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A Study on the High Speed of Cutting Tool Feed System
for the Noncircular Machining
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| Abstract |

With the advance of processing technology, so as to spare fuel, piston heads used in automobile
reciprocating engine have complex 3-dimension, with respect to shape such as ovality, profile,
eccentricity, offset, recess. Therefore, coming out of the existing process work used master cam, the
process work is performed using a CNC lathe. For a precision processing, the processing work is need
to make study of high speed feed gear synchronized with the rotative speed of main spindle. And then
the high speed feeding system must maintain high dynamic stiffness, high speed and high positioning
accuracy. In this paper, in order to achieve high speed cutting tool feeding. The linear brushless DC
motor is used for satisfying this process work. The ball bush and turcite is used as the guidance of
the feed gear system. Also linear encoders, digital servo amplifiers and controllers are used for
controlling driving motor. This paper presents the design and simulation of the new tool feed system
for noncircular machining.

Keyword : Noncircular Machining(®|93 7}27]), Cutting Tool Feed System(FTol$%A), Piston
Head (3 283|Z), Ovality(EH9), Linear Brushless DC Motor(A8 § HzjA| ZFEE),
Ball Bush(Z ¥A])
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Fig. 1 Schematic diagram of piston turning machine
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Fig. 2 The oval shape of piston
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Fig. 3 The tool feed trajectory, e (Ovality @0.5 mm)
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Daviation (mm)

Fig. 4 The variation of tool feed trajectory with
respect to piston diameter
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Fig. 5 The overall shape of cutting tool feed system
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Fig. 6 Spindle Speed vs. Cutting Force
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Table 1 The specification of moto

3.3 7826 ¥ A3 MY

gdUo] mEEe FEEY V) gt LIMEYe & Specification Unit : Value
=), LPM(FYe] 2A%H), LSMEY F712H), Peak force (Fp) N 1600
BejAE s LDM(BIYel A{EH) go2 4E

2 gt o] ZaA fuel ARRHE FEdol7 A Continuous force (Fe¢) N 500
o] gl wHo| SR, Ay FEEA i, AH Peak power dissipation (Pp) \ 4490
37 golste] wla WY n&FPolFAA e AFsith Continuous power
Puo] AFRH FANE F74NE nPAE @ 2 dissipation (Pc) W 4o
H¥ BEA2 AREHe TAMY ddAE 2y

Motor constant (Km) N/VW | 239

AFHE ol &g 2R FFahgo|l Hasty 7HFHo
AFAN | g & e @l AT, T Y Electrical time constant (Te) ms 0.957

o] =Ejd] Hlgl AL div] FYEAo] Hojudm TY
gutgo] A1 v|A9z] A i F& SHL /R

gl Fig. 7€ 9utdel 34 BAx 2Y 7158 E Moving coil mass (Mc) kg 0.55
Uo] A8RrHY 7% 92E Uehdt oA BXol

Thermal resistance (Rth) K/W | 0.389

Torque constant (Kt) N/A 72
Vel 2 AR BFE SAHCE Ao
A gA A2 s Ao, Back EMF constant (Kb) Ves/m | 73.2
Coil resistance (R) 2 9.4
Moving CK" Permanent Magnet Coil inductance ((L) mH 9
i | | . .
Maximum coil current (Ip) A 22.2
s LS J LZ_J
Curtent 309 5 N Ayoldzade & AT AX FUEE T3
EREECCECAO00 Aol ey 22y edel dzHE Agsdr
i 3 1 Table 2& A2 kg HeAFa grt

‘ Table 2 The specification of linear encoder
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Magnetic Way _
Maximum acceleration 250 m/s® (=25 Q)
Fig. 7 The principle of linear brushless DC motor . 1 Vpp sinusoidal
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Fig. 8 The servo system of tool feed system
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Fig. 12 Tool stroke vs. Response
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Fig. 13 The Transient behavior of coil temperature

Fron = Km [ ( Tc(iz'l_ Tamb) /Rth] i ( 13)

O:] 7] H . Feon = ?ﬂ'}i:’?;:e-ﬂi
Kn = ‘;;&‘a ;g T
Tw[] = _—'{!_%19,] '\Q:E

Tamb = %“ﬂ%i% "}E}‘{ﬂ‘ﬂr

zol7 REY AFE AUt 747 e 39 exz
Aol e 2H F43 3y exsel PAE Fig 149
2tk Fig 1494 2 % 9%0] REl9) e a9r

i =
F9l9l LAl DEE WAL dlod we 39 B4
S Q7] AaNE BA g olgste] eEASE oAl

g Zlo] F8sitt

- 102 -



FFA7IAGYA A 7 H A 4 5 1998. 8.

Veriation of Continuous Force
1400 v v v

1200

1000+

2001

800+

400

Continuous force, Fc (M

Q 20 4.0 66 80 100 150 140 160
Coil temperature, Teeit (*C)

Fig. 14 Continuous force vs. coil temperature
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