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A Surface Parameter-based Method for Accurate and Efficient Tool Path Generation
- Application to General Curve on Free Surface-

Keigo TAKASUGI, Naoki ASAKAWA, Yoshitaka MORIMOTO and Naoya HAMAMATSU

This study deals with a novel generation method of tool paths in a main-processor of a CAM. Currently, some tool path
generation methods such as contouring path, scanning path, spiral path and constant scallop height path are installed in several
CAM applications. However, since these tool paths are generated by differential operations and convergence calculations,
complex branches on conditions are required, and the operation is unstable behavior at extremum neighborhood. It still
threatens to cause clash of the operation. Therefore, two parameters (u, v) composing a machined surface are the focus of this
study. In our proposed method, machining points are calculated on a plane constructed by the parameters. Then, since the
calculation is executed in response to the real space, a homogeneous tool path is obtained. By using our proposed method, it
is possible to generate tool paths quickly and effectively without the extremum problem and complex branches on conditions.
This paper explains the particulars of our proposed method and the implementation method for two spiral paths. Finally, the
effectiveness of our method is confirmed with machined workpieces.
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Fig.2 Equivalent of finite elements between (¢ ,v) plane and real space
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(a) Contouring path (b) Spiral path
Fig3 Comparison of discontinuity of contouring path and spiral path
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Fig.5 Generation process of spiral interpolation curve
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Real space

(e, v) plane
Fig.6 Result of spiral path with proposed method (n=30, order=1)
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Fig.7 detail of pitch error at 1st order
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(b) Calculation process when tracing
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Fig.8 Appearance of deviation from surface domain for spiral path with
proposed method (n=30, order=2)
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(a) Hemisphere (closed surface) (b) (s, v) plane
Fig.11  Example of (1, v) expression for closed surface

B & FRRICQOEE W THIRAR EE € LOREN, Thi
HFE M L U CTHROIBH A BT 5.

PLEOFiEEEEL, AL FANAEER U EREE9
BIUE 10 1277, &l ok Sl bhi-MEgtir i sh
P, F7 s =02mm OREMEICH LT, b3k THiS
0.0025mm [ZZ HNTEY, —HRle AL FTANRAPRERTE
TWDHZ EWBHND.

3.3 FAMH@EICBIT DRI TILINADER

M5 f~CERd 722 & OPAMTETIZ3 LTRSS FANAREARKT
L, Bl EIIRRLFENLEL RS, Z2CE, E11@@)
IR R 2 B A TARADAERIER R, £, <5
A MU s RSN EERE T, MR EMRTh S EAICER
LA b v, RIRICR U X 51z, Bk, BEs
BU9 AN u, v DSEE ST BRI O, v Fifil, FRIbISTR
FTEIIZ, v=1(0<u <) DEERBP 2 TROKIERD 1 HxF#
bz Lo d, ZhUE, AU E B AV BRI TR E
LPERkERTLEIZ L EELVY. £, WEHLEDu=08
L u=1 O FEZEM ETIXRE Ui E 725, L EOfHEL
FPAlE TO®@, v)/37 A—2 OBV FWEEB LIZA 3/ T v
RADERRIEELITICRAS.

7, WwFhikice gEEHMEL, 12T A—FLLE
S AR AR L() %,

_Ju@)| _ !
L(r]_{v(f}}_{awﬁ} un

EEFTIUE, EEMICBT S LTI EORA -/
HEL LTRSS, ZoWEAFIA L, B 121253 X 312,

fHZ e’ L, UINBEMSOEROu 5L DX 5k
Mok § OERENIC ERAERTBZEICEY, Zhbid
Fzzel] Eeiiligeiic s S, BEE a0 OAL TVRoh

976 BT ZHAiE/Journal of the Japan Society for Precision Engineering Vol.81. No.10, 2015



n

Real space
Fig.12 Result of spiral path in hemisphere

(ut, v) plane

Table 1 Conditions of tool path generation and machining

Number of turns in spiral path 100
Order of interpolation curve 1,2
Calculation pitch 0.2,0.5, 1 mm
Feed 240 mm/min
Spindle speed 6000 min™!
Depth of cut 0.5 mm
Workpiece material A5052
Tool $6 ball end mill

Table2 Calculation results of spiral path in each order and pitch

pitch Calculation | Number of Calculation
Order time ¢ machining time per point
g [sec.] point m t/m [msec.]
Free Surface

02 50.13 81882 0.612

1 0.5 20.10 32746 0.613

1 10.12 16370 0.618

02 5549 57657 0.962

2 0.5 2232 23064 0.968

1 11.21 11522 0973

Closed surface (hemisphere)
1| o2 | 260 [ 3825 | 0068

MARHEEND. (u,v) Tl Li#R ¢ BORD & 5 icEiicR
HEna84, QDO ok 1 s 2@RIcAT5 2
iz,

du 1

P ey

BELN, ME ST A= 1 BEETHLEOE, e T
TY AL THE y FREBICE 5. RBEBOEE, (1)U T
u & v ORRIIA LN THL NG, (5) TR Lz dvds (2B 5303
RELRD.

4, HEIEER

4.1 EBREH

VL EOREFIEOAIMELHGET D70 ORGERER L LT,
AN FNSADERRE, ERESNIo R % W= FEIN T8
ot EERE, B4 CRUEEBdms k0, Mihi s
L ClEfE 40mm OERE R & Uiz, SAARSG B LOUNT
SfEE IR

FSAERROWGETIE, Windows7 (64bi) 25k L=V —2 27
—33 »(CPU : Xeon3.60GHz, 8 Cores, Memory : 16GB)# fij\,
UE 1 BXU2 @ 2 O AL FARRZONWT, ILEAE
RE v FsA302, 05, 103 FEEICH L CRiEZITo72. Z@

HE/NSA—FICEIVERESETERBEMN

Fig.13 Machining result of free surface (order = 1, pitch = 0.2mm)

Fig.15 Machining result of hemisphere (order = 1, pitch =0.2mm)
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