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Adaptive force regulation system in the milling process by

current monitoring
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ABSTRACT
In order to regulate the cutting force at a desired level during peripheral end milling processes, a
feedrate override Adaptive Control Constant system was developed. This paper presents an explicit
pole-assignment Pl-control law through spindle motor current monitoring and its application to

cutting force regulation for feedrate optimization.

An experimental set-up is constructed for the commercial CNC machining center without any major
changes of the structure. A data transfer system is constructed with standard interface between an
IBM compatible PC and a CNC of the machining center. Experimental results show the validity of the

system.
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Table 1 Experimental Condition for Indirect
Cutting Force Measurement

Tool dia.16mm, 4 flute
‘Workpiece SM45C
Depth of cut (mm) 05—1-—15—2—25—3
Spindle speed (rpm) 600
Feedrate (mm/min) 150, 200, 250, 300
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Fig.1 Static characteristics of spindle
current & cutting force
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Fig. 2 Predicted & Measured Cutting Force
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Fig. 3 Block diagram of Cutting Force
Regulation System using PI type
adaptive controller
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Fig. 4 Schematic diagram of experimental set-up

HA, LA dag Az FEHEEHER
B Z¥5s AFAEE A/D ConverterE F3IA
FColl A43}aL, ol& Atel] #AE R=3Th

AA AHgAo] Ald, FHEE A[FUE AME-3)
] HAAEE AL F, olF ol&-3lo Aoy
vie} olF&E WHo| E¥drt. 3d AojHEH L
MMC Board®Z %3 vjAlQAlEle) PMCE Aol
z]o], olF4Ex gverrides AT o2 A LAAH A
zjol7l olFolHr)l. A2 RE AEFE FF dF
%+ 913 Tape Recordero| A 7#alglch
E dToA A" NC Aloj7l9l FANUC 15M
| 3¢ ol$&%E Overridexs YAY &3 oL
} 0~255% WelA 1% # Overrider} 7bsatez,
vla ] FEg Aoyt sbeslit

o o

33. 4% 4%

Table 29} A@zxpdoz FAE Ao ATy

o AAEA o, e JAFE o8 gAH-t
g AH-gAol AHRE Figset Figbol 24z eI
ok o] S HEAoA 2" =% 21=0.001,
z=-0.001 o]tk

Z7] FH2A olEL£EE 500 mm/minE Ao H
of AatA 2t F3E B 4 lov FFA =
HEak TR glol FTHoFEEE 200 mm/ming
19% a5z, ol44L Override Aoy oA
800 N «AAAE Aolrl & ojRolAez AL B
4 et

o
flo

Table 2 Experimental Condition for ACC

Depth of ! Spindle | Nominal Work-
Cut Speed | Feedrate | . Tool
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Fig. 5 PI adaptive contro! {Case I)
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