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Automatic Feedrate Adjustment for 2D Profile Milling
Ko, K. H*, Seo, J. C.** and Choi, B. K.***

ABSTRACT

Proposed in this paper is a model-based AFA (automatic feedrate-adjustment) method for maintaining
smooth cutting-loads (i.e.. cutting-force) during 2D-profile milling. Before the cutting-force model was
established. some assumptions were verified through a series of preliminary cutting experiments (The
results found that the cutting-force was independent of the cutting speed and the cutting action at the cut-
ter boftom.). From the data obtained during the main cutting experiments, a “chip-load/cutting-force
model” representing the cutting-force as a function of the chip-load (i.e., effective cutting-depth) and a
feedrate is proposed. Based on the model. an AFA scheme [or maintaining smooth cutting-force by
adjusting the feedrate (i.e.. F-code) according to the changes in chip-load was proposed. To check the
validity of the proposed AFA scheme, another set of cutting experiments was conducted by using fee-
drate-adjusted NC-data while monitoring the actual machining processes using an accelerometer. The
experimental results showed that the proposed AFA-scheme was quite effective.

Key words : Cutting-force, chip-load, chip-load/cutting-force model, etfective cutting-depth, AFA
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Table 1. Nomenclature

Ad Axial cutting depth(Z¥} 3 AAtzlol)

Rd Radial cutting depth(7 93F A7 <)

¥y Cutter-engagement angle(3 74 & 7h)

Y, Nominal cutter-engagement angle(™d %% &7})
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8o
8,

Nominal cutting dEplh('Iol =247 o]y
. Effective cutting depth(F LB A} % ¢])
8, Peak effective cutting depth(¥ e @ A}3] o))
F, Nominal feedrate(™ 5 o] £8)
F. Adjusted feedrate(Z% o|$&)
d, Braking distance(4]57 @)
¢« Concave angle(2.%2})
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Fig. 1. Geometric meaning of chipload measure.
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Fig. 2. Cutting force in cutting experiments.
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Fig. 10. Comparison of chip thickness with two-flute tool.
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Fig. 12, Schematic procedure of autornatic feedrate adjustment.

28 it asnosin a,g’_&,)

db = (4)

«“

- otherwise
sina

AF7= FNAMe] ol $-EE AR Uy
w7 Wk FEgA oo 443 o558 o
Mo Hegdh= ubia) iy aglelofle) oj4:
5 Hodels whie] Yk T2 A= B
Ho|7] djitol| 7}FFAIZ}e] Zolx= HFo] AR}
#go] fol3lc} 53] M FI7lF Zo)e) vl
AMETAL Holrt FHE Afole 7HE ATl A8
£A 2 FAF gh3lc} Table 33F).

g

¥

f?

4. ¥ o

Fig. 132 A4 s o|4-§ g2 14
PsAE A7) g dAleet 4" g7
4 NCHE=: £ 5017] B2208 FAIs)] i3, 7}
9 OU43F 431 mm, YEF 371 mmole}, 74E
e 54L& 3|, Fig. 130 Yehd %4
3 ubdel o delA 28 2qF-97) 524 2L
oo ZHE: 65%elA] 78% A Noj)

A 2E 303 YA4gk 2l o) g3l
on], YEAHAZ 0| 0.1, B o5 1502 /{ELe

8=65
Fig. 13. Example shape of NC-data.

Table4. L Fzhd =4 ol &§.

L@ B Fa
10 0.189 95

20 0.303 708
30 0.438 ;
40 0.591

S0 0.755

60 0.927

2 slgdet. oW 2 AAFHL 652N, 2

Bzt
W 24 o482 Table o)) ept A3} e}, o47)
A sheldd od ] o|£FE 7He- LAt 2|8 A4
g zreld

Fig. 132] NC do]e]7} 2% di ] e)7] af-Fof] A
$AIHL2 2 2% b RE $3)%c} Table 3off
B o58S AAs 4712 ek} 7} digkel] o3k

|48, 71547 2 FHA o8 viehd el
°=I7l*1 dat 49] Fole 7ol Batstr| 9
of AT ME AMEl] T3l A2 gus|
Fet gk 13 2y 7RI 8 Aol 7 9l
At 3¥ ke i E 2k Ao ehgd

ek (2} 40l oS HEAAR )7L 0.1 A o,
7HE 68%q) FjHg|olaje] HAatH S vlawet Ao
Fig. 140l vep} gl snqB-9)e)A] o] 58 =
ghoee W, dAd} gk olslE S vzl’;‘ 7}
At oA 2 sk 12} 4o Hsle], 022

Table 3. ¢) 58 23 whiel w2 7FF A7) 713 b3 A vl
ek ol4E HA Fy E, 7+ A1 ZHE,=0.1) 7hE GAHA
1 T F-7ho) A gha 150 150-48 10,695 kA
2 ol & F & q4 150 48 10.07% <4
3 2% e %Ixi 48 . 38845 at4
4 b 332 150 - 9874 2t

EHCAD, CAME}E] =53 354 423 20000 6%



182 7). A, HEl

CF(N)

-— ~ — ~ -—
256538388z 8-83c85b8¢
- - - = NN N NN MM ™
ClL-distance
(@) Tt 1

CF(N)

- 0 W N® O MO~ T DWW NS ~ -
PN E3IIHILBEITEREISIT
—————— QN NS Mo

ClL-distance
(b) otk 4
Fig, 14. Comparison of culting force according to AFA..

Acceleration (g}

Cl-distance
(@) ot 1

Acceleration (g)

CL-distance
(b) w2t 4

Fig. 15. Comparison of machining stability according to AFA.

FFHCAD,/CaAMEE =23 5P A2% 20009 64

AL 7HEERs ERlel SA8 AFU A7 Fg. 159
el oleb. Fig. 15(bell Al ob Al A9 BP9
olM RFe] Feo] Aok AL WA 5 U

5. dWe ® &5 A7 oA

2 AFMe= Yol =L o] 43 22 &2y
o] 9] o) &-F aT2A S 23t WklkE AlAlskgt
&, 2418 £8]517] o|zlel T o EARMEE A
2sld AL T A3y, 29 4=z
FA R L Aordig]u), et Aoty 2dE o)as)
o] 7hedgh o) S5 2FEEA ubil2 AlAE 2, <
A S F3ld AAAHel HerlsAdE Bl

BodFe] Axe 230l AellM A3 Aol f
£ zZhe IaAle] el 8l = U 23
oA3= EA (pocket)e| vt 2 (scan) 7HFAY A=)
AHE A= H8o] 7532 E £ dA7-E
#argk 9 ast gl

En2E

—

. Fussel, B.K. and Srinivasan, K., "On-line ientification
of end miiling process parameters”, ASME trans. Jour-
nal of Engineering for Industry, Vol. {1, pp. 322-330,
1989.

2. Asai, A. and Tsuruhashi. T.. *Development of dic-cut-
ting feed rate contro) system™, JSAE Review, Vol. 9, pp.
72-82, 1988.

3. “Automatic feedrate adjustment thins down machining
time”, American Machinist, p. 38. April 1999.

4. Wang. W. P, “Solid modeling for optimizing metal
removal of three-dimensional NC end milling”, fouma!
of Manufacturing Svstems, Vol. 7, No. |, pp. 57-65, 1988,

5. Klinc, W. A, DeVor, D. A, and Lindberg, 3. R., “The
prediction of cutting lorees in end milling with appli-
cation 1o cornering cwis”. fnternational Joumal of Machine
Tool Design and Research, Vol. 22, No. 1, pp. 7-22, 1982,

6. Yang, M. Y. and Park, H. D., “The prediction of cutting
force in ball-end milling™, International Journal of
Muchine Tools and Mamifecture, Vol, 31, No. |, pp.
45-54, 1991.

7. ui M, SE, A, ol £ ATEAE 3 2
2k A2 84 BT CADICAM 3] =33, Al
5¢., Al2%, 2000.

8. Chol, B. K., Swrface modeling for CAD/CAM, Elsevier,
pp. 334-336, 1991.

9. M-, 23R FA7igelA ol$E ATERA HI
AT, Ak, sEHErled, 1999,

10. 3%, #odF, 24l ATt 7S, A1RET

Ak, p. 156, 1987



21 F87bEelM olhE A 2 183

(1. 98 YAPLTE, 589, pp. 142-146, 1993,
12. 333}, Z27)A ) FatelE, E4k p. 75, pp. 255-
272, 1983.

=8, dolE 3 ¥ M2l Uy

AAL Aol G FF FHA S Holg] £ 3
8ol &t 27| 3o} A (calibration) 2k o] Wog
d), o] & zkdd) 7lgsld ofga) )

FF A9 X, Y. Z whsko] W= ¥ A A
9] AL FA dele] PR AP ®
57} g Al 2] gke) 00 H 2§ A
gho}, 22|32 7 FEHA Sl 2 7= S8 5
9] 2 So¥R 7% e g A, kgF
2 vehe g 7153

Ay 7} BEAHAZol WE § Qe FFE o
LA o]4F $FH (50, 100, 150, 20002 A&
v}, vjgl Eold Fd¥e) FA= ¢ 20 mm, T
314 600RPMEZ AP S Ff3bps A4
dqlele] $ARA%. g ojeje] PEANFE TEEhe
Zeo)e} doje] 3 A2 v ne] 5-& TejFe 2
A, Fig 1ol MERHE X, Y& 43k A4
o) S e Ay, o)z RE] 2x18)4}
A e $3E Yo Hy F ok o
71 el 704 % vlet vehlr] o] x

1600000 ¢
1400000 §I
1200000 -
1000000
800000
600000
400000

200000 |-

09
1 98 195 292 389 486 563 680 777 874 971
CL distance

Fig, 16. Partial plot of cutting force acquired in exper-
iments(F100 82.0).

% 140070 A9 woleirl ASAHUE 4 +
2det.

o2 S 100, WEAAZL 012 AR E ¢
qsted 2zt o] Szt FFE 2 AAsa, 7
9] P& ANA 480.0982%, EA A9 EA
2 2E%Ae 9 93kgEe S divx FAL
o)m) F2(N: newton) T HIslH 480.0982/
(9.3%X9.8) = 52677(N)°] 2, o] ZkS Table 29}
22 A delee] A4 7§31 ot

27 &

19959 A FH T Abof F342 Al

19973 Fapatrled AT YAt

199733 gkgsalrlad AklTet
Ar#A

4] F-oF: Cutter path generation & CAPP.
CAM sysem development, Sculp-
nred surface machining, Cutting
force modeling & Curting, condi-
ton decision

(8

M3 3

19973 Al o AbgiFeah it

1999 227 ATt AL

1999347 F5PH7|pd s 97

3B4) £oF: Cutter path generation & CAPP,
CAM system development, Sculp-
red  swface machining, Cutting
force wodeling & Cuouing, condi-
ton decision

|2 8 7

g 10739 M2 Aol T w4

= 1975\ KAIST A 3%} 44

1982%1 1= Purduetd k4] 3-%}2} what

1982+3~834 KAIST 4bd 282t wr o
KAIST CIM < 7€) 3

2HJEol: Surface  Modeling, CADACAM,
CAPP. 7}53} Al ZA|29) 23y
P AgA e

B=CAD ~CAME 2] =524 A 54 4125 2000d 6%



