-3D $hHI{F E#&RE # 31
1.1 Hresshil THEE RS HHIZE R Mg R 5

FIHT SolidWorks FEN7. 1 JBRAL Bl A 5l ) = A5
B KA1 5 A DEFORM-3D A7 RIC{ B Ao, ST
T IRRAE BB Bl 14 S A0 AR, B4 RE B WC
B, Bk B E WIS AR TR EAR D
12 mm, & H S 4 mm, #f 8 % 40CiNi2MoA
(AISI4340 ) = B, AR BB & g 98P ) FLAT
FHRRAESE R B A SC R a2 1 s o bl
F LS HoR - ULE 1, DEFORM X1 43 W% % FH (1)
S L E I RS R 23 B IXRE B4 43 T ARG 1k ST
P B R P R AR i B AR T 2R 3L, DR T e FH ) Al
S AT A WA 3 73 S Y 1 R FHIAR G WA, il Sk ) e R
e/ NP RS 1 FE R 4, 8l Sk 0 s B 08
15 000 ; A1) fe KA IR /N A% RS i Le il o 6, T
PEMIA% BRI 20 000,

20

A AT =
==

F1XAT]  E2ETHIT

A1 B T AT &R
Figure 1  Schematic diagram of geometric

parameters of step drill
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Table 1 Relevant dimensions of step drill bits
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Table 2 Johnson-Cook model parameters of AISI4340

A/MPa

melt

B/MPa C m n T/C

729 510 0.014 1.03 0.26 1793

TEI S SRR A, T I0 £ 45 T 1) )k 8
BEEN O, IRE T2 sh. JTTRWHE Z i TR0t
9,58 Z ek o DRI E S EIE LA 2,

AISI4340

( Z 5

B2 2RFHERATER
Figure 2 Schematic diagram of

boundary condition setting
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Figure 3 Schematic diagram of micro-unit cutting

force of main cutting edge of step drill
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Table 3 Comparison of influence of various influencing factors on axial force and temperature of two drill bits
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