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Development of Calibration and Real-Time Compensation System
for Total Measuring Accuracy in a Commercial CMM
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Abstract

This paper presents techniques for evaluation and compensation of total measuring errors in a
commercial CMM. The probe errors as well as the machine geometric errors are assessed from
probing of the mechanical artefacts such as sphere. step, and rings. For the error compensation,
the integrated volumetric error equations are considered, including the probe error and the
machine geometric error. The error compensation is performed on the absolute scale coordinate
system, in order to overcome the redundant degree of freedom in the CMM with multi-axis probe.
A interface box and corresponding software driver are developed for data intercepting/correction
between the machine controller and machine, thus the volumetric errors can be compensated in
real time with minimum interference to the operating software and hardware of a commercial
CMM. The developed system applied to a practical CMM installed on the shop floor, and
demonstrated its performance.
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Fig. 1 Probe error calibration .
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AXIS RING GkUGE STEP_GAUGE STRAIGHT EDGE TOOL TRANSFER HELP AB0UT CONTROL

NOMINAL RADIUS: 100.000mm

PROBE TIP EFFECTIVE RADIUS:  1.492mm
CENTER PQINT: { 203.751, 147.356, 116.737)
ROUNDNESS ERROR{MAXMIN): 22.3m
RMS OF ROUNDNESS ERRCOR: 7.4/m
REPEATABILITY(2S): 10.7m

SCALE ERRCOR(HOR): -5.5,m

SCALE ZRRCR(VER): 10.6¢m
SQUARENESS ERROR: 8.3.m/100mm
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1020.0mbar! [Vear Men Date Time 1982, 5.22 22:20]

Fig. 3

Error cahbrauon by a ring gauge measurement
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Fig. 4 Error calibration by a step gauge measurement

Ao R st Ay HAYREE e Agsldch oz zZzodd 4+ &, WAHTELSTE BFD

Fig. d& 24719 Y%% mheb 8% sui#olx ek, #2@ A27h YnAelxst 2xHolAel) o

2443 volch #Arelxe AL x5 sho] A4dsW, 7 Aze CNC 5oz i

£ AFe ot 200mm AYAH | 22.9ume] T, A7 ZTEEHE dpEd Hoh oA £

Y HA 23 Jeiych Arolx E¥AN2Y  Haelel £usl: 2 FAcloleF Polb et

B 21.1pm/200mm, £EfAle]z ZHAzzre ] 2A2LEL HHGoh

€ 22.9pm/200mmz A e ®led gE A

% olzd, ALY YA FYAsde FI 4. 2RIEH

g ez dolof, ozkel ztole FAHAIT Ft

esya $3 UG e wolch xAel 41 Y YMR WHA

A ade) FHL ARG Lol meisl lHe) dejofodoel chshed Z ware 7

Sl iy AY BAHREE 47 o 4 el sted 2abl sy, FALEE 2R T

ek, HAvh 29 e AEAE ME 52 7 gd dACYE o) &d AR WHHE T4

AL 7ty FoAe FAg afdolAe Aol £ 9ld 2 eolde Helld dFT 2222

2HE A4 £ oleh st slststd/ A TgEe exE 2 nEHIE

% gdlest 24g A gt BdE gl 4

3.3 FHolXl EFo)ML HFEISE £33 9o ol¥% %% %Y ‘moving horizontal arm
Aokg Alelx HAadels ZHEEAE,  wpe 7AE A4z 23Eyg Sdsiges

CNC z=44, &%47 2%z ogzd.  Fig 55 ofF 4328 7lddd =234 Aot

A, 2437t 9 24 5 nxef RFHYE 2ok (X V. Z]E B BEUcE ¥ o@ ¥

S4o] 2oy A BEY (X Vo, ZJe Zzuoscin g
29 ONCH 2471 SEAdol CNC %3 &3 59 o|g3ted qloixlch



Fig. 3 Coordinate axis configuration in a moving
horizontal arm CMM
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