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Abstract

Coordinate measuring device (CMM), one of the measuring devices for reverse engineering that requires constant environmental and environmental
conditions. This change of conditions may be unavoidable due to the need of the industry to enter the devices into the workshop environment, and
changes are applied to the device structures. This change causes non-uniform deformation and distortion of the structure as well as the code rulers of
the device, which affects the measurement results. In this research, in order to investigate the effect of changing environmental conditions on the CMM
device and investigate the errors caused by it, the three-dimensional model of the CMM device was designed in ANSY'S finite element software and by
applying the difference between the ambient temperature and the temperature of the structure, the unstable thermal analysis of the device was performed.
has been The overall shape of the structure and the rulers have been changed. For the purpose of validation, the results obtained from the amount of
displacement of the rulers and the building of the structure have been compared with the existing analytical relationships, and a very acceptable match
is observed. Also, the analysis of deformations and general distortion of the structure has resulted in results regarding the improvement of the design
and materials used in the structure.

Keywords
CMM device, temperature change error, unsteady heat transfer



Y ol ojles VY Lol o o)l o) ol o g psle 15 Shoslre slo g, alxs /14

S . Sy &) : & * o . .
CMM oKws S » Lo u‘l.:.:.u)‘ k;wb LSLbLla}j L@&nmx Sgdxa |)>| J.:.L’u

o ol b

Ol @bl (@] olRils ¢ pwaige 5 (8 0uSisls
f.rabiei@ilam.ac.ir : 8o g5 Juos)

o._\:.S.g
Lyl ol i sl ol oled g (o dagl 1 aiejls 45 004y wgSiae (owiige S (555 03l Jslosg 51 (So (CMM) ' laises (5 50510l oSiws
IS ass 4y jomie Dlyss Cpl 05 oo Jlasl olSiws o3l 4y ples Ol s g 005 pdil Clizl a8 )5 Lass 4 LolKiws (pl 39,9 4 Crio 5L o 4
JUVE I PPV TR =V ONP VN - L ] IRV X S )AJL s 1) g pSoslal mmls a5 598 g ows (505 s iSdas 35 g ojle C 1S d zlagel g
Jheel b g o0 >l ANSYS sgamma 521 1581 05 10 CMM olKiws (goman Jow o)) 5l o6 slallas ow)p g CMM ol8ws (g5, » (dame bl
e oz liiel jslate 4y el sdel s @y o iSas 5 03le (A5 IS s .l ooy plosil sl8tis SLLL 5l o sl gloo b Lagmee (slos (8D
Cyizmad e o 0adlice (Joub B Lo gy a5 wiloas duwlie Sgzge (Lo Ly, b ojle laxsle g o imSlas Sl alx olis 5l oael s 4 gl
Ll 0 o5l o 4, IS 4 Slae 9 (b Sg egax 10 (Bull 4 mie ojle WS plosel o WIS s Jlow

LLL ol Jlasl col e az o pess gl CMM oKws gads” Slals

sikizee Sligios [V]s 18 o 51,8 solitul 8550 ojle )|, (slo ISt puis
sl 485 S y50 o b3 Gl b g 5l lalas zalS ol
1y 0550 Bley 0955 e b g Sguome Ll g, 51 e 5 SSLw
Sl Sl pmss JpS lr e sles 4 ojle sles o,
F5e Casdye oKen 5 (STl [Alss S aslinal Il il slaojls
3 pSeilal Skt g jSaskd ()l blassl G S 56 5 Cgn
5 Combge (] oS gy I 5 LL b 0 1, KaSy b eles el
2 e AD g o0 (228 by, b xS oill sle g Slas
Dy lewl a8 15 o) 0 50 (so0mite Sliios

i slablssl & e ojle lizl (551> 5 (s ol glis
g olfiws 3 Sles a5 290 glatuleSl S S 5 i sbml
slalbs 5 oS s Bados (nl 58 3l il cow |, Lo isShas
Soy 4 CMM olfiis g9, » LLL s js Lo s Jleel 51 56
o aShas g ojlu degermo b Cunl 4135 )15 (o) 3590 Sgume 2l Jlos
Ao e 1) (g Sl
olfiws clasesa -Y
45" sl oo ZEISS PriISMO7 Jos ¢ o 40 o0liiwl 3,90 CMM olKiws
s bzl 500) 39290 03l Slal el sald ools Ligles VS o
Tum oKiws <o 9 Im X 1.2m X 1.2m (Jle> 5 S99 o9
Fo Y b izl 985 g (b sl g0 sl olSiws il s
Sk sl wilbioe Sl iz Sl Al 5 1S 09 s 5 S51S
o 1y Y (bl 50 &8 5> oS wilaz S )15 1o 51 Saall 59, 2 (2945 9
Lo 1, Z gX (sl 10 28, (U5 o Ao 5 50509y phamms 015 o0
Wl Jlasl ojle 4 cas lawgr ows (go5 iShs aw aail e

1 Coordinate Measurement Machine: CMM

(st L8 gt odinnn g ol
f.rabiei@ilam.ac.ir : Jgiue cdius g5 Juos)

VEY/e /-8 o Jlo)l g )b
VY07 i C)La‘ (du)@)u
VEY/-0IY callie o pdy )b

FURVIE

g dwdid oy p 50 5lod, Sy 4 CMM (6 ,5o5lal slaolKiws
o 9 s ewdigee (5 S o3l Olasie (Sl Dlakad slxl
4 CMM slalKins ax 310,50 5,8 oolitul 0,50 il slaoil )3
5283 pas 4 bgrye Blos joim Lol wigd e (B il (VL 285 salws
S ad oz @ ol ol mlie el zihae Ll 0 Como pae
S
S S oIl olins slacsgyy 5 wlaks ()
Sl 850 3yl (¥
ools ojls (¥
D] 6 pSo5lasl Laoms (F

Ml saeils o3l )L sl olrals i 45 ol sad ol
2 b IV -Flasl el llas 5700 I Gy el (S
Sy lapiens Sl osliial 6l loanl wl; Gepl eie gbis
3 i g i CMM GloolSiws Js fuod a0 015 0459 pdycillan]
bl imasd 815 soliul 350 o5 Suoy g JyuS cou Gl
51 aS s pSojlasl Jolag ool Medl s slos b Ygane Laoe slos
ol sl glite oty 43,8 Ly s o 5l Yo7 sles (g 9 s
A s Wb s pSoslilanlp g9,y p LI Luld Sl Jols sles Sl
GrSol Jsb o o)l slalas 5l ki glgl [5,0]ogs cols 13
oilo o Lod mjg5 (S0 0,8 oo Sl allase g0 5 OS] ol il o (5Lt
3o G358 9)lse 3l aib e ojle 10 Sezge slaglell Gl (6,500 5 eile
OO JSie Jods 4 09dio0 pleal (o5 4 (Sl sl Gl @

sl Gl Glp e, o Bg, 5l qeeiies (g S0kl


mailto:f.rabiei@ilam.ac.ir
mailto:f.rabiei@ilam.ac.ir

Y s‘L‘-‘ °)L°~'5"

VEY sl oY oylads o) sl g psle 5o Sl slo 3y, aloea /Y-

o5l &‘;PY[: 395 03l glizme Cuond g0 :Y ojleds S
05l S yove Coond by pgal

@) el 255wl Sy Gk al S S e el

o S5 (Sl ;oS 09 9 os s S g (B (g Sy ()

o brsgs a5 5l A St dlles g5, 1 (5, 30,8 ol 0
(FUS5) ol o0 Jae  Sool oo alla a4y

A iShs

skl
S by

A0 ol @l 10°C leo s g oo o lasbinl 20°C sl olKiwo

Ll 00l 4.?3;

J' PRISMO navigator

CMM oKiss 2\ o leds JSCi

CMM o5l dgame lol 5 06T =¥

I8y el eats b ANSYS BUCIFSUEN CMM oKws Joe
a5 Wl Jaie po 4 Glue Volumes o & b 5l cwles molaws (Y
oSLo sl o3le eelim Jlw S5l se oS |, OVl yo & )l,> U]
a3 L 5 Cove T oo s h= 60 (W/M2.K) o l,> Jlasl oo b
oledl el (o)t sy CFe ojle smadsl sles el sus
-, i, cobls s 4 Scaler Tet 98 ¢4 Coupled Field
sl 4235 13 ool 8590 T (slojlus

£ 5l e U5 5 Free esi 5l 500 Global g5 5l agloll 555
ol @285 )18 ool 5,90 TEL

(™ s:,;l,?,:,..;\{b 95 03k (gliome Caond 90 :F oles IS
.ajL..u J)zl.amwliﬁjd

.CMM L5°}L“ Glf sles:Y o)la..ﬁ JS.?A

Olgise 1 o3k il g LSl Ly ably olKs b oo (5550 95,3
oo Sadl Byl 5l sl G b Jlasl 4 1 0,5 s Iiome i 90 4
(¥ JS8) el 0 sl



¥V el ol YFV Ll oF ojleds ) Al ¢ cwdige ple jo Slawbrs sla by, aloee Y)Y
Slge Gl 9 SHe Sleogas -\ Jguxr
ryare sl Sl Sasl, o bl oo S5 | S e
J 1 Kg ‘ Pa
Ger e () g ) sty | PO
Kg°C m°C c m
1000 0.058 8x 107° 145 0.17 | 7x107° Al
200 0.33 12 x 107 1.8 0.45 1010 o
800 2.07 10°° 2600 0.2 2x 1011 Sl o
8.18 .
795 0.036 7 x 107 105 0.26 % 1010 oo s
820 130 8x 107° 10000 0.2 2 x 1010 <l S
FosT26 304 @ ez bug a o)l 15 C B ashs o SlS s ) 2
303 (0 JS8) Wl oass Jatie (gl )5 i
202
301
200
287
286
TiKelvin)
2000
1800
.C,BGW}@J‘}M:OGJK::@
Gl 5 oS oS wilg e Y linly 0 (2588wl 5 (L) slaal
e 5> g 45 wibse Y slinl) o sgame i) (s yie sl b,
100 e 1200 reee 2000 e 2800 s 3600 ot "5)]‘) )l)5 O) S R e® gsu"“l)i o aab aal t;“"'l) u-’l 2 S
B TIME (x10)
cosrze 2084 RO PR /5:) \ JSJ? » o)‘l...: oJ.S)‘l.M: 6‘)—7‘ ‘5:)|)> 9 b&u&a ua‘y
w -f
p— oad glel ol (Gl Ml ln Y ol Jelos GlL Sl o
302.4 09»‘5:.:51;);.““5!)39150005 39d> S e Caamdd (gl 45T ol
“i“e 5 IS8 i olime a5 el opl j0 Gl opl Cueal .ail e 30000 s
301.2 e ygo ol S ple cnl o ojle izl
T(Keivin) 300.8 Gl oy by b b iShs 51 S el abhs can gl bs Ol oS
et o 800 1600 2400 1z00 3000 il 0 o0ls L.)L"‘“ QL“} > g 4 Ji”‘ B 6’9“‘5
00 1200 2000 2800 2600
TIME(x10)

C




¥V el ol

VET Sl oV ojled ) ale qwiige pole o Slosle slo (g, aloxs ITY

a5 150008 LL 0 S oo Cond (S5 S5 1aiS ) bogo po gl
—alais ol odal VS 50 el Cond 0pl Sl g5lul lej 4 by ye
s oo olad 1) o5l adsl cll> oy

.o}bJ)&MGKJ&ﬁM:Vo)MJ&Z

IS psd a5 a0 o> Jols 430000 s 51 ey 5l s

oS iy S5 IS8y A o s JS

200 600 1000 1400 1800

D TIME (x10)

202.56 ||

T(Kelvin) z0z.42

400 8oo 1200 1600 2000
200 &00 1000 1400 1800
E TIME (x10)

(B A 1Sk (A 5l olgsds sahati can slod s F o)lad JSKb
Ole) Gz 1 2985 4l (E g by 4L (D C iSts (C B iShs

@ Oty 3l o S e oletl g ol BB plral> Gl
SRl 5 egasles 51 Sy je Jsb i liee Lilie 5 ()l Jolws
dle oSl o)l Jliml Luls, ooyl Cass a4 ol oad g5l
S olie Gl (e el sl cnlple Wil oo JSie Sl b g Soe e
el o oolittul (gam Sy blucs! ala,
Al = laAT m

LSL“) J"""” J"‘ SN |) l J?‘b “ LS‘ 4'1"" ‘)‘J.T J?b )’““"” O‘ﬁ"’ 4““"‘) C)‘ll
oS il a0 S e p ) blasl cypo @ &S WS o Lo AT
Ll alco ‘_glaom_{{

S pp gl b ot il aunlio -V Joar

(32,9) a3 (500 (um) o ala,

(m) 38l p 5

28.8 11.8

15.2 A

15 102.4

100.9 B

2.0 1024

100.3 C

0.9 63

63.6 L_;‘l) al

0.7 52.9

52.5 ‘5,9_“5 mb

Cowd 4 bl 4 ax g b ogd o odalin Jod BB Ly Bl a5 wloals
&9y » ok ),._.b Slg3 go Oyl a0 sS4 Sgd e edalive odal
Gl sl ansly (6 ,.505lul als Ll 5 LaShs g o5l J)l,> zlasel
T3] Ll g 5 311 a5 ol sl ally ol lallad (] lS
Sl Jsb 5 Sl bl o Logas )l (oly K0S &y e

WS 1R Az g 890 05l it

S am -0
B (59) 2 bz Laalyd yesd S oy jolaie 4y Bebod cnl 5o
py 53 CMM oSws saman Jao ol 51 256 glalas owyp 9 CMM
los b Lo (gles 33 Jlael b 5 oy >l ANSYS sgums I3 153
5 ojles S UK a5 el o ploil o820 SLLL 5> Jalow ol
51 ool s bt o i liel jslate 4 el odel Cuws 4 Lo i Shas
gl 39290 (Llod Lalg b ojle plails g lom Sk plamal> (e




Y ol ojles VY Lol o o)l o)l o iigs psle 45 Sloslre sla by, alons /YT

&=l
[1] Ito, S., et al., Measurement of form error of a probe tip ball for

coordinate measuring machine (CMM) using a rotating reference
sphere. Precision Engineering, 2020. 61: p. 41-47.

[2] Montazerian, A., J.A. @verli, and S. Goutianos, Thermal conductivity
of cementitious composites reinforced with graphene-based
materials: An integrated approach combining machine learning with
computational micromechanics. Construction and Building
Materials, 2023. 395: p. 132293.

[3] Tavoosi J, Shirkhani M, Azizi A. Control engineering solutions
during epidemics: A review. International Journal of Modelling,
Identification and Control. 2021;39(2):97-106.

[4] Balsamo, A., D. Marques, and S. Sartori, A method for thermal-
deformation corrections of CMMs. CIRP annals, 1990. 39(1): p. 557-
560.

[5] Strbac, B., et al., Investigation of the effect of temperature and other
significant factors on systematic error and measurement uncertainty
in CMM measurements by applying design of experiments.
Measurement, 2020. 158: p. 107692.

[6] Mian, N.S., S. Fletcher, and A. Longstaff, Reducing the latency
between machining and measurement using FEA to predict thermal
transient effects on CMM measurement. Measurement, 2019. 135: p.
260-277.

[7] Lin, H., F. Keller, and M. Stein, Influence and compensation of CMM
geometric errors on 3D gear measurements. Measurement, 2020.
151: p. 107110.

[8] Sang, Y., Y. Yan, C. Yao, and G. He, A new scanning lines
distribution strategy for the form error evaluation of freeform surface
on CMM. Measurement, 2021. 181: p. 109578.

[9] Ibaraki, S. and R. Okumura, A machining test to evaluate thermal
influence on the kinematics of a five-axis machine tool. International
Journal of Machine Tools and Manufacture, 2021. 163: p. 103702.

[10] Lee, K.-H. and G.. Yun, Design optimization of thermally
conductive support structure for laser powder-bed fusion process
with part-scale thermal history. Additive Manufacturing, 2022. 51:
p. 10262



Y ebsoleds YFV Ll oF ojleds ) Al ¢ cwdige pyle jo Slawlrs slo g, alos [F




