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A Study on the Test Workpiece for Accuracy Evaluation of 5-Axis Machine Tool
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Recently, a demand for precision 5-axis machine tools is significantly increasing, and the
maintenance of machine tool accuracy becomes more important. it is very difficult to evaluate to
accuracy of 5-axis M/C in the production site since it needs expensive measuring equipment and
skilled engineer. On the other hand, evaluation items of 5-axis M/C are not systematically
organized in the existing KS and ISO standards. In this study, the evaluation items for 5-axis M/C
were derived systematically and a test workpiece was developed to evaluate the machine tool
accuracy more easily. The error sources of machine tool can be estimated by machining and
measuring of the test workpiece. The correlation between the machine tool accuracy and the
accuracy of machined test workpiece was analyzed. As a result, the accuracy of machined test
workpiece represented the accuracy of machine tool and the error sources very effectively.
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Table 1 Evaluation Items of 5-axis machine tool
presented in the ISO series

Standard

Test conditions for bridge-type milling machines

- Parallelism of about reference plane
- A-axis Angular Accuracy

- C-axis run-out of error

- Accuracy of spindle axis and table

Test conditions for machining centers

Evaluation Items

KS B ISO
8636-2

- Squareness of C-axis about X,Y axis

motion
- Squareness of C-axis about reference
plane
- Existence of S-axis and A-axis in the
KSBISO | same plane
10791-2 | - Concentricity of S-axis and C-axis

- Intersection of A-axis and C-axis

- Squareness of A-axis and C-axis

- Exisctence of A-axis and C-axis in the
same plane

- Accuracy of spindle axis and table

Evaluation of thermal distortions

11(37159311_81(3 - Thermal distortions of S-axis
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Fig. 1 Proposed evaluation items for 5-axis machine

tool accuracy
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Fig. 2 Two different types of 5-axis machine tool for

accuracy evaluation(Head-tilt and Table-tilt type)

Table 2 M/C accuracy measurement results for 5-axis
machine tool(Selected)

Head - | Table -
Evaluation Item Type type

Result | Result
Caming of spindle 10pm 2pum
Periodic axial slip of the spindle 15um 2um
Run-out of internal taper of the 6um lum
spindle 10pm 6um

Parallelism of the spindle axis to

the Z-axis motion 40um 3um

Squareness between the spindle
axis and the reference plane for| 30um Tpum
the 90° A-axis position

A-axis Angular accuracy

N/A
C-axis Angular accuracy
Squareness between the spindle
axis and XY plane 15pm 4pm
Intersection of the horizontal 30um 3
spindle M Hm
C-axis and the A-axis shall be in 20um 17um
the same plane M H
Squareness between the spindle
axis and the A-axis 60pm 17pm
The spindle axis and the A-axis 30um 17um
shall be in the same plane K K
Checking of coincidence of the 16um 3um

spindle axis with the C-axis

tilting type 327171 Hdl 100umE 3]s
Holal 9ISt Wkl Table tilting
type &27IA= AW 20umE HA 2= AT

Aaie) 5% FAAN U@ ALE FAE A
e A, 30 AR sl mE 9.7
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Fig. 3 Accuracy measurement of 5-axis machine tool

AA =Y SYEA T ARV 24 5 e
Fitol A ZAel EA7F HAAh ol EAES
Hestd], 5% FA|AY 2abe Aol ddS
ol & & = BFETHEC] AL "Agd, T3
1A AREE SAstn a2k 90L dofstes
o 2 £ Qe Be AFze RRo| A=
Aolgl wrardtl, webA, 5% T2V AYUE o
atel tiste] el dpete] JhEd 5FH HFEFEAE
S Asta, Aed ZFETFES JFEsie]
AFNE 329 =AHFo 2N, FAY L9
I 9Je BAstax; g

, CF Zze] @2nel A
F AFe B & &+ H

)

o -
02 H O &t

g

AN

ﬁ -HN'

ox [~

us

g

>

e e

>~

>

LI
24
ot w2
=
)
rot
o
N
N
N
N
i)
ko
ol
ol
=

o fo

i

)

o)
el rld

a HE

o
A
R=3
oft
o
fru
N
i
lo
»
o
=
i
=2
2

b o
AN o
ol
2
il
o
=
i g A
N T—i—" i =]
f
X
S A
A
i)
Ir
2l
by
Ay
o

uLh
Ly
ol
o
N
©
to
Ry
fo
B~
L
Ho
&

RETEe] g4E e
rg]

ol w
12}

v}
o2

e
to
e
1%
o

g

cylindricityfl ]
31 YI

.19

traightnes;
@ cylindricity
straightnesy | § 0
@ Y 166.99cylindricity
) G5
true positiot \<
B NG

truc position
( 1150.19 | @
flatnes flatne @ﬂames@ . N

Fig. 4 Proposed test workpiece for 5-axis M/C

Table 3 Machining methods for the test workpiece
(Selected)
Machining Region
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Table 4 Cutting conditions for the test workpiece

Spindle speed 2,000 rpm
Feed rate 100 mm/min
Depth of cut 0.5 mm
Tool length 35 mm, 40 mm

Tool diameter

16 mm, 10 mm
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Table 5 Measurement list of 5-axis test workpiece

Measurement items for spindle and table

44 items
accuracy
Measurement items for A-axis accuracy 8 items
Measurement items for C-axis accuracy 6 items
Measurement items for the relation .
. . 3 items
between A-axis and C-axis
Measurement items for the relation .
. . 1 items
between S-axis and C-axis
Measurement items for the relation .
3 items

between A-axis and S-axis

Table 6 CMM measurement results (selected)

Measuring | Evaluation | Table-type | Head-type
item item result(mm) | result(mm)
Measurement items for spindle and table
Item #2 Straightness 0.015 0.040
Item #9 Cylindricity 0.040 0.041
Item #11 Squareness 0.004 0.009

Measurement items for tilting axis and relation of axis

Item #47 Parallelism 0.007 0.013
Item #48 Squareness 0.005 0.017
Item #58 Parallelism 0.020 0.055
Item #60 Flatness 0.002 0.014
Item #61 Parallelism 0.006 0.020
Item #62 Parallelism 0.012 0.005
Item #63 parallelism 0.015 0.034
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Table 7 Comparison of M/C accuracy and machining accuracy (Selected)

Measuring point Machining error Related evaluation item Machine accuracy
5p Table Table
e 0.015 - Straightness of X, Y-axis 0.013

Q Head - Position accuracy of X, Y-axis Head

) 0.040 0.036

Table Table

%2:3 Thermal distortions of S-axis (I)-Ingl

0.041 0.049

Table - Parallelism of the spindle axis to Table

0.004 the Z-axis motion 0.004

Head - Squareness between the spindle Head

0.010 axis and XY plane 0.013

Table Table

/% 0.007 Squareness between the C-axis and 0.004

Head XY plane Head

0.013 0.015

= ‘ Table Table

Q 0.005 Sq}lareness between the spindle 0.003

) @ ( Head axis and .the rqft?rence plane for the Head

@) 90° A-axis position

0.017 0.020

Table Table

YA 0.020 Squareness of the S-axis and the A- 0.017

- - Head axis Head

0.055 0.060

Table Table

0.002 Checking of coincidence of the 0.003

Head spindle axis with the C-axis Head

0.014 0.016

Table Table

0.006 Squareness between the C-axis and 0.004

Head X, Y-axis motion Head

0.020 0.023

gi)bllg Parallelism of the A-a%xi.s to the gj)bllg

Head reff:rence plane when milling heads Head

0.005 swivel 0.009

Table Table

0.015 Existence of S-axis and A-axis in 0.017

Head the same plane Head

0.034 0.030
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Fig. 7 Error correlation between machining accuracy of the test workpiece and M/C accuracy (Table Type)
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