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ABSTRACT

This thesis presents the design and construction of the motor-set which its shaft can move
both linear axis and rotary. The linear movement part is the structure of 3-phase tubular linear
induction motor. It controls the shaft in linear movement such as lefi-right or up-down
denpending on the work. The rotary part is the structure of stepping motor which controls the
shaft in rotating movement. Depending up on the design . the angle or the position of rotating can
be determined. The condition of operating is the shaft may be moved each type of movement in
each time. Such as the shaft have to finish its linear movement, then the shaft can start its rotary
movment. The use of this motor-set is compensated of the robot-arm which works in pneumatic

systems. Furthermore it can be applied to use in other types of work.
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FosomAnniman(g,) dawiiu g, Twnum d
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sinhl —g
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Faiumyesoniai 19 g azlia
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i 2d 2d
o sinhl=—— |+ sin| =
d d.
k o - > @.7)
ds 2d 2d
caski~3 = cost =
= ds ds /|
1o d = ANUNUIVBINLINAT (m)
uay ds = anuanmiury (m)
1
ds= 7 2.8)
Y
zTor +—| —
PR
1o U aud Idhasedhuemes (Hz)
T = 5EegHWISHINGWNMAD (m)
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AnuAmMuAulguni

K
pclx’qumlez(l +—])
/
R = (Q)

2
Kj.de’l'

= = L Y
annvsueAuAUTA Mgl

2u | (A +Ad) £
&= i ( < )+/1e—1\’;m (Q)
p q T
Ed 3 - o
ATTUATHINUATUNAUNY
6/ 2
R=—p.(k N) )
aanvsuenuaudi gl
¥ =0 Q)
ay A o #
uuail IngSuanuaus
6, @ T 2
x, ==~k ) Q)
T pg
AR 3ZNaUMIDBNIUUNA(Goodness factor)
2
R,
e s = ady
K, = Mean lengh of coil end connection/Pole pitth = 1.2-1.8
K, = Winding breadth factor
Kp = Slot pitch/Slot width = 2-3
K g Slot filling factor = 0.5-0.6
K, = Slotdepth/Slot width = 3-5
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(2.13)
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K, = Primary winding distribution factor = 0.9

N = fwausevvaalanema (sev)
U, = anudaselasid (m/sec)

o anud sl uemes (1)

P dﬂfmﬁmﬁn

m = fwusla

! = Stack width (m)

g = Slot/Pole/Phase

¢ = FUOIMANNULMAD =  FPIDIMANWNGHANUHUHUANINABNI (m)

a LY

@ = 27 (rad/sec)

~
I

Pole pitch (m)

= 4107 (Wm)

= R
|

Cording factor = Coil pitch / Pole pitch

Q. = manudmmudinasvemesuas (Q.m)
£ = manwdmudssaninaveansudnivhunaeni (Qm)
1

A = Slot specific permeances = — K (143

5 P 12 d
3 (5 g/ slotwidrh )
A, = Differential specific permeances =

((5 +4 g) / slonvfa’riz)

A = \Fd,
/13 = End connection specific permeances = 0.3(3 ﬂ ¥+ 1)
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1IAD T M BT ULV UUAUNSZUBN(Tubular Linear Inductin Motor)H3813 unﬁfuq
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Y = 9 = & = P o
TavdeRaunsafinsanldninnmi 2.16 Fwaagavaatadulgugivewemesmileih
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End
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iconductor

B C End
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6L, OT
X =ﬁ’-——(1< NI == () (2.20)
m 2 W
T pg
USINAN
IR,
po= (N) (2.21)
1
SU +1
L (s6)?
nszued U gugi
4
= , (A) 2.22)
G A
flszneumssenuuuNA(Goodness factor)
X
G=—"2> (2.23)
RZ
NITUAATUY AR
: [l Xm
ILE (A) (2.24)
5] +x:
Maa v dnudn
2 2 Rlz
P=ILR+5L|—= (W) (2.25)
S
ANuEd Insila :
U,=27% (m/sec) (2.26)
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= SANYDANUDITINDBT  (m)

q. =) o o Y a o A o o ' o '
M 2.24 naausaiegaii Ifinanesmenyueisuves 19 ey ludwmisauqga

“u

2.3.2 ¥ilavesmditlanemed

misuanyue Inseadnalddail
1. ¥ilaulivana1ns (Permanent Magnet Stepping Motor : PMSM) [4] Taseadravesaidy)
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2. wiiaf s aauauguUsa 1A (Variable Reluctance Stepping Motor : VRSM) [4] Ny
muluvesvRsM  sxiidnuaziiuiluuesnuilavseuveslsine uazmawesiiidauiion
ponuiuiundofuTsmosivui  Tunwii 226 veuaaanmaavesiiiiaemes wila
3oler Tavmamesasiiflus 3 snfuduiminluudazilaszfanndmanes2aigasedn
fu BeriuvannltBadudamile Suazia 11 danvedlsmesseiilutueonn 4 &
Tavsovvoalsmesivumy  Tnseadulsneduasmameives VRSM Taoialuvinnein
Laminated silicon steel @ufiiiudnynzadiodiutuoeninenlsnes uazmamesazsae
WiRamsmiioniwesmminimdnihdndnd biduiuiueenn  dnfuiieldida
anwaugaduesamimin Wi - Siluvetlsmesioegluannzngaia  nasezlesy

= o ai o q'
weANUFNUVeImAImes A luN NN 2.26
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Extermnal torque

Restoring torque
due 1o tension in
magnetic lines
of intensity
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S1=0n
Phl
Phi
n; e o di :; d. ¥ :1‘
MW 2.30 SIRUMIIAAOUNVDY VRSM (IBNTeAUATUNI 3 1rldl
- g =1
W1510IA05A199 14 VRSM f1D
yuaiy - 6. (s
e N, ()
o : (l o " :r'
U umanaemda - P ¥92)
sasimsaay f, (Hz)
- 360
$aumsadl S= () (2.29)
udvesmaaes N=N.P @ (2.30)
o o o S “
R TG LG RA R F N =— (%) (2.31)
N
P
] ' si o 360
ANMUH N TEHINIYUDITIALADT (9471) (2.32)
NS
[l 0 c: 4 360
ANUHNTEHINFUDA151R0T P =— (94¢1) (2.33)
N, hnate,
v 60. f
anuiswesmAlaeined n=—— (r.p.m.) (2.34)
b

3. wiialavsa (Hybrid Stepping Moter : HSM) [4] Taseadaves HSM iiMann2s

Heoglulames lumaiauves HSM ihnuraussInadlTwemesuuy PMSM
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uaziUUVRSM  anvaiy Tnseardnveaunumanes szmilouVRSM uaimuauvaalaiazns
¥
ABIZUANAIIN VRSM  fiolu VRSMaziidmauvaaineg 2 va o 2 99 1w 1 tdar ud

dmsy HSM wziidmauvaalaeg 4 va ae 2 99 Tu 1iva

Sofi steel core Permunent magnel

M 2.32 Tnssadalsmesves HSM

] v k4 .
auTsmesves HSM e 2 dau eiisvoraanutioadanu 1/2 (Half tooth pitch) U
[ 1 4 ]
HSM UNrhagiuveIadmmes szanuunuaualuyelsmes TavzGoalunuafoany

aaaalunmi 2.33

q‘ af dl -
NN 2.33 anpuzFNUYDI HSM UNYA
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0.8 0.50 7.848 0.117 9.0 0.0333 0.354
1.2 0.70 11.772 0.177 9.2 0.0326 0.347
1.6 0.95 15.696 0.235 9.4 0.0320 0.340
2.0 1.20 19.620 0.294 9.6 0.0313 0.333
2.4 1.50 23.544 0.353 10.0 0.0300 0.319




80

L. ) ' ar = o X o
. ﬂ?1ﬂﬂﬂﬂﬂﬁi$'ﬂ’ﬂﬂﬂi$Llﬁﬂ1jl.lix‘l‘l}ﬂ‘tlﬂiﬁlﬂﬂﬂﬁﬂmﬂﬂﬁ

| 2
1 | e ]
s
- g
| a3
L
b
\ 05 1
1
A T =Er T P
5 0 G050k - Je4% - 0z 035 0% G35 M
|
13411910 Inaa (N.m)
A\ ,

d' o ;, o J N =1 y-' o ar
NMNN 4.25 ﬂ?’!T‘IL!'(TWQT‘]’J']H'LTN?!Nﬁ‘J’Zﬂ']Nﬂizll’ﬂ'ﬂﬂ#ﬂlﬂﬂgQuﬂlﬂﬂiﬂﬂﬂﬁﬂﬁlaﬂiﬂﬂﬂ

0.37

% 5 0‘36 \

0.33

ﬂ’]'ll.llfi’ﬁﬂﬂ (R.P.S.)
=]
(73]
4+
|

032 — N e e B B 4 - L s e

031 + T A T e T T

\ 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

usstinnnlvas (N.m)

d‘ : e L 7.‘; o : ' : -~ d 3 : o o 7
M 426 nswluaaenuduiuiszninisidiavesadluemesiuinavetlnan

" ¥ [ 0 v ]
Taondannii dnanisnanesnnuavesgainiesna lihiiafndunuds  snhwaitld
[ ] ' ' " 4 b4
Tfeudouiuszsuviuaniinisndeuiiludnuaz@oiuyamieana nfhitad il

vz lanantaluuni 5. el



unn 5
~ - ' & T |
msifSeumeunaszriagamsona lnvhnasavun

NUSZUUHINNAD

= ] d'l d' b -d? s = = : =
TumsulSouifvunaszniagamisana Il e wiunfuszuuiuuaniuIz NN
¥ - A a s = Y o @ é oA 1 o - o =
JudmvesnuimaouiludnvazFudududiiy - Fanfeludivvesusmesmiloaings
3y @ o ¥ ¢ v ¥ o a4 a9
UM VHAUNTEUDAUULD TﬂUEﬂﬁUlLiﬂ‘ﬂNﬂ'mli)'lﬂ‘l‘!ﬂlﬁuﬂ?ﬂﬂ@d PRI ERTRELGRITER

madenalndifosiuiige udaFoudouraludmdug Funiseonith 3 iadedie

- wamaguusait lareri i) 14w
[ o
- Han A AN Iouza 1

- dumlgoelurasudunes luszozen

¥ ¥ "
wnome  Wudns s ltwemefiiuldmdenud wae IdelduSouniwemesanves
¥ ¥
sepuiinwAnetevany  maluduanududedsuazanuannsalumsnauguy

o [ wia & ' o L | o g
AULHUA muuila"lummtﬂiﬂnmuunulum‘swﬂamu

a ) Y A e v
5.1 msfSeufsusamadunsaildmesi il
o - o\ A - 3 9 =
nnMInaasemesvisninFudunuuununssusnluunig. Taslyueyaninaiinm
o o o = o a — 9

43 Mvnsfvomefianinswuda 220 v, szfauseitldesnn 142273 N (fuusalu

s o’ o 'ﬂ' 4 ‘3‘ A o o 4
MsKENIaTFINgY) fiszoemiamsaaoud 037 m dadudrdmuaiemvinavesnszuen
qU , JUVBINTEUBNTY , yunveLomes tuau uazgilnsailszneudug lussuuiiuuani

¥ Sa e o o q

aunsaadiuseeninldlndifvady 142273 N dededuvinavewsanoziildnu

A'l o =) P 9/ =1'r.-l = o ] Y a ot

e liflsuiiendoyavesnszuenguiilimsndasenusimivnngnaagunsallu
sepuiluwdn Taofintsansinszozgrednuazisai 14 mielilndifvatuganieana Wi

b 4 [
a¥eilufiga Aowes DSN-20-300-PPV ves mala flszuzdndn 03 m  Tusalumswdn

o ar A 1 1 d':l (-
poNu1 1885 N uazusalumsdnndy 1583 N dadedndiujuiifinawindifivanuya
. " ¥ ¥

wipana e ratuan Waludwvowsalumsndn nazszozgaedn Tavideyadumy

¥
HazswazduAfal



Criterion

Mode of operation

82

Feature

Double acting

Shape piston Round

Shape of piston rod Round

In accordance with standard ISO ISO 6432
None

Sensing type

Type of cushioning

Adjustable pneumatic cushioning

Cushioning length 17 mm.
Protection against torsion None
Piston, nominal size no. 20
Stroke 03m
Piston rod diameter 8 mm.

End of piston rod | |

KK Piston rod thread _ M3
Operating pressure min. 1 Kg/cm2
Operating pressure max 10 Kg/t::m2
Minimum ambient temperature -20°C
Maximum ambient temperature 80°C

EE Connecting thread for G 1/8
bearing cap

EE Connecting thread for end cap G1/8
Effective force (theor.) at 6 bar, adv. 188.5 N
Effect. force (theor.) at 6 bar, return 158.3 N

Air consumption at 6 bar 0.02031 litre
advance / 10 mm

Air consumption at 6 bar 0.0171 litre

ret stroke / 10 mm
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l AIR GOMPRESSORS

VERNMENT APPROVED GRADE "A" QUALITY

Mr;‘:)torli:lequired Cyiinc{er i : D‘;sgfgég?mn', * | Actual Delivery at Working Pressure | - c ¢
e Bore Strc;ke Num- gci’ml\ﬁ liters : Sfag/cm’ . 7:<glcf?12 : (:’EEEEE% BE’EES‘;E;; CaPa-
e nE - B onim) (m/m)| Ber 5 min e : Cl=l\1: e R B B (lftle[fs)
min min

i/4 0.2 e f | 42 1 640 S5 1.94 34.7 1.22 30.8 1.08 X 10 36 255 x 700 ;
e A 0.2 51 42 1 640 ss5 v9e | -aaw | nz22 )l sos- | los 7 10 36 255 x 700+
A “_l /2 0.4 65 shed 1 700 102 3.60 64.2 2.26 57.1 2.01 T 10 64 325 x 790 é
ki 5 .“I‘f:'. 0'4__, 65 Sk 1 T00 102 3.()01 64.2 2.26 57.1 2,01 7 10 BO 325 x 970 )‘
. 1/2 0.4 :' 51 42 A 620 106 ‘» 3.74 66.8 2.35 59.4 2.09 ' i 10 80 32‘5 x 9704\::
WA : 1 “"0.75 E«.,..E,S A 2 i 635 185 | 6.54 1258 4.44 116.5 4.12 o 10 li 90 350 x 1000 i:
‘-.-_—‘ .‘..._—1,. 2 ,,,,.9_'3?,_ 65 44 ) 3 i 635 185 ‘P 6.54 125.8 4.44 1165 4.12 ! T 10 | 117 3‘?'3;.( 1000 ¢
A 2 1.5 __65 48 3 635 303 10.70 206.0 T 27 190.9 6.74 ‘ T 10 90 350 x 1000 d
¥ % a.s_'_J 65 a8 3 635 303 10.70| 2060 | 727 | 1909 | 674! 7 | 10 117 | 390x 1000 f
AL 2 1.s | 65 a8 3 635 303 10.70| 2060 | 7.27 | 1909 | 674 7 10 148 | 390 x 1240 f
\ 3 2.2 E 80 60 2 770 462 16,32 314.2 11.10 291.0 10.28 g 10 148 | 390 x 1240
AT 3 £ 2.2 } 80 __f:f) 2 770 462 16.32 314.2 11.10 291.0 10.28 : s 10 148 390 x 1240 '
AL 3 . ¢ o0 3 [,,,_.8(3 60 2 770 462 16.32 314.2 11.10 291.0 10.28 i 7 10 260 i 490 x 1440 ‘
A - - 3.7.“ 80 60 3 850 767 2 7. MO 512.6 18.42 483.2 17.10 . 7 | 10 148 390 x 1240 -_
5 s 37 g0 | 60 3 850 767 27.10| 512.6 | 1842 | 483.2 | 1790 | 7 L 10 260 | 490 x 1440 ‘;
AT s 3.7 80 | 60 3 | 8so 767 2710 | s12.6 | 842/} 483z lazao] 7 | 10 260 | 490 x 1440 [
AL s 37 | soff [FedS) 3 850 767 27.10| 512.6 | 18.42 | 4832 | 1710 | 7 10 | 304 | a90x 1770 ‘
A T2 3.5 = 100 7.0..._.. 2 960 1045 36.93 710.6 25.10 658.4 23.30 7 10 260 490 x 1440 k-
A 10 | %s | 108 § 78d| B {19900 1484 52.43| 1009.0| 35.70 | 934.9 | 33.00| 7 10 304 | 490x 1770
A 15 11.0 120 80O .3 860 2340 82.70 | 1591.0| 56.20 14740 52.10 7 10 304 490 x 1770
AL | 15 | 1o | 120 | 80 3_ | seo 2340 82.70 | 1591.0| 56.20 | 1474.0| 52.10 | 7 10 520 | 600 x 1850
JAXL| 15 110 | 120 | 80 3 860 2340 1591.0| 56.20 | 1474.0| 52.10 760 x 1870

TWO STAGES AIR COMPRESSORS
£ Cylinder Piston Actedl Difery Air Tank
Motor Required Boe(ofn Numbe Comp Dispaceea a: li'fokf::ci? Marimum : .
Low | Fi | ™! np| T e PRSI 4
HE | KW e | presure | @[ | i CPM | | CPM | (kglem) {lers) )

1| 0% 651i x| 4 o) o 3.9 84 30 518 | % 350 x 1000

Er Sl | @ w0 2 o 16 | 6s | im0 | i
‘5'15[ o] Wl wr | o | g s | e | mang

1l el s_yﬂz_iﬁoﬂzﬁ 1 | 161 | 1518 | 0 | 0% 140

',,,6,0,?‘ w0 ] smo{ma | a1 | t61 | 1s | 3 | s

o il oms Lol e | ;6| 1| w0 | a0xis

____a_o_;_ l|70 com | o | s | oeo | mo | wsas | o | e0aimo

Lot | Tt ousss Lsso | oo | ws | otsu | | oo

Wal| B | sw: 1% | 5o | ol as | s | s | o1

lcmlg

—9380.22" 2"8 1,222



The Pneumatic Catalog

Welcome to the Festo Pneumatic Catalog
on the Internet.

You can search for products and product
information in three ways.

Features search

Use this method if you know what the
product is required to achieve.

Image search

Use this method if you know what the
product looks like.

Direct search

Use this method if you know the product
as part number, type code, name or a

keyword in its description.

Log in as registered user

This application is best viewed at 1024 X
768 with
Microsoft Internet Explorer 4 and higher

or
Netscape Navigator 4 and higher.
Javascript has to be enabled.

© 2002 Festo AG & Co.
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Image search

© 2002 Festo AG & Co.



Detail view

Double acting cylinder
8751
DSN-20-300-PPV

Criterion

Mode of operation
Shape piston
Shape of piston rod

In accordance with standard
ISO

Sensing type
Type of cushioning

Cushioning length
Protection against torsion
Piston, nominal size
Stroke

Piston rod diameter

End of piston rod

KK Piston rod thread
Operating pressure min.
Operating pressure max.

Minimum ambient
temperature

102

Feature
Double acting
Round

Round

1SO 6432

None

Adjustable pneumatic
cushioning

17 mm
None
20 %=~
300 mm
8 mm

I

M8

1 bar
10 bar
-20 °C



Maximum ambient
temperature

Anschlussart Lagerdeckel

EE Connecting thread for
bearing cap

Material of cap

Material of seals

Material of piston rod
Material of barrel/housing
Coating of cover

Air connection type cover
cap

EE Connecting thread for
end cap

Effective force (theor.) at 6
bar, adv.

Effect. force (theor.) at 6
bar, return

Air consumption at 6 bar
advance /10mm

Air consumption at 6 bar ret
stroke/10mm

Medium

Constant slow speed

103

80 °C

Female thread
G 1/8

Kneaded aluminium alloy
NBR, TPE-U(PU)
Stainless high-alloy steel
Stainless high-alloy steel
Colourless anodised
Female thread

G1/8

188.5 N

158.3 N

0.0203 1

0.0171

Dried air, lubricated or

unlubricated
Standard

© 2002 Festo AG & Co.
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Product picture

Double acting cylinder
DSN-20-300-PPV
8751

© 2002 Festo AG & Co.
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Detail view

Double pilot valve, dominant function
8824
JDH-5-1/8

A 12

RS

vPB

Criterion Feature
Symbol 00991012
Switching function 5/2

short code
Control type

Bistable, dominant

Nominal size 5 mm
Operating pressure  bar
min.

Operating pressure 10 bar
max.

Minimum ambient -10 °C
temperature

Maximum ambient 60 °C
temperature

Steuerdruck min. 2.3 bar
Pilot pressure max. 10 bar
Connection type Thread

main connections
Connector thread

G1/8



Product picture

107

Double pilot valve, dominant
function

JDH-5-1/8

8824

© 2002 Festo AG & Co.
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