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3D volumetric error compensation on Part program orG-code
(both linear and circular interpolations)

I. Introduction

For many controllers, only linear pitch errors aich axis can be compensated. The compensatioB @bRimetric
positioning errors can be achieved by compensd#tiagart program (G-code). First input the meas@i@ volumetric
positioning errors of the machine tool, then infhg part program to be compensated, a compensatéegnogram or
G-code will be generated. Please note the compensprogram only reads GO for positioning, G1 forear
interpolation, G2 (cw) and G3 (ccw) for circulatdrpolation, G17 (XY-plane), G18 (ZX-plane) and GZ-plane)
for the plane of the circular path and | (centeciofular path in X), J (center of circular path¥ily K (center of circular
path in Z) and also G90 (absolute program) and @®drement program). All other commands are naidrer
changed. Also, lines in the compensated G-codallysare several times more than the original Gecod

For linear interpolation or circular interpolatiofirst
divide the tool path to many segments. Using t
measured 3D volumetric positioning errors, compen
each starting position and ending position of es
segment. For higher accuracy or machine with la
positioning errors, divide into more segments.
generate the 3D positioning error table with t
machine coordinate, input the measurement coomi
(if it is different from the machine coordinate)dathe
parts coordinate (if it is different from the mauhi
coordinate or the part location changed).

II. User inputs

In a popup screen, user input the parameters,
Measurement coordinates:

Measurement of the 3D volumetric error by Vectmsten

Zm= default are all 0, Part coordinates

Zp = default are all 0
Compensation segment length:

D= (sam@t as in the G-code, default=10)
Number of digits = default is 3 digits
azel[ ], OKJ[ ]

The default assumes the machine coordinate, theurezaent coordinate and the part coordinate arsatime.
Otherwise, enter the origin of the measurementdinate and the origin of the part program.
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lll. Linear interpolation G1

After read the GO, the next X, Y, and Z are thetistg position, Xo, Yo and Zo.

The next G1 or GO1, XXe YYe ZZe, where Xe, Ye amdate ending position. For G91 increment progiamill be
converted to G90 absolute program.

Divide the linear travel from Xo, Yo, and Zo to Xée and Ze by a number of segments, N, such tret sagment
length is small than D.

For example

Original G-code:

Previous position Xo YO Z0
G1 XXe YYe ZZe

Segmented G-code:
Previous position Xo Yo Zo
G1 XX1YY1zz1

G1 XX2YY22z2

G1 XX3YY32zz3

G1 XXN YYN ZZN,
Where XN=Xe, YN=Ye, and ZN=Ze.

Similarly, for the next G1 or linear interpolatiose the same formula.
If there is a circular interpolation, G2, G3 beftie G1, use the ending position as the startirsitipa of the following
G1 or linear interpolation.

IV. Circular interpolation G2, G3, G17, G18, G19

After read G2 or G3, Check for G17, G18 or G19.7@&lcircular path in XY-plane, G18 is circular pah ZX-plane
and G19 is circular path in YZ-plane. The follogiexample is for XY-plane. Similarly for ZX-pla@ad YZ-plane.
After read the last G1, G2 and G3, the ending jmosX, Y, and Z is the starting position Xo,Yo ard for the next G2
or G3 (G17 means in the XY-plane) XXe YYe llo JJoere Xe and Ye is the ending position after theutar path
and lo and Jo is the distances to the center (Xt oYthe circular arc, where Xc=Xo+lo, Yc=Yo+Jo.

Divide the circular path from Xo, and Yo to Xedavie by a number of segments N, such that the theofgeach
segment is less than D.
Original G-code:

Previous position Xo YO
G3 XXe YYelXcJYc

Segmented G-code:
Previous position Xo Yo
G3 XX1YY1ll1J3J1
G3 XX2YY2112 332
G3 XX3YY3113333

G3 XXN YYN IIN JIN
Where XN=Xe, and YN=Ye,

Similarly for G2 (cw direction), use negative incrent angles. For G18 (ZX-plane) replace X by AyyX, | by K
and J by I. For G19 (YZ-plane), replace X by YbyYZ | by J and J by K.
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Example:

Original G-code:

Previous position Xo = 4.000 Yo = -2.000
G17

G3 X-6.000 Y8.000 1-10.000 JO

Segmented G-code: CCwW,G3
Previous position Xo = 4.000 Yo = -2.000
G3 X3.848 Y-0.264 1-10.000 J0.000

G3 X3.397 Y1.420 1-9.848 J-1.736

G3 X2.660 Y3.000 1-9.397 J-3.420

G3 X1.660 Y4.428 1-8.660 J-5.000

G3 X0.428 Y5.660 I-7.660 J-6.428

G3 X-1.000 Y6.660 1-6.428 J-7.660 . \

G3 X-2.580 Y7.397 1-5.000 J-8.660

G3 X-4.264 Y7.848 1-3.420 J-9.397 T S -
G3 X-6.000 Y8.000 I-1.736 J-9.848 ' ' 900 &
Original G-code:
Previous position Xo = 4.000 Yo =-2.000
G17 CW, G2
G2 X-6.000 Y-12.000 1-10.000 JO ; - 0.000
-10.000  -5.000 0.000 5.000
—_— 2000

Segmented G-code:

Previous position Xo = 4.000 Yo =-2.000
G2 X3.848 Y-3.736 1-10 JO

G2 X3.397 Y-5.420 1-9.848 J1.736

G2 X2.660 Y-7.000 1-9.396 J3.420

G2 X1.660 Y-8.428 1-8.660 J5

G2 X0.428 Y-9.660 I-7.660 J6.427

G2 X-1.000 Y-10.660 1-6.427 J7.660

G2 X-2.580 Y-11.397 I-5 J8.660

G2 X-4.264 Y-11.848 1-3.420 J9.396

G2 X-6.000 Y-12.000 I-1.736 J9.848

After a segmented G-code is generated, compenaele)e Y, and Z coordinates by using the measuBedd@umetric
error table.

V. To generate a compensated G-code

First measure the 3D volumetric positioning ermira CNC machining center by sequential step diabdisplacement
measurement. Next enter the measured 4 sequdiatiinal displacement files to calculate the 3Durwtric
positioning errors.
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The measured 3D volumetric positioning errors ai@v below.

X-axis
target,n dxx dxy dxz
0.0 0.0 0.0 0.0
48.0 -0.0009479 -0.0015643 -0.0U31
96.0 -0.0038110 -0.0034922 -0.(xB®
144.0 -0.0064295 -0.0060658 -0.004749
192.0 -0.0074602 -0.0071584 -0.00B961
240.0 -0.0083099 -0.0088231 -0.008716
288.0 -0.010453  -0.0098209 -0.0@X6
336.0 -0.011624  -0.0082648 -0.0a%R2
384.0 -0.013692  -0.0061277 -0.00%L0
432.0 -0.0144781 -0.003230 -0.0@284
480.0 -0.0142820 0.0 .00
y-axis
target,n dyx dyy dyz
0.0 0.0 0.0 0.0
33.0 -0.0010738  -0.0039176 -02mB5
66.0 0.0000804  -0.0042665  -06XB8
99.0 0.0005462  -0.0072451  -RZRP3
132.0 0.0020470  -0.0088609  -Og%m@a!
165.0 0.0033270 -0.0094763
198.0 0.0043364  -0.0087056  -OZBBB
231.0 0.0066423  -0.0068262
264.0 0.0087687  -0.0071640 063B3
297.0 0.0100242  -0.0083214 050,042
330.0 0.0083370  -0.009819 0.0
z-axis
target,n  dzx dzy dzz
0.0 0.0 0.0 0.0
45.0 0.0018057 0.0024344  0.02814
90.0 0.0031612 0.0049691 0.0@6219
135.0 0.004779 0.0078495  0.0@¥71
180.0 0.0061315 0.0107512 0.00146
225.0 0.0077631 0.0134967  0.008392
270.0 0.0088113 0.0157202 -0.002567
315.0 0.0106522 0.0181167 -0.006741
360.0 0.0121948 0.0200268 -0.004040
405.0 0.0140105 0.0220084 -0.008529
450.0 0.0154910 0.023681 -0.01339

Notel, meaning of the values:

In this example if is consider a vertical Z axisamiaing center we will have:

X-axis : in the first column the nominal target fia, in the second column dxx or the error meadwalong the
movement axis (linear position error), in the thimdumn dxy the lateral deviation (horizontal gjhdness) and in the
fourth column dxz the vertical deviation or vertistraightness.

Y-axis: the linear position error dyy is now in ttierd column, while dyx and dyz are respectivdig horizontal and
vertical straightness.

Z-axis: The linear position error dzz is now ie thast column , while dzx and dzy are the horiabstraightness.
Note2, straightness and squareness:

We can note that the straightness dxy, dxz e thrzssfrom zero and come back to zero at the eintt,dbis adjusted
straightness; while the straightness dyx, dzx eateynot coming back to zero because they showsgiereness error.
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Click on “Analysis” and “Comp Part Program, Linear and Circular Interpolation” as shown below.

nal)tsis - [Line;r]

-#: File Data Selection | Analysis | Help
ﬂ- E E:i Error

Open Save Graph Prin

Diagonal Positic
PPP/NMN File=I
MPP/PNN File=I
PHP/NPN File=I
PPN /NNP File=I
Machine :vmc5({
PPP/HNN Start
NPP/PNN Start
PNP/NPN Start
PPN /MNP Start —
Total Travel = 7 2

Pressure: 756.2 st S ot TE = .999976
z~axis Poaition, mm 3 Squareness :ﬁor‘izontal Straightness
0.0 : 0.00011%
45.0 i | 0002553
30.0 y-Aus 0.005088
135.0 e 0.007368
180.0 < g.01087
Diagonal 1
2250 0.013615
270.0 Comp Part Program, Linear Interpolation Only 0.015835
316.0 Comp Part Program, Linear and Circular Interpolation | 0.018235
360.0 ST TS ——TUTETS = 0.020146

A screen will be popup to enter the G-code filenameoordinates, segment lengths and number of digitss below.

5

EHES o @

Open Save Graph Print Prev Met Bat

Diagenal Poszition Measurement, Z-Axiz Analpsis [mm]
PPP/HMMNN File=C:ALDDMAT estD ataCompParth\ymch00_ppp.lin  Date :03.17.04
MPP/PHNHN File=CALDDMAT estDataCompFParthvmch00_npp.lin - Date :03.17.04
PMPfHPN File=C:ALDDMAT estD ataCompParthswymch00_pnp.lin  Date :03.17.04
PPH/HNP File=CALDDMAT estD ataCompFPathvmch00_nnp.lin.  Date :03.17.04
Machine :vmch00xp S/M 822 824 By :Svoboda

PPP/HHHN 5tart Position: [0.0.0] End Pesition: [480,330.450)

NPPSPHN Start Position: (480,0.0] End Position: [0.330.450])

PHP/MPH 5tart Position: [0.330.0] End Position: [480.0.450)

PPH/MNFP Start Position: (480.330.0] End Position: [0.0,450])

Total Travel = 736.0706  Points = 31 Hog oF2—-—2
Pressure: 756.22 Humidity: 50.00  Air Te %_Sek_-gt:'a Part P

(g = 1"

ot oS P ESiear B rar || C-\LDDMAT estD ataCompPart\G2G17R10.PPG
0.0 0 6000
15 0 0. 00E154 ~ Measmwement Coordinates -
135.0 0.001724
180.0 0.001471 ’
i b epane  Partz Coordinates 1
270.0 -0.003556 %0 | viip | zpb |
315.0 -0.000731 |
360.0 -0.c0703 :
Compensate Segment Length Linear; 10
405.0 —0.006518
450.0 -0.0132379 Compensale Segment Length [Zirculal:
0.0 0.0o041s .z
Humber of Digita:
45.0 0.00535 IZ'
30.0 0.002928 oK J Cancel I
o Lo o 0.000303
180.0 0.000465 i i

Click on OK, a compensated G-code will be generated a file with the same name as the G-code, but thian
extension .VCM. On the left is the uncompensatediput G-code and on the right is the compensated Gode.
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Linear Interpolation

Input G-code: Output G-code:
% %

(LINEAR) (LINEAR)

G54 G54

G90 G90

G01 F3000 GO01 F3000
X0.Y0.Z0. X0.Y0.Z0.

MO0 MO0

X100.Y70.Z80.
Z240.
X350.
Y245.

X450.Y315.Z360.

X100.001Y70.004Z80.002
Z240.007

X350.004

Y?245.

X449.993Y314.9917360.008

Z0.Y0.X0. Z0.Y0.XO0.
M30 M30
% %
Circular interpolation
Input G-code: Output G-code:

(G2 Test Circular contour, R=10)
G54 G90 G01 F3000

X4.000 Y-2.000
G17

G2 X-6.000 Y-12.000 [-10.000 JO

G1 X0 YO
M30

(G2 Test Circular contour, R=10)
G54 G90 G01 F3000

X4.Y-2.

G17

G2 X3.848 Y-3.737 I-10. JO.

G2 X3.397 Y-5.421 1-9.848 J1.736
G2 X2.66 Y-7.001 1-9.397 J3.42
G2 X1.66 Y-8.429 |-8.66 J5.

G2 X0.428 Y-9.662 |-7.66 J6.428
G2 X-1.Y-10.662 1-6.428 J7.66
G2 X-2.58 Y-11.398 I-5. J8.66

G2 X-4.264 Y-11.85 1-3.42 J9.397
G2 X-6. Y-12.002 1-1.736 J9.848
G1 X-3. Y-6.001

G1 X0. YO.

M30
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