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Reduction of Fuel Consumption for The Motorcycle Engine

Pivapong Jaingam
Piramid Nontasin
Assist. Prof. Dr. Chinda Charoenphonphanich

Advisor

ABSTRACT

A four strokes matorcycle engine is principaily modified to achieve more fuel
gconomy by reducing the engine losses especially the friction losses from the surface of
contact between cam lobe and conventional rocker arm with new rocker arm by using
cam follower, and thorough design for safety can help the engine operates more
efficiently. Also, low iensional valve spring will be adopted for valvetrain system to
reduce engine internal lcad with limited speed are compromised. Piston head is
designed to obtain more squish area and high turbulent flow in chamber, which cause
the mixture is homogenously and compensates the knock effect from high compression
ratioc with compact combustion chamber. The piston skirt is shorten to reduce the
frictional surface area in cylinder. Qverali improvement can reduce brake specific fuel
consumption of the engine by 2.6 percent in maximum. In the addition, emissions can

be reduced by 8 percent in maximum.
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0.504S. S <212 kpsi (1460 MPa)

S =<100 kpsi S, >200  kpsi (2.1)
700 MPa S >1400 MPa

A' r & :g 1] 1 1y 9 L a r c:’ Y 5 =
divsninnluanuihiesa sudumanads q hildgnldouluamz@oisumaaey dniuides

sanlsznoumelsum Iz auduanizmsingu dail

AlszneuveINIU (Surface factor)

I k- >
unuAIY k, FavzAiuogiunannueadia agail

k, =aS. (2.2)

Taom auaz b aldanasiei 2.

A13190 2.1 A19ai a uaz b Avuegiuquamimesdusiu

SURFACK FACTOR o« | EXPONENT
FENISEH kpst | M 4
Corontned [0S U I RENIEE
Machtipad or codeb-drawn 2700 151 myRY

Bl -roafbisd P T A3 TS

As foneend AN 2TRN R




A5 NOVVDINUIA (Size [actor)

>
umud k, dmdumsdauazmsda nuzhiflsedae il

0.8794 'Y 011<d <2 in
0.914 7% 2<d <10 in
6= -0.1G7 (2.3)
1.24d7 2.79<d <51 mm
1.51d %% 51<d €254 mm
AMTUTULTIAIALAY MANSEneTvasra Tulinanssny Foiy
k, =1 (2.4)

g @
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TunsdinFuandidavaziummnay wana lFouhiimsmyu Tunsdnnwmanlsznevvening

a2 lidumugudnaladmalefiective diameter) Falin1Aal

d, =0.370d (2.5)

dinlssnou¥enI e (Load factor)

1 > v
unuAIe &k, Fausgiudnumzaeasininnisi

k. =10 dmiumsda
k, =0.85 MNTVUTINTZANIATIIU A
k, =0.59 dminunsiia

fmlsznovamngil (Temperature factor)

unud &, fﬁaﬂzﬁuﬂ(jﬁuﬂqumiﬁmmaﬁ;umu
k, =0.975+0.432107 I, —0.115107")77 +0.104(10° 17 ~0.595(00 )} 26

Tavit 70<T,. <1000 °F
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Loand Lisie, slope e 5 55,

— bodified Goodmun line
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Allerecling stress e,

ASME-eltipti line

Soderhe g fine

5 5 m‘i

i k
K ar i

hidrenge sliess o,

4 4 a o o 4
s 22 wwunmusmususinsInseianudomsilowinanud
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a s F- | o 3 o = A ¥ '
nngld 22 eadidsznovvasnnudunaninnlylunsiasananudenimiiosnnnum ey 2
o 3 wo AN
AnBMzAEnY AB

I - . (2] -
anuduaIualdou (Stress amplitude) o, = —I"—QL% (2.8)
4 O +O
ATIAUDAY (Mean stress) 0, ==t (2.9)
1071l 2.2 1 unTIM93 Gerber mnsafiouiuaums Idel
s, (5,
| =1 (2.10)
Sa Sm‘ i
iz 1 uNI YOI Langer enangadisudiuaums 184il
Sll SU
e =1 2.1
S s

=Sy 3 dy a = ' o =) = A& A = o 1
G]]’Qiﬂ‘llﬂiﬁ'l‘ﬂﬂﬁﬂwﬂgﬂu WHAUTIHITUITIUAY Iﬂﬂ%%lllﬂuﬂﬁ'I“t‘l'Elﬂjﬂﬁuiﬂllﬂﬂiﬂiﬁﬂﬁluﬂﬂﬂ

[ . Ed
anufua i Fouaza NUAWDEY Hia Load line, r A3l
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AN 2.2 VU UASTARRTZHINNT IV Gerber AT Langer

aunsvouduni v AARTEHIAUNS
So [ Su] _ rS? 28,
S g S, =—" -1+ 1+
¢ S 2Sa K,
- . a
Load line r = § - i
L m
r

=1

Smsunsiniusanssimanednyuznasz T Wannamd ey tazanuduiiou

» : #»
= a ° ’ ¥ . o =
moluFuaugaga udninundnnamianuduauya ( von Misses stress ) 15 1un1T00n11H) ALl

FmfunnuAuauyadunlasy

o) ={o? +372)" (2.13)




dmiunduauyamay
' 2 2 }/2
o =lo, +37, (2.14)
4 =
2.2 Misnenisamanysa
5 ¢ a =2 A a o = o A & < »
pglFnuvealsaneInusa HwnIgwIuIol (MieduuFa luaianuErreuni) Fuusanyula
" 1 ¥ »
AvuiazGmian AU luuIunIaannag
=y . . o a < & A e = ar = o
tenlszidiu (Rating life) ¥odl5aiansnuissuaumii Dansuzmiousuynilsems wuedadmu
[ ] ¥ I ’ ¥
so1 (MFadmaudrTuafinnud i) Fawie 90% nnd waudimnsonyuldTasluman nudone
4 ¥ ¥ ¥ ¥
tloannanud nazldunudwogldau L,

- a . . 8 s R o &
usamaaisziin (Basic static load rating) w93 usa il lnineszozyudivaagnnaas
@ L 1 ¥ o o ”

AWMHIUTTUBIAY 0.0001 wenaduruguanaaval Isamas wag lunuaie C,
psanadmlszidiu (Basic dynamic load rating) Hmwdusanaszm luuTal Fwusinldnyus
-~ & o & oo 3 - a Y o & ¥ A ar ar
witlouduinounilsu1d Taslowgdsziiu £, shavwildmseudorumuduludiudmyunay
o v ¥ EY -
NuHIMTuenagie uazlfumudn C
ar = dy 1 g g ] s A s =t ¥ g
wsawadasziiu ¢ 1 dhuamiililumsdenvauuuieldsuuse taziiogmslaonla
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LT |

AR NURINT a1 L, , C uaz wsanszi (P) Iamuduiusfudail
(2.15)

Taoh MA k=3 M5 UUDANUSTY
o @ Ed :;
k=103 dmiuliaaninuse
= e q ¥ ' A A3 a A . & v >
NINARMIN 2.15 M AN IuuTadenmoinemlsnduiwunilsdmsauiu wwamso
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W ldfsevvms 19
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VDAY I Tramesusa
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USINTTUNAAANBY 1.5 10
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¥

AUBINMINYLYDINMgnlied s ERziuAuEemIBINATUAUNUG ISy 1 AMUYaInITHYY

>
=1

youmagniion axiluds

¢
D= [dD= 0_[F"d9 = Fl¢ (2.16)

a

a 3 1 LY 4 §
daiu Asseuya £, azmnsonidnnandiniug dil

11k

@
F, = 1 [Frde 2.17)
5

¥ &

a1 3 ' a Po T oo oA 4 = 3 ¥ oas
Taos11ud Awosnuuowmsanzdit, ¢ sxlinuimiiu 27 wasdu 9 deunsodeduld Yuegdiu
APEMLAIMINUYOWDTY MINAUNIST 2.17 MInImduanIngnnual sanuduilunuzdedd
¥ > + v
Fmsimnudduauneszymvaamsduinim - dnin oymslFaudniumoTmTuesinish

F,, sgiimanuaumii 2.18

k
C
Ly=|——F (2.18)
N, -Fw

A Y = v 4 a o =
ardon ldesimbodudusey  ievnseasuuu lassmuariiauazeigmsldnuues
HU59 zansemuImse s maiaslinin ¢ Fah'ldldenvnaveanuss TaemdSsuieuiu

_ ¥ s Yoa E ¥
51Uﬂ‘|3ﬂ'uﬂWﬂ']ﬂ'Ui'Hﬂﬂﬂﬁﬂ!.l‘lli31’\"’]

23 msannumana g melunie s
MsAUHANAE (MEAN EFFECTIVE PRESSURE )
= o A = o o1 A « =
sziunanuanlunszuenguveuniedsud Imudsnlasuilaseisdeiindluiging i

] ¥
1 AuAUNaIRGY (mep) AR :

w = (mep)Ay (2.19}

mep=w/Av=W/V, (2.20)
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Av=vg,. —v,. {2.21)

W = auananiledging

Tay
w o d =& @ o
Nuduinivesnuaiging

W =
V, = anugueanszuengy

ar = o = = & o = <y e 4
ﬂ’J"IljﬂuHﬁmﬁEl!ﬂuﬂ'Juﬂiﬂlﬂiﬂ%ﬁlﬂﬂﬂﬁﬂﬁﬂﬂ&ﬂﬂﬂkﬂEﬂﬁﬂuﬁ]ﬂﬂwm‘iiuﬂﬁQ‘Uﬂlﬂiﬁ)\‘]ﬂuﬂ

3 [ ) o a o 4 = 1 1 g 3
vuialngdeyldnfFoy uazminfinsandids anwiiseuseuniesud: inaaen iiediaun
wimsisaldsisinanresnnudwaas ldnanuy Tastsaunisn 2.20 1mu Midau

¥ o ar = . o dw
manluaumsil neeld AnuAuramaswal {brcak mean cffective pressure} A1 ¢
bmep =w, /Ay (2.22)
2 3 v dy o 3 ar E 1 ; ) R -
‘}‘i‘i’r}cl‘h’ﬂ'lu‘ljﬂi li'lﬂi]%vlﬂ ANUAUHAIRNYUIY ( indicated mean effective pressure)
imep=w,/Av (2.23)
4 o ¥ o 4 v 4 L . -
Faswunldiiiu AITUAUNDINDHUIFIIUODR ( gross indicated mean effective pressure) LD

ﬂamﬁuwamﬁﬂﬁa%ﬁm?ﬁ (net indicated mean effective pressure}

(Imep) HrOsY = (wi )gm\'c I’AV (224)
(imep),,, =(w ), /Ay (2.25)
a ~ _ A = a9 3
ANVAUHADAOHL (Pump mean effective pressure) (mmimmﬁ‘]uaun"lﬂ)
pmep=w__[Av (2.26)
ANTUAURMRATUANTY (Friction mean effective pressure)
(2.27

Jmep=w, /Ay



» F
aumsaaae IneamnuduRusseuiedidiianudauuil

nmep = gmep + pmep
bmep = nmep — fmep
bmep =1, -imep
bmep = imep — fmep

-

Taw: nmep = AanuAURRAUTNS

a

= = = 4§ o
17, = UizAnEmwFinamuouniawud

13

(2.28a)
{2.28b)
(2.28¢)

(2.28d)

e o vl A ' Y- Y o
winssuanyalszme Tuuy luihnsesrielszy ladlinnnudunnmaoman (bmep) gaga

5210170 850 841050 kPa (120 D4 150 psi) @UATHWURIAISTIAAI0MIOA Tatillszui 700 94
p

900 kPa (100 £3 130 psi) wazwinl¥gunsaizimlszylofasiiar bmep gagmilszanm 1000 &4 1200 kPa

(145 D3 175 psi)

nsqfiauazias (TORQUE AND POWER)

b 1 ]
L!iﬁﬂﬂﬁﬂﬁ’)ﬂﬁfﬂ?'ﬂ[ﬁ]lﬂiﬂcluﬂ'liﬁN'luﬁllﬂQ!ﬂ?ﬂﬁtluﬁ‘ L'ﬂuﬂammusmnsxﬁmmwuwu

& A oA &
FIURATAITNE ﬂquﬁu’lﬂlﬂu N-m Hja Ibf-ft

) = o o dw ar m’
HTIUR T UATUTUAUBIUITUAT ©
2nr =W, =(bmep)-V,/n
Tag: W, = @umanvoansia | sou
V, = anugyeanizusngy
n = Sunevdenilaiging

o o 4 o ar w o o w 5
ﬂWHiﬁJlﬂ?ﬂﬂf}uﬁ’Jaﬂﬂiﬁﬂ»WJ‘H'R‘, “?QWTﬂuﬂ‘i‘]_l’Jgi]ﬂi1uﬁﬁﬂﬁ'ﬂ‘l_l:

2rr =W, = (bmep)-V,
v ={(bmep)-V,/2x

(2.29)

(2.30)
(23h



14

dmsumivsudaiginidiima: Fahaunniginglusaiser:
T ={(bmep)-V,/4r {2.32)

sl nuduRamaumnal (bmep) nazaiumat (7)) Tugumsdiauun mwsizis iausidian
¥ e A o
WA IBIVDUATOIBUA
A o o o a = = - =
nTo3suAveIsaouagailagiu Uamsaiingagat)sziuia 200 99300 N-m ARNWEITBY
Us1m 4,000 996,000 RPM 15 uSonduniaiiniaseud lusadfiagegqadl anwdiseuuseiia
. - A o P ° Y
(maximum brake torque speed H39 MBT) L‘ﬂmmﬂunﬁﬂﬂﬂlmmﬂ‘iﬂiﬂuﬁ‘iﬂﬂﬂﬂgﬂu fion13i
1 : T ] o a A i} L. | =
nsdithudustu razlingaiagaannus s 0ugaznWs 150U inseasudamainius ainga
3 4 =y = ar v 4 [T | = o =
punsetuALIUTUVIAREIAY danunTossudvinalng Tniliusidagauazanusisounsaia
i ] = o
Faga (MBT) 8¢ luginuis 130041

k-l Y I 1 ¥ o ! A s G
R183 (power) A0 dATIILABHIBNAIVBINTDwLA MW # = SuseudAenilsigins

- =4 ] Ed [l
uaz N = aMussoUuaanIoeua !.'imzul,ﬁ:

W =WNin {2.33)
W =2aNt (2.34)
W =/2n)(mep)A, U, (2.35)
W = (mep)A, U, /4 Aing 4 Samoe (2.36)
W = (mep)A,U, /2 igdns 2 Sanae (2.37)

TRt W = vwdadping

A 4 9 o
A.” = WHNHUIAAGNFUITILNOTY

L
U,= anuiunay

Ed
FHENNITDATHUAA 1T 1AN I MAUNAT (brake power) MAIVIFANT (net indicated power)
¥ 1
A1A94FI LA (gross indicated power) H1ATY (pumping power) 18 AIwA1MBEA I URAIRAY
Tuaumsh 2.33 51 2.37 dail
Wrﬁ = an: {238)
(u’f )ne.! = (Hrr )gmx.s - (Wl )pump (2.39)
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W, =W -W, (2.40)
Taedl n, DumiszAngnm@navounioaoud
5118 kW umievesiids udiidath p) Sdaflumiaoiivdon¥iueg

Thp =0.7457 kW = 2545 BTU/hr = 550 ft-Ibf/sec
1 kW = [.341 hp (2.41)
o w A det 1 & i e o & o 4 o a = o & o
nl \]‘ﬂﬂ\llﬂiﬂﬂﬂuﬂﬂﬂ1ﬂ\‘ll£ﬂ!ﬂﬂx‘ﬂﬂﬂ'Jﬂﬂ‘inﬂlﬂi'ﬂ\‘lﬂuﬂﬂﬂ\‘lmﬁﬂﬁﬂulﬁﬂ lllﬂi]uﬂdﬁmﬂwu’Jﬂﬂ
, d'. g & A‘I 4 =) b= d‘! (:; ' 3 =)
Wﬂq‘U“UﬂQlﬂ'5ﬂﬁﬂuﬂﬂﬂﬂllﬁglﬂiﬂﬂﬂuﬁﬂﬂ\‘lﬁﬂlﬂuﬁqﬂﬁ lﬂiE]QﬁluﬂﬂilWiﬁﬁ?ﬂj“ﬂﬂﬁﬁﬁ‘lﬂﬂTﬂ [13)
= = Yo ow A W ¥ oA o A fa 3 A 4 a
YU IS M S KW 27 hp) 1$G1H3Ulﬂiﬂﬂﬂﬂﬁﬂeﬂ NUOUA 104 1IATOIVUARANIOLGBVIHIAmD U

°

ar v = =& =) 3 dwn ar A o ' 1 & o
AAaTznIn 2 63 40 kW (3 §3 50 hp) MDA INIdIMSURsoURVIGInY  aawAToudva
« as Y ' { ) o o o
soouagailogiiu TMAasendng 40 §a 220 kW (50 4 300 hp) MirFunanfo sonavINANAEAAIR
>
w o 1o o ]
gnoonuuuRMdnwamaasoma  Jdihduhio 5 53 6 kW (7 D3 8 hp) winiy luamSownnug,
A7 88 NI/HU. VUNINTIY
= 0w @ . = . -, P 2 & &
uratauazmduiiufaiduvesnnmiisen Aseudwsinaziuionnuiseumuiu waz
4 & o = 2 ) 2 4 L S
deanuisouAuAudn usadinszminsudimigagaudianas mswonnusisouiviu lefiezaagn
Uszpdinszuonguq Idieuns 1ilesengranarnauledilladuas

a_a ¥

3 * 4 »
= . . = <4 . o o
NM091U9% (indicated power) Fudumua NIt unTodnud  aaufiaunm (brake

Re

power)  fuBuAIANUE eI gIae  udnanaieniireuiuiudnmszgniind e
usaduaniumohuntooudguRuamun 5oy wazlisnnnTaseniziisouas mies oudvo
sovudiiadmlnglinmdanmgagafinaiudseudszina 6,000 83 7.000 RPM n3oilszinm 1.5 1
v etz idiagiaa

masumdeuniewus Tavnsunnug Anuduman uazmiennuiasey ms
wuary  hlfanarinaveaasasudiuawludan  Fadudahifalszaeddmiuaa o
Tusooud Sromanadenm) niossudvsssooudaiolnd Sallvinadmezhauiisonga uagin
Wounsaidaodszyled 1wy woilumsuens wio muosasuses Woivnnudusamas 13
mnsafSemivunnioeud ﬂ”an%%ehaqmnﬁumsﬁa‘lﬂf:

e G o

HEGE Nﬂﬂﬁ(speciﬁc power) SP = W, /4, (2.42)
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fidanen N output per displacement) OPD= W, iV, (2.43)
ﬂ?ﬂ1ﬂiﬁuﬁﬂﬁ'(speciﬁc volume} SV = VW, (2.44)
kY

ThinduAm T (specific weight) SW = G/W, (2.45)

A4, = AuivnadagngunngusINiY

Tag: W, = fdunan
P

= A

V

G = Wmineseinua

'
[ 0 o = o

At NumHwdnTmsoswuan v mAoumnunuz U S 50 wazlamowiz

A = 4 @ yf o A -ci : LY & e o w o ar & o
wiesiiu FidesmsWhiminaniige TussshwinveunTosusd hiflanudwod miumTosud
aaavua Tng

4 o o w ' S F g ow 1 = & o
nspssudvasosuAauIn Tammiduwaideanugdszuim 40 99 80 kW/L 1A509BUA

= ¥ 1 & =) d’ a = = d” =l I o ar )

veAos lmfavesgaumunila FullunToswuduuy 34 qu Haigada 130 kW1 mifidunaine
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i Types and Features
QEendrdbie F:oi er rc; r:m;::.s

flocked MAST is 4 separable type of hearing 5wstem

that combinee & thick-wall Ut ring. an nst ring
A reeadhe rodlars equipped with a precisicn cage.

Thie meddl is a spherical outer Fing tepe of mode NAST.
It aesily oormasts adistartion of the shaft senter when the
rafler fliower is inetatied and bdps tighten abiased load

This saparabi= twp2 of baaring systam has a kabyrinth
sedl tonsisting of a pair of side plates fornyed on ot

sides of the innar ring of raded NAST.

> SN
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L

Ay
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=
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i kt_

e
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This model is basically the same as rmaschsl
FAST, but daes nat have aninnear ting.

TR

This modelis a sphecicd cuter 1ing typs of model MAST-ZZ
It easity corrects a distortion of the shaft center when the
rodber folloveer is instabad.

T,
T,

4
s L
-

”.
T

e

This modet is basically the same as midel
MNAST-A, but daes not have an inhay ring.

It wasily corrests a cistortion of the shaft
canter when the miler fallaver s instailad.
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Basad on model NART-R, this madeal i 4
full-roler bearing suwitale for locations

This madal 15 & nan-separatila type of bear-
ing system whose inner ring is fioed 1o the
side plates. Since the circumfarancs of the
ouUter ring is spherically ground, it helps

whera a haavy load is appliad in v spead
O Pavion.

lighten a hiasad load,

£
(_: Types and Model Numbers
The Roller Eollowar is divided into saveral types as indicatad in tahle 1.

Tatle 1 Tyees of Ballar Folleear

Classification Separable 1ype MNorrseparable type
tAain model No. RNAST MNAST MAZT-ZZ MNAFT
|- a5 E:FL: s
Shape —-— . 4 4
—— —-= =" — =
TR P e AINEST HE=T e T— o _
Cz’fhndntal Withot seal BHAGT I I‘J:':T-f»i ’MET'::-..:!‘} :
autar ring | With seal — —_ TS —
= o | . RIS ST-H FIAST-R 13T 2 OR TEFT-R
Spherical | Without seal BHESTNE HASTAR LEST LR HARTLE
~ o . HAST 2 oL FIEAT-L 0
autarring | With s=al = - AT = SHULE HARTHLR
Without seal — - - :;lﬁgr'.?'.ﬁm
Full roliers YT ;-J;,H}'_'-:q_u_g
With seal — — — HaRT- IR

Motz Syt B indic ates stainless sted tyle
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£ - -
. Fitting
For the fitting of the Roller Follower with the shaft, we recommend the combinations indicated

it tahle 5.

Table 5 Fitting with the Shaft

Without inner ring With inner ring

X0 1 i he

(_ Dust Prevention and Lubrication

The Rolier Foliower models include seal types imodel numbers: UL which are hoorgorated
with special synithetic rubbar seals that are highly resistant to wear in ardar taprevent farsign
matter from entering the interor of the rofer follovesr and the lubricant from kaking.

Same madals are nat filled with grease when assambled  Whan using a model nat tited with
grease, apply and fill grease to the nterior first iithium-based greass with consistency of Noo 21,

Model No. Gregase
MASTIR: \ No sedl setting Mot fill2d with
RNASTIRI BiEg SE
NAST-ZZR» | Without 324l Fitlad with
WNART-"VIR With seal Erease

The fubrication interval varies depanding on the aperating conditians.  As a guide. hawsvar,
replanish grease af the sane graup very Six Manths £ tea yaars for types with 3 cags, or
every one te B months for fullroller types.

Even with types equipped with seals & LU surplus gregse may s during the initial opera-
tion perind or immediately after resumption of grease replenishiment. IF desiring 1o avisld Comta-
mination af the surmounding area of the maching by grease. first parfarm ssasaning ar the jike
in advanoe, and then wipe the seeping surpius grease,
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AL N ESE §

Separable Tupe Witha C dnanicd Ot Arg

ablad]  ————  adr

LRt mm
Kadal No. Majar dimensions B | Mass
Cylindrical | e [eabedorck Outsr R
auter ring & ar D B\ =] f r EN | EN kM min'! d
MNAST & £ 10 1o | e | e&f na | o35 41 333 | onoon { 178
NAST & K 12 24 | 16 | == 1 e | SES 462 | 1Tonn | 2e
MAST 1C 10 14 20 1= 11.2 1.z (K @7 .5 12000 R
NAST 12 12 1@ 2 12 112 1.5 I R U S8 12000 | 28
NART 15 | 1% a0 = |12 {112 15 ] 05 (123 437 | 10009 | Az
WAST 17 | 17 22 47 {18 (1538 15| 035 {174 109 a3719 | 110
NAST 20 20 o3 A7 1% | 138 | 1.5 | aa |18l 127 2300 | tas
NAST G | 23 30 zo | 18 |38 13 ] 03 |z07 |28 141 Tonn | 180
MNAST =0 | 30 3@ e | oze (s 1= ] 03 {454 | 224 SED0 | A0
MAST =5 | 3% 12 72 | an [1es] 1= )1 fazzfsoe p 2nd 000 | M0
HAST 40 | 40 = R 1.5 B 4000 | 520
NAST 45 | 4% = az | 20 | 138 2 15 554 | 285 I ER
0 30 a) | 20 j1eal 2 1.3 718 | aaz 3500 | A33

MNAST 50

m Thes rotation spead MR wales 0 the tabk ) applies to modsds using graass ubocation, With
' thess Mokl wsing ol Lirication, up toc 1308 of this walue is permitted

Stainkess steel typas ane alsa available. Contazt o B fop details
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Sepratie Type ath a Spherical uter Ring

r
—t :
sl |
j
fi;

fAodal Mo,

Maior dimansions

Basic lnad
rating

Rutaticn
g it

Sylindrical | e md;":g“! ot co| oo
oubar ring di dr D B B r 1 kN LY nin*
MNAST SR 3 1 149 10 aa (.3 [ 312 435 20000 3
HAST B8R = 2 24 10 e 1 05 LES| S.2o 17 Q00
WASTYOR | 10 14 30 [ 12 [11e ] 151 05 ] o7 | 2 15
NAST 12R 12 17 22 12 11.2 1.5 05 | W4 1105 120000
MNART 18R 12 20 2K 12 F118 ) 153§ 25 | 123 {14.3 162017
NAST 17R 17 22 it 15 158 1.3 N | 174 2049 G500
MNAST &0R 20 &3 47 1a 128 1.5 N5 192 |24.3 #o00
MNAST 2568 25 30 a2 16 138 1.4 0.5 | 207 123.4 7000
FAST Z0R 3 a8 £ Z0 12.& 1.5 1 303 [45.4 EE00
NAST 2ER &2 e 20 12.8 1.5 1 322 1506 SO0C
MAST 40R R A 20 122 2 15 | 257 | A48 R R
MHAST 4ER =E at 20 144 2 15 P 3r g | 864 3003
50 ad an 198 2 15 | 387 | 718 33

NAST 508

Tree not ot Seeesd limit valls in the tade
b thoss miodels wsing off ubrication, up 1 1:30% of this vakes s pamitted,

Stainkess staal types arz alec availabba, Contact oo~ fordetais.

apples to madeds usihg greass ilvication, it
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J"r ~J ) ls

' Swzmb I;pe wh atAndiical Ok Rng nd A Paes

B Bt
B
2], e 2 1Bt
ol I l =¥ =] oo
40 ofi| ¢4 [ +—-—+ &di| sa
L N | » e
Miodel MAST-Z2 Moded NAST-ZZUL
pit: mm
) ) i Basic nad {Trad bad] Rettion _
hrckal Na. Fdajar dimensions rating capacity | spsss it rAass
. i Inmar | Dutar » N
Spherical e ter hamater v Lo
QUtar ring i O B B a 2 2 kN kM kN nre? a
MNAST G622 &) 113 14 1381 22 ne 412 435 354 20 o404
NAE:T Loy b 24 13 G I 2= (R eS| o 3.5 17000 22
NS T E R EEE R A - R - e
Nﬁk:ﬂ' T1els 2 2 1= 152 255 2.5 (I T O N O T 75 3000 75
NAST 15221 1% a5 1= 1.8 24 25 02 112 14.3 2.4 1010171 a3
NAST 1722 17 | 40 | 20 | 19813235 ] 3 1 174 | 20.9 9500 | 133
MAST 20Z2| 20 | 47 | 20 | 198} 38 3 1 j1es s 8300|193
NAST 2BZZ[ 235 52 20 | 1981 43 3 1 207 o8y Taon | 223
NasT a0z | 3o @ oee § 25 | ade|sns | 4 1& |03 1454 REOD ) 400
MAST ZEZZ | 35 e =5 248 | 53% 4 12 | 322 | SOE L5000 | =20
NAST 40221 40 20 2 - S D 12 227 [ 811 400 | F10
NAST 4577 45 | &5 | 28 | 2se| A28 | 4 12 [ 271 854 3000 | 740
MNAST BOZ7{ 31 an o3 2381 74 4 12 E337 | 718 2500 2an
Thee rotation spead Tmit wales 1 the ks i gopdies 1o madels that haes 0o saal and use greass

Lbrieatior, With theos modsks using ol LEric ation, Up to 1300 08 this valez i3 parminesd, Sith
thasz attachad with s2als. up ta A0% of this value is parmittal,

Stainless steal vypes are also available. Contact 17 0E tor detals,

The sea must be used at temperature of 2000 or baba,
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duclsl 1A o220

 SepratieTypew 3 Shaical s Aing @4 Sl=Pltes

Bi .

[ L w7y

R3O0, RSn0,¢
Model NAST-ZZR Modz| HAST-ZZUUR

Lnit; mm

Madel No. tAajinr dimensions Barsa';':;a"j T:r ';;: C!'ijé.d sz'__,j;af::{i't, Mass

Spherical | e | ouer C Ca

Qutar Fing i o B B =l KN kN kM nin’ o
NAST G27R| B 19 14 | 1as 112 ] 433 150 | conon e
NAST BZZR| =& =3 19 | 138 “Re | Lo 18 | 17000 | 2@
MAGT T0ZZR|  1m £ 1w | 152 | 225 | =7 Y Z 45 | 1s000 Er
MAST 122ZR{ 12 22 & | 128 | 255 [ 104 [ 1wz 274 | ta00 | 7S
HAST 1EZZR 1= 25 - 122 2 123 133 a4 111007 23
NAST 17Z27R 17 44} 20 1493 aza 174 aa sz Qa4
NAST Z0Z2R{ 29 17 on | 198 | 38 197 | o415 $A1 aann | 195
NAST 2527R] 23 5z 0 | 198 | 43 07 | o84 5.0 oD | 225
Ma&T 30ZZR| a0 2 = | 248 | sos | 303 | 454 RE S=C0 | 400
NAST 362ZR| = 7z 5| zag | o5 | S22 | t06 213 SA00 | B50
MAST 40ZZR[ 40 an 25 | 258 | 215 | 227 | 211 =21 S EEE
NAzT a87ZR[ 45 as o5 | 258 | aac | 371 | fA4 101 3000 | 7a0
NASTEOZZR] 50 an 25 | 058 | T 387 | 718 11 3500 | 830

Th& rotation spseed IR walus in the talke i gophcs te models that haes no seal a0 use grasss
[ i Sticn. Wi thoss models using off brication, up to 13008 of this valus s permitted. itk
thoga attazhad with s2als. up v A0%0f this vatue is parmittad.,

Stainless stedl types are also avadable. Contact 77 8 for details,

The seal must be used at temperaturs of 300 o beioe,
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Ll e

' hﬂﬂiﬂﬂ;‘[ﬂﬂmi' ,imwlmﬁrgaljthhnm

0 — gl

.
LIt nym
Madal No. Major dimeznsions Basiz load rating T:rglﬁ;;'i‘gd 523“;‘}.‘”1. Mass
Cylindrical '“fd’l'::':s:“‘a e o Ca
auter rng ar D B 3 kN kM kN niny! P
ANAST B v ia T.e .5 o4 o039 053 300000 20
BENAST & 10 14 52 .5 117 455 352 20000 X
FHAST = 2 24 FE 1 RS = 3.0z 17000 235
RMAST 10 14 ag 11.2 15 =7 3T sE4 15000 2.5
BHAST 12 = 32 11.2 13 104 .5 502 13040 49.3
ANAST 15 20 33 118 15 123 14.3 5a7 10030 N
RMNAST 17 oo 40 158 1.5 174 0.8 10.% asnn an
BMNAST 20 £3 47 15.8 15 19.2 4.5 127 BAN0 1335
FNAST 25 a0 i E) 1= 0.7 0.1 141 TO 152
ENAST 20 38 2 128 15 a0.3 454 21 SEO0 255
FEMAST 25 42 72 1.8 15 2.2 5 2 257 e a7e
BNAST 40 g 2 19.4 2 a5 7 216 2EG 4009 120
ANAST 45 33 g5 19.2 2 371 G54 285 3700 450
RNAST B0 51 Eh) 198 c 38.7 715 30.2 3300 300

Hut- The rrtation spesd limit value in the tablke & applies o modEs using greass Icaton. Aith
thoss madeks using oil Lbrsation, up e 1-20% o this walue s it
Stainless stesl typas & ako geallable, Contact R for details
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.--_'J'] IIJJ l-r3
-:qna’iemlmmmdmmﬂmdmmm
B
;
4D - 4
=— - —F
—'\-_,, —_— r
Rsnn
it mm
1 R R e i e .| Track load) Rotation P
Modael No. FMajor dimansions Basic load rating sapacity (spea it Mass
=rh &r Inscribad cincks | Cutar - >
Spherical dialmu'l Hameter C o
auter Fing dr ) B r kN kN kN min’ |
RNAST BH 7 15 T8 0.5 274 ol 102 SO0 =
RNAST &R 10 19 2.2 0= 1.2 .25 137 20000 129
RNAST SR 12 =4 R 1 T RS £ o3 1.85 170 235
ENAST 10K 14 A 118 1.5 a7 Q57 2 .45 12000 325
ANAST T2R 1o 32 11.2 1.3 104 10,4 274 130006
RNAST 15R 29 35 118 1.5 123 14.3 314 1001
BNAST 17R s 40 13.8 1.2 17.4 209 372 S
ANAST 208 on 7 128 1.3 1oz P 4.61 ga00
FHNAST cER il oz 1%.2 1. 207 %4 ] 7000
RNAST 208 32 = 12.2 1.5 20,3 454 £ EE SEOD
RHAST Z5R 42 72 192 1% 22 ] 813 20 7e
RNAST 408 50 [ 1928 2 287 a1.4 =21 4107 421
RMNAST 458 33 g3 192 i 371 564 101 407 51
RNAST HOR 50 ai) 19.8 - 387 71.8 1 3500 300

The ratation speed linit value in the table 3 applies 1o nedels using grease luicaticn. With
- thiose madsls using o uErication, up 1o 1 20% of §iis al 12 S pennitted,
Stairdess stooh types e akso availdls, Contact v T foe details



	1  Title Page
	2  Abstracts
	3  Contents
	4  Lists of Illustrative
	5.1 Chapter 1
	5.2 Chapter 2
	5.3 Chapter 3
	5.4 Chapter 4
	5.5 Chapter 5
	5.6 Chapter 6
	6 Bibliography
	7 Appendix



