Trans. Korean Soc. Mech. Eng. A, Vol. 37, No. 1, pp. 97~103, 2013 97

<st==5> DOI http://dx.doi.org/10.3795/KSME-A.2013.37.1.097 ISSN 12264873
= % 3 = 0] =3 §
55 A 7 = 5% B SAE 459 HE A Y

Ol&="- o|M&" &5
* AR 7| AAFA, =+ AEY S 7)) A T3

of
o

d

Conical Path Generation Technique for Ball Bar Measurement Using
Simultaneous 5-Axis Motion Control

Dong-Mok Lee", Jae-Chang Lee” and Seung-Han Yang™ |

*Institute of Mechanical Engineering Technology, Kyungpook Nat’l Univ.,
**School of Mechanical Engineering, Kyungpook Nat’l Univ.

(Received June 26, 2012 ; Revised September 11, 2012 ; Accepted September 12, 2012)

Key Words: Conical Path(¥53 74 =2), Ball Bar(&4}), NAS 979, 5-Axis Machine Tool(5 Z & %7]7)),
Simultaneous Motion(‘&A] T-%)

Z&: 2 AT 45 1 T BA 5 F S S 2u SAE A2 AY 1S A

Al2~®'ll Gt 3 E|(Structural configuration)ol] #AIGlo] BE 5 F F27|AN tis] HE 7Megk AukstE

WS A 5 5 A7 A2 RS A3y FR, a8 vl 54 AR 585 Y9 Wol N
C = AA, e exk F7 AlEdeld 2 54 AFdS 94 73T & Aed ds A= 44

dagh 734 714 948 ZEE AAgth gk AAE 458 A2 REES EYE 55 A e A

3|AFe] o]F WHE FIH R HESM WAz W 7]E7]7te] A7) Zbe], &t €Y 87 4

QAT 2~ 2o oA 9] 5 o] 7R o] o]F W W= 3ol dis) A gt

Abstract: This study proposes a path generation technique for simultaneous five-axis driving for ball bar measurement,
which is equivalent to cone frustum machining as mentioned in the NAS979 standard. The technique is generalized for
a 3D circular path, and it is applicable to all machine tools regardless of their structural configurations. A mathematical
machine input model that consists of a five-axis machine tool, ball-bar measurement and conical path information as
inputs is presented for easy NC code generation, simulation for various test conditions, and a measurement test. The
movement range of rotary axes, which depends on various conditions, is mathematically analyzed based on the
proposed conical path model. Moreover, the effect of the movement range on various conditions (apex angle and
inclination angle, ball bar tilting acceptance angle, offset position of workpiece ball, etc.) is analyzed.
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Fig. 2 Flow chart for the conical path generation
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Fig. 3 Ball bar vector and tool directional vector
during simultaneous five axes movement

Fig. 5 System configuration of 5-axis machine tool
used in the present work
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Table 1 Travel range results for different test conditions
(1) a=30°, p=15° (4) a=15°, p=30°
v, -30° 0° -30° -30° -30° -30° 0° -30° -30° -30°

P’ | {00,100} {0,0,100} {150,0,100} {0,150,100} £0,0,200} ]| {0,0.100} {0,0,100} {150,0,100} {0,150,100} {0.0,200}
min -494.83  -501.76 -606.56 -555.17  -494.83 -550  -546.59 -678.34 -472.35 -550
X  Max -405.17  -398.24 -293.45 -344.83  -405.17 -350 -353.41 -478.34 -427.65 -350
R 89.66 103.53 313.11 210.34 89.66 200 193.19 200 44.71 200
min 360.65 372.90 229.42 217.60  388.37] 175.88  179.29 153.64 320.77  201.76
Yy Max 407.31 420.71 503.04 513.38  478.02] 420.71  417.30 432.88 526.78  491.42
R 46.66 47.81 273.62 295.78 89.66] 244.83  238.01 279.24 206.01 289.66
min -329.29  -279.29 -392.46 -435.36  -258.58] -279.29 -253.41 -307.27 -385.36  -208.58
zZ  Max -303.41  -253.41 -240.24 -264.59  -206.82] -253.41 -227.53 -225.43 -292.23  -156.82
R 25.88 25.88 152.22 170.77 51.76 25.88 25.88 81.85 93.13 51.76
min 15° 15° 15° 15° 15° 15° 15° 15° 15° 15°
a Max 45° 45° 45° 45° 45° 45° 45° 45° 45° 45°
R 30° 30° 30° 30° 30° 30° 30° 30° 30° 30°
min 360°  -360° -360° 360°  -360°| 148.83° 148.83°  148.83°  148.83° 148.83°
¢ Max 0° 0° 0° 0° 0°] 211.17° 211.17° 211.17° 211.17°  211.17°
R -360° -360° -360° -360° -360°]  62.35°  62.35° 62.35° 62.35°  62.35°

(2) a=45°, p=15° (5) a=15°, p=45°
min -475.88  -486.60 -602.22 -574.12  -475.88] -546.59 -536.60 -686.18 -491.69  -546.59
X  Max -424.12  -413.40 -297.78 -325.88  -424.12] -353.41 -363.40 -493.00 -408.31 -353.41
R 51.76 73.21 304.43 248.24 51.76] 193.19 173.21 193.19 83.38 193.19
min 370.71 400 266.65 240.81 420.71 203.41 213.40 193.94 333.31 253.41
Yy  Max 407.31 436.60 494 482.31 493.92] 43320 423.21 436.60 508.20  519.80
R 36.60 36.60 227.34 241.51 73.21) 229.79  209.81 242.67 174.88  266.39
min -370.71 -300 -460.04 -500.61  -320.71] -274.12 -250 -298.74 -404.02  -224.12
z  Max -334.11  -263.40 -244.78 -259.11  -247.51) -237.52 -213.40 -212.90 -312.52  -150.91
R 36.60 36.60 215.27 241.51 73.21 36.60 36.60 85.84 91.51 73.21
min 30° 30° 30° 30° 30° 30° 30° 30° 30° 30°
a Max 60° 60° 60° 60° 60° 60° 60° 60° 60° 60°
R 30° 30° 30° 30° 30° 30° 30° 30° 30° 30°
min -360° -360° -360° -360° -360°] 158.53° 158.53° 158.53° 158.53° 158.53°
¢ Max 0° 0° 0° 0° 0°] 201.47° 201.47° 201.47° 201.47° 201.47°
R -360° -360° -360° -360° -360°]  42.94° 42.94° 42.94° 42.94°  42.94°

(3) a=45°, p=30° (6) a=30°, p=45°
min -500  -520.71 -608.11 -550 -500] -546.59 -546.59 -652.88 -459.47  -546.59
X  Max -400  -379.29 -291.89 -350 -400] -353.41 -353.41 -459.47 -440.53  -353.41
R 100 141.42 316.23 200 100] 193.19  193.19 193.41 18.95 193.19
min 343.13 366.88 218.92 201.70 372.47 179.29 179.29 141.71 324.18  205.17
Y  Max 417.30 446.59 480.24 456.24 513.90] 443.19 443.19 447.08 482.01 539.78
R 74.17 79.71 261.32 254.54 141421 263.90  263.90 305.37 157.83  334.61
min -394.83  -324.12 -471.28 -539.72  -368.95] -350.00 -298.24 -397.56 -494.89  -324.12
z  Max -324.12 25341 -247.67 -285.30  -227.53] -279.29 -227.53 -231.73 -318.11  -182.70
R 70.71 70.71 223.61 254.42 141.42 70.71 70.71 165.83 176.78 141.42
min 15° 15° 15° 15° 15° 15° 15° 15° 15° 15°
a Max 75° 75° 75° 75° 75° 75° 75° 75° 75° 75°
R 60° 60° 60° 60° 60° 60° 60° 60° 60° 60°
min -360° -360° -360° -360° -360° 135° 135° 135° 135° 135°
¢ Max 0° 0° 0° 0° 0° 225° 225° 225° 225° 225°
R -360° -360° -360° -360° -360° 90° 90° 90° 90° 90°

All linear dimensions are in mm.
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