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Article history: Recently, there is an increasing need to produce more precise products with
Received 16 August 2012 small deviations from defined target values. Machine capability is the ability
Revised 24 December 2012 of a machine tool to produce parts within a tolerance interval. Capability
Accepted 7 March 2013 indices are a statistical way of describing how well a product is machined

compared to defined target values and tolerances. Today, there is no
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standardized way to acquire a machine capability value. This paper describes
a method for evaluating machine capability indices in machining centers.
After the machining of specimens, the straightness, roundness, and positioning
accuracy were measured by using CMM (coordinate measuring machine).
These measured values and defined tolerances were used to evaluate the
It will be useful for the industry to have
standardized ways to choose and calculate machine capability indices.
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Table 1 Process capability level

G Grade
1 C, = 1.67 A very capable
2 1.67 > C, = 133 A highly capable
3 133 > C, = 1.00 A barely capable
4 1.00 > C, = 0.67 Not capable
5 0.67 > C, Very not capable

Table 2 Inspection requirements of specimen

Object Tolerance
Central | ) SYlindricity . 0.010
b) Squareness between the hole axis and
hole . 0.010
the basis A
c) Straightness of the sides
d) Squareness of the adjacent sides to 0.010
Square basis B 0.010
e) Parallelism of the opposite side to 0.010
basis B
. f) Straightness of the sides 0.010
D d .
ramon g) Accuracy of 75°angles to basis B 0.010
h) circularity 0.015
Circle i) Concentricity of the external circle and O. 025
the internal bored hole C ’
Sloping j) Straightness of the faces 0.010
faces k) Accuracy of the angles to basis B 0.010
n) Position of the holes with respect to
hole C 0.050
B hol
ored holes 0) Concentricity of inner hole to outer 0.020
hole D
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Fig. 1 KS B ISO 10797-7A 160 specimen
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Fig. 2 Measurement of straightness
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Fig. 3 Measurement of roundness
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Table 3 Specifications of machining center

Contents Values
Travel length (mm) 500x500%500
Spindle speed (rpm) 24000
Rapid feed rate (m/min) 60 (X,Y,Z2)
Cutting feed rate (m/min) 15 (X,Y,Z2)
Thermal Displacement (xm) 10
Rotational Accuracy (um) 10@24000
(Model A) Repeatability 1
Acceleration (G) 1
Max. loading weight (kg) 700
Controller Siemens 840D

(a) KS B ISO 10791-7A 160

(b) Hole specimen

Fig. 4 Test specimens
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Fig. 5 Cu Variation in terms of the number of specimens
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Fig. 6 Procedure of C,x evaluation
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Table 4 Evaluation result of C,; (Machining center Model A)

Linear machining capability |Circular machining capability Positioning capability Circular machining capability
(KS 0.010) (KS 0.015) (KS 0.050) (KS 0.015)
0.59 0.45 0.33 0.27
(0.015) (0.050) (0.200) (KS 0.015)
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i | i | i | i i
Conk I l I l I l I I
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Fig. 8 Laser interferometer measurement of machining center
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Fig. 9 Ballbar measurement of machining center

Table S Evaluation result of machine property & Ciux
(Machining center Model A)

ka
Con (Specimen
Machi
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0.015) | 491 ' ! 1.79
|
|
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