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Geometric error compensation of machine tools

by geometry redesign
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ABSTRACT

Accuracy of a machined component is
determined by the relative motion between the
cutting tool and the workpiece. One of the
important factors which affects the accuracy of
this relative motion is the geometric error of
machine tools. In this study, geometric error is
modeled using form shaping motion of machine
tool, where a form shaping function is derived
from the homogeneous transformation matrix.
Geometric  errors  are  measured by laser
interferometer. After that, the local positioning
error can he estimated from the form shaping
model and geometric error data base. From this
information, we can remodel the part by shifting
the design surface to the amount of positional
crror. By generating tool path to the redesigned

surface, we can reduce the machining error.
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Table 1 Homogeneous transformation matrix

*FEHY AEF k FAUggd A
100 «x
i_lo1oo0
X 1 A 0010
0001
1000
) 65 3 {010y
3AeF | Y A=lo o010
0001
1000
Z 3 510100
A 001 2
0001
1 0 0 0
At= |0 cos¢ —sing 0
X 4 0 sing cos¢ 0
[Vt 0 1
cos¢ 0 sing 0
) s 01 0 0
AT Y 3 A —sing 0 cos¢ 0
0 0 0 1
cosf —sind 0 0
z 6 Ab=| sind cosd O 0
0 0 10
0o 0o 01l

Fig. 1 Structure of Machining center
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Fig. 2 Decomposition ol the squareness error

AX“8xx+ 8;0‘{" O,‘+(Z_’ Z+ L1
—L)( bt B+ (z+ L~ Ly

—L) B;_(Z— [-4(1 [4) ﬁ +(y+ [4;(
- Lr,)( _C_\*z— 7’,\)+ LS Yz

A_V = 8)‘y+ a‘x_i" 8‘2—(2_ Lz+ L4_‘
LG—L) ax+(z+ Lkl- Lh—L) (q)
(—a,—a)—(z—L¢—L) a + )
x( sz+ Yx)

2 = 0+ 8,4+ 0,— Ly a,+(v+

L;;“ L;) ax+(y+ L;;— Lr))
(a,tae)+x(—b,.— B,

A7IA, FR7 A FAH LA A7) L =155m
L,=280mm, L;=555mm, L,=935mm, L =555mm,
Lg=350mmelth. &-FHo] L& 130me] 2 X, Y, Z
o 2aEFAW = 2H4 700mm, 400mm, 400mm o)

T
ct.

3. F2R7A 2254

2 AFNME RenishawAre] MLIO o] %]
HHAE ol 8359 9 ACE V45 F38 CNCF
271Ale 2 a5 ?"‘"3}"35} Hol A A 71]*“— =
(RolD2.xtE ZH 3 4= g17] W&o 3742 802 2}
© Fig. 391X e XY 522 1A% oxgrn
B feshdch

A

m]o
5
)

LAstE E@RoDER 4=
o] & 3ate

7H9] 71(_]_3\]—1;:— 79_7—(}' 6;’12, 5)22%
]

7:=(0uz— 8 p)/d (10)
AZIM, de XF9 A HA9l F wa 2 2 abo) g
Aeojrt Hl=d Wl o R X9} YEo Z(Rol)S

- 369 -



Y
—
//)r_—
//
// S)’ZZ
— 8y1z
_ &1 - X

Fig. 3 Identification of the roll error of Z-axis

4% A & ook Fig 48 3423484 § X
Zo] WAz} HALAE L}EM%I Table 2
= Kz 9 xloick QA& A& Forward® Back

ward B0 A% 5§1 wE ZRse] 0 W

. N

20 i

Error (micron)

-30

— -
40 ‘ —eo— Position

—(— Horzental Straightness

—y— Verical Straightness

-50 ¢ T
-800 -600 -400 -200 0

X axis Position (mm)

(a) Translational error

15
—e— Roll
—0— Yaw
—w— Pitch
10

Error {(micron/mm)

-10 +— T T T
-800 -600 -400 -200 0

X axis Position (mm)

1) Rotational error

Fig. 4 Geometric error of X-axis

Table 2 Squareness error

Error factor Error Value

Between b -0.01664m/un

XZ axis C oz 0.1333 an/um

Between ay, -0.0100m/um

YZ axis Cye 0.0333m/mm
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Table 3 Error value for Measurement points

Point Error value
om
dx Ay Az
[:' -0.03666 -0.16189 -0.06809
Py -0.03615 -0.16128 -0.06911
P; -0.03549 -0.16727 -0.07174
Pa -0.03495 -0.17342 -0.07433
Ps -0.03407 -0.17706 -0.07654
P -0.03369 -0.17495 -0.07633
P, -0.03344 -0.17298 -0.07604
Py -0.03298 -0.16808 -0.07558
Py -0.03889 -0.16344 -0.06743
Pio -0.03839 -0.16438 -0.06845
Py -0.03773 -0.17101 -0.07108
P -0.03719 -0.17735 -.07367
Py -0.03631 018099 -0.07588 |
Pis -0.03593 -0.17869 -0.07567
Pis -0.03568 -0.17653 -0.07538
Py -0.03527 -0.17162 -0.07492
Piz -0.04006 -0.17029 -0.06691
Pig -0.03956 -0.16967 -0.06793
Py -0.03890 -0.17611 -0.07056
P20 -0.03836 -0.18269 -0.07315
P2 -0.03748  |-0.18633 -0.07536
P, -0.03710 -0.18379 -0.07515
Py -0.03685 -0.18137 -0.07486
Do -0.03644 -0.17647 -0.07440
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\ £53xH
IFig. 8 Measurement position
0.2
[coss
0.1
E o [_‘%Ei"
g
W g4
2
£ -0.1151
g 0.2
-03 s e =
[ et —— Without compensation |
|-0.3656 | —— With compensation !
04+ R — =

0 20 40 60 80 100 120 140
X-axis Position (mm})

Fig. 9 Machining error comparison of without

compensation and with compensation
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