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(a&l 2) Cone frustum Alg ghHol M

Initial position Halfway position

Test piece and setup condition

(38 3) 274K

559 k3 AlE

Category 1 Category 2
botom aurace 2 80 180
Thickness b 20 20
o rgpes E E
coner hole d 20 40
gc\ination angle 10 10
Center offset f 8 18

IIl. Truncated square pyramid test
method
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Test items 20 T80 Instruments
Center hole
« Material: cast iron or aluminum . Cgﬁ:;rfgyer 0.010 0.015 cMm
if
« Cutter: Diameter 20, 2 flute endmill, hss, right hand aspuar?‘f:r?)m top)
helix, maximum length 60 gml;/léd\a\
. . . ) * Roundness 0.050 0.080 Toundness
* Cutting speed: 50 m/min (cast iron), 300 m/min lce;};lr
(aluminum) * Coneentricity | @0.015 20.020 ‘routnd,ness
ester
* Feedrate: 1000 mm/min Cone lower
surface (2mm
+ Radial direction cutting depth: 0.1mm a| gﬁofm“
. CMM, dial
* Spindle speed: 1800 rpm .
- « Roundness 0.050 0060 | JoudS
*Rough and finish cut allowed tester
+ Dimensional CMM,
difference to 0.015 0.020 roundness
upper surface tester
— CNVIM
.C tricit :
e e Hole 20.015 20.02 ‘r:gltr;?ness
(a2 5) Truncated square pyramid A& ol Aled
truncated
pyramid
Fixture
o o 5 =] 5 5 =]
ABlE Ted 2e A el Agol sbsaith. ke 7129 AF s $Le)
Al o Yepligith 7Hgd AlEE 80 mmE Ve ® & wf A4 % 0.012 mm, A7

£ 0.03 mm, BPE 0.03 mmE FAL 4
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Machining region

» Dimension of test piece : 60 in radius
* Dimension of tool: R6 ball endmill

144,196
27 798 115 398

(3 7) Sphere Alg HHo| AY & 715 U

]

403

ﬂ

249

)]

—v
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?

63.13 |54. 67
117. 803

Cutter contact point
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(3@ 7) Sphere Alel 2ol A I 7k L (HIF)
A=30.0
€=30.001
Y X

3-axis : X-Y plane G02/03 circular motion (Z step feed)
3+2 axis : X,Y,Z linear interpolation

5-axis : cutting by C-axis rotation (A,Z step feed)

A=-16.5~-20.5
C=

(3] 8) Sphere Alg gHol Al

*

. Region a Region b Region €
Main cutting XY circular XYZ linear C rotation*
motion interpolation interpolation (XYZC interpolation)
Rotary axes
Indexing at a small
step with each uni-
I axis o 30° g\frgcggir;a\ rotation
o h min 5 degrees of
total indexing range
C axis o 30° Continuously
Linear axes
; Continuously Continuously Continuously
s variable variable variable
i : Continuously Continuously Continuously
Circularity S variable variable variable
measurement !
—> i Step feed with each
sphere ; 27.5 7 v Step feed with each |Step feed with each cutting path
i cutting path cutting path
le @120 . 100
! Circularity
: 0.050
Aaxiscentreline tolerance
C axis
centre line
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NAS 979(1969) . Uniform cutting tests - NAS series
metal cutting equipment specifications.

ANSI B5.54(1992). Methods for performance
evaluation of computer numerically controlled
machining centers.

ISO 10791-1(1998). Test conditions for machining
centres - Part 1: Geometric tests for
machines with horizontal spindle(horizontal
Z-axis).

ISO 10791-6(1998). Test conditions for machining
centres - Part 6: Accuracy of feeds, speeds
and interpolations.

ISO 10791-7(2014). Test conditions for machining
centres — Part 7: Accuracy of finished test

pieces.

=Y 02018, 11, 14
1A 24 2018, 11. 29

AALEL 2018, 12. 12
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The Standardization of Test Methods for 5-axis
Machining Centers by Using Finished Test Piece

Kim, Joo Hyun*

Abstract

H-axis machine tools have been rapidly accepted in the world-wide machine tool market, and
have been recognized as one of main forces for machine tool builders. By using 5-axis machine
tools, it is possible to reduce setup time, fixturing and tooling costs, and finishing operations
with increased accuracy. In the machining by using a 5-axis machine tool, various error sources
in each of rotary and linear axes impose complex effect on the geometric accuracy of the machined
workpiece. As a result, it is a common recognition in today’s industry that the machining accuracy
of a b-axis machine tool cannot be as good as that of a conventional 3-axis machine tool.

The results of the cutting test present comprehensive quality characteristics of a machine
tool. A variety of combination of axes can be considered to different test piece shapes. Cutting
test purposes the presentation of the comprehensive performance of machine tools in the form
of physical object, accuracy evaluation based on real-cut surfaces, overall quality measures to
machine tools, acceptance criteria for users, and trial for new cutting items.

Cone frustum test method, truncated square pyramid test method, and sphere tes method are
suggested. For these test methods, test setup, cutting conditions, cutting method, test purpose,

and tolerances are determined.

¥ Key Words: 5-axis machining center, test method, test piece, cutting test, tolerance

* Professor, Department of Mechanical Engineering, Kookmin University (kim@kookmin.ac.kr)
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