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Statistical Analysis of the Position Errors of a Machine Tool
Using Ball Bar Test

Soon-Do Ryu(Graduate School, Kyungpook National Univ.), Seung-Han Yang(Kyungpook National Univ.)

ABSTRACT

The use of error compensation techniques has been recognized as an effective way in the improvement of the
accuracy of a machine tool. The laser measuremsenl method for identifying position errors of machine tool has ihs
disadvantages such as high cost, long calibration {ime and usage of volumetric error synthesis model.
Accordingly, this paper deals with analysis of the position errots of a maching tool using ball bar test without
using complicaled error synthesis model. Statistical analysis method was adopted in this paper for deriving
position errors using hemuspherical helix ball bar test.

Key Words : Position errors of a maching tool{ 3374l $15].2.31), Volumetric error synthesis model{ A2 2.7 3t
A2 E), Statistical analysis method(574 ) %41 *IM4). Hemispherical helix ball bar test(¥k=74
o] e Eak £4)

1. ME Z4 Avete) gAS J1esETh. Pak[4]E B4
g olgate) AL eAE Hobsh: W

T m]o g3

A 2y BAoA] T2 AMEEE N 52713 Aelateich, olyg Hadtow TS A QAE
A% FHE feiMe ox1 B A)gel b 23 Fr1go g A5 #ARiatr] fsA A7t Ev)
491 wlgoirh, olF HaHlMae F2d 2.3 530 zelo] gy 2olm glent, ghuskd F30 A2
PFAo|oh, UlFE2 FEATIAL 245 HolA F 9 9AZ BMHFE g o] EAde ¢
HAals EAsa gid ol welA S3F3 21} [5]

= 2320 Ak HR@A ] go] LaHY, 24749 2ADAS faM AAB AFAR 9
Eolrch 7HH o] wlspa] 2 *B’tl'f?i'"ﬂf“ﬂ*i 4A A Wwe 7 &% 2o oAAMREL ZWstn 9%
&atvl7h ol dol § HEgg T 772 91 e FH5tn 2AHE
dlojd ZA ke dete R Bryan[1]2 198249 robgleloith, wekd] &Xw e A 2EA @
23749 exE Ags B LVDT(linear om abew & %i?iﬁ]:

variable differential transformer)}& AME3be] Barskal[6]% Z9k® 23595 ojgale] 33
233 WHS AFA ALEt Kunzmann T 2A47)e ¢S BHstgTh, VYang(7]2 21714 2
faldelel2]E 37k SA7I(CMDe] H3AWH 27 AR 2 AEEd oxtel AAT 2V AFHL
o} A7y 932 uHy Bu &3 Yog A Ho] Zx G pAL EAH AZPHen ¥
251, Kakino[3)& vhokvt &ele] 35 0aksh 297 Ay, =5, 712 2ule) B SRS 339

-501-



b2 st £F A W selup 24E F
H g Ao, B =Rl o ?i?“a
2 3a% Bdl 23 HYHE Fi +F
AE{(Cincinnati Milacron T-10) 9] ~r‘]
2 e.abE 7hebe] wlersln uhE RAE £ odE ¢
nAFE AxEct. o1& Sl&EM #HA £49
< BAEQ ‘ﬂ"j% Hastg e Hold 3 4

= 7§ 2akg vim A gl &

1O

2. 2 2HEY
TN AL eAe a4 # BA oxe 54 o4
2 g & ey, £ AH aade r|aey L
Aok @uB A7 glet M el i A
¢ A7 AL A LEe s uAe R AE
3 ezl ONC AESeely o F AAE M2
Fee] oot (6] mddodE ABE e g
slF e Jlawd oagEekg AHgagch,
7y Zof isled 372] HEeake) 370 FHeAt
2ga F FAels) ADE 948 ARE F 21
Axe] FsetE e tos AR ) 2R

¢ fedtgnh 29 HE FEE T 249 71T
4 o)7L FH3 ¥ (Homogeneous iLrans-
[ormation matrix)& WERC] 2 #e)|E AF LA
WE E FHEsEC [7]1-[8] Azte {29 g

Fig.1 Structure of T-10 Machining Center

M= 8+ 8y— 8at (T, +L)e,+{T,+ L),
— (T AL 2o, (Tt Ven— Tien
(T, + e~y Sy

dy= 8+ 8,— 8, (T, T Dyau— T+ Lley

F (T, L—a)eg+ Tyt Thes

— (T +x)es
Az= 8,4+ 8, — 8. M {TytWext Tiey
Tyt ven— Tegp Tutyy (L
+{T . +x)em—x" Su—¥" Sy
AWp= AWy (dx, Ay, 4z) (2)

-h02-

7],
A, v, dz 2 X, ¥, Z @3k 3257
AW, : 28 ANz v

7.7, T,: 29% Azle] #77 DA
£F $9 An

L: 37ugA, F7&A40]

x: XF BEANN A5 o]5A

y Y& #EAANN 225 A2l <|FAe
z: 7% FAANA AZx Fefe|E o} F A
Bur 0y 80 X, ¥, Z% WS} AW 03
Syr Op Bry, By Oz 8y - DAL}

EwEyp€e i X, ¥V, 75 W &

.y Er By, Eay, Exz, €z | LA

Sy S Sy 0 T FAOlY A= oA

A oleh s oAbl A2 uehiu, o
shal A7 &ohol=ok $Aols BB vehdcl,

Bobe % 9 FLE B3 2 AblE ddske
Bz PASE T e ol waE Z3T 4
Sl T2} AsEel v, Bk &4 el 3
A7149 3 9e 34Y e B4 vas
o # AHLAE 54 F A AW HAEA 9
o, o a s gR e Berg A8A 4 o

~Ed 298 REAT.
gapelabe) Brks} bl 91412

ol e ginh.

s Ele] Fig.2st

\\m

e /’—’/—‘
\\ AW, (Ax,, & ‘/‘é(m o)
(0%, Ay, A2,)

Fig.? Schematic Diagram for 3 dimensional
Ball Bar Test
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Fig.3 Nominal path of 3 dimensional
Ball Bar Test
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Fig.7 Radial errars before compensation
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