v a a d
Gl‘lJi‘]Ji’E)\‘nTlﬂTMW‘Hﬁ

U A A LY a (v J
VUNAINIAY NHTINEIAUDHAIATIAANT

rnssumaasunniaga Oanssy llil)

Saan

enssy llih rnssu i

GALR MAIV

A = Yy A A A a ° A Ad A
1393 ﬂ15“])’@11,“]58&Liﬂlﬁﬂﬂ%1u“ﬂ’i)u1ﬂﬂu1m’aL‘W3J‘]JiZ?ﬁnﬁﬂWWﬂ1i‘1/]N1HﬂJ’E]\‘ILﬂ§®\‘IG]5L€)uG]5

Friction Feedforward Compensation For Effiency Improvement In CNC Machines

U

Y A ¢ oo ao
HINNIDY UIYTWIIA TAUITHIYNA

lanarsanivreulag

da a a ¢
91%1§ﬂﬂﬂ;§gﬂ‘ﬂ13ﬂﬂ1ﬂw1—!ﬁﬂaﬂ

9 4= L4
( ABIAIAATIVNTINTS IR e 1awi, D.Sc. )
da a A g
219158 n1INeninuE I
Jan [ 4
( 9719178UA §91UINY, Ph.D. )
s’d' a a A
219158NUI P 1INeNTUNUEIIN
4 14 o
( 91915088935 I52RWHY, Ph.D. )
Y % a
HIHHINIAIN
4 [ Iy 4
( FONMANTITIUIAA TN INYT WA, Ph.D. )

U

UNAINGNEY N INGAUNHASATNSS VTR

Jd v
( FO9PNEAATINTINYIUI B52Na, D.Agr. )

ANUATUNAINLAL

[ d' A
IUN {91R) %) N.A.




a a  d
IMNPIUNUD
A
139
= Yy A A Aa A o A ad a
fﬂﬁ%ﬂﬂmui%ﬁﬂﬂﬂWUﬂﬂu1ﬂﬁuWWWHWMﬂﬁ%ﬁﬂﬁﬂ?Wﬂ1iﬂTﬂumﬂQm3ﬂ$m0u%

Friction Feedforward Compensation For Effiency Improvement In CNC Machines

Tag

aw

Jd o
weshined Sauasisana

LUD

HadaImeds UHIINdUNEATITAT
d‘ 4 1 a a [ a a
ieanuauysaiuvelSygirnssumansumtuaa Gaanssu i)

N.f1. 2553



=1 J W Aav a 9 d' A
SAMA Sauasnsyna 2553: msvaousadeaniutlou lvdunem

a A ) 4 I a a % a
Uszaniammsinuvesniesdoud USyaninnisumansuriiaga
a a a a 4 {
Aeangsulii) avdanssuliih madsdenssulii e19sdndsnmn

a a J o 9 1 g J 9
INGTUNUTHAN: HFIYAITAATITINITSUA LLﬁuTﬂ%u, D.Sc. 71 ¥iun

4 { 4 [ < 1 a ¥ 1
TumsnaouNvoUATRIINTFOUFNUN Tusudeamumnaruluszrninenms

o

A A A A . Y A ~ A [ aAd Aaa
INDUNIUDIVN Ball Screw 31N L1A¥N Bearing VITiﬁﬂTiLﬂaﬂuVIﬂlﬂﬂlﬂiﬂﬂi]ﬂi"]ﬂ’f)u‘ﬁm

v
Ay AKX A

ﬂ’J”Illﬂﬂ”lﬂLﬂﬁﬂuﬁJTﬂ@]oTLLWijQﬁg])ﬂQﬂ"li 1”@11!35]ﬂu%ﬂu%ﬂﬂi%ﬁﬂﬁﬁﬁﬂﬁﬂ NITHALBYLLIN

Q

=]

= A A dg’ [ A Y A [V Ad A A a Y 1" o
Weamuinavuduszuy e liinTosdnsdouFausomasun ldedauuudwazil
Y Y
a a Aaov 4 1 v v
Uszaninminniu Tasnuidedl ldlszgnanmssawonsadeanutlonliwihimnudn
=~ =S = = (% =1 = Q'J
AUl led nlSeuieunumsaiuauuunii lodnald
Aav dy Y 1 I 1 A o A A
Tuauddeil ldudsmsnaaeusaniluasidiuie MIisiasamsmaoun lag
. . 4 § 4 <3 a
T151n5Y Simulink 4AZMINAADUMIAADUNVDAUATOIHDUTTITAe T151UNTY LabVIEW
Y
[ 1Y 1 [ L
MU Field Point 9InNan1snadouNi@esd uny msdszynd lsmsvaseusudoaniu
Y Y = =S A A 9 1 o = a A '
Houlwrhiunudauguiiled aunsamaoun ldutdudwaziidsz@ninmannnims

1 W N, CA
augumsaaeunuuuil lodna li

A A A (= a a -
A AN FP0115INYTNEIINNUNUTHAN

=)
2D

=\
YUY



Rapeepong Rattanawaorahirunkul 2010: Friction Feedforward Compensation For
Effiency Improvement In CNC Machines. Master of Engineering (Electrical
Engineering), Major Field: Electrical Engineering, Department of Electrical

Engineering. Thesis Advisor: Assistant Professor Peerayot Sanposh, D.Sc. 71 pages.

In the motion of the CNC machines, the friction happens from ball screws, rails, and
bearing. This friction effect causes the position error on the CNC milling machines. In this
research, the main purpose is to compensate the friction in the system for increasing accuracy
and efficiency. This research applies Friction Feedforward technique with PID controller to the

system.

The simulations are performed on Simulink and the experiments are performed on
Field-Point controller with Laview. These results indicate that the Friction Feedforward
technique with PID controller has more accuracy and more efficiency than the general PID

controller.
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gaiusansama A 1an
R—-1
Af =2+ cos™L (——) (12)
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N uwaﬂuiﬂa"lmmswaaau AININN 3(a) HINVUIAAITNNT (19)

Fe = pFy (19)
= A . . 3 Ao @ 3 o A
2) UIUTYANIUNIUA (Viscous Friction) WuusanddagiunuaNuEIATunTN

(20)
F=Fu (20)

2 a J . N A = A a d? Ao
3) UITUTIANIUA DAY (Static  Friction) ﬂ’é]LL'H’Qlﬁﬁlﬂﬂ1uﬂlﬂﬂﬂlu1uﬁﬂn$‘ﬂ’J@IQ
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D ; 21
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< . I~ 2 ' 4 =
4) ansznud lasida (Stribeck Effect) 1Huisingmisal lugisvesnmsinaounds
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1 4
Wesmusudsamunnaluindletuamnsouaas laaail

| F(v) ;v#0

Faa1 F(v) laena llianyaedaaums (23)
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F(v):{FC +F'v ;v>a (23)
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Taena lUmsnaounuouomos (Rafael ef al, 1999) A1NTOUTAT IAGININN 4
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350
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Y i A ¢
NN 4 mimﬁaummmmai (Rafael et al., 1999)

= < Y1 A A 7 " Y d A
INHNINN 4 %mu'lmmﬁLﬂa’auﬂmmu@maimmmum"lmﬂummnm’a
[l A 4 A [ & 09; saA A A A 1 <
1. Gmwmmmiﬁq&mﬂummmwm AMMNUUUBADILTUUNIIAADUNBDYINTIALIA

o A s A A A v s P = A =&
2. TN INNUBDIADTLIULIAADUNLA ll'E]LG’]ﬂiﬂgﬁﬂquﬂﬁﬂﬂ')ﬁ\lﬁﬁﬂﬂ‘ﬂ’E]ﬁ‘lﬁlﬂﬂlflaﬁ/iuﬂ
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3. 11!%3\1!;'3@19]’01” Wusrananuewesumsmaoumuuyuraau

o a 4
TumsrmuudasusudsanIy tf’fmmimwmwwwamﬂum?mﬂmuﬂaam

(Coulomb Friction) Az I AAIANIUKIIA (Viscous Friction) 92 1aaumsusudeaniufe

F(v) = Fyv + F.sgn(v) (24)
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' o v g A v & 7
%1ﬂﬂ1ﬁﬂ@uﬂ1 Torque Ramp LLﬁ%ﬂTﬁuﬂTﬁﬂ’NﬁJ!i’JL‘iNﬂulﬂuﬁuﬁl TAIUITOLLE AN

o 4
aﬂymmmumﬁaﬂmuﬂaaw (Coulomb Friction) HAZUIUTIAMUNIIA (Viscous Friction)

Y o d‘
Tadaninn 5

a = J 2 A
NN S UTATIANTUAADVULASUITUTIANMI U UA (Rafael et al., 1999)

A A 3
tyo a 10 ANNFUVOINT N

-b Ao PAAALNU v

Y a . Aa 2 A Y ° a ~
ﬂ1ﬂﬂﬂ§"]ﬂ§]ﬂ1§ﬁllﬁilUﬂ (Stribeck Effect) nNtnavU LWﬂiﬁlLUUﬂ’]a@\uﬁqlﬁﬂﬂ‘ﬂ’]uu

1 Y
anvaelndifsadunsadoamuinaiuesees ldaumsaunuudiaesuod Armstrong

E4
v A

(Armstrong Model) ansaanslaastl

F(v) = Fyo + Fosgn(v) + [, — Flsgn(v)e(®/+)’ 25)

sazaNIauaaIgUuUUMIATOUAM NI UTIABIUBY Armstrong (Armstrong

Model) Tasanini 6

L]
-

MNH 6 MIAADUNANUDUI1aDIUDY Armstrong (Rafael ef al., 1999)
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a

A S

F, Ao UTUTYANMUADA (Static Friction)

o ' L4 . .
iﬂﬂﬂi”ﬂ/‘h'ﬁﬁ“lll”liﬂﬂ”IH'Jﬂ!TT”IﬂTLLiQLﬁ'ﬂﬂ‘ﬂﬁlﬂaﬂiﬁu (Coulomb Friction) HazusAToAN U

4
=1

nila (Viscous Friction) 1&aa

o Ak (26)
a

F, = ém 27
a

HAEATUAIANIUEDA (Static Friction) a11150%1 14 1asn51]o1 Torque Ramp Input 1187

o a = sa A 4
ﬂﬂf‘ﬂll'ﬁ\iLﬁﬂﬂ‘ﬂ'lucluﬂﬂﬂu@kﬂ@ﬁlﬁmﬂﬁ@u‘ﬂ

3. mavaausudaamuionlilvih
o M o a a [
Tumsauguuemes laena llaunsahimsniuaudiedmsaiuauuuuista @

A
MNAn 7

v T,

LL?AM%—%@®%~

MW7 MIAUNUBIARS ILLINTA

A Yo do 1 A
ANHNINN 7 il%nlﬂWQﬂ“HUﬂWﬂIﬂuﬂlﬂﬂix‘]J‘Uﬂﬂ

= 28
( (28)
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A o 1 Y o a = d? A ~
WBNINITADNDRNDTLVUINU T NILNALTUTIANIUUUN Ball Screw TN LLAEN

9 v
. o . % I o
Bearing ¥11% Block Diagram M3nauauveanszuuduainini

G plamt (S‘)

A ) -

Friction plant

v b4
MNN 8 Block Diagram miﬂ’J‘UﬂMﬁQigUU

1 < = Yy & o A o o S
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4 +
O

Gpranf(s)

+ Vq

O—| 6.®

Friction plant

MW 9 Myvaseusadoaniuiloulivin
d‘ 9 o Y =S ) [ 09/’
1NN 9 151AsImsi IRusudeamugniindie auiu
Fy(va) = Fo(L™HGys(s)Vi(s)}) (29)

108N LGy (s)Vi(s)} Aomaulasantansnndu Qoulufidldusadoaniugnindedl

4 o 2
2 (9o ludail

A A S Aa 1 9 = 1 o =S A 9 )
N’Guhlelluiﬂﬂﬂllﬁﬂlﬁﬁlﬂﬂiu‘ﬂwﬂgﬁlu Plant A9AUAUNTNULTUTIANIUNABDINITUIN

¥AIY NAIND
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F, = F. (30)
uazsnidoulvie
Vg = L_l{Gsys(s)Vs(s)} 31

. ; o A Y <
Tagitounansaziiuaieldiioiinmseonuuy Gy, (s) 191U Close Loop Transfer Function

U A
NA1INDY
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T1/5uns1 Matlab Version 7

T15uA33 LabVIEW Version 8.2

1389 CNC 3 uAY 1 %

AC Servo Motor 494 Panasonic 31 MSMA082A1C W3onyav1 3 4
garasdmsumaualasdaana +/- 10 Volt 1111 4-20 mAmp
Power Supply

NI PCI-6251 M SERIES DAQ

Compagq Fieldpoint zg'u 2100

10. Compaq Fieldpoint j:u cFP-AIO-600

11. Compaq Fieldpoint zg'u cFP-QUAD-510
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Ay . 3 Y 1 ' ' =3 a a Jdq o ng =2 9 9 A o
Input NOOIILUT Field point mamagiuﬂmq 4 9920 Yaaueul AIUIIADIAT19INTINDIN

o
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msuasdyanaliedluiiedinan Fesdmsumsuasdyana +/- 10 Traandlu 4-20

g 9

a A ] Yo A A
Haauowil ﬁTﬂJ'IiﬂLLﬁﬂQllﬂﬂ\iﬂ1W‘ﬂ 11 uagnI1nnm 12

a8 0w o 7 g A a o
MNA 11 2asdmsumsudlasdyana +- 10 Taandlu 4-20 Naduoud



a8 0w o 7 g A a o
MNN 12 2asdmsumsudasdyana +- 10 Taandlu 4-20 Naduoud
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R2,R8,R14 Resister 5K Ohms 1% 0.25 Watts
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ARX111:
Transfer Function: G(z) = 3.012
z — 0.997
(33)
3017
G(s) = ———
)= ST 3.005
Loss Functions = 0.0431905
Final Prediction Error = 0.0418927
ARX120:
Transfer Function: G(z) = —0.055422 + 3.068
z — 0.997
—0.05542s + 3017
G =
(s) s+ 3.005
Loss Functions = 0.418843
Final Prediction Error = 0.418969
ARX1110:
) 0.3192
Transfer Function: G(z) = ———
ransfer Function (2) =TT
319.3
G(s) = ———
() = S0

Loss Functions = 0.431705

Final Prediction Error = 0.430969
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