oot tdbotdbootdun
oot gdn

oo



010
1.1
1.2
1.3

020
2.1
2.2
2.3
24
2.5

2.6
2.7

30
3.1
3.2

3.3

3.4

oo

I
gbooooobogobogano ...
gooao ..o

uboboooboogooog

I
gooooo ...
gooooooooog ...
gooooo ...
gboobooobuoaboaood

251 O0OOOoOoOOOoOOOoOobOOoOobOOooboooobooooo ...
252 0000O00O0D0OO0OODOO0O ... 0o oo

gooooobooooooano ...
I

ubooooooooogn

I
ugbooooboooboobooon
3.21 O0O0O0OOO0O .......
3.22 0OODOOO ..., ..
ugbooooboooboobooon
3.3.1 O0Oooog ... ...
332 0OOoDOOoO ..., ..
ugbooooboooboobooon

I
I

10
16
19
19
22
24
26



5 205 S I I 0
3.1 OO0OD0O0OD0O0 ..o
3.0.2 O0O000O0D0O0 ...
3.0.3 O0OD0O0 ..o

3.6 OO0 o

40 O0OO0OO0OO0OO0OO0OOOObOOObOOOObOOObbOO
4.1 OO .o e
4.2 O0O00 ..o e
4.3 O00D0 ..o e

44 OO00 ..o e
441 000000 .. e e
442 0000 ... e
443 0000 ... e

4.5 OO o e

gsd 00

oo

goodg

OO0 A O0DOOO0DOOOoo0oDbDooDbbOooog

53
53
o4
56
56
99
65
66
70
70
72
73
79

81

83

84



0 O

21 00OOOoOooboooooboooboobooboooobooooboooono e
22 DODOODODOODODOOODODODOD coo oo oo oo
23 Db 22000000000000000000000000000000
24 000O00O0O0OOO0DOOODOOOODOO0O ..o oo oo
25 DUOOODOODOODODObOObOObOObDOobDOD oo oo oo
26 OUObOOobDOOODODODOOOODOODODODODODODODOD

27 0000000 UOUOOOOOOOOOOOOOOO 2] « v v oo
28 DUODOODODOODODOOO0O ... e
29 000OO0oOooObOOoOoboOobooboOoOobooboboooboobbOoonoong

31 00000000000000000000 . ..o,
32 0000000000000000000 .« .. oo
33 0000000000000000000 .+ ..o v e,
34 00000000000000000000 .« v e,
35 0B10)0000000 . .. 0ot
36 00000000000000000000000 .+« o« vt v v n ..,
37 00000000000O000000000000O00000000000 .
38 00000000000000000 (0(3.21)000000) .+.......
39 0000000000000000 (0(3.2)000000) ... .....
310 00000000000000000 (0(3.23)00000000) .. ...
311 0000000000000000 (0(3.23)00000000).......
312 0000000 © o\ oot ot et e e e e
313 00000000000 (000000 0.1s00.05mO0) . ... ... ...
314 0000000000000000000 (0(3.21)000000) .. ...

12
14
15
16
17
23
24



3.15
3.16
3.17
3.18
3.19

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16

A1l
A2

A3
A4
A5

0000000000000000000 (0(3.23)00000000) .. .
0000000000 (032)000000). .+ .« ot vt v oot
0000000000 (0(323)00000000) .« .. ..o ..
00000000000000 (32)000000) .+ .+« v v v vt
00000000000000 (0(3.23)00000000) ... .....

ubooboboobuobuoobbodoboobbooboobod
ugboobooobooboooboobooobooooboooog oo
vbobooobgobuooboooboobbooboon 0o
bbooobugobuoobbooobuobboobodobboobod
0(45)000004300000000000000 &+ ... ...,

bogboboboboobuodgbooboboobuoobuoobooobaan

uboobooooboobooobooboooobooooboobooobooooog .
I
0 o s VP
0000 (0000ooooooooo)oooo 2000000 ... ...
O0000000000000)000000 + v oo v e oo e
000000oo0oo)oooo 1000000 e e e e

(

0ooo (

(
0000 (0000000000)0000 1000000 . ... ... ...

(

(

(

good
good

gboboboooobooo)ooob 2000000 @00 0000

oo @mooboobodab

)
)
)0000 2000000 ..o v vnn .,
)

I 0

PDOOOOPIDOO0O0OONONOOOOOOOOOO0 . ... ... ...
0000000000000000000 (PDOOOO PIDOOOOOO
OOO0D0) © o oo e e e e e e e
0000000000 (PDOOOOPIDOOOOOOOOOO) . .....
00000000000000 (PDOOOOPIDOOOOOOOOOO). .
00000000000000 (PDOOOOPIDOOOOOOOOOO). .

68



[

3.1
3.2
3.3
3.4

3.5

4.1
4.2

uboooooboobooooboobooooboooobooboooboooooooon ... 30
vbobooobgobuoobooobuobboobooooodg ... 33
vbobooobgobooboooboobboobod oo oo 36

gboooboobooboboboooboobooboooboboobooboonoo
e 43
0312000000000 .. 0 oo oo oo n s 47

gooooooobobobobooboooboooooooobooooboobo 7
UO0O0O000O0 ... e e e e e e e 73



10 Ui

1.1 00

0000000000000000000000000000000000000000
0000000000000000000000000019750000000000000
00000000 “000000070000000000000000000000000
000000000000000000000000000000000000 “0000
000 (MECHATRONICS)’ 000000000000 (Mechanics)” 0 “0000000
O (Electronics)” 0000000000000 [1J00000000000000000OO
0D000000000000000000000000000000000000O0000
0000000000000000000000000000000000NC(Numerical
Control) 000 NCOOOOOOOOOOOOONCOOOOOOOOOOO0O00O0OO
0 [20
0000000000000000000000000000000000000000

goooooOoOoooOoOoobpoOoU0boOoOoUoooOoO0O0obDboOo0bobDo0oO0 «oobbooo
goooor’odooo0 «coo”’0oboo0oUobooooo0UooDboboUoUooogo
ooooobooboooo«goob»ooboooobooooooobbooooooDboono
ubooooboobobooooboobooobobooboboobobooobobooobooo
vbboobuoobuooobuodobduobuooobuoobuoobooobuoobuooboaoo
vbgbobdbobboboodbobouooubooboboobobooboboabo
uboooboobooboobooboobooboobooboobooobooboooonooaon
vbodbobbobooobuoboobobuoouoboobooboobbooboaoo
goboboobooooboooobooboooobooboooboooboobooboon
uboboooboobobooboooobouoobooboooooobooooon
Oo000ooo0oO0oooO0oooo0oooOo0oUoooOoboOoooooooNCOODDOO
ooole70O000000000C00DO0O0OO0OOOOOODCOUDOUODOODOO



o 10 oo 1.1. 00O

oo0oO0C0oOoOoOoOO0OO0OO00o0ooooooooooooooobCcoboboOoOoOoooOoOooo
goobooooboboobobooboooboobooboboboboobbo’UbDOoD
uobobboooobobooooobooboboooobobooooboobobooooooboboo
000 Bo00000000oU00o0o0oUoU00o0o0oUOoUoO0oOoUooUoDUOoOO
gbobooboobooooboooboboobboobobooboobooobobooobooboobooboon
uboooobooboobobobooobobooboboooobobooboboobooobooobo
vbobobdobdubboboobboobobooboboobobuobobobodabo
bobobobobooboboboboooboooooooooooooboooobooonn
booooboboboooobooobobooobooooboooboboboboaon
oboobobobooboooooboboboboboooobooboboboboooonoo
O000000000000000000000D0O0U00OO0 (DLOooOoULooooo)oUoo
ocooooooboogooooooboboooboo “0obo”oobbooooooboboOobooDOoo
000000000000 (Doo0oooU0L0O00OULD)00DLOULDDO “DUoOoro
ubooobooboobobooobobooobooboobobooboobooboboooo
0000U00o0oo0oo00oo0ooOU0oO00OUbOULO0DLOOOLOOULOOOD (4o
00000000000o0o0o0o0o0o0o0UU 2m/s0000000O0O00OOOODOO
UlLymd0O0O0O00O0O0o0oObOOo0obOoooboooboooboobbooobooooo
vbobobobuobobdoobooboboobobboboboboboobaobodaan
ubooooboobbooboobooboobooonoo
gboboobobooboobobobbiooooooboooooobooooonoo
ooooooobcOOdOdOdOoOoOoOooOooOoOOOOCOCOOOObOOOOOOoOoOOoO
ubobooboboboobbooobbooosobuoogonoooooooooooo
uboooboboooboobobbobooboboooooooboobobobooooo
ugbodbuooubooboobuoobooboobuoobooobooboboooba
uboboooboboooboobobooboboobobooboboooooboboboono
vbobobobduobobodouoboboobobbobobbobuoobaobooa
0000000000o0o00Uoo00 0000000 UbDoOooDULoooO0OO (o
00000000)b0o000U0o0o0o0000DUoO0oOOO0UUDODO0ODOOODOoUUOO
vbbooboobuodabodobgobooooobuoobuooboboobuoooboooba
ubbodbbuobboooboobboobbodobooobboobboobobod



o 10 oo 1.1. 00O

vbogbobbooboboboboboobobboobooboboobuobobobaan
0000000000000 000000O0U0OLO0OUD [plDO00DL000DOD0OUDOO
0000000000000 00O0000000O00D0D0oOooOOoOooUUD [ffoUuoo
vbobobdbobboboooobuooboobuooooboboboubooboboan
uboobooboboboboooobooooboboobobobobobooboboono
ubooobobooboobobooboboobobbobooobobooobobooobo
gboobobodoboobboobgad
gboboobobooobobooboboobooboooboboooboboooobooaon
0000000 R9U000000000000000LOO00O0DOD0ODUUUDDODOD
gobboodoobbbuoooobobbooobobbobooooobobbuooobobobaa
goooboobooboboooboobbooboobboobooboboobooOoogn Point to
bPointDO0OO0ODOOOOO0ODOOOOODOOOOOODODOODODOOUOODOOOOODO
vbgboodgbobuoboobuobooboboobobuooboboooobobodano
ubooobooboobobooboboooboobooboboboooboboobooooo
vbgbobdbobbobootoooouooboboobuoboobuoboobobobodan
ubbooobobooobooobbuobobuoobobooobboobboobboobd
goooooOooooOooboiGooopbooOoobboooobobo0oobbooooDboooo
vbooboboobuoobooboobobobobuoobuoboboobobbobodaoo
uboboobobobobooobobooboobobooboooboboobobobobooooo
ubooobobooboboboboboooboooboooboooobobobobooo
vbobobdbobboboooobuooboobuooooboboboubooobodano
ugboogooooobooooo
gboboboobooobobooboboobobuoobobooooboobooobobooon
0000000000000 000000O0000O0UO00DDoOOoUoOoOOn oo
uobobboooobobooooobooboboooobobooooboobobooooooboboo
vboboobobuoobobuobooboboobobuooboboooobobodano
vboobdobdubboboobuobbobuobbobuooobooobobooboboooo
ubooobooboboboboooboobobboobobobobooobobooobobooooo
HzO0UOUOD HzOOOOOOoooOOoooDOooOoooooooooooboooooooooooo
0000000000000 0o00o0O0o00oLO0OUO0 YoUooooUooUooo



o 10 oo 1.2. 00OO0oOoO0ooOOoOobOoon

vbobobdobobuoobuoboouoboboooobuoooobbooboboabo
vbobobdbobuooboooobuoooobuoboobooouboboobobodabo
gboooooboogn

1.2 0JO0000obobooood

lLigb0oobooooboobooobobooboobooobooooboooooboono
0000000000 -V oooooooooooooooo
vbobobobduoboboobouboboobobboboobbobooabodaoo
uoboboboooobobooooooboobooboobobooooboobooobooobboo
uobobobooooboboooooooboobooboooobooboboooboobobooooooobooboo
ubbooobuobbooobuoobboobbboooboobbooobooobobod
O00000oooooo PIDOODODOOOOOOOOOOOOOOOODODOOOOGADO
000000000000 00U0o000o00oU00oD YoUooooooUooUoOo
0000000000000 000UoO0U0ooO00DUOoO0O0OUoOoOO 10joooo
ubobooobobooboobobooboboobobooboboooooboboboono
vbgboodgbobuoobbuobooboboobobuoobobuoooobuoboano
vboboobobooboobuobooboboobobuoobobooooboboboabo
00 11000000000 Do00oo0+40000000000O00O0O000OOO0OO
ugbbodgbbuobboobbuoobboobbodobooobboobboobobod
bobooobobooobobooobobooboobobooboboooooboboboono
0000000000000 000000D 2040000000000 00OOOOODO
vbgboodgbobuooboboobooobbooboboboboooobuoboboano
ubooooobobobooobobooboboobobooboboooooboboooo
ugboogn

vbgbooboboobdboboobobooobouobooboboobobaan
gboboobobooboobobooboboboboboboboboobooboooooobooobn
gobooboobooooobooobobooboooboobooooboobooooon
gooooboooobooogobobobooooboboooboboooobboboboooboon
boobobobooboobobooobooboboooboobooobooobooobooooo



o 10 oo 1.3 0O0oOoon

vboobobbboboogbobooboboobobboboobboboboboaoa
vboboodbobuoobobooboooboboboboobobooobobodabo
uboboooboboooboboooboboboobobooboboooooboboboono
ugbbooodgbooobooobobodan

gboboooboboboooobooboobobooboobonoooobooboooboboon
vbooboboobuooboboobuoobobuooouooooboobobooboaoo
googn

()ooooUooo400000O0O0DUDOOUOOOO
(2000000000 OO0ODOOOODUOUOOOOO
(3000000000000 0000U0U0LOOOO0O0D0DODUDUDOODOOOO

vboobobdobuooboobobbobooboobooboobobooboooo
ubooooboobboobooboobbooboooboobooboobooboonoog

vbobooobgobogbobuoobobuoobobouobooboboobobaan

uobobobooooboobobooooobobooooboboooooobooboboooooboboo
vbooboboobobobuoobbooboboobuobboboobobboboaoo

gbobooboobbooboboobooboobbooboobooooobooooaooboo
uboooboobobobooobooobobbooboboobobobobooboboooo
ubbooobooobbuoobboobboobboobbuooobboobboobd
booboboobobobobooboboobooboboooooboooooooo
gbooboooboobooboooboboboobboboobooboooboooooooaon
gobooboobobooooboooooboooobooooboboooobooooon
ugbooooboooobooooobon

1.3 00O0dd

vbobooobgoboobbooobduobobad



o 10 oo 1.3 0O0oOoon

200b000boabooon d
200000000DODOOOOOODODODODOOODDODOODODODOD
booobooobooobooboooboobbooboobooboobobooooo
bogbodgbboobbobboobuooboobooboobbobboooba
booobooobobooboboboboobooboobooobooboooboboonooo
boooboboobobobobooboooooboobboobooboobooboobooo
oooooobgobobobooooboboobobobobobooboobooboooonoo
gbobooobobooooobgoboobobooboboooboboooobobon
booobooobboobobobobooboobooboooboobbooboboonoobo
gooooooooboooooooooboooobooooobooooooogoooooonog

ug3tgbobooobooobooobobo o
Jobobooogoooooooobobobobooobooooobobobooboooboon
bogbodgbuooboobbobbobboobodbuooboobboooba
boooboboobooboobooboooobooo+0b0boobooboooobooo
vboboouoobobooobodbobuoobobuoobobobooboboood
gbogdgbodobboobbobbobbobboobodbuooboobboooba
booobooobooboobobooobooboobobobbooboobooboobooboo
boobodgbbobobobboobooboobodobooboobbooba
gbooobobooboboboboobooobooooboooooboobooooboobooo
gbooobooobboobobobobobbobboobooboobooboooobo
obooboobobooboooboooboobooboobboobooobbooboboooo
boobooobooboobobooboobooboooboobobooboboonoobo
bobooobooboooobooboooobooobooon

4000000000000 DOOOODLDOOOOLOOOOODO O
4000000000O0000OO000O0OO0OOOO0OObOOo0ObObOOOoO0DO0On
boobodobbobouogbbobbobboobodboobbobbooba
boggbodgbboobbobboobuobooboobooboobboooba
booobooobbooboboobooboobooboobooboobobooboobo



o 10 oo 1.3 0O0oOoon

0 2000000000000 00000UO0OO0LOOOOOOOOULOOO
oooboobobobooboooobooboolbo1l10booooboooboboobobOoDo
gbooobobooboobobooobbooobooboobbooobooboooboobooo
bggbodgbboobbobboobobboobodbuooboobbooooba
booooboobobobooobobooboboboboobobooooooobonon
Jobooboboooboooobbooboboobboooboooboooobooo
boobbobbooobboooboobuooboobbooboobooboobobo
gbooobobooboobobooobbooobooboobboboboobooboboobooo
gboooboooboobooboboboboobooboobooboobooboboonooo
ugboooooboao

gsuoboog g
sobobooboboooobooboboboboooboobobobOobOoDOon
goodan



20 Uoodootdbootdd

2.1 00O

2000000000 0b0oo0bobbobboboobooboobooboobooobOon
gobooboboboboboooobobooooobooboboob 2200000000
gbooooooobooboooooobobgobob2300000b0obobOobO0obOon
bobobooboboobooooobooooboboobobooboobobooboono
gboobobdbgboboobuobbooobobooboboboooboobobodaoo
gboobooboobuoboobuobboubbobuooboboobouooboboaoo
ubooooboobobobooobobooooboboobobooboboooooboboooo
ooooboob240000000000000000D0ODOODODLOOOOODOD
ugobobooobooobooobobooooobobbooobbooobobooo 250000
uboboooboboooboboobooboobobooboboooooboboboono
goboobogooboooboobbooboooboboooboobooo2e6000 25000000
ugbobooboobooobobooboboobboobobooboooobobooobooboobooboon
oo0o2r7rgpogobooboogon

22 0JO0O0O0OO

vbgbobobooboboobobogobobooboboboboobobaaon
uboboooboboobooooooooboboooboboobobooboboono
OooooooOooooooboOoOoOoOoOoNCDOONCOODOODODOOODODOOOOoDO
0000000000000 (booUooO0)0DUDooUooDUOoOOoULOoOOoOUooOo
uboooboooboobb2100b000b000bobobobooboobooboooboooo
gbbooobuodobboobuooboobbooboadyd



020 00000000000 22, 000000

g B 1B <

t 1&%5 1

\

FOFaT—428

{RERAEER

0 210000000000000000O000O000O0O000D0Od

gbobooobobooobobobooobobooobboonoooobooboooboboaon
vbobboobuooboboobobobobobobobbboobbobuoobobodaoa
uboooboobobobobooobooboboobobobooboboobobooono
0000000000oo0Udoo0Ud0 (Oo0DooO0oUoOO0)DooooooOoUoo
vboboodbouooboobuobooboboobobuooboboobooboboano
gboboobobobooboooboobobooboboboboobooobobooooo
0000000000000 0o00000UoooO000oUDUoooOoOoUUOoD (Do
0)000000000000ooO00oO000O0U0o0UOo0OUDOOUDLOOULOOOUDO
ubooboboboboboboboooobobooobooboooobooooooboboooo
bbooobodgbbooboboobuodoboobboobboobuooboobobooobd

U210000000000000DO00O00DO0O0DOOOOOODOOOODLObO0O0OO
ubobooobobooobobooboboobobobobooboboooboboboboono
vboboboobuoboobuobbooobooboobboooboboobaobodaoa
vbobobobuobogobobuooooboobuobobobooboboobaobodaoa
uobooooog



020 00000000000 23. 0O0O0O00OOoOoooon

23 JO0O0oobooooo

vbogoodbuoooobuobobuooboooobooboboobobbobabo
vboobdobbboboboboboobuobbouoboobooobobooboboaobo
0000000000 00oUoOoooOOOooOoOooOoo [7,25,26)0

(Hooooooo
000000000000000000000000000000000000000
0000000000000000000000000000000000O0O0O00O0
000000000000000000000000000000000000

(2)0000
000000000000000000000000000000000000000
000000D00000000000000000000000000000000

(3)00000
0000000000000000000000000000000000000O0O0
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000 00000000000000000000000000O0
000000000000000

gbboooboobboobooboobboobooobooboobooon

(00000000000
02200000000000000000000000000

g2200000000000000000000000O000000O0O0DOO0O0OO
gbooobooboboobooboooboooboobobooobooooobobooooboon

10



DDDDDDDDDDDDDDDDDDDDDDDDDDDDD

\\\\\\\\\\\\\\\\\\\\




020 00000000000 23. 0O0O0O00OOoOoooon

=] V/

E

o
L

0 23002200000000000000000000000000000A0

gboobobobooobbooboobobooboboboooboboobooboan
goobbooobuodobbooobuoobuoobbuoobbooobooboooboo

(2)00000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000002100000000000000000000000000000000
00000000000000000000000000000000000000
“1000000000000”000000000000000000000000
0oooo0O

eJO0O0ODODOOODOOODOOODDOODLODOOODOODLOOODO
ejboobboobobooboobboobuoobbouoond

eJ00O0O0OOO0ODODOOODODDODOODODODODOODLODODOOOODOOODOO
gogbodgbogoo

eJ0O0O0ODODOODODOODLOOOODLOODLOODDOOODOO

eJ0IUD0OULLO(UL)U0ULUOUDDOUOUDLOUUL (OL)LODOUDO

12



020 00000000000 23. 0O0O0O00OOoOoooon

gbooboboobobooobobooooboboobobooobobbooboon
uobodgboobooooboobbuooboooboobooobdgd

gbobooboooboobooobobobobooobobooboboboboboogon
gobodgbooboboooboobbuoobobooboobooobuooboan

() 00000000000000 2m/sO000O000OOOOODOOO

(h)OOOUOOOODOOUOOOODoOOoOooooUooOoO

(00000 U00O0OO0O0DUODOO0UOOO0ODOOUDOOOUOUODOOUODOOOUDOD
uobooobuooboooboobboooobooobooobboobobod
gbbodgboobbooobodabod

())000000000O0000O0O000D0O000UOO0O00O0OU0DLOOOODULOOOn
gboboodaoo

gbooobooboboboobooooboobooobobooboboooboboobooboan
goooooobooboooobobobooobobooboooboobobob 240000
gbooobooboobooooobooboobooobobooboboboboooobooboan
oooobooOooo0o0obDOo0oDboOdO “cboobbooboboooobooOorgood
ugbogboboboobuobouooobobooboboboobobuoobobgb
gboobobooboboobobooboboooboooboooobobooboan
gboobobooboboboooooboooboboooboooboobobooboooboon
gobodgboobbogooooabod
gbooboboboobobooobobooboboobobooobobooboooboan
googboboooobooboboobooooboooobboooobboDbo
googbooboooobooboboooboooooooobooobooooobo
gboooboboobobooobobooobobooobobooobobobooogn
googboboobooboooboooboooboooobobobobooboobboDbo
googbooboooobooboboooboooooooboboobooboooDbo
gbooboboobobooobobooooboboooooooboboobooogan

13



0

20 O000OOO0OOOOoOO0O 23. 0O0O0O00OOoOoooon

A4 (ARSA ZIZHRE)
YV it ay

0 240000000000000000000O

gboobobobooobobooobobobooboobooboooboboobooboan
gobodgboooboodgbooboboooboboan

(3)000000000

ubooboboboobuobouooboboobodobobuobobobbuoobobgb
gboobobooboboooboooobobooobobooobooboboobooboan
ubooboboboobuobooboboobbobobobooobuobuoobaobgb
uboobuoboouobobodobobboboobobuoobuobooboobab
gboooboobobobobooooobbooobobooboboboobooobooboan
gbobobobobobob
g2s50000000000000000D000DbOO00DOOODbO0ObbOObObOOn 25
oooo0o0obO “coobobo0o0oboobboOooooooo»boOooo

gboobdboboooobobdubuoobobuobboboboooobobgb
gobbguooobuooobobodgbbuooobbooobooobboooboobon
gogoboboboooooboboooooobobbooooboobooooobooboooon
gooooboboboooooboboooooboooo2s0b00000b0bOn0n

14



20 O000OOO0OOOOoOO0O 23. 0O0O0O00OOoOoooon

v

YVZTFRT7—IL

o
3
op

i

U 2500000000000000000000000A0

gboboboobooobobooboobobooboboboooboboobooboan

gbooboboboobobooobobooboboooboboooboobobboooboan
gogboodaoo

gbooobooobooooboboboboobooobob 2600000 00nOOonobDOon
gboooooooboboboooobooboboboobooboboo 260000000
“O00000oO0o0O0OoOobOboObDoUoboO0”’UboUoooOoOoO0OobogboboOoDoo
ugbooboboboboboboobobooboboboobobuoobaoobgab
ubooboboboobobboobobooboboboobobuooboobogan
gboobooboboboboooboobooobobooobobooobobooobooboan
ubooboboboobuoboobobouobbdooboboobobuooboobogn
uboobobuooboboouodgbobuoobobooboboobobooboobogan
gbooobooooboobooobobooboooboooboboooobooboboooon
gooobooboobooobogobooobooboooboobooboobobobooDbo
gboobooboboooboboboobobooboboboooboboooboobogan
goog

gooooboooobooboboogoboooboobobobobooboooboDbo
gbooobooboobooooobooboobooobobooboboboboooobooboan

15



020 00000000000 24. OO00O0O0OO

.

EHEED

=T RT—I)L

0 26000000000DO0ODODODODODLDODODODODODOD

gbobobobobooo

24 000000

boooboobooooboooboboooboboooboboooboobobbobonoo
gobooboboboooboboooooobobobobooooboobooooobo 23000
goooboobogobooooobooooobooobooboboooboooboboboooboooD
uobobboooobobooooobooboboooobobooooboobobooooooboboo
gooobooboogobobooobooboooobooooboooboobobooboboobooooon
uboogoobooobooboboobooo
uboboooboboooboboooboboobooboboboboboooooboboboono
0000000000000 0 Quo0oo0oU0oo0oUoo0DUooUoooUooo
uboobooboboboboooooboooobobooboboobobbooboono
boboboboboboboboboboobobooboooooooobooobooonn
goboobooboboooboobooobooboooboooboobooobobooboboobooboD

16



020 00000000000 24. OO00O0O0OO

vbobooobobobodobobuobouoobuobuoobobobooboboooabo
vboboobuooboboobuobboboobobooboboboobuobobobooo
ubobobooboboooboooooboooobobooooboobooboboobooboboono
vboboodbobuooobuobooboboobobuooboboobooboboabo
goooooobooooboboobooooobobooooobobobooboo270ooDOoD
goooooooboobogoobobooooo 27bdbooboobobooooooDooD

0 |
30 \
0 \

o \
VSN N
\/ NSNS

-10
-20
-30
-40
-50

Position Error (pulse ; 2um/pulse)
o

0 0.05 0.1 0.15 0.2 0.25
Time(s)

0 2700000000000000OO0OOOOOOOOOO [2

0000000000000 0000o00O0U000O0U0O00 RUOoUOUDOoDOoUOOO
ubooboooboobobooboobooboboobooooboan
vbgboobuoboobobuoboboooboooobuobooboboboooboan

gbooboooboobbooboobooooobon

()DoooUoooooooUooo
gbooboboboooboboooboobooboboboooboboobooboan

17



020 00000000000 24. OO00O0O0OO

gbooboboobobodobobboboouboboobobobobobbobab
gboboooogobobobooboobobgo230b0bobooobooboboooon
gbooboboooooooobooboobobooobobooobobobooboobooan
ugbboobuoobobbogbboobooboooboobooobobuoboobuooaan
gboobobooboobobooobobobooboboboooboboooboooboan
gboboooboooooobooboooooboboboboboboobooboooooon
googbooobooboooobooobooooboobooooobobooooobo
000000ooooooooo 9o

(2)00000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000O0
0000000000000000000000000000000000000000
00000000000000000000000000000000000000

(3000000000000 LDO0OUUU0O0DLOOOoULOOOn
gboobobobooobobooobobobooboobobbooobobooboooboon
ugbooboboboobuobooboboobodobobbooboboobobogb
gobooboooooooooonboo

vbogbooboboogbobuoobobuooboobouoboooboboobobaan
vbobobobuobobodgboubooboobobbobobbobooboodaoo
ubobooobobooobobooobobooboobobobooboboooobooboboboono
g
bobooobooobooboboobobooboboooboboooooboboono
Oo0o0oOo0DbD “cooobo”boboboo

18



0

20 O000OOO0OOOOoOO0O

25. 0o0oooooboooobooon

25 JO0O0O0oboooooobon

250000230000 00000000O0DOODOODODOOLOOOODOODOOD
ubobooobooobooboboobbg2s51b00booooobbooboooooo

uboooboboobobobobooboboobobooobobooobobbobooooo

goooboboboboobooboboboooobooobobboo240b00b000000DOD

ubobooboboooboboooboobbooboboobbooboboa2s200000

ubogooboobbooboboobooboobbooon

2,5.1 O0gOoboobooobobbbuooobbobobuooooboobon

(
(
(
(

ubooobooboooboobooooobooooo

1
2
3
4

~— ~— ~— —

gobodgbooagbooon
gobooobooooooooo
gobooboobobobbooooan
ugoboobooobooboobbooooan

()OboooooUUoooooOOoooooooooo

gboobobobooboboooboboboobobobooobobooboooboon
00000000000 00O000000 300000000 UoO0oUDUoOOO
gboobooboobobouoobooooboboooboboooboobobooboboon
gboobobuboboobooboobooobuobboobobboobuobobogab
ugboobobuoobbobodbobuooboboobobooobuobboobgb
gboooboobobobobobooobooboboooboboooboboobooboon
googboooboobobooboboogooboooobooobooboboobooooobo
gooo

gbooobobobooboboooboobooboboobobooooboboooooboon
googboobooooooboooboobooooboooboobooboobooooobo
0000000000 2100000000000 0ooo00o0ooooUoooo
gbooobooboooboboooboboboboboobobbobobobobboobon
0000000000000 00000 [20240000000000DO0O0UDOOOO

19



020 00000000000 25. 0o0oooooboooobooon

000000000000000000000000000000000000000
0000000000 (0000000)00000000000000000000
000000000000000000000000000000000000000
0000D00000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
00 H,0OODOOODOOOOOOOOO0OO0O0O0O0O000000000000000
0000000 n000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000
00 [27-35)0 00000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000
0 [36]0

(2)000000000000000000000000
000000000000000000230000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000
0 [15/000000
000024000000000000000000000000000000000
0000000000000 0000000000000000000000000
0000000000000 0000000000000000000000000

20



020 00000000000 25. 0o0oooooboooobooon

gbogbobuooboboobobooobbooboboobobuobbobgb
goobobbbouoooboobbooooobbbooooobboooboooonn
gogoboboboooooboboboooobooboboooobobooooobooboooon
gogobobbboogobbbuooouobobbuooooboboooobbboooann
0 [8-10,12-14|0000000000000COO0OOOUOOO00OOOOUOOOOOO
gobooboooboboobooobooboooboaon

(30000000000 00O0O000DUUUOOODOOOOoDOoOg [11,17,19)
gboooboooboooooboooboboboboboboobobooboboobon
uboobobuoobobouodgbobuoobobooboboobbuobbobgb
gbooboboboooboboooboboboobobobooobobooobooboan
ubboobuooboboooboobuoobobboboobooboooboobab
gbooboboobobodobobbobobboobuoboobobobobobobab
gbooboboboobooboobobooboboboooboboobooboan
googboogoobooboboobooooboobooobooboobooboooobo
goooobooobooooboooobooooboooboobobooboDbo
gobooooog
googboboobooobooboboobooooboooobboboobooboDbo
gogboobooooboobooobobobooooonbo 200 200000000000
gboogooboboboboooboobobboobo2b0 200000000000
gbogbobubobbobobobuoobobooboboobobuoobaobgn
gbooooboboobobobobooooooooboboooboboooboobobooboooan
gboobobobobobobooboobooboooboboooboboooboboooboo 20
0000U00o0o0oUoO0 ooo0oooU0oU0U0o0DoUUOooDOOoOOoUOOd
gboobobooobooboooboobooobobooobobooobobobbooogan
00000 [17j00oo00ooouo

(4)000000000000O0O000D0D0UUDOODODOOOOOOO

gboobuoboobobooboobobooooboboobboboboobab
O00U00oo00oooo0o [16,8UU00000O0DOO0O0ODO0OUDOOOUOOOOO

21



020 00000000000 25. 0o0oooooboooobooon

uboobobubobobodgbobuoobobooboboobobobobgb
uboobobubboboouoobuoboboboooboboobobuoobaoob
googbooboboobooboboobuobbooooboboooboooobobooon
gboobdoboboobodobobubuoobobuobbooboboooobobgab
000000000000000000U00ODO0O00U [flooDOO0On

252 U000O0ODOOOO0OO0OODOO

gbobooobobooobobbooboobooboobobooobobooboboon
vgobbboodgbobbuooouobbboooobobobuoooobbbooobbobaa
uoboboboooobooboooooboboooooooboboboooobobobooooooooboo
uboooboobobobboboboooboboooobobooboboobobooono
vbobooboobobodoboboboboobobuooboboouooboboano
ogOo0oLSIcooododoo0obooobooooboooooboooooOoogDoooo
vbobobobdubbobobobobobboobobbobobbobuoobaoboobo
ooooooOoOOOOOCoOLSID0oooooooOoOooOODOOoOOOODODODOO
ubooboobooboooboobobooboooboobobooobooboboboon
vbgbobdobobboboooooouoobobooboboobboobobodabo
vbgboodgbobuooboboooboboobobuoobobooooboboabo
booobobooobooboboobobooboboobobooooboboboono
goboobooooobooboboobooooobobobobob 2800ooOooOobDOon
ugbooooboooon

2800000000000 D000Ob00000

uoooooog o
bggbodgbboobbobboobuobooboobooboobboooba
gboooboooboboobooboboobooboobooboobooboobooboobooboo
gboooobooaon

uoooooog o
00000000o0oO00U0o000Uo0o0oUoo0o0oUooOO0ooUooOO (oOoo

22



020 00000000000 25. 0o0oooooboooobooon

X2 ANz + ET—4 HE -
Sy k=507 3 ro—5 ':O"’ Esan[] @raxg) [

|

U 28000000000000000

0000000ooO00UooO0)0000o0O0UU0ooO0oUoOoOOooUoOoDOoOO
gbooobooboboboobobooobooboobobooobooboobooboobooo
gbboooboobuooboobbooboabo

ugboogboodg o
booobooobobooboooboboobobboobooobooboobobooooo
gooooooooooboooooooooooooooooooooooooooo

ooo0O0oooooooooOoOOO PpPCOOOOCOOOCOODOOOOOOOOOOOOO
0000000 A/DOOO0OOO0OOO0O0ODOOOO0O0O0OUOUDOOOOOOOOOOOD
uboobobooboboobooboboboobuooboboboooobobobbobooooo
vobbobooooboboboooobbbouooboboooobbbuoooabobban
goobobogoogoooobobooboboogoooooo piDObDODOOOOOOD
uboooboobooboboooboboooboooobobobooobobooobobooobo
vbobobdbobboboodbobouooboboobuoboobuoboboobobabo
uboboooboboooboboobooboobobooboboooooboboono
ugboobbad
goboooboboooboobooobobooobobooo1b010o0obooooboboDo
uboboboboboboooboboobobboobobboboobobooboboobo
goooboobobooobobooobooboboooobooo10ob100booooon
vboboobobuooboobuobooboboobobuooboboobooboboabo
ubooooboobobooboboooboobobobobobooobobooboboobo
gooooboo29000000000000000O00D0ODOOODODODODLOOOOODOD

23



020 00000000000 26. DO0O00OO0OO0OOOO0OOO

gooooz290b000bo0obobooooooobobooooboboobobooboobon

Y

j= v
arkekA—3

i vl
arvkhka—3

0 29000000000000000000O00O0O00O0DOO0OObOO0OnOn

ubooboboboooboboooboboobobooboboooboboboobobonbo
vboboodgbobuooboboobooobooboboboboboobooboboabo
ubooooobooboboooobooboobboobooboobooobobooboboooo
ubooobooobooobob 2800bouodooobooooobooobooboooo
bbooobodgbboobuodaboobboobooboboan

26 UJUO0O0OoboOoOooooon

2600002500000000000O000DOODLOODOOODLOOOOOOODODODOO
vboboodgbobuooboboobooobooboboboboboobooboboabo
gbooaoo

()ooooooooooooo
(2)000000000U00OUDOOUOOOODOO

24



020 00000000000 26. DO0O00OO0OO0OOOO0OOO

(3000000000000 LDO0OUUU0O0DLOOOoULOOOn

uboboobobooboobobooboboobobooboboooooboboono
vbobobdbobboboooobuoobooboobuobobobooboboabo
gboobobuodgbboooboobooboo

()OboooOoOoUUoOOoOooOOOoOOoUoDUUOOOoOOOO0DOoDUUUOODODOOOO
ubooboboboobuobooboboobodobobobobobouoboaoobogan
gboobobobooboboooboobobooboobobooobobooobooboon
gboobobooobobooooooboooboboooboboobobooooboan
uboobobuoobobobooobuoboobuobooboboobuobbaobgb
gbooobooboboooobobooobobooobooobooooboboooooooon
gboobogooboobooooooooobobobooobobooboboboboooonoog
googboooboobooooboooboooobooooboboobboobboDbo
gogoboboboooooooooooobobooooooobbooooboooboooon
gbobobobobobobobobobobobobobobobobobobo

(0000000000000 000ODOO00U0LOO0O0OUDOOOODUDOOOODUOOOOO
gobodgbbooobooaoo
goobobooooboboi1bbol1oooboobooobooboooooboboooon
gbooobobooboobuoobobooooboooboboooboboooobobooooboon
uboobobubboboouoobuoboobobuooobobbooboboogn
gboboooooboooboobooobobooobobobooboboboobobooboan
gboobobooobobooobobobooobobooobobooboboooboan
googbooboooobooboboooboooboooboobooboobooooobo
gboooboboobobboboboboobobooobobooobobooboooboan
gbobobobobooooooouoooooooooo

bobobooboboobooooobuoooobobooboobooobooboooboono
boobobobooboboobobooobooboboobobbooboobobooboboooo
vbooooooboooooooooooboooboooobooooooobooboboDoo

25



020 00000000000 2.7. 00

2.7 OO

2000000bO0ODOOOODOODOODOODOODDOODOOODOOODOOOODOD
ubooboobobobooooobooooboboobobooobboobooboboono
googn

()ObooooooUoUoooooooooo

ejbbgouobboobobuoobbuooobobooobbuoobobooabn
goooooooboooon

e0IU00DOUULOODLUDLULD(DDL)OUDOLOUDODULLOOUODOOO
gobooboooooooooonboon

ejbboooobbooouuobbuooobbboobbuoooobooabn
ugobooobooooooobooooobooooooon

(2)0000000000

ejbboooobboooobbooobobboobbobooobbooabn
gobooboooobooo

ejbbgouobbooubbuobbuooobobooobbuoobobooabn
agoo

(3)00000UooUoooUooUoD

ej00O0O0ODODOOOODLODOOODDOOOODOOODLDOOODODOOODOO
gobodgboobboobooobboobuooboobbodabgooboo

e 0O0O0O0ODODOODODDOOODLODOOODOOODLDOODDOOODOO
gobodgboobboooooboboobuooboan

e O0OO0ODODOODODOOODLODODOOODLDOOODDOODDOOODOO
gobodgboobbuobobooobboobuoobooboboobuoobboad

eJ00O0U0O0ODODOODODDOODDOOODODOOODLDDOODDOOODOO
ugoo

26



020 00000000000 2.7. 00

ejbbgouoboboobobbooobbuoobobooobbuoobobooabn
gogbbodobbuooobbooobboobbooobboobboooboo
HEN

(40000000000 OOD0OODOUOUOOOO

e 0O0O0O0OODOODODOOODLODOODODDOOODLDOODDOOODOO
goog

eJ0O0O0ODODOOODOOODOOODDOODLOOODODOODLOODOOODOO

ejbbboooboboobobbooobbtboobbuobbuoobobooabn
gobooobooooo

(5)J00000DO0OUOO0OU0DODOUOOO

ejbbboooboboobobbooobbuoobbooobuooobobooabn
gogbbooobboobbuoobbuooobbuoobbboobboooboo
goboooboooboooon

eJ00O0U0ODODOOOODODOOODLODOODODOOODLDOODDOOODOO
gobooboooooooooo

eJ00O00O0OO0DOOO0OODLOOOOODLDOOOODLODODOOODLODbDOOODOO
gogbooboobobobbooooab

27



30 Uboutdbootdbbotdtd

3.1 00O

Jogoboobooboobobbooboboobooboobooobooboooboooo
000000000 37,3800 000000000o0o0oooooooooUuoooo
vbobobobgobobbdobobbuooboboobuobooboboboobaba
boboooboboooboboooboboobobobobooboboobooboono
vbgboodgbobuooboboobooobbooboboobuoboobobooano
ubbodbbuobboooboobboobbodobooobboobboobobod
bobooobobooobobooobobooboboboboboboooooboboboono
gobobooobooboooogoboobobooobooboobobooboooboobooon
bobooobobooobobooobobooboboboboooboooooboboono
obobooboooooboboboooboboboboogs2onooa3ooooooonooon
goboooooobooooobobobobooooobobooooboobosbobooOoD
uboooobobooboobobonooobobooboboboooboboooobooono
gooooo“foOoo0oO0oDooOoOobobo”bDo0OobOoOoOoOos3gobobooUooDpooo
vboboodbobuooboboobooobobobobuooboboooobobodabo
uboooos34bo0o0o3.20033000000bo0bo0o0oooooboonooaoooon
goo3sboboobobooboboooooooooooboooobobobobOobon
gboobooooooooooooosebob3bbbboonon

28



030 O0OO0O0OO00OO0O0bOO0Oon 3.2 0O000OO0O0OOo0obooOOooobooaooo

3.2 U0O0O0OO0O0OO0OOOObObOOOoOoOoOon

3.21 00000

03lg3t0bobobobobobobooboboboboobooooboosbgonog
uboboooboboooboboobobooboboboooboboooooboboboono
ubbooobooboboobooboboooboobooonon

xabsl

I

> |
| |

I > |
! f;ISV . M
"= Slider ]

I e M
:—>| Machine Stand |
|
|
|

Ky
Dy
Chassis

U 3i10bobobboobbooobuoobooonog

gbooo3i1boboboobooboooooobooboobooboboooooooonon
vboboodbobuoobobuoobooobbooboboobbooooboboabo
ugbooobgdaoo

3.2.2 00000

0(31)0000000000000000000(3.1)0000000000000 (3.2)
00000000033 00000000000000000000000000000
D000 fusv(t) 000000000000 00000O0O00000 2() 000000
00000000000000000000000 «3(t)000000000000000

29



030 O0OO0O0OO00OO0O0bOO0Oon

3.2 0O000OO0O0OOo0obooOOooobooaooo

U 3i1b0bo0boboobobooboobboobooboobooboobooo

g

ugbogood

x1(t)
Tabs1(t)
zg(1)
M,y

ubooooboooobooooog
ugbogbogan

ubooooog

gooooo

gboogno

uboogooobooobooaoo
ugboooobooooogon
uboobbuoobuoobboobodabod
uboboooboobooooboobooon

uboobbuoobuoobboobodabod

kg/s

000000ooo0ooo0ooU ()0 1 0000 () DOOOODOOODOOOOOOO

M@y + Myig = fmsv
Miiq + (Ml + MB) g + Dpig + Kgrg =0

Tymsy = Amsvemsv + Busvfvsv

ymsv = CusvTusy

30

(3.1)



030 O0OO0O0OO00OO0O0bOO0Oon 3.2 0O000OO0O0OOo0obooOOooobooaooo

uod

LTMSV = [.771 1 TB Ip
(001 o0 0 |
K D
00 =B =B
Aysy = Mg Mg
00 0 1
Kz  Dg
00 =35 g |
My + Mp 1 T
B — . _
MV [0 M1 Mg 0 Mp ]
Cysy = [1 00 o]

ooo0o@2)00@33)0000o0ooo0ooUooun sy DO0ODOoOoUOOODO
00000 - 00000000034 000000

Xl(s) . 1 + 1
FMS\/(S) N M182 M1382 + Dps + Kg

(3.4)

0(34) 0000 s000000000000X,(s)=CL[z(¢) 000000000000
000000000000000003200000000000000000

Fyigv(s) 1 + X(s)
> 5 >»O—
Mls Xabs(s) -
1 Xp(s)
MB82+DB8+KB

U 32000000000000000000O00

31



030 O0OO0O0OO00OO0O0bOO0Oon 3.3 OUuobOobooonoooboobooobooaonoo

03200000000000000000O0O0O0ODODOOOODOODOODOODOO
vbobodbobuooboboodbobouoouboobobooboboobobodabo
gbooobobooboboooboboboboood2bgbooobooooboooboboon
ubooobuodobbooboobooboo

33 UO0noboooooobbobooooon

3.3.1 00000

g33b3bboobooonouoobooboobobobbooboooboooboooboonon
vbobobbobobobuoouoobooooboboobuooboboobobbaobodaoa
goobooo3200b00000000b00DbO0ODODbDODODD

E—45f  FOMBLO  aBTHE

r R ECYRIERE
— M, |Kc — M,
Dol

U 330b000bobooboobooobboonong

3gboooooooooooboooooooobooobooobooboboboboo
booboooboooboooboobobobboobboobooboooboobooooooon
vbobobdbobtuooguoobobuooboboobobooboboobobodabo
uboooboboobooooboooobobooboboobobboobobobooon
uboboboobobobobooooobooobooboooooboooboooboboono
vboboodbobuoobobuoobooobooboboboobobobooboboabo

32



030 O0OO0O0OO00OO0O0bOO0Oon

3.3 OUuobOobooonoooboobooobooaonoo

U 3200000000000000O0OO0OOOOOOODOOOODOO

HEN

ugboooooo

M (t)

Xy, (t)
xs(t)

My

boboobboobuoobbooobduobobab
gooooo

goooaoo
gbooboobooboooboobobooobooboobon
ugbooboobooboooboonoog
boboobboobuoobbooobduobobab
ugboooooogo

gooooo
boboobboobuoobbooobduobobab
ugboooooogo
gbboobboobuoobbooobduobobab
ugboooooan
gbooboooboobooobooboboooboooboobon
ugboooboaoood

N/m

kg /s

33



030 O0OO0O0OO00OO0O0bOO0Oon 3.3 OUuobOobooonoooboobooobooaonoo

ugbogbbodgbodobooaoo

3.3.2 0OU0OO0onO

0@35)000000000000000000O0DLODDOOUDOO0OUO@SUOOOOOD
oooo0ooo@e0o0Uo0oUoO0o@Uo0oUoo0oU0ooooooUoooooo
uoboboboooobboooobooboooooooboboboooobooboobooooooobooboo
fous 0O0DODOOCOOOOOOODODOOOOOOOOODODOOOOOOOOOOODODODOO
ubobooboobooobod «q 00000000000 000 2000 2z, OO00OOODOO

goooog
Myinv + Kc (xm — 21) + De (2m — 21) = foms (3.5)
My, — Kc (em —21,) — Do (dm — 21,) =0
Toms = AomvsTams + Bowus foms (3.6)
yoms = Coms®ams (3.7)
goo

ToMS = [LL‘M M XL TL

Aovs =
0 0 0 1
K¢ D¢ K¢ D¢
ML ML ML ML A
1 T
Boys = 0 Ve 0 0]

Cons = [1 0

34



030 O0OO0O0OO00OO0O0bOO0Oon 3.3 OUuobOobooonoooboobooobooaonoo

00o0o0Oo(@s.6) 0070000000000 L0O00UO0DULODOULOOUDOOUDOO
ooo000 foimsOODOOOOOOOOOOOODOOODOODOOODOOODOOO 2 O
O000000oo@@s8uuouooo

824 (Dcs + Kc)
XM(S) — 1 ML (3 8)
foms(s) My 2 (s (Dcs + Kc¢) N (Dcs + K¢) ‘
My M,

ug340boonooobobooboobooobuoonooog

—|:l 1 XM(S) XS(S) + 1 XL(S)
—>—> 5 —> Ko > O >
FQMS( 5) MMS +_ j MLS
DC S

0 340000000D00DOO0ODODODODODO

3gbgobooooooobooboboboob s3gboobooobobobooboooon
gboooooboogn
gbooboobobog2s10000b00b000obooboooooonobooooonn
ubboobbuobbooobuoobboobbodbooobbooobboobobod
uboooboooboobobooobooboooboooboboboonbo 3.3u0nooooo
ubooboooboobobooboobbooboboobooobboobobooboboon

35



030 O0OO0O0OO00OO0O0bOO0Oon 34. J0O0o0OOoO0ooDOOoOooooobooo

U 330000boboooooobbooobooboboooboan

ugboobboobuodgboooo gboooboan

gbooooboobooooboobooobon googooo
uboooboobgaoo
gooooo googooo

gbooooboobooooboobooobon ugooboooboan
uboooboobgaoo
gboooobooboooooboooobon gobooobooooooooo
gbooooboooogn
ubbooobuoobooobuoobbo (jboobuoobboobooobo
ubooboooboobooooog

34 UUOOOUOOOOOOOOOO

34000 3200000000000000000000O00O0000O0O0 3300000
ubbodgbbuobboobbuoobboobbodoboboobboobboobobod
0000000000000 0000000O00D0DoooooOooO@B4) OO Lo

ooooooo
Xl(S) o 1 + 1
FMS\/(S) B M132 M1382 + Dgs + Kg
Dg Kg
2
o M1+MB 5 +M1+MBS+M1+MB (39)
MM s2(s* + &s + K5 |
Mg Mg

36



030 O0OO0O0OO00OO0O0bOO0Oon 34. J0O0o0OOoO0ooDOOoOooooobooo

goodg

(My + Mp) My
Mo —
P YR
Mr = M;+ Mg (3.10)
My + Mg
a = —
M,

0000000039 00(3.11)0000

82 + (DBS + KB)
Xi(s) 1 My 2
—_— = — o (3.11)
FMS\/(S) Mp 9 9 (DBS + KB) (DBS + KB)
s + +
Mp My

0(3.11)00(3.8) 0000000000000 000DU0000 MpOUOOODOOOO
My O0O0DO0O0O0O00Kg D Dg0000000O0D0O0O0D0OO0ODOO0DOOOOOOR?
0000 00000000000000O0DO000O0O0UO0O0O 3500(3.11)0000
ugboogooobooobooboobooon

— AR FEEAREBROZME IO v I KRE

i | I

|- |

(3) ) Xy(s) i
MSV* > |+ 1 1 + 1|
g C i pacqu tifipasau vt

! | /T |

! | DgS !

| | RO B |

i

| ju“/bﬁ% |i

0 3500(3.11)0000000

37



030 O0OO0O0OO00OO0O0bOO0Oon 34. J0O0o0OOoO0ooDOOoOooooobooo

g3sbiboboboobbooooboooooooooobobobg3subognog
vobbobbboooobboooobbbouoboooobbbooooobbobogan
uboooboooboobobogo3deboonooonuoobooboobobbobonoobo
uod

“EMHROFMI D v I KRE

lr"_"_"_-:.'.:.-..'.:.-.f.:.-.f.._...-.'..T.f.'.:.‘..'.:.‘.f.t.‘.f.._..._.'..._..f"|

| | |

iR 1 F MSV(S;) 1 _t O— _&

. : 2 .
F2MS(S)! o | Ms - | X0 (8)

| i

| L |

i M5+ Dyst+Kp |Xp(s) ||

! — S~ AHTE ||

| WERDR ||

s |

U 3deb0b0o0booonoboobooobooonoboooooo

g3deboobuooboobobobobbobooboobooobooobooobonon
ubooobuodobbooboobooboo

0000000000000 0000000U0O00O0OO000DULODOOoOOooOO(3.11)
000(@3.12)00o00oooooooo

,
I = IM
f Ly
MSV — —=J2MS
a2’? (3.12)
Kg = Ko
D = De

38



030 O0OO0O0OO00OO0O0bOO0Oon 34. J0O0o0OOoO0ooDOOoOooooobooo

0(3.12)0000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000003500000000000000000 X,(s)0000000000000
Xar(s) 00000000

0000000000000000000000 f;us 00000000 2, 00000
0000(3.13)0000

(Dcs + Kc)
Xuls) _ 1 My (3.13)
favs(s) M, (2, (Des+Kc) | (Des + Ko
My M,
|:|(3.13)|:||:||:]|:]|:| 3.5|:||:]DDDDDDDDDDDDDDD(3.14)DDDDD
(DBS +KB)
Xs(s) 1 M 2
—_— = — 0" 3.14
FMS\/(S) Mp o 2 (DBS—I—KB) (DBS—I—KB) ( )
se | s”+ +
M, M,

00000000000000 Xae(s) 003150000000

Xan(s) = Xi(s)— Xa(s)
- L 5 o?Fusy(s)  (3.15)
- My 32+(L@s+aKB)+(L@s+aKB) MSV ‘
M, M,

00000(3.10)000000000000000(3.15)00(3.16)0000000000
0oo

= MBS2 i DBS T KB ﬁpa FQMS(S) (316)

Xai(s)

39



030 000000000000 356 UbObOOoobooboobboooboooobooo

goodg

-1

X =
B(s) MBSZ+DBS+KB

Fysv(s) (3.17)

000000000 @s16)0oooooo@1s)yuoooooo

Xaifi(s) = —aXgp(s) (3.18)

Xae(s) 000000000000 00000000O0O000000 340000 Xg(s)O
0000000000000000000000000000000000 Xg(s) 00O
000000000000000000 Xg(s)000000000000
3400000000000000000000000000000000000000
000000000000000000000000000000000000O0OO0O0
000000000000000000000000000000000000000

3.5 U0OO0booooooobbobooobobnoon

ghugbos4boooooooobooooboobooboobooobooobon
boboooboboooboboobobooboboboooboboooooboboono
gboooo3sgbobooobooboobobooboobooboboooboooooobooo
vobbboodgbbbooobobbboooobobbboooobbooooobbobaa
goboobooobobooboboobooboobobooboooobon

3.5.1 0ODO00O0OO0

Jgapudbbooboobooboobbooobuooboooooboooboobooobooo
0000000 3900000000000 0o0oooUoo0oUooUooOo
vbgboodgbobuoooobuobbobooboobobuoooobuobobooboboon
goooooooooobopbbOoobogoboboboboobooooboobDobbOooboOoD

40



030 000000000000 356 UbObOOoobooboobboooboooobooo

vbboobouoobboobuoobuoboboobbobbudb zs0bobbobbooba
pODOOOODOOOOOODOOOOODOOOOOOODDODOOOODDOOOOOODO
uboooboobobooboobod e 0000000 2, DOOO0OO0O0OO 2, 0000
vobbboobbbuoooobbbiboobibbU000zes U0 =z UUOOODOOOO
0B.190z« 00 z,000000000(3.20000000000000

Kg
82 4+ =
X (s) _ M (3.19)
- .
Xref(s) Mp (32 + /@5 + MB) (32 + Kys+ KVKP)
t
Kp
XZ(S) My (320)

0(3.19)00(3.2000000 40 K, 000 K, 00O0O0DDOO0D0O0OO0O0DO00(3.19)
00(3.200000000000000000000000000000000000000
00000000000000000000000000000000000000000
oooo

000(3.19)00(3200000000000000 foms 00(3.21)0000

foms = frc‘l'fpd‘l'fsc (3.21)

00000 @s21)0o0000ooooooooo

fre = Kpws (3.22)

fpa = MpK{Kp (Tret — Tm) — Tm} (3.23)
M

fsc = _ﬂK_]Z(KBjjs + Ky Kpzs + KVKP/KBQSSdt) (3.24)

0(322)00000000000000000DO0O0ODOO0ODO0O00(3.23)0 Kp,O KO

41



030 000000000000 356 UbObOOoobooboobboooboooobooo

0000000000 PDO0OUOODOUOODO(3249)00000O000O0O0UOOODOO
ooO0opg0O00000O0O0O0OOO0O0ODOOO0ODOOOODOOOOOODOOODODOOO
00000310000 0000000000000 000o0oO0o0ooUoooOO 37000
ubbooobuobbodobuoobbooobodoboo

TRERMTERD L TEMR

Tt I i i
sima —> OQ—>| 2> #eEDzR
+

Y

_> :
A+ (. |
sHEL
fu > | $5y— [
frc —REI~D ~
#7534 L 8 (P 00)

ZREND ¢
] 4 Al 0 2

0 sroboobooboobobobobobobobobobobobobobobo

g3r7ooooboobogbobooooooobooboboooooboboobooonoo
vboboodbobuoobobuoooboboobobuoobobooooboboabo
uboboooboboooboboobobooboboobooboboooooboboboono
vboboodbobuoobobuooboooboobobbuooboboobooboboabo
vbobobdobduboboboobobuoobobobobuoobobuooobooobabo
ubooooobbooobooobobooobooooboobobooobobooboboooo
0000000000000 0000000000UO00O0U [dojoo0UDUOOUOO
vbobobobuoboodobobbobooboooboobuobobuobbobodaoa
ubobooobobooobobooobobooooboboobobooooobgoboono
vboboodbobuoobobooboooboboobobooboboobobooano
uboooboobobobobooboboouoobuoobg g 0bobooobooobobo

42



030 000000000000 356 UbObOOoobooboobboooboooobooo

ubbooobodgbbooboboobuooboobboobboobuooboobbooobd

3.5.2 00000000

3.5200003s510000000000000000OO0O0O00ODLDODOLOOODODO
ubooobooobobooobooobo320boooboooooboooboooboooo
gooobobobooobgoo34bboobooboooboooobobobboooobon
uboobobodoboobbooon

0 s40000000bO0bO0bOObOObOObOObOODbOODOODODODOOOOODOO

gooonf oo (oo
googoo M; | 3.22
gooonf My | 42.0
gobooboooobooo Kp | 505324
gobodgbogoobgd Dg | 0.0
pODOOO0OO0OOOOODOODOD K, |40
pODOOOODOOOOOOODDOO K, | 160
gogbodgboboooboaoo 8 1

gooboobobobobobb ommbuobOobOobOoooooooboooon 380
0(321)00000000000000O0O00OOO0O0O0OOOO 39000 DOOODOUOOD
oboob0o0o0 o3guobuoobuoobboob0 - 0DO00O0OO0DDOODODOO
gooobooobooboobobo3s9sboooooooooooboboobobooboooon
uboobooboobooab asuboooboobooboboboobooboobonooo
oooooooboobooooboos3yoooooboooboooboooboobooooboo
0(3.19)00(3.200000000000000000O0UOOOO0OOOULOOUOOUDO
ubooboobobobobooooboooobboooboboobobobooboboono
vboboodbobuooboboobboboobobuoobobuooboobobodabo

43



030 000000000000 356 UbObOOoobooboobboooboooobooo

0.14 . . . . . . . . .

0.12r ]

0.1

0.08r ]

0.061

Slider Position (m)

0.041

0.02 i

0 005 0.1 015 02 025 03 035 04 045 0.5
Time (s)

0 38000000000000U0O0O0UODOO (D@B2)UOOOOD)

x 10

Displacement of Machine Stand (m)
o

0 0.05 0.1 0.15 02 025 03 035 04 045 0.5
Time (s)

0 3900000000000000000 (0(3.21)000000)

44



030 000000000000 356 UbObOOoobooboobboooboooobooo

vboboodbobuoobobobooboboobobuoobobooboobobodabo
0000000000000 0o0o00000o0U0o0oUoo0oDO@3.23)D0Un0 PDO
gbobogoooobgooobobooobobgooo 0o pbDOO0DDbODOOOOD
goooboobogoosiiooooooobooooobooogoob o310boo0oogoon

0.14

0.12r i

0.17

0.081 i

0.061 i

Slider Position (m)

0.047 ]

0.02r ]

0 005 01 015 02 025 03 035 04 045 0.5
Time (s)

0 3.10000000000000000000 (0@323)0000ooOon)

gobobooobooboboo3sbboooooooboboobooboboboooboobon
oboooobooboo3inooooogoobobobooooooooboobobobobooboo
ubooooboooboobobooboboobobooobobooboboobobooono
vboodbobuooboboodbobouoobuoboobuoboobuobbooobodabo
ubooobobooobooboboobooboboboboobobobooboboooo
0000000000000 00 3QUOD000oo0o0ooooooooooooouoo
vboobobobooouobobobgobuooboboobuooooboooboboaoo
ubbooobooboboobooboboooboobooonon

45



030 000000000000 356 UbObOOoobooboobboooboooobooo

x 10

2F

4t

Displacement of Machine Stand (m)
o

6F

807005 0.1 015 02 025 03 035 04 045 0.5

Time (s)

0 31100000000000000000 (0(@3.23)D00O0OoooOon)

3.5.3 0000

300003400000 00b00b000b00bbO0obOo0oboOobOooboboooonn
ubooooboooboboobobooboob ds200bbo00obooooooooooo
gboobooooobooobooooboooooooboooooo 3 20b00b0bO00OOOOn

gbobooobobooobobbooboboobobooobobooobooboobooon
uboboboobobobobooooobooobobooboboobobobooboboboon
vbgbobdbobboboooobuooboobuooobuobooobooboboabo
uboboooboboooboboooboboobobobobooboboooooboboboono
00 0000000000000 0O0000U0OD 20000000000 UOOO
obO3500000000000

U3duBuouboboooboobooonoboonoobo3ia3buooooooooonod 0.1s
0 0.05m(=5cm) 00 000000000O0O00O0O0OODOOUOOOOOUOOOOODOO
ugbbooobuoabbodaod

gboooolgbooooobooboobooboboboss200000no00oooooan
00000000o0o0o0ooo0O0@821))b000Uo0DooU0DooULoOoULoOoUoO

46



uboogooooobooono 35 Ubboobobooboobbooobooooo

0 31200000000

0 3500312000000000

ao ao HEN
gboboobodabod 80 N
gboboooboaooo 240 N

gubbooooobobooooboboood 0.5 pm/pulese
goboboooooobogd
goooooooooooooooooo 0.1 pm/pulese
goooooad
D/A0D0O0O0ODOD 80/9830 | N/pulse

47



030 000000000000 356 UbObOOoobooboobboooboooobooo

0.06

0.051

0.041

0.031

0.021

Referece Position for Slider (m)

0.011

0 01 02 03 04 05 06 07 08 09 1
Time (s)

0 313000000000000 (000000 0.1s0 0.06m0O0)

0000000000000 00000000O00O00O0OUOOO PDOOO (O(3.23))
vbobobdbobuooboooobuoubuoboobuoboobobooboboabo
ubobooobobooboobobooboboobobooboboooobooboboboono
uod

00000000o0ooUo0ooUo (0(@3.21))b0ooUo0DoOoUOoUoLoLODUOOOoUD
uboo3ooooooooboooodiedboonoonobonooonog 3180000
00000000000 00U0o0oUooooOPDUOO (O(3.23)b000UOOUDOO
gooobooogobobosisubbo3irooboooobooo s9goooooogn
ugboooobodgo

031400 31500000000000000000000O0DOOOODOODOODOO
ubooboooobbol pymOO000OO0O0O0OO0DOO0ODOOO0ODOODOOODOODODOO0 3.160
0317gogdo3d18bg .9oogoooooooboogoooooooooboooogon
gboobooooboobno 14b0b 3190boooobobooobooboobooboobonn

U3i4iboooboboooobooooooboboooboboobbooooboooonon
gooooooooobobobooooo sasboooono 3rooonooooooD
ugbbooobuoobbodobuoaboo

48



030 000000000000 356 UbObOOoobooboobboooboooobooo

Position Error of Slider (m)
=
)]

0 01 02 03 04 05 06 0.7 08 09 1
Time (s)

0 3.1400000000000000000000 (OD@21)booO00O0O)

Position Error of Slider (m)

45 |
44

0 01 02 03 04 05 06 07 08 09 1
Time (s)

0 3.1500000000000000000000 (0@3.23)0D0o00O0O0O0O0)

49



030 000000000000 356 UbObOOoobooboobboooboooobooo

4X10_

Displacement of Machine Stand (m)
=

0 01 02 03 04 05 06 0.7 08 09 1
Time (s)

0 31600000000000 (0(3.21)000000)

x10

Displacement of Machine Stand (m)
o

40 01 02 03 04 05 06 07 08 09 1

Time (s)

0 3.1700000000000 (0@B23)00000000)

50



030 000000000000 356 UbObOOoobooboobboooboooobooo

150

100}

50

Input Force for Slider (N)

a0l
0 01 02 03 04 05 06 07 08 09 1

Time (s)

0 3.1800000000000000O0O (320000 oO)

150
g 100
5
=
v 50
=
£
3
g oo
=
oy
RS
-50f
-100 . . . . . . . . .
0 01 02 03 04 05 06 07 08 09 1

Time (s)

0 3.19000000000000000 (0@8.23)D00oooon)

51



030 O0OO0O0OO00OO0O0bOO0Oon 3.6. 00O

obooobsi1sb00o0ooooboooobobobooooobobobobooboDo
gbooboboboooobo sirooboboooooobobobobooobooboon
gboooobooboboooboobooooobon

000031800 3190000000000000UO0OULOOO (O(3.21)00OOO
0000000000000 000000OPDOOO (0323)0D000OOOOOODO
ubobooobobooobobooboboobobobooobobooooobobobooono
uboooboooboboobboobooboan

0000000000000 0000000000ouo@@8.23)0pPID00O0OOOG
00000000000 (00 AQOD) 0000000000000 O0DODOOOOOOO
vbgboodgbobuooboboobooobobooboboboboooobuoboboano
gboobooboooboboobooboobboboobooobo3oonoooboboooooo
gbbooobuoobbuodgbuobbooboobbod

3.6 0OU

JoogboooobogooboboooooboboboooobobobooooobOoboon
uboobooboboboboooobooooobooobobooobobooboboono
vbobobdbobboboodbobouooboboobuoboobuobobobodabo
vboobobdooboboodobobobobuooboboobuooooboooboboon
uboobobooboboobooboboooboboobooboobooobobooobo
vboboodbobuooboboobooobobooboboobobooobobodabo
gbooooboobboobobooboobooboboosuoboooooboooooaoooo

e OO DOODODOOODOODLDOODOODDOOODLOODLOOODLDOODbLOODDOO
ubooboooboobooonoog

e IO DOODODOOODLOOODLOODLDOODDLOODDOODOODOOODbDOODDOO
ubooooobodao

e OUODLOODLODOOUODLOODLOODLOUUOLODLOLObOOODLOUOLUObLOObODO
boooboooboobooboboboboobooboobooobooboobobooooo
ubooboooboobooonoog

52



40 UOLoO0Udootdootdbotguootgd
oot

4.1 OO

400000000000000000ULO0D00ULD0OO0OUDOOOODDOOOOD 410

gbobooobobooobobobooobobooobobooooboooboboaon
vbobobobdubbobodbouooobbooboboobooobobobaoboda
vbobobdbobboboooobbouooboboobuoboboboobobodabo
ubooboobo20b00o0booboooooobooobobooooobobobobooooo
vboobobdobtuoogbooobuooboboobobboboobobboboaoo
vbgboodgbobuooboboobooooobobuoobobuooooboboano
boboboobobooboboobobooobobooboboobobobooboooono
vbgbobobobuobuoboobobuooboboobobooboboobobodabo
gbobooboboooboboobobooboboobobooboooobbooboobooboobon
0000000000000 000000000000O00000O0O0 1poooooo
ubboobbuobboobbuoobboobbodbooobbooobboobobod
ubobooobobooboobobooooboboobobooooboboooooono
uboooboboboboobobbobooboboboo1boo1obooboobobooooo
vbobodbobuooboboodboouoobuoboobuoboobuooobobodabo
uboooboboobobobooobobooooboboobobooboboboboooo
bobooobobobbodbuooboobobbouooboobobboboobaan
vbobobdbobboboooobuoooboboobuoboobuobobooobodabo
ubbooboboobobooboboobbooboboobogzs2b000noooooon
goooboobogobooooboooobooboboooobobooobooboob 1001000
00o000o0o00o0o0oU00o0oUo00U0O0Lo0O0L0O0LOO0ULO0OU (boOoUDOo
000000)00000000000000000Uo00LO00o0DUULOOoOUOOO

53



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.2, OO0O0O

gbobobooboooobooboboobobbo1bobb10boobooboboboOobooD
ugbbgdgbbuobboobbuoobboobboobooobboobboobobod
ubobobooboboooboooooboooobobooobooboboobooboboono
gboogno
gboo400000000000b000b000b00010o010b0boboboooobooonon
uboooboobobobobooboooboobuobooboobobooboboooo
vbgboobobooboobuobooboboobobuooboboooobuoboano
ugbobooobobooboobobooboboobobooboboooooboboboono
ubooobobooboboboboboboo3gbooobooobobooobobooooooo
vobbboodobobboooobobbooobobboooobbboooobbobaa
uboboooboooboobbooobooboobbooboonbo 420000400000
goooooobooboooooobgoboboobooobolgb1gbobooooboooooboon
gooooooboooobooooooooooboooobobo43bbobobobobon
uboboooboboooboboooboboboboboboboboooooboboboono
gooobooobogoboboooobobooooobooboboooboobOoooDO 4400
vboboboobuoboobuooboboobuoooboobobooobobboaoo
ubooob200b0b000boboooobobooobooboooobobooobobooooo
gboobooooboooboboooooooouobooo4sb0 4000000000040
ubooobobooooboobobooboboobobooboboooooboboboono
uboooboobbooboobobooboonboo

4.2 0000

4200004000000000000000000O000DODOOOOOODOO2.5.2
ubobobooboboobooooobooooboboboobobooobobooboono
ubobooobobooobobooobobooboboboboobobooobboboboono
booobuodgbboobuodoboobbouoobooobboobuoobooaooodgd

()DUooo00oo0oUoUo0DooOOoUOoOoUOooOoUo
(0000000000000 0O0O00D0DU0OOOOODOODODODUUOOODOOD

54



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.2, OO0O0O

(3)00000UoOoUooOoUooUooOon

00(1)000000o0Uo00oo0oUo00oOo0oUOo0OU0LOoO 100 1l0000oDO
gobbboodgobbuooooboooobbobooooobbbooooobobobogan
ubooboooboboobooboboobuobbobooboboooboboooboooobo
vboboodbobuooboboobooooobobuoobobooboobobodabo
vbobobobuobobodgobobuooboboobobobobuooboboooo
0 [42-51]0000000000000000OOO0OO0OOO0O0OOOOO0O0OOOO
vbobodbobuooboboodboouooboboobuoboboboobobodabo
uboooobobooobobobooboboobobooboboooooboboboono
gboobl1gbo1boooobobobooboobooboobooobooobobobobooooo
vbgbooobobobodobobuobouoobuobuoobobobooboboooano
uboboooboobobooboobooboboobooboboan

00(2)000000(l)0o000000U0000O0DU0O00DULOOOoDUOooUoOoOo
280000ooO0oObOOobOobO0bO0bO0bO0bOobOoboboOobObObObObOOOoDbOODOODO
ubooooboooboboobobooooboboobobooooooboobooboboooo
vboboooboboboobobubouoobuobuoobobobooboboooabo
vbobobdbobboboboodobooubuobooboboobobooboboabo
gboogoobooboboooboobo 410000

000@)00o0o0oo0Uo0ooU0ooU0o0oUoD 200000000DD0O0O0OO
vbobobdbobboboooobuoooobuooobuobobobooboboabo
uboboboobobooboboooboooobobooboboobobboobobono
vbobobdbobuooboooobuooobboobuobooboboobobodabo
uboboooboobboooboobooboonoo

40000000 300000000000O000bOO00bOoO0DbOOo0bOOO0bOo0DO
ugboogbobad

55



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

Higher-Level Controller 1 v
g i
| !

Reference !
| -
i Position : General-Purpose
i : Controller 1
i Generator :
: ! +
! e +
i . 1 ;O Motor Controlled
I ggl;lggr : n Driverl System 1
| '

i |

!::::::::::::::::::::::::;: Decoupling |-
i » Method !
' EF. input i +
: Generator l :O_>M(_’t0r __5.| Controlled
i T g Driver2 System 2
| ! ’
i Reference !
! Position | General-Purpose
| ! Controller 2
i Generator |
I ___._ !
Higher-Level Controller 2 4

0 41000000000DODODODODODODODODODODOD

4.3 0000

4.3.1 0OO0O0DOOO0ODO

0420400000000000000000000000000000000000
0000 410000000000000000000000000000000000
000
00000(41)00000000000000000000000000000000
00000000000000000 #,k(t) 0 2, 0000 () 00000000000
oooo

Midw + Midg = fi

Moing + Maip = fo (4.1)

MiZpy1 + MsZys + Kgaxg + Dpip + (M1 + My + MB) g =0

56



40 0O00OOO0OO0OOOOOOOoOOOOobObOOoOobOoOono

4.3. OO0O0O

Chassis

U 4200000000000000000000000000

0 4100000000000 0b00boobobooboobbooboonooboon

uo

0000000 (i=1,2)

T (t)
ZT; (t)

ugobo..00b0b000o0oooon

oob 00000

ugboooood

ugoo.goo

goodan

ugoo.00booooooao
ugboooooboooboan
ubboooboobooobuooboaoobd
ugboooooboooboan
bboooboooboobooboboobooaonboo

kg /s

57



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo

4.3. OO0O0O

0000(41)00000000000000(4.2)0000

(.. Dg. K 1 1
Tpr = MBB$B+M§$B+ (M ‘l'MB) fi +M—Bf2
. Dg . K 1 1 1
Tp2 = Mi:ms + Fin + M—Bfl + (E + Mg (4.2)
o _ Do, Kn o 1. 1.
B = Mp B Mo B Mg 1 Mg 2
O000000000000004.2)00000000.3)0000
Xbl(s) GSI(S)FI(S) + Gbase(s)FQ(s)
XbQ(S) Gbase(s)Fl(S) =+ GS2(3)F2(3) (4'3)
| XB(s) ~Ghase(s) {F1(s) + Fa(s)}
0000 Ga1(s)0 Gea(s)0 Grase(s) 000000 (44) 000000
1 1
GSI(S) M182 + M1382 + DBS + KB
1 1
Gy 4.4
2(8) M282 + M1382 + DBS + KB ( )
1
G ase
b (S) M1332 + DBS + KB

0(44)0 Gu(s) 0000 1000000000000 00UDOOOOODODOOOOOOOO
00000000 Ge(s) OO0 200000000000000O0O0OOOOODOO
O000Ghse(s) DOOD0O0OOD0OO0DOOOOOOOODOOODODOOOODOODDODODOOO 4.3

ugboobogooboobbooboobbooboboobobobbooon
0(43)000043000000000000000000ULODOOOOODODOOOODO
goobooooooooo0ooobooooboo1g0poooooogonD ADOOoObO1000O

uboooboodnD oz, 000000000 200000000000 00000000

58



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

Fy(s) 1 + Xu(s)
. M182 "A ]

DBS <
R / FB(S) I - 1 XB(S)
- A + - M382 -

‘KB <
1 + _V XbQ(S)
> 5 :O >

Fy(s) M,s

U 430000000000 00O0DODODODOODODODO

ooobooo >0y 000000DOCOO0ODOOCOOODOOODOOOOODOOO
uboooboboobooboboobobooboboobobooooobgoboono
vboboodgbobuoobbuobooboboobobuoobobooooboboabo
ubooobobooouoobobooboboboboobobobobooboboooo
uboooobooboboooboobooboobobooboboobooboobobooong

4.3.2 000000

0000000000000000000000000000000000000000
000000000000 0000000000000 (Ga(s)0 Ge(s)) 00OOOOO
000000000000000000000(4.3)00000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000

0000000000000000000000000000000O0OOOOOOOO
00000000000000000000000000000000000000000
0000000000000000000000000000000000 “0000070

59



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

cooooobooooooooooobo “soboob”>obooooooboboOobooDoOoo
vbobobobuobobobobooboboobobboboboboboooboaoo

uboboooboboooboboobobooboboboboobobooobobooooonoo
ugbogobgdaoo

gbobooooobobooobooboobobooobooboonoooooboooboboon
b0 44000000000DODODODODO

le(s) +  Xu(s)
1> Gﬂ(S) > Gsl(S) _:T

> Gpl(s)
FmQ(S) + ng(s)
-t GfQ(S) > GS2(8) _:‘T

> Gp2(3)

U 44000000000000000000O0O00O0OO0ODOOOOOOOO

000 Tma(s) O Toe(s) 0000000000000000000000000000
0000000000000 Gu(s)0Gpi(s)0Gr(s)0Gre(s) 000000000000
0000000000000000000000 440 Tw(s) O Tme(s) 0000000
000000000000000000000000000000000G«(s)O0 Ge(s)
000000(44)0000000000000000000000000

0440000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000O00O00O0

60



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

00000000 (Gpi(s) O Gpe(s)0000DDODDOODODODDO0000O0O0O0OOO
(Gu(s) O Gp(s)) 000000000000 O00O000000000000000000OO0
00000000000000000000000000000000000000000
00000000000000000000000000000000000000O0O00
0000000000000000000Gu(s)=Grp(s)=10000Gp(s) = Gpa(s) =0
000000000000
04400000000000000000000000000000000000000
00000 40 f£,0000000000000000000000000000000
000000000000000000000(4.5) 00000000

(4.5)

000 Tmi(s) O To(s) 0000000000000 000Te(s) 0 Tea(s) 00000
0000000000000(5)00000430000000000000000 450
000
0(42)00(45)00000000000000000000000000000000
0000000000004.6)0000

Xbl(s) = Gsl(s) {Gfl(s)rml(s) =+ Fcl(s)} + Gbase(s) {GfZ(S)Fm2(S) + FCQ(S)} (4 6)

Xpa(s) = Ghase(s) {Gn(s)Tm1(s) + Ter(s)} + Gsa(s) {Gra(s)Tma(s) + Tea(s)}

00004400000000000000000000000000 100000000
0O T'mi(s) 0 00D 100000000000 Xmu(s)OOD O0OD 200000000
0O T'me(s) 0 000 200000000000 Xpe(s) DOOODDDM7)OO0D0ODOO

Xp1 (3) = Gs1(8)Gf1(S)Pm1(S) + Gp1(3)rm1 (3)

Xp2(s) = Gs2(5)Gr2(5)'ma(s) + Gp2(5)'ma(s)

61



O 40 goooo0ooooooooocoooboooooon 4.3. OO0OO
527 L
VALY ZTRAIAFRT L
T T T
Ia(s) o +O i Fi(s) 1 + Xbl(s)i
E— —> L 2 > > —>
ﬂ(S) +T i M, s* e i
|
| i
Ii(s) | Dys [ i
i_ Fy(s) - 1 Xz(s) !
E_O—+>_O_’ M5 : >
| |
Is(s) l i ‘ | K, |— i
|
+¥ TV Xo(s)!
1 =+ b2\ S)|
) G S _>O : A > >» L3
111‘2(3) f2( ) + :F_(S) Mzsz O i

0 45004500000 430000000000000OO

0 (46)00 (47)0000000000000000000 Te(s)O Teo(s) 00000
00000000004400000000000000000000 (4.6)00 (47)00

ugboooooooaoo

1—‘cpll(s) Fcpl?(s) I (3)
Fcle(S) 1—‘cp22(~3) Leo (3)

62



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

I‘cpll(s) = (Ml + MB) s? + Dgs + Kg
Fcplg(s) = M182
Fcpgl(s) = M282
I‘cp22(3) = (MQ + MB) s2 + Dgps+ Kg
(4.9)
Cupii(s) = Mps? (MB32 + Dps + KB) Gpi(s)
Cmp12(s) = —M;1s?°Gp(s)
Fmpgl (3) = —M282Gf1(8)

Pmpgg(s) = M282 (MBS2 + DBS + KB) Gpg(s)

0(48)0000 I'p(s) 0000000000 000000O0O0OOOOOOOOOOOO
0000 Tu(s) 0 Tee(s) 00000000000
000 Tep(s) 000000(4.10)00000000

adj I’ s) adjI. s
roi(s) = —b | W Ten() adilon(s) (4.10)

det Lep(s) adj Tep21(s)  adj Tepaz(s)

0000Mp =M, +M,+ Mg 000 detTey(s) 0 Tep(s) 0000000000000
00000000000000

detTep(s) = (Mrps®+ Dgs+ Kg) (Mps® + Dgs + Kg)
adj Tep11(s) = (Ma+ Mg) s*> + Dgs + Kp
adj Tep1a(s) = —M;s? (4.11)
adj Depa1(s) = —Mas?
adj Tepa(s) = (Mi+ Mg)s®>+ Dps+ Kg

0(4.100004.11)0000d@d8ooooooooooooooooooooOoDOOoOoOOo

63



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

0000000000 .12)00o0oo0ooooooooo

O00O0OA(s) DO0ODODOOOOO

a11Gp1(s) + B11Gr(s)  012Gpa(s) + B12Gra(s)
det Tep(s) detT'cp(s)

A(s) =
a21Gp1(s) + B21Gri(s)  22Gpa(s) + P22Gr(s)
det T'cp(s) det T'cp(s)

0000(413)000000(414)0000

a1y = Mys* (Mps® + Dps + Kg) {(Mz + M) s*> + Dgs + K}
aly = —MiMsys* (MB.32 + Dgs + KB)

ay = —MiMsys* (MB.32 + Dgs + KB)

gy = Msys? (M1332 +DBs+KB) {(Ml + Mp) s? —i—DBs—i-KB}
Bu = MiM,s'

B2 = —Ms*{(My+ Mg)s®>+ Dgs+ Kg}

Po1 = —Mys*{(My + Mg)s®>+ Dgs+ Kg}

Bra = MiMys?

(4.12)

(4.13)

(4.14)

0(4.12)004.5)00000000000000000000OO0DO0OOOOOOOODOO

ubooooboobobooboobobooooboan

64



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

4.3.3 OD0OOO0O0O0OOOOOOO0ODbOObOOOoOoboobObooonoon

4320000000000000000000000OOO00OOO0OOOOOOOO
vbobdbubobobgoobobuooobbobuoobooboooboboobobodaoa
ubooooobooboobboobooooog

000000000oo000o0 o115 0000

Gu(s) = Gp(s) =1
Gpi(s) = Gpa(s) = 0

(4.15)

oooboo4400000000000D00DOODOODODOOOOODODODOOOODOD
0000000000000 00000000U0O0O0O000UDO4.13)00.1)0000
0000000o0000o0oU0oo0oUoo0o@dae0oooUoooo

Iy (s) M Mjs* P (s)
S = S
ol (Mys® + Dgs + Kg) (Mgs® + Dgs + Kg) ™'

M1$2 {(MQ + MB) s2 + Dgs + KB}

— T
(MT32 + Dgs + KB) (M1382 + Dps + KB) mQ(S)

(4.16)

Mss® {(My + Mg) s* + Ks}

e = — Lt
2(#) (Mrs® + Dps + Kg) (Mps® + Dps + Kg) 1)

N My Mss*
(MTS2 + Dgs + KB) (MBS2 + Dps+ Kg

)Fmg(s)

0(4.5)004.15)00000(.16)000000000000O0O0LODOOOULOOODOOO
00o0o0o0ooouooo@dalnoooo

65



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

My Mas*
F = 31 Fa
1(s) { i (Mrs® + Dps + Kg) (Mps® + Dps + Kp) } 1)

M182 {(Mg + MB) 32 + DBS + KB}

— r
(MT32 + Dgs + KB) (MBS2 + Dgs + KB) m2(8)

(4.17)

M232 {(Ml + MB) s2 4+ KB}

Fy(s) = — r
2(3) (MTS2 + Dgs + KB) (MBS2 + Dgs + KB) ml(S)

fis My Mps" b Laats)
(MT32 + DBS + KB) (M1332 + DBS + KB) m2

000417 0043) 0000000000 ®8) 00000000 LoOoLoLooOo
gbooaoo

1 1
X = F
bl(S) <M182 + M1332 + DBS + KE,) 1(8)
(4.18)

1 1
X = F:
b2(3) <M282 + M1332 + DBS + KE,) 2(8)

0(4.18)0000000000000000UOO0OUO00DULOLOOODODUOOOOOn
vbgboooboboboobobuobouoobobuoobobobooboboooano
oboooooooboobogoosboobobobooboooooobOooooooboobon
ubobooobobooobobobooboboobobooboboooooboboboono
vbobobobobobobobooboboobobooboobbobuoobaobodaoa
gbbooobuoobboobodobuoobobooboobboobooboba

4.3.4 0OD0O0OO0OOO0OOOOOO

43400000(4.10)0000000 detTe(s) DOOUODOODODOOOODDOODOOUOOO
ugbooooooaoo

66



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

0(412)000000000000000000000000000000000000
detT(s) 00 (4.13)0000000000000000000000O0O0000000OO
00000 detTe(s) 00000000 Kg 0OOOOO Dg 000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000 [11,41]000
0(412)000000000000000000000000000000000000O0
00000000000000000(4.13)0A(s)00000000000000000
000000000000000000000

00000000000000000000000000000 Ga(s) O Gp(s) O
0(419)00000000

M
Gﬂ(g) = ﬁ; (MB.32 + Dgs + KB) Gpl(s)
(4.19)
M.
GfQ(S) = ﬁj (M1332 + Dps+ KB) GPQ(S)

0(419) 0000000000000000000000000000 Gpi(s) 000
Gp(s) 0000000000000 (419)00(412)000000000000000
0(4.2000000000

Fcl(S) = M182Gp1(8)rm1(8) - MQSQGPQ(S)FmQ(S)
(4.20)
FCQ(S) = —Mlsszl(s)le (S) + MQSQGPQ (S)Fmg(s)

0(4.20)00 detT(s) 0000000000000000000O0O0O0O000000O00OO
000 Gp(s) 000 Gp(s) 000000000000 0DO0DOOD0O000O0O0OOOO
0(420)0000000000000000000000000000O00O0O0O0OO0O0
0000 (4.21) 0000

r
= (4.21)
r

67



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

0000D0(4.21)000000000(4.22)0000

M
A = {—I(MBSQ+DBS+KB)+M182}
M,
A12 = —M232
(4.22)
A21 = —M132
M-
Aoy = {ﬁ(MBSZ—I-DBS—I—KB)—I—MQSZ}
1

04600(4.21))000000000000O0O0O0OO0O0UDOOOODOOOOOUDOOODOO
gbobooobooobooooboooon

1—;111(8) M
——> ﬁ;(MBSZ'FDBS"'KB) Gn?) 1
+ F 1 + _ Xu(s)
—> | M,5°G,,,(s) ks U 2 _
) Mis | -4
r .DBS <
CYEy(sy - [ 1 Xp(s)
_>( )-) >
- + -T M1382
Kg|<—
- N Ts(s) Y X
o) O—2> 1 + p2(8)

M.
T}‘]’Q(_S)> VT(MBSQ+ Dys+Kz) Gy s)

0 4e6000000000000DO00DOOO0O0DOOOOODODOOOOOOODOOn0

0000000000000000D0Gp(s) 000 Gpe(s)yDOO0ODOOOOOOOOOO

68



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.3. OO0O0O

vboboodbobuoobobuoobooobobooboboboboobooboboabo
vbobobobduboboobobobobobobobbobobbobobobooobo
0000000 4.22)00000000000000O0O0000DODODO0O0OOOO0OOOD
O00Gm(s) 0 Gpe(s) 00D O0O0ODO0ODO0OODOO20000000000000
gooooo

000000000000000000000000000000 Gpi(s) O Gpa(s) O
0000000000000000000000000000000000000O000O0
0000000000 20000000000000 Gp(s)O Gp(s) 000000 (4.23)
00000000

1
(M + Mp) s>+ Dps + Kg

(4.23)
1

(M3 + Mp) s>+ Dps + Kg

0(423)00(4.21)0000000000000000000000000000000
0000004240000

Xbl(s) _ 1 + 1
Tmi(s)  Mas2  (My + Mg)s?+ Dgs+ Kp
(4.24)
ng(s) N 1 4 1
ng(s) N M132 (M2 +MB) 52 +DBS+KB

0 (424)00000000000000000000000000000000000
0000000000000000000000000000
0(423)0000000000 Gpi(s) D Gpe(s) 000DDD0DDDDOOOOOOOOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000

69



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

4.4 0000

44000 4300000000000D0ODOODODOOOOOODODODODODOOO
gboooooooooooogooobooobooboboboboboobooobooog a4y
gooo

0 470000000000OO0OO0OLOODODLDODODODODOOO

U4v03b00o0oooobooboboobooboboboboobooooobbboooboobon
uboboboobobobobooooobooobooboooobobooobooboooboooono
vboboodbobuooboboobooobobobobooboboobobooabo
U0 Dp=000000000OD0ODODO

4.4.1 0OO0O0OOO

uboogz20b00oboobobboobbooboooboobooobob 48000000
uboogoooboooboobooboooon
0480000 FF.OOOOOOOOOOOOOOOOOODODODODODOODOOD
FB.OOOOOOOFF.OODODOOOOOOODODOODODODOODODOOOOODO

70



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

+O ’Zirn—m__to ﬁ aﬁ%1; >
T Xia(s)
Xrefl(s) E E
> | F.F. - :
Y EPIN=E | SEERTY
Xieo(s) l l ; |
+ A E Xbl(s)
O—>|F-B —> O—*| AHF2 - >

_T avra—32 . 5

0 4800000D00D0O0DODLDODOD

00000000000000000000000000004800000000000
20002800000000000000000001001000000000000
D00FB.0000000000000O0OOO0O0O0O0OOOOOOOOOOOOOO0O0
00000 PIDOOOOOOFF.000000000000000OOO0O000000O00
0000000000000000000000000000000 1100000000
0432000000000000 Gp(s)O Gpe(s) 00000000000000O0
000(4.21)000000000 Gpi(s) O Gpa(s) 00(4.25) 0000000 [41)0

M-
Gpi(s) = K—;32
(4.25)
M
Gp2(s) = K—;32

000000000 Tpi(s) O Tpo(s) 0000000000 Xeenn(s) O Xeepp(s) OO

71



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

0000000oo0o0oUoo0oUoo@426) 000000

My M
Kpg

M (M2 + Mg)

Fi(s) = {K—B84 + M182} Xrer1(s) — 5 Xyef2(8)

(4.26)

FQ(S) =

MMy, My (My + Mg)
KB S Xrefl(s){ KB

st + MQSQ} XrefQ(S)

0(.26)000000000000000O0DO0O0O0OODO0O0UODOO0ODUODOOOUOOD
vbgboodobuooboobuobooboboobobuoobobooooboboano
00000000000o0Uo00@4.26) 0000000000000 0OO0OOOUDO
uboooboboooboobboobooobooo

4.4.2 0000

4320000000000000000000000O00OO00OO0O0OOOOOOOO
ubbogobuobbodobuoobboobooboo

()booOoooUUoOoOUOooOoOOoOooUoUUoOoOOooOOOoOoDOoDUUooOooDDOO
(0000000000000 000D0D0OUOODODOOOODOUOOO

()00000oO00o00000U0O0UO0U (OO0 1000)000oULoO0OUDoOoUoDOO
0000000000000000000 (D00 2000)0000D0DO0DO0OOOODOO
vbooboboobuobbobobubuooboubuobbobodobobbobodaoa
gilbobooboobobobooboboooobooboboboboooboboo 200000
uboooboobobobooboog2o0o0bobooobobooobobooboboono
gobooobooooobooobo 20b0b0ooobo0oooooboobooobOobbobo100D
uboboooboboooboboooboboobobgo2000b0obooooobobooono
ubobooobobooboobobbooboboobobooboboooooboboboono
ubboooboobboobodobooboboobod

000((R)000000000000U0000O0D0DOo00DOU00DLODDOoULOLOUOOD
vbobobdobuoobobodobobouooboboobuoboobboobobodabo

72



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

ubbodgbbuobboobbuoobboobbodoboboobboobboobobod
vboboodbobuooboboobooobooobbuooboboobooboboabo
uboobooboboboboooooboooooboboooboboobobooboboono
ubooobuodobboobodabooboo

O0000000000O000oo03.13(0000oo 0.1s0 0.0bem0000O0)000
000000000000 .26)0000000000000UO00O0UDO0DOOUOOUDO
uobobboooobobooooooboobooooobobobooooooboboooooboobb 400
0000000000000 000O00U0o00O00oU0D MMUoboooooooooooo
O420000000000000000FF.0D00000DOOOODOOOODOOOO
ubobooobobooboobobooooobobooboboooobobooooboono
goodg

0 42000000000

ugd | 00
goooooon 250 | ps
godgd 3 S
gooooooooooo +1 | pm
0000000 Kp; (PID Controller) 80 1/s
0000000 Ky; (PID Controller) 400 | 1/s
0000000 Ky (PID Controller) 60 1/s
gooooobo4b00bbooobooon | 8o Hz
ugoooooon

4.4.3 0000

44300004420 000000000000000000000000DO0ODODO

73



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

()D0ooo00oo0oUoO0oU0oOO0OUOU00DL0O0ODU0OO0DUDOUOOOUDOO

049000 3. 1300000000000 000Db0 1000000 4100000000
gb2000000411000000000000000000

5 x10

_ 4t

g

— 3t

S

s 2

z 1}

o

§ 0 R S,

& 1t

o]

S 21t

Z 3|

- Al ——— ETFHEFEEAVLEE
I DR EFHEFEERVEN S -BE
-5 L

0 01 02 03 04 05 06
Time (s)

0 4900000 (OD0O0O00UUOOOOOO)OODOO 1000000

gboodgbuboboboobuobboobooobobobooboooboboobab
gbobobobobobobobooesbbobobOobObODO

49000000000 00b00o0boo0obobooobooobo 1b0bo0b0o0ooban
goboboob x1pm 000000000000 0ODOODOODOODODOOOODOOO
gbooboboboobooboobobooboboboooboboobooboan
gbooboboobobooobobobooboboooboboooboobobbooboan
gboobooobooboobobooobobuobobobooboob 41000DbOb0O 200
gboobooboobooobobooboboboboooboboboboboobooboan

74



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

4 x10 _ | | | |

s b —— EFBTRERLLSS |
noommoee- EFBLEFEERANGH S BE

2_

Position Error of Slider2 (m)

0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)

0 41000000 (0000000 OOUOO)DOOO2000000

4
) x10 . . : : .
E —— EFBETEEALLSE
=S N LA BE— EFHLFERERVEN 1BE
<
7 Iy
(]
g
<
8
p= 0
(]
o
=
Q
5t
Q
=
&
5
2

0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)

0 41100000 (00000000 ODOOOO)DODOOOO

75



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

gbobooobooboboboobooob41100boboboobobobobobOon
gboobdoboboobouoobobuoboobobuoboboboboobobgb
ugobg4100000 4110000000000 00O0DOOODOOOOOOOOOO
gboogbooooboo 2000000000000 0b0b0b00obobbOOoDbOobn
gbooboboobolbogoobooobobooobo20b00b00000o040an
gbooobooboboooboobooboboobobboboooobobobooboong
gooooboooobooboboooboob20b00b00obo0boOobOoDbo
gboboboobobooobobooboobobooboboboooboboobooboon
gboobobooboboboooboobooobobooboboooboobobboooboan
gboobdoboboooobobubuoobobuobboboboooobobgb
gobooooog

(2000000000000 ODO0O0UUO0O0DOOUOOOUDOUO
04120000 1000000000 41300000000 1000000000 4.14
gbob200000000 4.15000000002000000000 416000
gobogboooboboobogo
04120000 41400000000000000000000000000000
gboboobooooboobobobob 41300 41600000000O00O000OO
gbooboobooobobooboooboboooobbooboboobooboboboooboan
0000NOOOUOOOOOOOOOUOOoOoUoooooooooo £5%00000
ugbogbooboobobodgbobuoobobuoobooobobuooboobogn
gboooboboooboboobobooboboboboobobboboboboobobooboaon
gboobobooboooboboooboboboobooboboooboboooooboan
gbobobooboboobobboouooboboobobbobobbobab
gboooboobooobobooobobooboooboboobobooboboooboaon
googboobooooboobobooobooooooobobobooooobo
ooboooboooooo Fr.OOODOOOOODOOOOOOODODOODOODO
gboobobooboboooboboooobobooboboooobobobboboan
0000000000000 O0U0o0LOU0U00O0oUOOo 11po0oooooUoooo
ubogboboboobuobouooboboobodobobboobuobuoobaobgb

76



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

Position Error of Sliderl (m)

—— EFHBEFEERVEES ]
------ EFTHEFEERVEN >IFE

_50 0.1 0.2 0.3 0.4 0.5 0.6

Time (s)

0 41200000 (D0OO0O0D0ODOOOOO) OO0 100ODODOOO

100
80
z
5
=
7
=
i
(0]
2
o
=
.60 B
g0l —— FFBLETHREANBE
—————— EFBEFRERVLEN S1BE
-100 ' ' ' ' '
0 ol 02 03 04 05 06

Time (s)

0 41300000 (D0O00D0OUOOOODO) D000 100DODOOO

7



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 44. OO0OO

5x10'

~ 4'_

g llum

N 3r

—

s 2

2

o

=

0 1}

o)

.2 21

- n —— EFBEFREAVEES |

------ EFBLFHRERAVEN - BE

30 01 02 03 04 05 06

Time (s)

0 41400000 (D0O0OOOUOOO)ODDOOOD 2000000

100
80 i
z
N
5
=
7
=
S
]
o
o
=~
ol —— FTFBEFREAVBE _
------ EFBLFLERN B 1 BE
-100

0.1 0.2 0.3 0.4 0.5 0.6
Time (s)

0 41500000 (D0O00D0ODOOOODO) OO0 2000000

78



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.5. 00O

—— RFBEFREAVESE
------ EFBLFEEAVEN S1BE

Displacement of Machine Stand (m)

_4 AT 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6

Time (s)

0 41600000 (CO0O0OOOOOUOO)DOODOOO

gbogbuoboobooobooboboobobobuobobuobooboobab
gbooboboboooboboooobobooboboboooboboobooboan
gboobobooboboooboboooobooooboooooboboboooboan
gbogbobobboobobuooboboobobbobobbobobuobobooob
gboobobobooobobooobobobobooboobooobobooobooboan
gbooboboboboobobbobobboobuobbobooboboubobab
gbobobobobotboboobooboobobooboboboooboo

4.5 00O

4000000000000 O0D0OOO0OOOOOOOOO0OOO0OOo0bOO0ODbO0DOO
vbobodbobbobobbdoboboboboobobobobobuooboboobo
vbobobdbobbboboodbobouoobuobooobooboboobobodabo
ubooobodoboboboooboboooboboooboooboboboobobooono
gobooobooooboooogobobooboboooooboo1bbo1oooobooboooOon

79



040 OO0OOO0O0OO0O0bOOOoOobOOoobbooboonoo 4.5. 00O

goooboobooboooboooobooooboooobooob40bb00O0bDOD
ugbbooobuoabbodaod

e 000D ODODOOIDOOODODODODOOOLODLOIDOIODOUDODOD
ugbooobooboobooobobooboobboobon

booobooobooboobobobobooboobooboooboobooboobboobo
vboboooboobuodobooobgaaoo

bogbodgbbobuogbboobobboobodobooboobboooba

boobooobooboobobooobooooboobon

booobooboobobobobooboooooboobboobooboobooboobooboo

ugoog

booobobooobooboboooboobooboboobooboobooboobooboo

gboboooboobuoobboobduobbuoobuodobboobooboobon

80



Us0 o

vbobobdouboboboobobuobobogboboobobooobobaooaoo
uboooobooobooooobod

20000b00bO0O0bO0O0O0DbDO0bOO0ObOOObOODDOObOOOOODOoDbOOOODOD
ubooobooboboboobobooobooboboboboboobooooboboboboooo
ubobobooboboooboboooboboooboboobooobobobooboboooo
vbobobobduobobodgbobuooboboobuoboobboboobaobodgaoa
goobobooooooobooooooobooobobobooobobbobooooo
vboobdobdubbougobobobboboobobuoobobooboboboaoo
gobobooobooboooogooooobooooboooobooboooboooboobooon
ubooobobobooooooboboobobboobooboboobobobooooooo
goboboooboooboooogoboobooooboobooooboboobooobooobooon
gobobooobooboooogoboboboooobbooooboboboobooboobooon
bobooobobooboobobonoooboboobobooboooboboooooono
gboobooboboboboboooooo

Jogoboobooobooobooboobooobobobooboboooboboboboboonboo
vbobobdbobboboooobuooboobuoooouoboobboobobodabo
uboboooboboooboboobobooboboboooboboooooboboboono
ubooobobooooboobobooboboobobooboboooooboboboono
vboobdbdubboboouboobuobbobuooboboobobooobobodaoo
ubobooobobooobobooobobooboboboboboboooooboboboono
goooboobobooobogoobooobooobooobooooboooobooobooon
gooobooooboooooboboooobobooooboooobooooboooboboon
boboboooboooboobooboooobooobobobooboooobooboobooooooo

81



vgobbboodobobbuooouobbboooobboboooobbbooobbobaa
vboboodbobuooboobuobboboobooboboooobuobooboooabo
uboooboobobobobooboboobuoboboooboobooboboobobooobo
vbobobobboobuoboobobuooboboobobooboboobobodabo
uboobooobooobobooboobboobooboooboooooboonon

4000000000000 0O0O0DODOOOOOODODOOOODOODODOO0OO
ubooooboobobobobobobobooboboobobobobooboobobooobo
ubooboobobobbobooobooooboboboooboooboboobooboboono
vbobobdbdubobobobdobooboboboboboobobuooboboabo
uboboobobooboboobobobooboobobooboobobobbobooooo
gooooooobooobooobobobobooooboobolob1obobobooobooobooD
vbobobdbobboboooobuooboobuooboobooobuoooboboabo
uboooboboobobooobobooooboboboboboobooooboooboboooo
ubbooobboooboodgbbuobboobobooobboobboobboobd
joogobogoboboooobooobobooboboooooobobooobooobobobboOooDo
uboooobooboobobooobobooboboooboboooobooobobooobo
vbobobobuobobbobuooboboobboboobboobobboodaoa
uboboooboboooboboooboboobobobobooboboooboboooono
gbobooobooobooboooboooo

uboboobobooobboobbooobboooboooobooobobooooboaog
uboboboobobobobooooobooooboooboboooboobobooobo
goboobooobooooboooobooooboobooooboobobooooboooon
boboooboboooboboobooboobobooobobooooobobooboono
booooooboooobooooooooooooooo

82



N

ub12040000000000000000000000O000OO0O00OO0O0OOAO
e0oooooobooooobobobooooobooboobooboooobboboOooDo
ubbooobudgbboobuodobbobobodoboobboobbobboobobay

bobobobobobooobobobooboboboobooboboooobobonoonoo
vbobobdbobuooboooobuoooobuoboobooboobuobobobodabo
vbobobobgboogboboboboobobooboobboobuooboboaoo
uboobooboboboboooobooooboboobobooobobobooobooono
gboooooobooboobooooooooooooon

gbebobonobOoboooboboobooobobuooboobobooobobonbono
ooooooooooooofbooUoogooooooooboOoOoogoooooooDooo oBo
oGOOOOOOoOooooOOoOoOoOoOooooooDooObooo

gbhobooboboobooooboboobonoooooboooobooboboboonbog
ubooboooboobbooboobbooo

83



oog

1] 00 000“000000000 (CooOoO0)y0000U0ooooo1997

2] 00 000“00000000000000O00O0O0O0O000UOO”000O0O0O0O0
gbobobobobobobobo2005

3] D0 00000 U000 ODUO“U0U00LD0OU0O0 —ODDOO0OUO0ooOoOoOOO
oooooo0o—"0000001998

4 O0O0U00O0O00 D00000O0O0U0O0O00O0OO0UO0O0O0O0ODO Vol.380 1999

[b) 00 00000 ODO0O0“000000O00OO0DO0OOUODOO0OOOO”000OOO0
gobes00nnOOnOnO 25500 pp62-680 2002

[6] G. Pritschow and W. Philipp0 “Direct Drives for High-Dynamic Machine Tool Axes”,
Ann. CIRP, 39, 1, pp413, 1990

[7 00 (0)0O0O0OOUOOOUDODOOOUUOOO0O DOODUUOOOUODDOOOOOOOO
goooooooooooobooooogooogoooogo, 2000

8] 00 0000 00000 D00“0000000000000000000000—
0000000000000000000000—"00000000 Vol.660 No.10
pp.122-1260 2000

9] OO0 UO0O0O0U UO00OShuang-Hui HaoOO O 00O “Feedforward D D 0000 O
0000000 000000000000 Vol.120-DO No.30 pp.404-4090 2000

[10) 00 000000 00000 U0O0D0O0 U000 oo0o“oU0o0oooboUoooo
00000000o0ooooo’o00U00U0oOooO (CO)0e’80 06680 Opp.101-1060
2002



[11]

[12]

[14]

00 oodooo bobo bobobo OO0 bboobobbUoooDbbooooo
Oo0ooooo0”0b00b000o0O0OnbvVoli124-DO No.90 pp.901-9080 2004

o0 obooo0o boobuo ooobbo obo“oboboboboboboooooD
000000 PIOCOCOO”00O0DO0ODOODOOOODOODODOOVol.123-CO
No.100 pp.1798-18051 2003

oo oooobob ooboo oo oo boboswoooboboooooooo
0000000000000 000O0O0”00000D00D00OVol.700 No.bU pp.645-6500
2004

00 00000 0000 0000 0000000000000 GAOOOOO
0000000000 0000000’000000000000 0 Vol.124-DO No.60
pp.607-61501 2004

00 00000 00000 0000 0000 000“0000000000000
000000000000000000000000”00000000Vol.680No.20
pp.284-29001 2002

00 0000 00000 00000 ODo0o0 oooo ogo“coooooood
000000oOoooobOOooDobOO0oOoooOO0”0000b0000D0O00nn Vol.1230
No.30 pp.278-2850 2003

Hideki Hondall Fujio Ohkawa Junichi HoshinoO Jun Kobayashi and Ryuichi Ogurol]
“Adaptive Control of a Feed Drive System hindered by a Machine Stand Vibration” ]
Proceedings of International Symposium on Bio-inspired System Part O ; Robotics

and Motion Control pp.38—430 2004

oooooboooboo«woboobooboobobobobobboooboboboooroD
O00O000DO0O00000 Vol.b0 No.110 pp.75-820 2006

Fumio TerasakillJun KobayashiOORyuichi Oguro and Fujio Ohkawall “A Position Con-
trol of a Serial Twin Linear Slider System with Machine Stand Vibration” 0 Proceed-
ings of IEEE International Conference on Industrial Technology 20060 pp.2925-29300
2006



[20]

[22]

23]

[24]

OO0 00000 000 00,000 00000 00000 00000 ooo“NCOo
gbgoooboboboouoobobobobobobooobobobo—-0boaoo
OO0000oDOOoOoO000O0DOOoO0—0000000o00ovoel.600No.8Opp.1097-11010
1994

00 0000 00000 0000 00000 0000 000“NCO0000000
0000000000000000000000070000000 0 Vol.650 No.8O
pp.1190-11940 1999

Ub obob obobo bobob obobo boOo“obDOobObOOobOoboon
goooNCOOOOOOO0oooooooooo—o0oooooooooooooo
OO00O0O0O0DOO0—00000000Vol.690 No.30 pp.422-4260 2003

0000 0oO0O00b0 boo«w2bobdbobo0o0oo0o0oboUbooobobo0o0oDooo
OO0’00000000 Vol.700 No.50 pp.689-6940 2004

o0 ooboo oo obooo obo“wboobobbooboboboobobooo
ooboooobooooOor’bbo0bo0o0boO0novol1260 No.60 pp.732-7400
2006

o0 oo oo“oooooobooUoooo—CLoO0OoboOooOoOoboboog—poo
U000 D0 O00Dbo0obobo00oDbo0obOoOO00oVol.eTd No.20 2001

o0 oo ooo«“gboboooobooobobobo bbooobboooobobooboboooo
oooooooooobooogoroooboboo bbb booboboOoboOoooooOoDoD
00 Vol.690 No.1100 2003

00 0000 DOOO00D 0D«20000000 p-SynthesisOOODOOOO”O0
O0D0O000000D0DO Vol.1140 No.50 pp.512-51900 1994

Oooboo“soooooboboooboobuo200bbooorbboooobbooooDooO
Vol.11400 No.100 pp.1038-10450 1994

00 oo oo oo boo“boooobbooboooboooobo 200
00000070 00000000DDOO0OVol.1190 No.4O pp.544-5450 1999



[30]

[31]

[39]

o0 oooobo booob obo“gbbo0oobbooobbobobboobooboooo
000000000000 (0OUD0O0DUO0ODUOoOUDOOoULOOUOoOoUO)YLoo
0000000 (CO)0610058700 pp.390-39600 1995

Yoichi Horill Hideyuki Sawada and Yeonghan Chun{ “Slow Resonance Ratio Control
for Vibration Suppression and Disturbance Rejection in Torsional System” 0 IEEE

Trans. on Industrial Electronicsd Vol.4600 No.10 pp.162—-1680 1999

Ooooooboobboobo oob«obboOooobooobooobooooboobooooD
O000”0000000000 (CO)065006360 0 pp.194-2010 1999

o0 ooooo boobo oco“PIDOODODOODOOODOODOOD”ODOOOD
00000000 Vol.1220 No.30 pp.260-2650 2002

o0 ooob oobbooo0 ooboOo0 b oobObOU boo“ooboboooo
goooooooooboOooboO0UobOoOoUoboooOobDbooobooooDporoo
O0D0O0000000D Vol.1230 No.30 pp.219-2260 2003

0 0Oooooo ooo«“woooooOoobooooooooobobooooor»ooOoo
000000000 Vol.1260 No.120 pp.1601-16070 2006

00 00000 00000 0000 000“000000000000000000
000—0000000000000000000000—00000000 Vol.660
No.90 pp.1461-14660 2000

Sou Watanabell Fujio Ohkawall Ryuichi Oguro and Jun Kobayashill “A Modeling
and Position Control based on Two-Mass System for Machine Stand Vibration”[
Proceedings of 11th International Symposium on Artificial Life and Robotics(CD-
ROM)0O 2006

Sou Watanabell Ryuichi Ogurod Jun Kobayashi and Fujio Ohkawall “Modeling and
position control based on two-mass system for machine stand vibration” d Journal of

Artificial Life and Robotics(5pages) 20070 200000

OO0 ooooOO OoOooO“cOobo0o0OoboOobooOoOo200oboboDObODOOObCbOOOoOrg
U2200000000000000000000D000 pp7-80 2003



[40]

[41]

[42]

[48]

[49]

o0 goooo ooo“pPIDODOODLDOOOODO 200000000700 23000
Ubob0bob0ob0o0obobobOUUpplol-1040 2004

Sou Watanabell Ryuichi Ogurol Jun Kobayashi and Fujio Ohkawal “A Decoupling
Method for Serial Twin Linear Slider System with Machine Stand Vibration” (] Pro-

ceedings of the IEEE International Symposium on Industrial Electronics (ISIE)O
pp.3032-3037 (CD-ROM)0 2006

Peter LO Falb and William A0 Wolovichd “Decoupling in the Design and Synthesis
of Multivariable Control Systems” 0 IEEE Trans. on Automatic Controld AC-120
pp-651-6590 1967

SO PO Pandad “Compensator design for decoupling of multivariable systems by state
feedback” O International Journal of Controld Vol.130 No.40 pp.721-7350 1971

Charles A0 Desoer and A nazli Giindes[d “Decoupling Linear Multiinput Multiout-
put Plants by Dynamic Output Feedback: An Algebraic Theory” 0 IEEE Trans( on
Automatic Controld AC-310 No.80 pp.744-7500 1986

00 0Oo0obOo ooodb0 oo« ooOoboooboooooogoboor»oooo
OO0O0O00O0D0OOVol.260 No.30 pp.293-2990 1990

oo goooo ooo“booobooboobbooboo”boboobbOobon
Vol.260 No.30 pp.352-3540 1990

00 ooooo ooo“ooooooooooooobooooboobooPbbbooooo
000000 Vol.280 No.120 pp.1427-14350 1992

00 00000 0oooUo oo boo“CbooUobobboogoopbooooo
O0ooooogooooroboobboboooouooogdvolii3dNo.10pp.38-45002000

00 00000 0oooUo oo boo“CbooUobobboogoopbooooo
0700000000000 00Vol.360 No.30 pp.265-2720 2000

00 oodooo ooooo oooob ooo“oooobbooooooboooooon
oo00oOo0oO00opoo0oo0oDoO0OooOoOoO0O0r’obooOoDbOOoODOobOgdyvol4ld
No.30 pp.234-2410 2005



[p1] O O00OOU0O U0OOUOO0 U0O0OUO0O U0OD00O0 D0“O00U0000000OUO0D0OoO
oooboboOoboobbooob"0000000UUUUUVol.420No.5Upp.503-5090
2006



JO0A 0O000000ooooooood
HpN

O0AQ0O0OQOOCOOODOOOOOO0OO0OOOOOOOO0O0OODOOOOODOOOOO
ubooboobobobooooobooooboboobobooboboboobobono
ubobooobobooboobobooooboboobobooooboboooooono
vbobobdobobuoboboobobuobobuoobobooobooboboabo
gboboobooboooobooboboobbooboboobooboobooboobooboobooon
0(3.23)000000(Al)) 0000000000 0O0DOO0UOOOODOOOO A1O PID
ubbooobuoobbodobuoobboda

PIDOOO
Foa = MpKy | {Kp (Zref — Tm) — Zm} +Ki / {Kp (Tref — Tm) — Tm} dt (A1)

oo pDOOOOPIDODOOODOOOOOOOOOODOOODOODOOOOODOO
uboboboobobobboboooboooobobooboboobobobooobooono
Ki=0.0017 0000000000000 0DOOOOOOOO0OPDODOOOOOODOODO
uboboboobooobobooobooooboboobobooboboboooboono
uboboooboboooboboooboboobooboboboobobooooboboono
00000000 (A1) 0000000000000 A200 A300 A400000000

0A20003.140000000000000000D0C0O00O0ODOOOOOODOO A3
Oo00orPIDOOOOOOOOOOOOOOOOOOOOOOODOOODOOODOOOO0O A4
000 3.1 80000000000000COO0000DODOOO0O0 AS00 A40000
goboobooobooboooboooobo2NDOOoobooo «6eNODOOOoooOoD



00 A (0OO0O0OO0OO0O0U0OOoOoDooOOoboOoOOOo

K;
>4
Lref 4 + +
—a{}»Kba{}———a;&>Kf—+

A Tin

O Al0PDOOOOPIDOOOOOOOODOOOODOOOOO

5X10| T T T T
4t
|
5 27
°
172} 1T
ks
§ O
S
m -17
8
s 20
£  3f
4F

0 01 02 03 04 05 06 0.7 08 09 1
Time (s)

0 A2 0000000000000000000 (PDOOOOPIDOOOOOOOO
0o)

i



00 A (0OO0O0OO0OO0O0U0OOoOoDooOOoboOoOOOo

x10

Displacement of Machine Stand (m)
=

0 01 02 03 04 05 06 07 08 09 1
Time (s)

0 A3000000OoOooOoOo(PDOOOOPIDOOOOOOOOODO)

150
1007
Z
z
= 50
St
L
o
2 of
s
=
5
= 50

-100

0 01 02 03 04 05 06 07 08 09 1
Time (s)

0 A400000000000O0O0CO (PDOUCOPIDOOOOOOODOOON)

iii



00 A (0OO0O0OO0OO0O0U0OOoOoDooOOoboOoOOOo

Input Force for Slider (N)

-10 L 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 1

Time (s)

0 As500000000000000O0 (PDOOOOPIDOOOOOOOODOO)

00000000 00O0O0O0OO0O A20000000O0OO0OOODDODODOOOOOOOO
goobooooboooooooooopbObDOO0ODOOODOOOODOOODOOO
goooopiDOOOOOO0OODOOOOOODOOOOOODODOOOOOOODODOOOO
goboooobooooobooooobooobooboobbooboobooboooPIDOOOD
ubooobodobboobobooboobooboo

iv



