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Estimation of Thermal Behavior for the Machine Origin of Machine Tools
using GMDH Methodology

8 (FHS e ZAIAGAR), BAAFTRED Z1AS )
J. Y. Ahn"(Han Yang Univ. Graduate School), S. C. Chung(Han Yang Univ.)

Abstract Thermal deformation of machine
origin of machine tools due to intemal and
external heat sources has been the most
important problem to fabricate products with
higher accuracy and performance. In order to
solve this problem, GMDH models were
constructed to estimate thermal deformation of
machine origin for a vertical machining ceneter
through measurement of temperature data of
specific points on the machine tool. These
models are nonlinear equations with high-order
polynomials and implemented in a multilayered
perceptron type network structure. Input
variables and orders are automatically selected
by correlation and optimization procedure.
Sensors with small influence are deleted
automatically in this algorithm. It was shown
that the points of temperature measurement can
be reduced without sacrificing the estimation
accuracy of X5um From the experimental result,
it was confirmed that GMDH methodology was
superior to least square models to estimate the
thermal behavior of machine tools.

1. A&

FARAE UEY REVETES AT VAVSAA
el F&71Ale] FAstel nREslol gk 8
77 Zg 91 QY olg@ a3e 2F4]7)
71 98X E FERAZANA A 4F AE
AAsE Aol HEHold, F&7AI of7ldt=
AFoA Il AL 40-T0%2A, THE
7+5E JaME HEy Aot 8% AR
AAHa glow, old #AH ATy} wol] Y
QI’, 9)\\:}.[1—4]

dAE Fole HEYL IA F/HAR FE
"ok ZEAAIY AA AT AR ri&o]

IR0t Uwkyo g MHAE MHAZezN 4o
dARL G3EA], I7H
TzAAZ YE 4 QY Donaldsone 4% H
JAE o] 2AEH Sl F7] wldEE F
£33, 714 o dHAFge] HE AYEE ol&
3o, s FF YA 2" T& SR
dexatsE ZQul glou, ol AAl Al
A AL Be Azt nge daz gl
TAZIA ARAL AL XAE TINA F
A AT}E olgstd NC #E Z2IP-g 443
 RAdA ARHJ]Y 2% 2, AFE Aol &
Agdl wat, F2Ee] 71FH7] Al 714l et
E dEdy BASE d3Eel AIyHI
gl gox &g sz F2rl s
Moriwaki= FEME ol&3lgdedl™ o wye
LA digd Ui sl FAY, dF FAd
EL V1A AA =1 2 o] datzgstea ¥
3l Al g o SR ARE AFIHA
2 % ma olyel, 49 hEslE 9% HF
5o A RAGE 4= gl
Aot diFd e vk aRAFHA A]YL> A
Aol o HFZo vlg-g& 53 ok Okushima
FAY Ay J)AlY FF AQFE HA¥ &
H 4 wd-g AME-dle] BHAIYN,  Janeczko
o) QUAE £ A3t MAPAE
Wal A5grude dasioh olszte
HARd g LWy A3 wde) e
M drate) @3t Ayl ol&shs] W,
=Pu4rt vie Be Afole 49, 228 ==
e Asgr2 AgHe 2ol on, #7
Z1A 9] FEB7 W AAA md-E 7Pl
of & g, I AYPL +£FoF olFoxA H
M fE PHE S ZAZYES 0§
2283 AladaA 71318 AHrFE ol &
F Awdo o Aoz myYstaigon
Ay wAdAE Y dEYLE 37 Yeko
dA 239 AlAE 2xHolHE ol&3F 4AAHF

2 ofr e

-213-



Prdg-S At AWE wmdeo] A YA
Aorar up ek
B Aqdale 71EEe] A 44 9w
2 A AR LwEAA v Rt AT

2 dF3te 2e HHow rh d¥yg vadg

A7 sk, make} B¥AY wdAE Ao
A433= GMDH (group method of data
handling) 2T} E%e olgatgy, 4o Axs
¥ (least square error method) & o] &3 3IAR
da Hu HESYY GMDHE o]&-&, ¢l
o] Held H‘H 6 2= FAHYo LK E ¥
W} o] B2 HAo 2AHHE AFsor 4
Aot 71E a‘bﬂfﬂ—g TARAEL o Fshe v
= Attt A HAIGAEE o T4
4 Wskel yRddol *1H3}~ FTEo F-H3}
A AN AT AF5E Ao, A
tel Ay oS md o %‘Qh & dEetdvh

2. GMDH % H4AQAAFTHE o8 »ddy

SAZAY Wy FAVA z; e WA
*}ll(unsteady)o]ﬂ B (nonuniform) gk 54
o oaf @At wElA, 9o Al Y &
EEXE o]&3thH, FTAVIAIY w2 o
g 4 gpl o) A YT GE2 BME
Be Yo LrARI HRaA dArt ;LaM,
A7 ’é%“?_ v, S FU AE
2 FAT g 9] 01]‘—.’: Are &% 74754@
36-%1'_].‘]{[“" of, ol 7&“‘
-9_‘_ a

21 xRS 9 VY o3 v

HAoAREN S o83t &
_,16]— E’_‘Qo A8 tElal oz A
43 HEERY 2RV HEHS
kA "7§7§° 1578 A3t o]
£ o] &% A mddr] iy Azt o]EF
 EAS 3y, ARtels ARE mo A
IR 2 A GuEEF s& 25 ¢ 9
2 A3} o]l =33} Hrh

3= 2"¢ )

o] 7] 4,
—t:[tl.z ty ;o by tl,i*l tn,i~1]T
9=[91 P 8n.i 91,[*1 6n,z’~~1]T

tl.f:tl,[_tay a:;zf"ﬂ‘?:;-
= 2k 5 A
n={% &4 5

2.2 GMDHE o]4-3 43 & gy

GMDH {2 £ ¥ 9] Ivakhnenko?} 43+ %
AlF drnggoRM oF HAEER IJay
(multilayered perceptron -type network)e 3%
7R AL Qe o) etuiulHe) BEae gq&a]oi
nA g ab opEks] e welg AAs) 57

o3

[m

ol Byt TR #5E dEEE oE ¢ A
oL FSRGE A gardlEoRA FQ
lefulel wWE REAL Ao A U
mitell, W2 gleguel FaEdk $8 Aud o
g welo] Thgatil, v1Ale T @A el whof
AN#e wdlg Agslor & A fres”

2] (2) 3= GMDH e 7124 ol

v=A+ Bx;+ Cx,. Dx*+ Exj+ Fxx, ®)
o] 7] A,

xi,x; = 9 W y = &9

s} 2o 28, AEHOE YARE wdAe

y=a+ ,gbzxi+ g}g“ci}x%
+ 55 Sdueaat s ©

£ Figlsh o el @ o=gdA 2 A
sith qle Wsg delshs sEe AW 2o,

]
~H ] T
I l
>jz}_ o X4 m -

~ /

Fig.l Structure of GMDH algorithm

%
]
]
e

!iﬁé

TRRR

-214-



___2 (yi_ Zij)z

— i=ni+1 - j:1,2,..-,(£n) (4)
=@ Ao 4= Ag s

n = % Holg A%

nt = g5 dlo)g A4

e

714,

AlZE o]8 dlolE 9] fFd weld FriA 9
GMDH =Ed-& i, zZhzhe] 9= dioly &
2 Table 1o R Yth

Table 1 Input data set for GMDH modeling

model 1 model 2
no. of lnoependent 64 193
variable
no. of training set 240 240
no. of checking set 120 120
history data X O
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Fig.2 Schematic diagram of experimental setup
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Fig.3 Thermocouple locations
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Table 2 Experimental conditions

exp. 1 ( exp. 2
temp. of f
p. o variant temp constant temp.
atmosphere | o
spindle J monotonous
II;PM random ‘ increase and
J decrease
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Fig.4 Temperature at each location

position (um}

(a) experiment 1

daformation (um)

(b) experiment 2
Fig.5 Deformation of origin

4. A¥AH% L 1F
41 HAQ XA

Fig62 MA" d=%4 Z43H 15709 Alzhol
2 ARE o]8F = A 259 58H %
g ol§3ly 9y 94uEe d53F Ayolth
27t o Hum AER YT H A JEE
BAFAg ddse] 7 88 golm, 2d
A AlgE #AdM BEA Fdol Y=
e, 2d¢ SRSl e B9l 2ol
HAF

ostimated

time oun

(a) deformation of X-axis

defomation (um)

A
1
eshmated 4

measured

(b) deformation of Y-axis

-216-



measured

estmated
N

deformation {um)
N .

(c) deformation of Z-axis
Fig6 Estimation results by using LSEM
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Table 3 Resultant model by GMDH
with exp.l data

model 1 model 2

X Y Z X Y Z

selected indep. 4 4 31 4 4 3
var.

no. of layer 2 2 6 2 2 3

multivle 1 93 10.99| 098 | 0.93 |09 | 0.98
correlation

rmin value [0.003]0.0010.032]0.004 |0.001]0.033

max. error(um)| 59 {24 | 41 | 56 | 25| 45
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Fig.7 Learning result by GMDH model 1
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Fig.9 Estimation result of exp. 2 from the
learning model of exp. 1
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