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ABSTRACT

This research deal with the investigation of lubricating characteristic of full
circular journal bearings with vegetable based oil lubricants. Three vegetable oils were
mixed with two different viscosity index improver , polyisobutylene(PIB) and olefin
copolymer(QCP) by a low concentration (4% by weight) and also mixed with silicone
oil 2ppm. The relationship between shear stress and rate of shear of such oils was non-
Newtonian property that the viscosity increases as the rate of shear increases. This
phenomenon of viscosity change of such oils is known as dilatant behaviour(shear
thickening) which can be expressed as power-law model. A modified Reynblds
equation for steady state load under isothermal conditions has been derived for the
non-Newtonial lubrication using the fluid flow equation combined with power law
model. A modified Reynolds equation with the half-Sommerfeld boundary condition is
solved by the finite difference method to obtain the pressure distribution.

In the experiment, the bearing test rig with a axial groove in the middle of the
bearing has the slenderness ratios L/D of 0.49 and clearance 0.08 , 0.1 mm. at the
rotational speeds N of 200, 600 and 1000 rpm. The tests were conducted at bearing
load W of 98.1, 196.2 and 294.3 N. From the results, the pressure distributions along
the circumferential line are increase with increasing load for a fixed speed and also the

trend of the experimental results are in good agreement with the theoretical ones.
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1. Polyisobutelene

2. Polymethacrylate

3. Styrene based polyester

4. Styrene based copolymer

5. Ethylene propylene copolymer
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1. Zinc dithiophosphate
Phenate sulfide
Phospho sulfide
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4. Aromatic amine
5. Sulfurized esters
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1. Polyisobutenyl succinimide

2. Polyisobutenyl succinic ester

2.2.4 AIAMUMUMTTNNTO
9 = = 1 &£ - a s 1 o 9 as
AIRUNIUNMI ANUFE NI NTIWAAMTANNTD THAAINMTAANIOY a5 T 19iu
a0 18
1. Zinc dithiophosphate
2. Dithiocarbamate

3. Alkaline detergent
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1. Alkaline detergent
2. Alkenylsuceinic acid

3. Alkelate phenoxy alkalene oxide
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1. Sulfonate
2. Phenate
3. Phosphonate

4. Salicylate
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2. Styrene based polyester
3. Crosslinked alkyl phenols
4. Alkyl naphthalene

2.2.8 A13AUMUNIIAANDI(Anti-foaming agents)
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1. Silicone

2. Polycrylates
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4. wosliu Engler ( °E) 20 °c, 50 °c uag 100 °C
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Molecular weight Viscosity, mPa.s Viscosity index
40°C 100 °C

Paraffinic petroleum based oil
450 48.0 5.9 96
576 144.3 12.2 99
700 523 27.4 91
Naphthenic petroleum based
oil 49.9 5.1 23
349 131.4 8.3 8
383 485 133 -42
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Viscosity in €5t (em?/s)
0-°F(-18 °C) 210 °F (100.°g)
SAE viscosity no. Minimum Maximum Minimum Maximum
Crankcase oils
5W - 869 - -
10w 1,303 2,606 - -
20W 2,606 10,423 “« »
20W .13 9.62
30w 9.62 12,93
40W 12.93 16.77
50w 16.77 22.68

[ ¥ "
M 2.5 uaaemIsiiaInurHaves L nas AU M UgA TN I

Viscosity limits
Grade [m? [s(eSt) at 40°C)
identification Midpoint viscosity
(ISO VG) [am’® [s(eSt) at 40°C) Minimum Maximum
2 2.2 1.98 2.42
3 3.2 2.88 3.52
5 4.6 4.14 5.06
7 6.8 6.12 7.48
10 10 9.0 11
15 13 135 16.5
22 2 19.8 24.2
32 32 28.8 35.2
45 : 46 414 50.6
68 68 61.2 74.8
100 100 90 110
150 150 135 165
220 220 198 242
320 320 288 s
460 460 414 506
680 680 612 748
1000 1000 900 1100
1500 1500 1350 1650
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Viscosity , ¢St

-18 Temperature, *C o
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M3 3.1 udAHARAR YOS (MU IRTNAY)
i WO R WANAN*

WA PILITULNY 2572 3553 354
R 14,965 19,000 14,000
vsuddaa 3,028 14,000 12,000
Yt 10,288 16,500 14,000
yinfudamdes 6,104 13,200 11,000
dniumday 1,979 6,200 5,000
huwaathe 5455 3,000 2,500
vifuhdy 12,000 16,000 20,000
ﬁwﬁuazﬁa 2,704 13,000 17,000
Bu 4,000 5,500 5,000
SRR 60,523 106,400 100,000

g
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Lo a ° £ 4 w
duindumssunissmonuile Fedmlsznouvesnfiwesena(glycerol) AunsA

luTu(fatty acid)dail

H,C-0OH OH-0CR' H,C-00CH
HC -OH + OH-0OCR" ——» H,C-OOCH + 3H,0
H,C-OH  OH-OCR" H,C - OOCH
nAros0a A5 A Ty lasndrelsa
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3.3.1 ﬂiﬂhﬁuﬁ.uﬁ?(Saturated fatty acids)

n3a lusiududaiunsa i laidTusegdouble bond) aglulnseaths Famiveu
uAnzduume lyvzaeegiulelassuedinios 2 i mn'lu'ﬁyﬁuﬁ'wﬁmﬂ"lmﬁu?inﬁ'mq'
wnsz il fodeeehsn lutusniaiidus NIANAYTN(Stearic
acid) nsmhauiifn(Palmitic acid) nsAaBIA(Lauric) oz n3a'luSadnMyristic) iudy Tnse

¥ '
a$1aveansa lusumaril lduaas 13 luarsei 3.2

3.3.2 n3a lvaiu 13iduA(Unsaturated fatty acids)
ar 'Q’ o { 1 o 1 3 1 I o J J
n3a ludubisuda Alalelasmivoussilszneudiniusgaud 1 guszuly 3

° ' Y 4 ar ' a d 1 W w = & 1
Aunvsveaiuszguesna luiuuaazsiianvzunnaasueeny Tnethiliuszifuaiuey

b4
r L] = o =

ST UGS onuszIULTD WusRuIadug (conjugate double bond) Aananuiiua

¥
=4

pe19Aatl

@

-CH=CH-CH=CH-CH= WusRYITdLe
~CH=CH-CH, -CH=CH- AUD zﬂ:tm‘uﬁ‘w(isolate double bond)
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M3199 3.2 uarasInseadevesnsa luluailadien

Fovoansaluy $1uu gaslnseadi
CRHTL

NSANDIN(Lauric) C 12 CH,-(CH,),,-COOH

n3a luSafn(Myristic)y | C 14 CH,(CH,),,-COOH

nsnduiiAn(palmitic) | C16 CH,~(CH,),,-COOH

NIAMAYIN(stearic) C18 CH,-(CH,),,-COOH

n3a19adn(Oleic) C1&:1 | CH,(CH,),-CH-CH~(CH,),-COOH
niAdTuAsN(Linoleic) | C18:2 | CH,-(CH,),-CH=CH-CH,-CH=CH-~(CH,) -COOH
N3AA IuATN(Linolenic) | C18:3 -

CH,-CH,-CH=CH-CH,- CH=CH-CH,-CH= CH~(CH,),-COOH

d'. = ar :} . A
19749 3.3 wmmmﬂwu‘luumuwﬂs[s]

No. of Palm Cotton-  Rape- Soybean

carbon Coconut  kernel  Palm sced seed Tallow Tallow

atoms  Name of acid  oil oil oil oil oil (beef) = (mution) Lard oil

Saturated Acids

12 Lauric ... 44-5} 52 .k,

14 Myrnistic ... 13-1¢ 14-18  0.5-3 ) 1 }6 4.10 -2 1

16 Palmitic ... 8-11 79 3245 26-31 1-5 25-37 2438 22.3] 10

18 Stearic’l. 5. . 1-3 -3 4-7 3-5 1-3 14-29 15-30 16-24 2
Total (typical) .... 92 81 40-50 = 28-35 3-8 50-55 52-57 35-40 13

Unsaturated Acids

Monounsaturated

18 O e fvas 5-8 11-19  38-53 19-26 14-38 26-50 38-48 38-44 29

Diunsarurated

18 Linoleic ... 1.0-2.5 0.5-2 612  37-50 10-22 1-3 - 4-9 51

22 B oo 40-64

Triunsaturated

18 Linolenic .. 8-12 g s 1-2 7
Total (typical) .... 8 r 50-60  60-70 92-97 44-52 40-50 60-65 87
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3.4 nalnveamsiialfseneendintuyeainiuiy (Oxidation Mechanisms)
4 a - = ana a o
hifudnduarsiszneuduni(organic compound) mwsniRalAser0end ladu
1 a aa aaa ' % g & n’:
18410 FsmaiRnlgiterormdiuy§Asuuiuugn 19 (chain reaction) Feazalsznouliéan 3 du

v
AOU A9l

= a

e e Sy ‘ﬂ 2 - a A A ' z ;
1) VUITNAYU(initiation) | u'ﬂuﬂﬂu“Nﬂ-ﬁlﬂﬁﬂHHaﬂﬁiz HIDNLTUNIT radical chain

reaction

RH + 0, e ——— R*

Wo RH Ao nina lviu
R' 19 alkyl radical

RO, 0 alkylperoxy radical

2) i‘fyuuws’mzmu(Pmpagation) Lﬂuﬂfuwauﬁﬂwaﬁmz W30 free radical YUY
Tuiagayeseandiouiiaiiu wesoenddass(peroxy radical) Fansainfnsedu
Tuianavesnsa e wedaihy wosoon1sd taveyyasaszinlmi Y
FrrwsaduTungavoeandiono,) luamlasn Yhsungduiuaell
(3069 91in31 eonBiou wie R sxvua ) drumsdledoerludidesiuaish
TiiafusBenzaawdliig  msinlesoonlasmaiiveidiuganildAanzney

v
(sludge) M50 o101 Hlo(gum) Turinfudies

R’ + Oy =¥ RO,  (peroxy radical)
BG # RH —————— ROOH (peroxy)+ R’

ROOH —— RO O
2RO0OH e ROz' + .0
RO REH - e RO

¥
s

¥ ¥ [
3) YuAUYA(Terminal) voeffsen Wudufioyyadase wie free radical v

an

a @ Al o1 [ ° asn 2 & a
Ugnsnduies Taash luTadon1si§ATon(nonradical products)¥dinanin

. BYYABATLYDA peroxy radicals (RO,") il §iTonriuioadadi

e

R0, - iy RO R
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¥
4. IAANT cross terminal Y04 alkyl radical (R*) AV peroxy radicals (RO,") Al
R + RO, ————— ROR
Ed
f. 1AAN15R1URAT o1 UIBS U84 alkyl radical (R') A0 uIAa]

2R’ e RS

" ¥
3.5 msmumumsinaeendaduluniuiuiy
v

- ' S Vv ' o w A = = = aaa =
vnfindnuudidsdui duiuinduasiszneuduns Simusaial§soeentd

o 8 y : A lll as I,luar qQ 1 a aas
lawduldie  Tasmmzd lminiuisiinsa luduhidvaaegluTuegaun  sdalfisn
a @ Y Sy m = oo SR ' v a
pond lawduldie  duinddldlnsneeumashizinedudmie  minldmada

& o -~ n’a =y LK - 12 J
Ugnseeond lawsuia ldsnas nie liinaduae

- 3 o A =t Y a = @ ' :. o A
Tagdsndluinivisaziansdniumsiineond lamduoguTuanaveniiune

1 =1 4 4 : o 1 < o T )
a2 150 @15 ImlaWlsoa(Tocopherol) tazaus Wudw Faluhiuiidasriadeiivsua

yoaasunitos lviiy dauaasluaisnan 3.4

[ 9
M193199 3.4 uaasdsnavesans Inladsoaluinfusivstinn e

Tocopherois (mgjkg)

a-T B-T v-T o-T Total a-Ty T,
Anchovy 60
Capelin 435
Cocoa butter 11 170 17 2
Coconut 4 20
Corn 134 18 412 39
Cottonseed 573 40 317 10
Ground nut 169 5 144 13
Lard 7 2
‘Menhaden 30
Olive 93 v i
Palm 279 61 274 398
Rape 70 16 178 7
Safflower 477 44 10
Sesame 12 6 244 32
Soyabean 116 34 737 275

Sunflower 608 17 11
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0 v v
msmumumanaeendiwrunleg luiniuiriuesgniaeniegadelu
1 n’: = v a’: = =1 = 3 = - & A g/
SEMINTUABUNTTUIUMIHER  Aaiuds ldTmadumsdiumumsinasendadumudi 1y
Gy at { - 5 3 o aa 1 i % &
Tushwiudsdae msidud Tdee Tovds niodh lingad §isergnTaichain reaction ) F1019
2 ey 2 - . dayd e
Wty aeuEuAu(nitiation)n3e Tuduaeunsuninsze(propagation)i 14 Fusgiuilszian
' ¥ '
HATYHAYRIAIIAIUMUMIINABINTIATUITY miﬁ’mmuﬂmﬂﬂﬂanmm?uﬁ’ummﬁﬁeg‘
a a & [ a da 3 - i o -
Awfunmvriiadamazyiani Inssadeuanareduesn ) Tugis. uflumsuaaimaves
¥ ' v
M3 15uiu3a auGilicone)uasfumumsiiaeendinduldadluiniuihdurs) gy
o g 1 d & J - - = o :‘ @ M - '
MUIIAeINITA tazalosoon laaniiadussiinnionilon/SoumeududnTuneh 118
v ¥ Y
leviniudalau  1aze1nn13398909 Freeman[10] wuIMsHeuiuiuda lavaslyluthiu

ar o - A -~ =
Wydannsatlesiunsinianes1ddedaTassndve 14 utTnateslavyszunm 1-2 ppm.

201
s
'E T ¥ithout silicone
§ /
1.0
I 0.5¢ Silicone added
’ 1] !) (1,3,5,10,20ppa
. PRSI Min,
b 8 15 24
~———5 Beating tiwes (H)
? 104
L3
—s ¥ithout silicone
-
o
[
&
Silicone added
I zi ‘-—_—&‘_") U«J.B-m;?ﬂrp}
a < 5
(] ] 16 23

neeie  Baating time (H)

" . ¥
U 3.1 uarasmaveams lamsdumumsiaeendiaduluiniuthdy
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Ay : o &
3.6 pauanAve Ty
3.6.1 A1 ToA(lodine number)
Al o a 4 ol s o A U
Al Tedu AodwauniuvesleTeAudegngadu3deluiu 100 niu FadrloTofu
L " Vv
Hamnsouaasdsnnududmnndosvesnsa luiulwiniuiy  uazmsudsda(drying) 14
& 9 o’r L | 1 o et s ] 1 ¥ : L | -1 =t
wnnietesvoniniufivudazyiadndis  sndetwu  dniwfuiialaiinleToduge
v E £
' o W - oo o o 1
(Wszanu 160-230)Aueasiniiudissiatiudhniniudisdsannidudadry oil) uazdiia
¥ 8 ¥
1 o L") = -2 o o A
loTeauthunas@lszum 125-150)Auamainiiuissiatuduihiuitslszanawtads
1 E v v
(semi-drying oil) uafila1loTedum@loond 1200AuaasiniuTuRssia TRy

' & = o
Uszinn hiut A (non-drying oif) aanlo ToAu Iduaas13lumsai 3.5

] »
M13199 3.5 LaAInT 1o loAuve TN Uy

iiauo iy 7 A1lelodv
vhihuendas 7.5-10
vhtuahdy 44-60
g anos 120-141

3.6.2 9anaDunI(Melting point)

ey : @ 1 o o = 1 AA T
guansanmummrsaiiuiiyhdirgydnedianile [dunyanasumad u

s

4 P o ' :’ Y o = ny o
F9010M151903.6 szinInhiuthauiigprasumasgs Samh Idhiniuhaudsngdiului

b

=

{ 1 Iy L G’J LY Q.J ld'
mad fgangil 35°C dnphiuewimianiniudundes wagAnasuMalegnl sz

o s A ; : L%
25° waz -16°C mudev Fasin vy

¥ ¥
A13199 3.6 LAAIYANDBNIMAT YOI ITUNY

yiiavoniaiuy Anasuvad, °C
Vv
dfuihdu $5°C
:& as Vv
Unuuzwin L el
ol &
HIWUD AN DY -16°C
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363 fhﬂﬁ‘mﬂﬁﬂ(\fiscosity)

] ¥
annuniaduguanidnuansinnuannsalunmsdiumunsiva - windhi

'
@ o

1 5 ] n’.: (4 u’ | u’ @ 4 1
Avimanuniladinee lvaldnenaz dFuiduiniuivn dawluisuisfisnnunie
q

- |

o y:: ¢ 1 1 - : Y 1 e - | ot ' ar
1 ez ldudaninuini smanunilaveniniuiysluudazsiafz s uandresusen 1y

aaans 3 luasean 3.7

M3190 3.7 LEAAImIANNRI AUt T U Y

UMl ANUNTA., mPa.s
(DI AFYE)
funzndn i umios vty
25 k) o 73.3
40 317 334 42.3
60 18.5 20 23.7
80 11.1 12.9 12.9
100 ) 9.09 9.09

3.64 ﬂ'1'=1f'lﬂﬂuﬁﬂsﬂ%u(Saponiﬁcation number)
manlouiiindy Aedwulodniuves Tldmdoulense laakor #14lunsi

¥ . i 4
Tihdumielviunitn ©nfu naadiuay dmdeudaduidennsalfidugwonta

el . 1)

Fuius(double bond) woensalusiun hidudaifietunniedos sy drdmleviiie

& ot =] ' = o 1 W Aniia e T g o o 1 a
Fuimgaiuaasheziiusrguonsa luiunluduiegdes  Tumendusudmanoudisl

@ N.ig ' o 1 P [ ALy a M) :
mdulisinuaasiesiiuseguesnsa lului hisudogun - Fedmeuiifiaduveniy

L |

TuNrrina199 1duan 13 lumsian 3.8

[ 0 ¥
13190 3.8 uaasmndouiiinduve vy

e ' a o
F¥UANITUNY M1l outlingu
dfuuznin 246 - 265
: o o
Huhay 190 — 195
¥ "
idununaes 190 - 197
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3.6.5 migaduveuihiiunyiulanz(Adsorption)

1 Ed
nnfinauteduudnlutihwiuiivezdsznou lUdre Tuanavesnsa luifu(faty

] ¥
tedle o

acid) éaﬂxﬂszﬂﬂu"lﬂé"wﬂgwum(polar group) HIRABAIUYBY —COOH uazmﬁwﬁa‘?a
(non-polar group) ABAIUYDY —CH, c'x?amsﬁﬁfwaqmﬂ"lmﬁu1u1f1ﬂuﬁ°nf:sxﬁmmﬁ1ﬁig
othndena lnmsBamzvesnsaluiufuivealany nalamsdamevosnsalusuiio
Fun31 M3gATU(adsorption) Feannsaurisoon @i 2 uuy fail

5.1 miﬁ_]ﬂ’-’ff‘U‘VlNﬂ“lUmW(Physical adsorption n30 Physisorption)

]
= =

£ 4 ] ¥
NIRAFUNIINIWAINYBINTA lusiuuuid Tanzil fiaenmsNnyniida -COOH ) ¥u

¥
ot { o 1 &

a o 4 - S

dudmidilane  Swilesnnusidegameddnd nioMSeniuI s NAd(van  der
4 o d 7 da e @y oo Y a
walls) Tuvazi@eaiuneziondui WiV ~CH, ) Audmidui hillvaves Tuanawinide?
4
fu i ldiAenssosinehadusziiouveaagavesnia lufunseaiiuialan: (A
& A o o &

uaadlugdi 3.2) Aepamamnie lunisgaFunmenmiaz vl egR U (polar) Tuianaves

e
nsa luTuriatiugadn

3.6.5.2 ﬂﬁﬂﬂ“ﬁm 191A3(Chemical adsorption 3o Chemisorption)

E

msgadumunduensa lyiuyudilanzll | Aasinmahliisenuuesnsaluiiu
a = A ' s o v ' = aaa
nulany deegldasviznovveslans: niedGendienlad vndetiugu msnaljise
as o - b s - = = 4
Auvoansaamesnistearic acid) fulangnituman sznoldifamitsznevveslanzicon
' o = ) ' & o a o - &
JUMANMAITN(iron stearate) Unzwjvaslang winmansenlaa dwaaslugilii 3.3 Heoz
o ' L dd” ° a - 1 4 1 e,
munsgadumunifesiliinans ad wduvesay Tansdavznednilndiuinas (surface

¥
layer) aonsouia langwu'l3

ey i\ Intermolecular contadt
W‘ and load support
T

PERERAIICRERADDNOE (CH))

3UM 3.2 mIgatumamenmvesnsa lusiuuuiaTany
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ol e Iron
o SRl L MiROTRS

sl
R

317 3.3 msgadumanilvesnsa luliuuuiaTavy

9 aa - S\l A v < 4 4 4
msgadumuniiiionszimsadniumjvensaluivuufalansin dnngiize
Y o 1 a d: = ..‘} T s o - - 1 o
Tuaaaldimui msgadumaniiivednsafaiumjvensalviuuuialans Fezdoda

@ p -
Wuduuegaaeasouiiuiiveslans

y ¥
119 3.4 myadutuvesmjvesnse liuuuialans



UNM 4

%Tﬂinﬁ(Rheology)

4.1 ANUYNEVYBI3101aY

Flelatiduinifvdunmsiva Tasldunlsddgiineuiios suldun anwdu

& o/ L= - & Y
IRNOU DATIANUIATUARDU LHASANUHUA L‘ﬂumu

4.2 ANNFUNUBIZHNANUAMNDU BATIANUIATIMADH LAZANNNHA

definsandnnudiusszninsanaaisafiow tazanuduidoundl 1
ansautiaveved lmasenidu 2 vszinn Ae

4.2.1 o3 Inatia lafisn(Newtonian fluid)

isvzunves nafiuansmwduiuisynianudusendudadnlaoass wie
dududusvnnanunioamoudt vealvaii Indiou Fraunsodouogugilaumsg

¥

fatl
T=M— (4.1)

aumMsh (4.1) SonNNYeTIAUTINIVANUNTA(Newton’s law of viscosity) 1aufl 7 fiD

o du « Y =t - 2 ' o N
AU UINOU(shear stress)ilay —— AD DATINNUATYAINDU(shear strain rate) AU g 7D A
y

s A ) o o L)
anuniladuysal(absolute viscosity)amu1snilionnnudiug ey lugdvosnnumn

Wi p uazanumiiasarl v 14dadl
v=~£ 42)
P

4.2.2 ¥943 Ivaueuila lailsy (Non-newtonian fluid)
vos'lnavouii Taifisuszuaainuduiussenianududoulas 8031

= L] = 4 Ll ! e ;
anunioaiou liduiFadu Feansadouoglugdaumsaieg 1ddad
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e m(f‘-‘-J 43)

dy
T+ke = yﬁiﬁ (4.4)
dy
di
r=ry+yp-j;- (4.5)

1 ¥
Tuaums @.3) §1n = 1 voa luarivezduves Inatii Tadlow uazdr n > 1 vaslva
v v
vusziluves lvaveuiiaTaflvuriia laawmini@iaen ) vie 81 n < 1 vo lvatiuszidiy
vos lnawowiialafivusiiagylavaadn(pseudoplastic) daniuawnisi (4.4) §1 k = 0 vos
v v
Inaviusgduves Inailalaiion waz &1k > 0 voslumiuszdvuodlnaveuiialadioy
¥
wiiagy lanaadn(pseudoplastic) 139 61 k < 0 ¥o3 Inavuszituves lnaveutii Tadiouyie
laaumui(dilatant )
a o P - e - a o & -
AMTVAUMIN (4:5) 1515 0nvee IMaviatives Ivasianaradnilaey F99=5
anuduRuTIEnINmAMNRuRousUsas mIn e sl ut L v adumiousy
-y = 1 1 o 1 A o ﬂ‘. 1 n’
vo3 Inatia Tnitiou udemsfumsvdeauia laflounsaian @ ousduve e
T ¢4 o ; OO UITNTL My 'y P ;
Tnaluisudungud ¥ MInmMANUIAL@BNAYATNALTIT ANuduReuRYAnT N (yield
. ¥ P v A a A
point) T, 1av €1 r, = 0 velamauiAduasudeauialaion

ar & a 9 o e d 1 3 =) s =Y
ENNﬁ”ﬂTiﬂu“]?Jﬂ'ﬂi‘]ﬂlﬁﬂ\?ﬂ')'l”ﬁ”'ﬂuﬁigﬂ')1\1ﬂ1‘1“lﬂumﬂullﬁg BATIANUIATYUA

o
=4

|} - l§ = 1 o/
woulidududu Femuradiousglugiounisanng 18w

dud
Prandt] : T=Asin" —%—X (4.6)
dud
1 y e
E : = + Csin| — 4,7
yring B ( A] (4.7)
Power-Eyring : T=A EIE +Bsinh™'| C EE (4.8)
dy dy
Williamson vobam A i it | 90 (4.9)
dudy dy dy

= ' = 4 ' ) ' P
Tagh A ,Bluax C l‘ﬂuﬂ'lﬂx‘i‘h ("']N‘Jzﬁﬂ'luﬂﬂ?)Nﬂ‘N11]?11'1.11591?!31&1]'1]1]1?!6\1)
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Shear stress,T Bingham

Pseudoplastic

Newtonian

T. Dilatant

—»  Shear strain rate

o

71 4.1 nansardniuFssndnnmiduRsuiudanaunivaiioy

Absolute viscosity,LL
A Dilatant
Newtonian
Pseudoplastic
0 P Shear strain rate

~ @ o 1 @ o w =t
37 4.2 namannuduiutsznananuniladuysafueaIn A saRow

4.3 1n50ai03amas Talat

4 o el Y @ 1 a & 4
wieadetamailolatnldmuluilegiiuliogunnenaresiia alumsidenldinio

=t 9 o & o

-} - ﬂ’: ﬂl 0 o 1 & =2 1 - Ai
umua’lﬂuummﬂmauNmnmmammam"lﬁuﬂwmawm"lﬂamzmmmaauﬁ"zu
ar 1 1 F 3 A - ) = o = - 9 o di a -
#AF90191%Y MINAoan1s 1asoaletanies lelatnuest asneelsnumiosiannunia
LUUNWUULHLIZUI(Cone and plate viscometeiiudu 1n3esiioTanss Tolati 14y

arulng)1dun inIesiannumilauuunnumiu(Rotational viscometer)
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431 n5eaiAnNUMHIALUUIAY(Rotational viscometer)

- Cup

U 4.3 1InTeeTAnmTauu Uy

INTIIAR NN TANLUHA UMY (Rotational viscometer)Tt - az1szne11d1omse
nszvendeswu Alialaniy Teonssnszuondulusnlviensinszuenduivyuognie
1 A 1o d’ 9 1 \ 1 1 1
Tuvionsenszuennarsdaegiun - Tuns1dausy ldveunaiasllsgnitagdashavesrionsa

n’: a3 o o 9 A& < 4 8 M =
nIzueNNIFes ienensinszusndulunyussiinvearaunfeunnieldanuduidou 4
a J ar ao o a J &
INATUIINMIHYUYRININNIZUENIU TN nazifadnsnLnTeIRoRNAYY  Fan21
o w o 1 ¥y A @ Gl A a 3/
AUAUTITHIN ANNINUNBU UazERTINNUIATAREY anhinestw lddadunsvuans

m‘i'l‘ﬁﬁ(ﬂow curve) 14

aren =% - :" o 1 4’
4.4 guanianss Te Tadvenhiiuvdeny
¥ ¥ " 0
1n3U# 4.4 uamaduasmuanims Inavenilfueu@acspindle oil)firneuasiiy

- = ¢ o :I ar R e
gunw UszinnIndwes vila PB TuifSunar 2 wlodidudlamimin Wieumidsinay

¥
o

nilaldduiniuatiuda
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x10? :

; |
= — 2% Additive {polyiscbutylens)
_§ 5 sa0e lhleas\urcd points V '25:0
L (alculated lines ] 30
o == gl s
& e < R
3 ~ B S
E 2 9. a“Jr’Mi
v [ o]
i
7

6 7 8 30

o
N
()
o
o0

Shear rate 7 1/sec

' v
17 4.4 @dunswims lvave i Dudanaud 0PIy,

4.5 puiTuiAmMaS Yo Tadvainudly
4.5.1 iWunsmlms Thaveaiuiudundss
4.5.1.1 sﬁunﬂﬂﬂw"lwmaufwﬂm?'zmﬁ'aamﬁuPIBxLﬁvﬁyﬁuﬁ?ﬁTﬂu
NN 4.5 uﬁﬂmi’unﬂﬂammmi"lwmaqmuummaamnaumsmnqmmw
PiB ludSie 4 zﬂaszwﬂﬂuumunmmwnmmmmmﬂun ke TLEA Ty

Uium 2ppm imetlosfumsifnoondiasilanimudam Sos

80 T/ ———

| ]'**_25 & p
' a 60 ESe

(=
| &
) £ 404

|
o ]
SRSl T I s e |
! 0 'J T ]
! :

0 200 400 600 800 1000

i Shear rate, 1/sec |

' : ¥ ' ' L 8
Wi 4.5 idunamuaasnis naveainiudandosfinauocruas i 1uga Tny

»
L] o

v 1
45.12 :ﬁunﬂﬂnn‘lnmaqﬁm’uﬁ’amﬁmwanocpunzumunﬁﬁ'(ﬂu

P
gt 4.6 uﬁnanﬁunﬂﬂuﬁmmﬂnmmumummnamnanmsmuqmmw

ocP Tuf3um 4 woedudTavimin uavmuu«rﬁ'iﬂu'luﬂsmm 2ppm
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| R e s e s e s GVl e _]
s :
a1 |
40 - —— -~ e ]
P2 —HB—40C
DE'_BO 1T 60C Bl
£y | Mlic
| *amwe M
| 510 = :
’ l .
0 ; ‘ ' ?
|
!
0 200 400 600 800 1000 |

Shear rate, I /sec

v
a

Ui 4.6 idunsmluaaams Inaves U amaesNHauOCPiasi 1 LEE Tawy

¥
4.5.2 i duninis Imaveniiuyends
¥ v
452.1 1ﬁuﬂs1wmﬂnmmﬁ1ﬁuu:w%’n'JHﬁ:JPlBuazmﬂu%ﬁTﬂu
v ¥ . 1
nngii 4.7 amm;ﬁuﬂﬂﬂnmﬂams'lnammﬂmuu:w%’nﬁwﬁumsiﬁuammw PIB

ar

¥ »
5w 4iedidud Tantmiiauas g Tan G 2ppm

: 60 e )
j w5 O

I P ~8—-20C

" ‘é 40 4 —4—g60C

; § —>—80C

| 5 e

| g 20 __ﬂ X =S
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13101 5.3 aumsavgadveansaluuuiunm x :
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0 ow ;

] 01=0 (5.23)
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[ . Ed
Amuaiien lvueu(Boundary condition) Tugi 5.2 Aall

{. =1l fiy=0
(5.252)
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(5.25b)
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(5.25b) 9214
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E(H %]4.2[“ M)=@ (5.28)
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hJ) h 20, olnp’ ox
1.4 —=—
8In1%
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2p, 1+_(?_1_r_1p' oz
aInl"
2 (U, =U MWy - W) op’
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iCL,_ =-V (5.42)
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o1h™opl o h™aop |_U'Sh ey (5.48)
ox|12m ox Gzl 2m oz 200
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Tao# U fio A5 IMA0UWa1 @94 m 1AL n A viscosity consistency HALAIAYT

o : o @ & P
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muldanizgungiinsfi(isothermal condition) dumsanunilam idein
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“= m(ﬂ] (5.51)
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W, :—J:' El pRcos0dbdz

(5.53)
W, = ff PR sin 6 d0 dz
nauns e sHmannsadsueg1lugl 1953 18
W, =~ [" peosododz
(5.54)
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. - 2 0

W =n(W, ] +(W, ] (5.55)
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o? p Pl+11 Zpi,j ki l5|-1,j

2 (a0)

_p = pl,j+1 = 2F"i,j 1 pi,j—l (5.58)
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% = —e(sin 8)
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6.5 WIIUNYNATRY
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m'q'nﬁ (Reﬁnmg process)um e I 18RI T YIUMSAN ™S Antioxidant YhsutsRezai

smameud 1un Wiudamdes shinhdy  uaniiuuzndn Taohniufsudazyila
srhimsfvmsiugunm(Additive)roslszinn Yszianusn’ld

U T"HﬁvlfJT“b’ﬁ'.lﬁau(Polyisotulene,PIB) uﬂﬂﬂﬁﬁuiﬂTwau.lﬂ{(Oleﬂn Copolymer,OCP) ‘#N
uAazyiavzganauaslnitiulnlFnn 4 nlofdudlaniimin wiouiananihiugalay

u

¥ " 3
TuaSum 2 ppm Tanhiuitsilflunsmaneaiiimamun 6 Usznndad

oy o

111113 1+PIB 4% # silicone oil 2 ppm.
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- 1012 99+OCP 4% +silicone oil 2 ppm.
UNZW319+PIB 4% + silicone oil 2 ppm.

UUENF121+OCP 4% + silicone oil 2 ppm.
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- e wd 14 PIB 4% - silicone oil 2 ppm.

PlungW319+0CP 4% + silicone oil 2 ppm,

Msnaaoin i lo labldvin1smanesfiies Lubrication  Laboratory ¥94n1A3%)

IMINTTNATONA AuIMINTIUMTAT Aorfumaluladnszrominduinummsaanszils
o 4 1 & J

gunseinldlumsmanoutio PHYSICA {u RHEOLAB MC120 Ssgnoenuuuiazadioty

4 @ {
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7.1.1 Rotational viscometer unit
7.1.2 Refrigeration unit

7.1.3 Interface unit

7.1.4 Computer unit

7.1.5 Printer unit
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Printer unit — Comnuter unif Interface unit

Ui 7.1 uaasriylaezunsuuasgiingal Rheology lab test

3UN 7.2 uamsnnueeginsal Rheology lab test
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7.2.1 myapuiouginsaliannudu
unsaldmsuianuduvesildininiuil$lunismanesluinerinugiiae Pressure
transducer Saufugunsafiad1atunneinstain gage lumsaeuifisunivesqinsal Pressure
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prob¥®4 Pressure transducer n’hh"um%"m Dead weight tester uddemumeves Pressure
transducer 191111 Strain indicator Tﬂumum?m Switching & Balancing Box ﬁillﬁﬂﬂuzﬂﬁ 7.3
nmhdahmslddewmihmindfivuadousihdunnudu 05 kg/em’ D9UU Dead weight
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7.2.1.1 Dead weight tester
7.2.1.2 Dead weight mass
7.2.1.3 Strain indicator

7.2.1.4 Switching & Balancing Box
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1. ANNATOIUMIFUMNIZNTIBIAUVDINUIBIAYU (Bearing load carrying capacity)
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—B— Soybean oil+PIB4%+Silicone at N=1000,C=0.08
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2. HEVRNNHHINIBMIZNNAVUMUIBIAU(Efect of bearing load)
A i 4 da a " A o w
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Dimensionless pressure

P

Dimensionless pressure
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0.08 —0— Palm+PIB+Silicone at Load=98.1N
~——0— Palm+PIB+Silicone at Load=196.2N
——a&—— Palm+PIB+Silicone at Load=294.3N
0.06 ---0--- Palm+QOCP+Silicone at Load=98.1N
-==0--- Palm+QCP+Silicone at Load=196.2N
===A--- Palm+OCP+Silicone at Load=294.3N
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Dimensionless pressure
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Dimensionless pressure
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—0— Palm+PIB+Silicone at Load=98.IN

—o— Palm+PIB+Silicone at Load=196.2N o A
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Dimensionless pressure
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Dimensionless pressure
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0.15 —0O— Soybean +PIB+Silicone at Load=98.IN
—o—— Soybean +PIB+Silicone at Load=196.2N
—a—— Soybean +PIB+Silicone at Load=294.3N
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===0--- Soybean +OCP+Silicone at Load=98.IN ‘.-A’ : "‘.
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---8--- Soybean +OCP+Silicone at Load=294.3N '
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—— Soybean +PIB+Silicone at Load=98.1N
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3. HAVYRINNNITI (Effect of Journal rotational speed)
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ABSTRACT

Vegetable-based oils are not only biodegradable but also environmentally
advantageous, while the range of lubrication applications offered by vegetable-based
oils continues to grow. Recently, the vegetable-based oils are combined with synthetic
esters and they become modified vegetable-based oils.

This paper presented the theoretical characteristic of hydrodynamic journal bearing
with non-Newtonian soybean-based oil. The soybean-based oil ‘was mixed with
synthetic esters and silicone oil. The relationship between shear stress and shear strain
rate of the oil was obtained experimentally. The time dependent modified Reynolds
equation included non-Newtonian effects was formulated for circular journal bearings.
Perturbation technique was applied to the Reynolds equation to obtain zero order
pressure and first order pressure equations. Finite difference method was used to
calculate the pressure distribution numerically.

In this paper, the static and dynamic characteristics such as pressure distribution,
Sommerfeld number, attitude angle, spring and damping coefficients are obtained
numerically. From the results obtained, the nonlinear factors of the non-Newtonian
soybean-based oil have strongly effected the performance characteristic of journal

bearings.

Keywords : Non-Newtonian Lubricant, Perturbation Technique, Bearing
performance Characteristic, Modified Reynolds Equation
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1. INTRODUCTION

It is well known that fatty acid composition in vegetable oils give good lubrication
property. The fatty acid composition is determined by the ratio and position of carbon-
to-carbon double bonds. The long carbon chain generally held together with zero to
three double bonds called oleic, linolenic and linolenic fatty acid compositions
respectively. The polarity of fatty acids will absorb on metal surfaces by producing
oriented molecular film on the surfaces which given oiliness and antiwear properties.
Therefore, fatty acids are believed to be the key substance in their lubricity.[1]

In this study, the additives for soybean-based oil “are S5ppm of silicone oil
(Dimethylsiloxane polymeric) for antioxidant [2], diester(Di-2-ethylhexyle sebacate) as
a lubricity and viscosity index improver[2] and high molecular weight polymer(Poly-
isobutelene) for specific viscosity index :mprover. The viscosity of such a lubricant
increase with the concentration of the additive and is relatively dependent of
temperature. This lubricant exhibits a nonlinear relationship between shear stress and
rate of shear flow. Horowitz and his coworker [3],[4] obtained the analytical pressure
distribution for a finite width full circular journal bearings by approximating the shear
rate. with a cubic equation of shear stress. Hashimoto and Wada [5] examined
theoretically the combined effects of nonlinear characteristics and fluid film inertia and
the dynamic behavior of circular type squeeze film bearings. However, the static and
dynamic characteristics of short journal bearing with soybean-based oil still not
clarified.

In this paper, the static and dynamic characteristic of infinitely short journal bearings
with dilatant lubricants is examined theoretically based on nonlinear analysis.

Nomenclature
b, = damping coefficients
b ; R g : : S = Sommerfeld number
Bj; = dimensionless damping coéfficients, - :
% h = film thickness
nSC b'} H
WR’L h = dimensionless film thickness, C
kj; = spring coefficients e = eccentricity
K = dimensionless spring coefficients, £ = eccentricity ratio
nSC Jk,j o = lubricant viscosity
UR? Lo ® = attitude angle
P o ® = angular velocity of rotating shaft
= flm pressure z = axial coordinate
= dinemsionless film pressure, 3
PC? Z = dimensionless axial coordinate —
- L
UR ® 0 = circumferential coordinate
2 =
: uU 4§ time : :
5 = nonlinear factor, k c F.,F, = dimensionless radial and tangential

fluid film force components
R = journal radius P
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2.THEORY

2.1 Flow Characteristic of Soybean-based oil

In this study, the refined soybean oil was mixed with 3%diester, 4% polyisobutylene
and 0.02%silicone oil by weight. The flow characteristic of soybean-based oil was
investigated experimentally by using the rotational rheometer according to DIN 53019
standard test method as shown in Fig].
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Fig.1 Flow characteristic curve of soybean-based oil

The soybean-based oil has non-Newtonian behavior as dilatant fluids. The
constitutive model can be approximated as the shear rate with a cubic equation of the
shear stress:

T+ ke =u% ? (1)
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where 1 is shear stress, y = shear strain, k is the coeffi
the initial viscosity and ¢ is time
2.2 Modified Reynolds’s equation

cient of dilatant fluid, p is

Fig .2 Geometry of circular journal bearing

The nondimensional modified Reynolds’ equation can be derived as
0 | op ol (oPY [ ITTTDY! 8. Jrde-a /BN (el von | 5
%115 20 58k | 2 X § Pt G X SAEHEEY e YO | ok @)
0 |12 66 80\ 80 a\L'j ez [|128z 4l 80\ oz 2009 ot

The dimensionless film thickness % of citcular journal bearings can be written as:

h=1+¢gcosB

3)

Under the assumption of infinitely short bearing; the dimensionless modified
Reynolds’ equation is obtained from equation(2) as follows:

1(DY 8 [n aP 1( DY W (ePY) 1orn an
1 Bl . ety e B e B B S (4)
4\L) z|128 4\L) 80\ & 200 o

The film pressure can be expanded accordin

g to the nonlinearity of the non-
Newtonian lubricants & as follows:

P=P+8P (5

Substitute equation(5) into equation(4), the zero order fi

Im pressure component and
the first order film pressure component and expressed as

L A

1I(DY afrn* o) 160 &k
A7) ol =t ©)
4\L) |12 a2 ) 280 &
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a\L) &|122 4\Z) %0l %

The following Half-Sommerfeld condition is applied for the dimensionless film
pressure components equation (6) and(7). The boundary conditions at inlet and outlet
along the axial direction can be expressed as:

Fy(0,0,t)=P(01,t)=0

8
F(6,0,t)=P(6t)=0 ®
The dimensionless zero order film pressure component, Py and the dimensionless

first order film pressure component, P, were obtained by integrating equation (6) and
equation(1) with respected to z respectively and applying the pressure boundary
conditions equation(8). The dimensionless film pressure components can be expressed
as:

A 3[s[%—+9)sm9—écose](2—zz)
P=AE , 9
: [D) (I+&cosb)’ &
I Uy HENL IV g
3 [s[-é-i-éjsine—écoseJ (52_ - z2? -523 ———3-2"]
P =—3110.4(£J : (10)
D (l+8cose)

Substituting equation (9) and equation(10) into eguation(5), the dimensionless
dynamic pressure distribution can be written as:

JsinG—écosB](z—zzj

(1+ecos 9)J

3
. (--l-+éjs.’ne-écos9 (éz--l—zz—g- 3-1-2‘)
(L] L A2 & 3 3

-843110.4) —
<A D (1+&cos6)

ol

(11)
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The dimensionless oil film force components in radial and tangential direction F, and
Fy are obtained by integrating the dimensionless film pressure as

2 18,
£ = CJFE =~ [ [Pcos6 dod: (12)
pRLe. 5,
C’F, A
Fy=—* =—[[Psin0dodz (13)

i 3
* uRle -

where the dimensionless oil film pressure, P-is equal to zero at the position 0 = 0,

The dynamic spring coefficients can be calculated as:

- B (5 + A4€) 9,,00]~ £, [( + A8) 9,,0,0]

e gar:” (14)
2 I 8 [801 (‘Po + A(P)»O’OJ_ "\ [80:((90 o A(p),0,0]
K, = (15)
2A0
Similarly, the dynamic damping coefficient can be caleulated numerically as:
ng = FE [Eoi(pO'Aé’O]_F%[EC”(pO’(— AE)'O] (16)
24¢
5 o Fole0:90,0.00]+ A fe5,00.0,(- 29)] i
i 2A¢
3. NUMBERICAL RESULTS

Static characteristic of the short full circular Journal bearings lubricated with
soybean-based oil was calculated numerically at varying eccentricity ratio. In this
simulation.The journal bearings have length to diameter equal to 0.25 and radial
clearance ratio equal to 0.004. The journal is operated at 1000 rpm. The oil film pressure
distribution along axial and circumferential directions are shown in Fig.3, Fig.4 ,Fig §
and Fig 6 respectively. The variation of load carrying capacity and attitude angle are
shown in Fig.7 and Fig 8. The oil film pressure and load carrying capacity are decrease
with the soybean-based oil temperature and increase with the nonlinear factor.
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In this paper, the effects of nonlinear dynamic behavior of short circular bearings
with non-Newtonian soybean-based oil was examined theoretically. The spring
coefficients and damping coefficients are shown in Fig.9 and Fig.10 respectively. The
spring coefficients were increase with the magnitude of nonlinear factor and slightly
increase with the soybean-based oil temperature. The damping coefficients were also

increase with the magnitude of nonlinear factor and slightly decrease with the soybean-

based oil temperature.

4. CONCLUSION

In this paper, the static and dynamic characteristic of full circular bearings with non-
Newtonian soybean-based oil has been investigated theoretically. It was found from the
numerical results that nonlinear factor is greatly influenced on oil film pressure, load
carrying capacity, spring coefficients and damping coefficients.
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Fig.7 Load carrying capacity with nonlinear factor
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ABSTRACT

Vegetable-based oils are not only biodegradable but - also environmentally

advantageous, while the range of lubrication applications offered by vegetable-based
oils continues to grow. Recently, the vegetable-based oils are combined with synthetic
esters and they become modified vegetable-based oils.

This paper presented the theoretical characteristic of hydrodynamic journal bearing
with non-Newtonian soybean-based oil The soybean-based oil was mixed with synthetic
esters and silicone oil. The relationship between shear stress and shear Strain rate of
the oil was obtained experimentally. The time dependent modified Reynolds equation
included non-Newtonian effects was formulated Jor circular journal bearings.
Perturbation technique was applied to the Reynolds equation to obtain zero order
pressure and first order: pressure equations. Finite difference method was used to
calculate the pressure distribution numerically. :

In this paper, the static and dynamic characteristics such as pressure distribution,
Sommerfeld number, attitude angle, spring and damping coefficients are obtained
numerically. From the results obtained the nonlinear Jactors of the non-Newtonian
soybean-based oil have strongly effected the. performance characteristic of journal
bearings.

Keywords : hydrodynamic journal bearing, non-Newtonian lubricant, perturbation
technique, static characteristic, dynamic characteristic

INTRODUCTION

It is well known that fatty acid composition in vegetable oils give good lubrication
property. The fatty acid composition is determined by the ratio and position of carbon-
to-carbon double bonds. The long carbon chain generally held together with zero to
three double bonds called oleic, linolenic and linolenic fatty acid compositions
respectively. The polarity of fatty acids will absorb on metal surfaces by producing
oriented molecular film on the surfaces which given oiliness and antiwear properties,
Therefore, fatty acids are believed to be the key substance in their lubricity',
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In this study, the additives for soybean-based oil are Sppm of silicone oil
(Dimethylsiloxane polymeric) for antioxidant, diester(Di-2-ethylhexyle sebacate) as a
lubricity and viscosity index improver and high molecular weight polymer(Poly-
isobutelene) for specific viscosity index improver. The viscosity of such a lubricant
increase with the concentration of the additive and is relatively dependent on
temperature. This lubricant exhibits a nonlinear relationship between shear stress and
rate of shear flow. Horowitz and his coworker* obtained the analytical pressure
distribution for a finite width full circular journal bearings by approximating the shear
rate with a cubic equation of shear stress. Hashimoto and Wada’examined theoretically
the combined effects of nonlinear characteristics and fluid film inertia and the dynamic
behavior of circular type squeeze film bearings. Hsu‘ has introduced the cubic shear
stress law for the non-Newtonian lubricants and has. studied the static performance
characteristics for infinitely longbearings. However, the static and dynamic
characteristics of short journal bearing with soybean-based oil still not clarified.

In this paper, the static and dynamic characteristic of infinitely short journal bearings
with dilatant lubricants is examined theoretically based on nonlinear analysis.

THEORY

Flow Characteristic of Soybean-based oil

In this study, the refined soybean oil was mixed with 3%diester, 4% polyisobutylene
and 0.02%silicone oil by weight. The flow characteristic of soybean-based oil was
investigated experimentally by using the rotational rheometer according to DIN 53019
standard test method as shown in Fig. 1.

Nomenclature
b,j = damping coefficients S = Sommerfeld number
B; = dimensionless damping coefficients, h = film thickness i)
3 h
nSC bf;r h = dimensionless film thickness, —
3
HR L ) e = eccentricity
ki = spring coefficients , € = eccentricity ratio
Kj = d1mens;onless spring coefficients, n = lubricant viscosity
nSCk, ) = attitude angle
LR’ Lo o) = angular velocity of rotating shaft
P = Al cmemire z = axial coordinate
z
P = dinemsionless film pressure, 7 = dimensionless axial coordinate —
pC? 5
- ¢ = circumferential coordinate
MR @ t = time
ulU : F.,F, = dimensionless radiaband tangential
4 = nonlinear factor, k c fluid film force components

R = journal radius
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Fig.1 Flow characteristic curve of soybean-based oil

The soybean-based “o0il has non-Newtonian behavior as dilatant - fluids. The
constitutive model can be approximated as the shear rate with a cubic equation of the
shear stress:

ket e Y (1)
dt
where 1 is shear stress, y = shear strain, £ is the coefficient of dilatant fluid, p is

the initial viscosity and ¢ is time



Modified Reynolds’s equation

Fig .2 Geometry of circular journal bearing

The nondimensional modified Reynolds’ equation can be derived as

0 [b* o hEPYATIDY 0 k% 0P 1 (DVuh®fap Vil ich\ oh

vt ety f eo g £ - 15 - @i Rl pag ) 1 =——+— (2)

(1280 800 4y Oa13 02)04\{ N 30tos 200\ | ot
The dimensionless film thickness /4 of circular Journal bearings can be written as:

h=14gcosB (3)

Under the assumption of infinitely short bearing, the dimensionless modified
Reynolds’ equation is obtained from equation(2) as follows:

1(DY' 3 [h™éP. “1¢(DY hifopN'] “1h oh
1| =i NI 8—] >l T 0 (4)
4\L) 02112 oz2N\M\\ {1 80\ oz 200 -6t
The film pressure can be expanded according to the nonlinearity of the non-
Newtonian lubricants, § as follows:

P=F,+8P 5)

Substitute equation(5) into equation(4), the zero order film pressure component and
the first order film pressure component and expressed as

1(DY a(n R\ 16h on
= =52 =222 6)
4\ L) o2\ 12 &z 200 o i
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The following Half-Sommerfeld condition is applied for the dimensionless film
pressure components equation (6) and(7). The boundary conditions at inlet and outlet
along the axial direction can be expressed as:

Py(0,0,t)=Py(8]1,t) =0

8
R(8,0,t)=P(011)=0 g
The dimensionless zero order film pressure component, Py and the dimensionless

first order film pressure component, P, were obtained by integrating equation (6) and
equation(1) with respected to z respectively and applying the pressure boundary
conditions equation(8). The dimensionless film pressure components.can be expressed
as:

)sz‘nG—écos 9}(2— zz)

45

P, =24 — 9
: D (1-+gcosb)’ o
1 s, §
I 4 [5(5+é)5iﬂ9“‘é6‘0§6] (-2-2"' 522 '—523 —524J
P =-3110.4[—) , - (10)
D (1+€cos0)
Substituting equation (9) and-equation(10) into equation(5); the dimensionless
dynamic pressure distribution can be written as:
$ [8[—1 - 9)51‘;19 - écose}(z - zz)
L 2
p:zq{_] 3
D (1+€cos0)
3
’ [ (; - stine—écose} (g z-—%z2 - -2—23 - ; z‘]
=3 3110.4(£J —
D (1+€cos0)
(11)

The dimensionless oil film force components in radial and tangential direction F, and
F, are obtained by integrating the dimensionless film pressure as
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C2_ 18,
F = '1 - =-Jchosed9dz (12)
R Loy 5
C’F 15
Eia ? = [ [PsinOdedz (13)
’ puR’Le Jof

where the dimensionless oil film pressure, P is equal to zero at the position 6 =8,

The dynamic spring coefficients can be calculated as:

o Fa[(“:o i Ag), ¢0,0,0]- F‘[(g A Ag), Ps rOrO]

s s (14)
K, = = [Eur (¢o o A¢),0,0]— Fw[go / (¢0 \y A;é),0,0] (15)
2A¢
Similarly, the dynamic damping coefficient can be calculated numerically as:
Bﬂ_ 2 /:[[50,¢0,A£:‘,0]"‘ f-s.[g(}l ¢0l(— AE)’O] (16)
2Aé
. Fw[gor%rolA¢]+Fa[50'¢0!0'(_ A¢)] 17)
3 2A¢
NUMBERICAL RESULTS

Static characteristic of the short full circular journal bearings lubricated with
soybean-based oil was calculated numerically at varying eccentricity ratio. In this
simulation, the journal bearings have length to diameter equal to 0.25 and radial
clearance ratio,C/R = 0.003 to 0.004. The journal is operated at 1000 rpm. The oil film
pressure distribution along axial and circumferential directions are shown in F ig.3, Fig.4
,Fig. 5, Fig. 6 for C/R = 0.004 and Fig.7,Fig.8,Fig.9,Fig.10 for C/R = 0.003 respectively.
The variation of load carrying capacity and attitude angle are shown in Fig.11 and Fig
12 for C/R = 0.004 and 0.003 respectively. The oil film pressure and load carrying
capacity are decrease with the soybean-based oil temperature and increase with the
nonlinear factor.
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In this paper, the effects of nonlinear dynamic behavior of short circular bearings
with non-Newtonian soybean-based oil was examined theoretically. The spring
coefficients and damping coefficients are calculated as shown in Fig.15,Fig.16,
Fig.17,Fig.18 for C/R = 0.004 and 0.003 respectively. The spring coefficients were
increase with the magnitude of nonlinear factor and slightly increase with the soybean-
based oil temperature. The damping coefficients were also increase with the magnitude
of nonlinear factor and slightly decrease with the soybean-based oil temperature.

CONCLUSION

In this paper, the static and dynamic characteristic of full circular bearings with non-
Newtonian soybean-based oil has been investigated theoretically. It was found from the
numerical results that nonlinear factor is greatly influenced on oil film pressure, load
carrying capacity, spring coefficients and damping coefficients.

06 | =06 35 B %
05 i W3 {
E ] 5
; 04 | f) 251
2 | 8
§ m] I %= 60yC g
n e £.15
§ 02 - D-apke g
E i P =1 00 E
g 014 E
E A
a
pl--— BB =S Je MU N o ) O _
0 ¥ i i = = i 03 A4y —oal ] o8 L
Fig.3 Static pressure distribution along z Fig.4 Static pressure distribution along z
axis for £ = 0.6 and C/R = 0.004 axis for £ =0.8 and C/R = 0.004
44 e=08
|
g/ P e T = g0SC
g 1 w-x T=. 80 °C
g § 925 4 =-T =[be"p
g £ 6%
- & 18!
8 =
£ R
8 £ o4l
§ o 0s :
E - ! 0 $ . R i
o ‘ 50 100 150 200 k5 G B Vid 208
01 1 ]
Fig.5 Static pressure distribution in circumferential Fig.6 Static pressure distribution in circumferential

direction for & = 0.6 and C/R = 0.004 direction for & = 0.8 and C/R = 0.004




o

06
e=0.6
0s ,-_.‘.‘7'-:::7:'.:-_.\
-~ “Ta
@a D
4 0.4 9
a N,
o
3 %
%
= 03 7/ \.‘
2 s A
2 J ¥ \‘\
ué 02 l / ek 2L e
i/
A SRR T T= 80°C N
o e T 0N C
i
/] ol 02 n3 04 0.8 06 07 LIRS 0y

Fig.7 Static pressure distribution along z axis
for &£ = 0.6 and C/R =0.003

35
] =08

3
= '2.541 o
5 H \.'723_
g 2J BN
o | L
g s %
2 ]
a1 ——=—T= §0°C %,
& J "-‘.
g 20 o AR e T= 80°C \
£ gs! / ———Tm| 00 °C
= ¥

70, o, B2t

Fig.8 Static pressure distribution along z axis
for & = 0.8 and C/R =0.003

06 e =0.6
03 ;::":?‘
o \
"4 '
4 .
w / ¥
g 04 R \
8 J ‘-.
- ] 4 !
3 Bl = el 3 = rof
3 | I'= 60 C i
P
R TR8C 7 ‘
(=] H - i
R —T=RRC </
& | ‘
g
v '
a 0.1 _,"’ i
- 1
------ 1
_____ H
T SR e, W, ! L PR x
[ 0 4 ] 50 100 10 140 160 80

Dimensionless pressure

£=08
35 { /;\\v
3 Fa
} P T
251 b '
i A )
RS B ‘ b
! T= 6gC \
Wy o ema-- T=#6°C :
7 —T £}00 °¢ ! :
, / ;
05 ! P \
0+ ‘ ‘ ?"—f: s L =1
O NS w o o w1

Fig.9 Static pressure distribution in circumferential

direction for £ = 0.6 and C/R = 0.003

Fig.10 Static pressure distribution in circumferential
direction for £ = 0.8 and C/R = 0.003

12
2 0] ———7=40°C
e e = 30 °C
3 T [0 T
oo |
£ 5
B
'g |
g
0 - T ey e
0 0.2 0.4 0.6 0.8 | E

Fig.11 Load carrying capacity for C/R = 0.004

335
1 ———T=60C
D gy mmm=- T=80C
g L TGO
¥
50 j
B g
£ i
3
- i
= ‘
.3 b3 N
ok shese it
L] o 02 a3 a4 o3 oA a? o :’

Fig.12 Load carrying capacity for C/R = 0.003




— 90
xS T T=60°C |
5 T T BT /
(67 S : = T=100°C ’,"‘
0.4} R \ 5
st
e
Gt eI ’,
(i e
£ e,
he i //\
0.8} s P
// T
oAl
! I 5,’/: o
0

Fig.13 Variation of attitude angle and
eccentricity ratio for C/R = 0.004

133

60

Fig.14 Variation of attitude angle and
eccentricity ratio for C/R = 0.003

= \\ 7 Ko bdec
- = Ky, at60°C
200 1 \\ 9K arfopc
@ ] ~ . Kyt 80°C
k> S | =N arfensC
2 — K45 al100°C
L [
S 100 |
50 E
o |
= |
@ 501
0 . A
0 0.2 0.4 06 0.8 1
g

Fig.15 Spring coefficients and eccentricity ratio of journal bearings

for C/R = 0.004



439 |- Koguooc
40
3 i ot 60T
£ 35 - ged
8 304 (|~ “Koat80C
= 4 .
g 25 "_K¢8at80C
S 20 - :
Eﬁ I e e K88 at 100 C
.
10 4 | — j
cg. K¢eat100C
5 -
0 I I ¥ T
0 0.1 0.2 0.3 0.4

| T T I |

0.5 0.6 0.7 0.8 0.9

Fig.16 Spring coefficients and eccentricity ratio of journal bearings

for C/R = 0.003

Damping coefficients

0.2

By at 60°C

- == By, at60°C
---- By ar80°C
— = By at80°C
Bgy ar100°C
—By4 at100°C

04

Fig.17 Damping coefficients and eccentricity ratio of journal bearings

for C/R = 0.004

134



"85

100 ]
3 0 s s T
o -1004> 0.2
&‘-‘- -200 - — Byt 60°C
3004 _ B .
o Lo bdnt 60C
. 4
£ ——B_.at80'C
2 -500 - edf
ﬁ -600 - Byt 80°C
R 700 - .
_Bad)at 100 &
-800 -
= —B¢,¢at 100°C

Fig.18 Damping coefficients and eceentricity ratio of journal bearings
for C/R = 0.003

References

1. Jahanmir, S. “Chain length effects in boundary lubrication” , Wear 1985, Vol.
102 | pp. 331-349, :

2. Conner,J.,Bayd,J., Avallane E.A, “ Standard Handbook of Lubrication
Engineering” ,Mc-Graw Hill New York,1968.

3. Horowitz, H.H., Steindler F.E.;” The Calculated Journal Bearing Performance of
Polymer Thickened Lubricants *, ASLE Trans., Vol.3 No.1, pp.124-131,1960.

4. Horowitz, H.H., Steindler F.E;, “Calculated Performance of Non-Newtonian
Lubricants in Finite Width Journal Bearings”, ASLE Trans.; Vol.4, pp.275-281,
1961.

5. Hashimoto, H., Wada, S., “The Effects of Fluid Inertia Forces in Parallel Circular
Squeeze Film Bearings Lubricated with Pseudo-Plastic Fluid”, ASME
Trans., Journal of Tribology, Vol. 108 pp.282-287.

6. Hsu Y.C. “Non-newtonian Flow in Infinite Length Full Journal Bearing” ASME
Trans., Journal of Lubrication Technology , pp. 329-333, 1967.



malsspinmaATatigimnssnATamauialsanalng

> it

Yan-PDec 2000
268 Tna fxersary
Facully of Cngincering, Chiang Mars Unrversily

2 - 3 WAIMuY 2543
MATYIIAINTIHIATAING
ANZIAINTTHANARAT
a Inmaudualns

UNAIIUNMIIBINS



act
This paper presented the thecreticai characeristc

san-based oil. The soybean-based cil was mixed
Reynolds equation indudednm—NMiana’fec:swes
ulated for circuiar joumal bearings. Starting from the
b ip between shear siress and shear sirain rat=
of the ol was obtained experimentafly and used curve
to either experimentally data for rheokogical

Ebdexofmmdawnnddcfm.mmmian
Soybean-based oil hes effected the performance
?Chara@a'isﬁccfjoun'ta]bean'ngs.
1. Introduction

It is well known that fatty acd compesition in
Vegetable cids give good fubrication property. The fatty
acid compesition is determined by the ratic and pesition
of carbon-to-carbon  double bonds. The long carbon
*hain generally heid together with zero to three double

37
R Pl : £
miERAT RS Mt Rnawistmnalnun R 14
23 womimuu 2543 Trourn Tuluns Foelwal

Lubricating Characteristic of Journal Bearings
with Soybean-based Qil

Mongkel Mongkoiwongrom and Prapat Arunmetta
Etectro-Mechanical Engineering Latoratory, ReCCIT, Faculty of Engineering
King Mongkut's Institute of Technoiogy Ladkrabang {
Chalcongkrunng Read, Ladkzbang, Bangkok 10520
Tel. (B62)326-8987. Fax (682)326-9053, E-mail:kmmongko@kmitl.ac.th

bonds called oleic, linclenic and linckenic fatty acid
compcsitons respectively. The polarity of fatty acids will
absorh  on metal preducing  criented
molecutzr fim on the surfaces which given ociliness and
antiwear croperties. Therefore, fatty acids are believed
to be the key substance in their Jubticity[1].

In this stuay, the acditives for soybean-base oil are
Sppm of sificone off . (Dimethyisiicxane polymeric) for

x5 2]., diester(Di-2-sthythexyle sebacate) as a
lubncty and viscosity Index improver{2] and high
mciecuiar weight pelymer(Polyisobutelene) for specific
viscosity index improver. The viscosity of such a
lubricant increases with the concentratien of the additive
and s relatively dependent of temperature. This
iubricant exhibds a nonfinear refationship between shear
stress and rate of shear flow. Horowitz and his comaker
[3].[4] cttzined the analytical pressure distrib@n for a
finite wicth fufl crcular joumnal bearings by approximating
the shear rate with a cubic equation of shear stress.
Hashimoto and Wada[S] examined theoretically the
combined effects of nonlinear characteristics and fluld
film nerta an the dynamic behavior of circular type
squeeze fim bearings. However, a few investigater have
studied the static characteristics of journal bearing with
using the power—iaw miode[8],[8].

suriaces by
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In this paper, the static characteristic of finite width where m is the consistency constant, 1 is the inde,
joumsl bearings with dilatant lubricant is examined of the power-law model, 7 is shear stress and du/dy

theretically by using the power-law model. is the shear rate.

2 Theery - 2.2 Modified Reynoids’s equation
2.1 Flow Characteristic of Soybean-base oil

In this study, the refined soybean oil was mixed with
3% diester, 4% polyisobutylene and 0.02%silicone oil by
weight. The flow characteristic of soybean-based oil was
investigated experimentally by using the rotationél
rheometer according to DIN 53019 standard test method

as shown in Fig1.
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+oc ’ | ; )i//’ i ! Fig .2 Geometry of circular journal bearing
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i st 1] v ! In the case of two-dimensional, the equation(1) can
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where T_ and 7., arerespectively,the shear
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companents of the velocity in the the x and z-directions
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The relationship between the viscosity and second

Fig.1 Fiow characteristic curve of soybean-based oil
: invariant of the rate-of-strain tensor is:

The soybean-based oil has non-Newtonian

= wi 3
behavicr as dilatant fluids. The nonlinear between the P ) &)
shear rate and shear stress can be approximated as a

: where
Power-iaw model. : s 4
et Ou Ow
L=l—|+=—| @
U o | = )
au du ] 6y ay
S ;_ ; d_- ey Thus, the power-law models for the shear viscosity and
y y :

: Iz is given:
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From "the Navier-Strokes equation in x and z-

T

directions can be expressed as(7] : -

%

.(A'r

i(ué} = Qf_ (6a)
oy\' Oy ©oOx
: _a_[p.(_ai) - _a; (6b)
£ 8y 8y gz

Based on equations(1)-(6), Dien and Eirod(6}

.derived a modified Reynolds lubrication equation is

- given below:
e (T op) IHhTer
I e
% Ox \ 12mn Ox Oz\ 12m Oz @
B (u)" Gn .
7 =
§, 2 ax
3
%
: To write equation(7) in dimensioniess parameters
Eara used:
—— = RO , z=%

% UUR _ (8)

h=hC oo = —";“P
(o}

where

h=c(1+gcosb) ()

Substituting equation(8) in equation(7) we get the
dimensionless form of the modified Reynclds equation
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The pressure boundary conditions in dimensioniess

form are
POoy=0 , PFOn=o
e > Rt e (11)
P(0,Z)=0 : P(T.Z)=

2.3 Load bearing
The dimensioniess load carried by the bearing, W
may be calculated from the dimensionless pressure

distribution of equaticn(10) as follow:

Wsind = ﬁssme Bz

90 [ (12)

Wcos¢ = ~—1'[1_=[:5"cose Odz

o

The load and attitude angles are then

W =/(Wsnd) +(Weosd)  (19)
and
¢ =tan " gi:q; (14)

Equation(12) is evaluated by simpson’s rule for double
integration.

3, Numerical calculation

The dimensionless form of the modified Reynoids
equation(10)and(9) were soived simuitanecusly by finite
difference method combined with over relaxation to
accelerate the convergencs.

Schematically, the entire iteration can be seen from
the follewing flow chart. ;
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Fig.3 Flow chart of the numerical calculation

4. Numerical results

Static characteristic of the finite width jeurnal
bearings lubricated with soybean-based oil was
Calculated numerically at varying eccentricity ratio. In
this simulation. The joumnal bearings have length _to
diameter equal to 0.3 and radial clearance ratio equal to
0.08. The journal is operated at 1000 rpm. The results of
the investigations are presented graphically.

Figures(4)-(6) show the numerical values of the
dimensionless pressure distribution in the cimmfemn@l
direction at 0.6, 0.8 and 0.9 eccentricity ratios. The
dimensionless pressure distribution values decreases as

the temperature increases at all eccentriclty ratios, and

the dimensionless pressure distribution at E=08 k
flatter than € =0.8and £ = 0.9, respectively.
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Figures(7)-(8) show the numerical values of the
{ gmensionless pressure distribution in the Z direction at
ﬁo.e, 0.8 and 0.9 eccentricity ratics. The dimensionless
£

pressure distribution values decreases as the

EARRSAY < o s

o

e

.;'anperamra increases at all eccentricity ratiocs, and the

B
id[mensionlem pressure distribution at € = 0.6 is flatter
fthan € =0.8and € = 0.9, respectively.
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Figures(10) shows the load carrying capecity as
function of the eccentricity ratio and the taempeiatum. the
load carrying capacity for a fixed eccsntricity ratio of
T = 60,80 and 100C are, respectively, nearly identical.

0.8 1
£

Fig.10 Load carrying capacity at variation eccentricity
ratio

Figures(11) shows the attitude angle variation with
eccentricity ratio for various values of temperatures. The
attitude angle for a fixed ecceatricty ratio of
T = 60,80 and 100C are, respectively, nearly identical,
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NOADN S f—=Feec
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04 r
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OB fesase= =

0 e
Fig 11 Variation of attitude angle and eccentricity ratio

5. Conclusion

In this paper, the static characteristics of full
circular bearings with non-Nev;tonian soybean-based oil
have been investigated theoretically by using the power-
law model. It was found from the numerical resuft that



the temperature and eccentricity ratio 'are effected on
the oil film pressure and load carrying capacity.
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Nomenclature

C

=i

VI 3 T

~G~‘pmﬂ§lcm

Ny

1]

I

]

[}

"

radial clearance
journal eccentricity
film thickness
h
dimensionless film thickness, E
bearing Iengﬂ:t
consistency constant
power-law model index
film pressure
dinemsionless film pressure
c
journal radius
velocity of a point on the journal surfaces
dinemsionless load carrying capacity
shear stress
eccentricity ratio = e/c
lubricant viscosity
attitude angle
axial coordinate

z
— , dimensicniess
U

circumferential coordinate
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