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Experimental Study on Hydrodynamic Journal Bearings for Various Bearing
Liner Materials

Mr Kiettipong Noodaeng
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Assoc. Prof. Dr.Mongkol Mongkolwongrojh Advisor

ABSTRACT

This project presents the analysis of infinitely short hydrodynamic journal bearing with
Newtonian lubricants. The film pressure profile and film thickness were calculated for journal bearing
with radial clearance equal to 0.15 mm and 50 mm journal diameter. In this research, the experiments
were setup for journal bearing with L/D = 0.5. The bearing liner materials are cast iron, brass
and PTFE. The pressure transducer and induction type gap sensors were installed to obtain film pressure
and film thickness distribution for various operating load and speed conditions. The results show that the
effect of bearing liner material on film pressure and film thickness are significantly specially for

soft PTFE liner material.
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M3 6-1 LAAINANITNARDINANNISITOV 800 rpm 1IN 10 kg

39

v

fagmusesdu | Anuduga ANUAUYAN | ANUAUYAT AnuAugafl | Anudugad
il 1(Pa) 2(Pa) 3(Pa) 4(Pa) 5(Pa)
manwde 10000 80000 89000 66000 0
NOUNAD 1000 26000 59000 20000 0
milaeu 95000 1000 1000 105000 0
4 4 g g
MINN 6-2 UTAIWANINADBINANFITBY 800 rpm 1NN 20 ke
Yagmusesdu | anuduga | anwdugadl | anwduged | anudugaii AMNAUIAT
il 1Pa) 2(Pa) 3(Pa) 4(Pa) 5(Pa)
ManUaD 40000 100000 130000 66000 0
NoUNang 1000 39000 60000 20000 0
miaou 105000 1000 1000 110000 0
4 4 g o
M139% 6-3 LAAINANINATDINAIINITITOV 800 rpm UMM 30 ke
5ﬁ¢3mmm’3u ANUAUYA mmﬁugﬂﬁ mmﬁugﬂ‘ﬁ mmﬁ'mmﬁ mmﬁugﬂﬁ
il 1(Pa) 2(Pa) 3(Pa) 4(Pa) 5(Pa)
manuae 42000 119000 141000 39000 0
NOUNTDY 1000 50000 66000 20000 0
miasu 130000 1000 1000 121000 0




4 { ] oy @
9’]']5']\3171 6-4 LLﬁﬂQWﬁﬂ]Tﬂﬂﬂﬂﬂﬁﬂ'ﬂlﬂﬁ'ﬁﬂﬂ 1500 rpm UIVUN 10 kg
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[

fagmusestiu | anudua ANWAUYAT | ANNAUYAT | ANWALYAN | ANuAUgAT
i 1(Pa) 2(Pa) 3(Pa) 4(Pa) 5(pa)
Manuae 1000 65000 82000 79000 0
NOUNDDY 1000 39000 79000 19000 0
miaeu 160000 1000 1000 155000 0
< a4 g .
M3199 6-5 LEAAIWNANINARBINAINGITBY 1500 rpm UM 20 ke
Taamusesday | anuduie | anudugadl | anudugadt | anuduail | anudugad
i 1(Pa) 2(Pa) 3(Pa) 4(Pa) 5(pa)
annae 1000 90000 110000 81000 0
NoUNADY 1000 48000 110000 20000 0
miaeu 210000 1000 1000 190000 0
131971 6-6 WARIHANINAADITAINEATBY 1500 rpm yimiin 30 kg
‘Zﬁammmﬁ'u ANUAUYA mmﬁ’uigwﬁ mmﬁu%ﬁﬁ mmﬁu@ﬂﬁ mmﬁuﬁgﬂﬁ
il 1(pa) 2(Pa) 3(Pa) 4(Pa) 5(Pa)
Manuae 2000 110000 130000 75000 0
NV ILE 1000 51000 120000 20000 0
milaeu 220000 1000 1000 200000 0




! ! s :1 o
Gﬂi']ﬁﬁ 6-7 Llﬁﬂ\‘lwaﬂ"ﬁ?’lﬂﬁﬂﬂﬁﬂ'ﬂlﬂi'ﬁ@'ﬂ 3200 rpm H1YUN 10 kg
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Faqmusesdu | ANuAULe | AnuAugaN | ANuduRaN | ANNANIAN | ANUALYATN
1 1(Pa) 2(Pa) 3(Pa) 4(Pa) 5(Pa)
manwde 1000 25000 80000 40000 0
NOUNTDY 1000 10000 75000 20000 0
miasu 210000 1000 1000 190000 0
151971 6-8 UAAIHANTNABDITIANISI5O 3200 rpm 11H1Tn 20 kg
Faqmusesdy | ANUAULA | ANNAURAT | ANUAURAT | ANNALIAN | ANuANYAT
1 1(Pa) 2(Pa) 3(Pa) 4(Pa) 5(Pa)
MAnNaD 1000 29000 100000 48000 0
NOUNABY 1000 28000 90000 25000 0
miaeu 220000 1000 1000 200000 0
M3199 6-9 UAAIHAMINABDATAWIE 1501 3200 rpm WINTIA 20 ke
FAgMUITBIAY | ANVAUYA | ANNAUIAN | ANNAUIAN | ANuAURAN | ANuaugaN
1 1(Pa) 2(Pa) 3(Pa) 4(Pa) 5(Pa)
manvae 1000 32000 130000 48000 0
NOUNDDY 1000 32000 110000 25000 0
miaeu 230000 1000 1000 210000 0
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asvimsaszneanudu 800 rpm,Load 10 kg

120000
~—— Dimensionless pressure
2 Fal
= ot 5 % (5 800 rpm, load 10 kg
W A s T
g so000 i
= ] | —8— sidawin,800 rpm 10
2 60000 R ROt oL
= H i i 1Y
2 ‘: l‘ .:: }./’ l\‘\
w 40000 2 Wt
o i ! ; e e
g Ao i " ‘A,s /’,/ u :‘.\ \ ~dr— nztree, 800 rpm 10 kg
0 ll—
0 50 100 150 200 = analfeu,800 rpm 10 kg
(=]

d' U d' v < v =) 1
i‘IJ‘YI 6-1 ﬂ‘ﬂ‘i"lﬂﬁﬂi%‘ﬁ1Elﬂ’J13Jﬂ‘iﬂuﬂ1‘1J§?Nﬁu‘llﬂQ’Jﬁﬂ [Han1iad Nodttiaod !mzmﬂaau

fin5250v 800 rpm M52 10 kg

asTimMsszMeRINEAL 800 rpm,Load 20 kg

140000
2 r Ahowdy
@ 120000 SCiEIAg Dimensionless pressure
g . 800rpm, load 20 kg
§ 100000
2
3 80000 —f— mFamE0,800 rpm 20 kg
=
5 650000
g 40000
E —fr—nasmnze, 800 rpm 20 kg
(=] 20000
D Lot .
0 50 100 150 200 i nalizu , 800 rpm 20 kg
(5]

d’ U d’ U < \ =y T
511 62 nsimsnszaennuarlumusesauvesiag inannae neumaos uazmilden

Nn525900 800 rpm 7152 20 kg
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asTNMsaszarmMueaL 800 rpm,Load 30 kg

160000
o 140000 — N Dimensionless pressure
§ 120000 - X 800 rpm , load 30 kg
£ 100000 - /\
- e L[ s #n,800 30 k
2 80000 e // \ il ez, rpm g
= FE &, i
2 60000 2
£ 00 [ / | e wotrizs, 800 rpm 30 kg
2 20000 / H
g == e
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Dimensionless pressure
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asNAsAszmeANuFAU 1500 rpm,Load 10 kg

Dimensionless pressure

1500 rpm, load 10 kg

~l— viem 82,1500 rpm 10 kg

—f— nztrroe, 1500 rpm 10 kg

== malézu, 1500 rpm 10 kg

d' U ﬂ' % < \ A v
i‘l“ﬂ 6-4 nﬂwmsnizawmmﬂﬁlummmaummmq Hantiao Nodtiaad wazmias

fin13535901 1500 rpm H15% 10 ke

250000

200000

150000

100000

50000

Dimensionless pressure

asmMsnszMarn el 1500 rpm,Load 20 kg

—— Dimensionless pressure

1500 rpm, load 20 kg

i~ mEevee,1500 rpm 20 kg

——nountas, 1500 rpm 20 kg

= it 1500 rpm 20 kg

4' [ ﬁ' v < \J A U
519 6-5 ﬂi1‘]/\'ﬂ1iﬂi%‘iﬂf]ﬂ’J]NﬂiﬂHﬂTﬂ‘ii’)\‘lﬂuﬂlﬂﬂ’Jﬁﬁl wanvae neasy uazmnilaeu

fin15259U 1500 rpm H152 20 kg
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nsTWMsasznarMNEU 1500 rpm,Load 30 kg

250000 —
@ A —— Dimensionless pressure
= 200000 = = 1500 rpm, load 30 kg
w i ] $in
£ it
150000 - e 7
i Hetst! N | —f— i 82,1500 rpm 30 kg
_2 H i = ! '
&2 100000
w
o
E 50000 —d— nowtot,1500 rpm 30 kg
(=1
0
0 50 100 150 200 e iz, 1500 rpm 30 kg
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asTWMsnsz=neATHAU 3200 rpm,Load 10 kg

200

—— Dimensionless pressure

3200rpm, load 10 kg

-~ sfawd,3200 rpm 10 kg

e mzsmeee,3200 rpm 10 kg

= maldezu,3200 rpm 10 kg
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—= mlézu,3200 rpm 20 kg
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asmMsaszarMuAU 3200 rpm,Load 30 kg

250000
o fa : —— Dimensionless pressure
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nsrWuanaualunaas Minimum Film thickness

0.0003

0.00025 '\\ o=
0.0002

:
\ /
g 0.00015 f
= \ ‘
€ 0.0001 \ /
= :
000005 R R e 2 2
0 Ml
0 100,200 =300 w0, 400
S

= Fflm thickness 800
rpm,Load 10 kg

e e 800 rpm,Load 10
kg
noamdes 800 rpm,Load 10
kg

= y ~ : . 4
519 6-10 nﬂﬂuamumiuwm Minimum Film thickness ‘lummemu

U

Yo43aq 1annas neurwaed uazmilasy Nn3I50U 800 rpm M5E 10 ke

nsrnuansualunaas Minimum Film thickness

0.0003 [

\

0.00025

0.0002

0.00015

0.0001

Film thickness mm.

0.00005

0

300 400

== Film thickness 800
rpm,Load 20 kg

e ianuae 800 rpm,Load
20 kg

—=neuniins 800 rpm,Load
20 kg

511 6-11 nswluaasu)iiuves Minimum Film thickness luniusesau

Yoa3aq 1annas neawaes yazmaeu N1A1333591 800 rpm M3 20 ke
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nauansualuxaas Minimum Film thickness

0.0003
. 0.00025
S
£ 0.0002
§ e Film thickness 800
g 0.00015 rpm,Load 30 kg
.4':: 0.0001 s (1 A0 800 rpm,Load
£ 30 kg
Y 0.00005
, neamdess 800 rpm,Load
0L 30 kg

0 100 200 300 400

= Y ik : 5 4
51/ 6-12 psr9luaawNITiNYes Minimum Film thickness Tumusesay

Yoe¥aq manvde neunae’ uazmideu NANINTITOV 800 rppm M3 30 kg

nanuwansuurlinaas Minimum Film thickness

0.0003
g 000025 ‘
€ 0.0002 >\ /
g \ / == Film thickness 1500
£ 000015 \ £ rpm,Load 10 kg
35 4
£ \, A —— mdnndo 1500 rpm,Load
] 0.0001 » { mannae rpm,Loa
£ v 10kg
Y% 0.00005

= qpamaes 1500 rpm,Load

0 10 kg
0 100 200 300 400

©

510 6-13 nnvluarasnliives Minimum Film thickness Tunusesanu

(Y] A 4
yos¥aq manvde newunass uazmiaeu fnNM3I50Y 1500 rpm M3 10 ke
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nswanstultuxeas Minimum Film thickness

0.0003 e
S sd e AR A SRS
£ 4
0.0002
§ o \ ‘ == Film thickness 1500
% 000016 s Nt e = rpm,Load 20 kg
£ Qo001 e N e yiannae 1500 rpm,Load
= \./ 20 kg
i 000005 ot 5
neamdans 1500 rpm,Load
0 — 20 kg

0 100 200 300 400
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nsnansuualuxaas Minimum Film thickness

0.0003
g 000025 -
E" 0002 N\—
a ; === Film thickness 1500
£ 0.00015 - rpm,Load 30 kg
:F: 0.0001 \ f iz e i finnae 1500 rpm,Load
g ‘ ' 30 kg
% 0.00005 |—
~yoamies 1500 rpm,Load
0o L — 30 kg
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nawanstulyneas Minimum Film thickness

0.00025 e
g 000 e
Q 0.00015 G0, — ==mee Fi| M thickness 3200
€ rpm,Load 10 k
:§ 0.0001 N, i ¥
= : o e (yAinan 3200 rpm,Load
£
T  0.00005 10k
noamans 3200 rpm,Load

0o L— e 10 kg
0 100700 OO0
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= v L . : 4
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iz 0.00005 ST S S
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nanuanssurlunaas Minimum Film thickness

0.00025 —

0.0002 \ /

£
£ \ /
8 000015 L Film thickness 3200
< : : rpm,Load 30 kg
= 0.0001 \
E= 2 ~ ey finnan 3200 rpm,Load
2 :
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0 3 T 30kg

0 100 200 300 400
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= Y e : - A
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Out put voltage (v)

nsmlAnuduusszudng Out put (Voltage) nussaznsean

Displacement (mm)
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SITRANS P, Z series (7MF 1564)

Technical specifications

Technical specifications

Operating principle

Measuring range < 1 bar Piezoresistive with stainless steel diaphragm
Measuring range 2 1 bar Piezoresistive with ceramic diaphragm

Input

Input measured variable Input relative and absolute pressure

a) Measuring range for relative Perm. operating pressure Burst pressure
pressure

e (0..100 mbarg -0,6 ... 0.6 barg 1barg

® 0..160 mbarg -0,6 ... 0.6 bar g 1 barg

e (..250mbarg -1..1barg 1.7 bar g
e (..400mbarg -1..1barg 1.7 bar g
e 0..600mbarg -1...3barg 5barg

® O0O..1barg -0,4...2barg 5barg

e O0..16barg -0,4 ...3.2barg 5barg

e (..25barg -0,8 ... 5barg 12 bar g
e O(0..4barg -0,8 ...8barg 12 bar g
e O0O..6barg -1..12barg 25 bar g
e (0..10barg -1...20 barg 50 bar g
e (..16barg -1..32barg 50 bar g
e (0..25barg -1..50barg 120 bar g
e (..40barg -1...80barg 120 bar g
e (..60barg -1 ..120 bar g 250 bar g
e (0..100barg -1...200 bar g 450 bar g
e (..160barg -1...320barg 450 bar g
e (..250barg -1...500 bar g 650 bar g
e (0..400barg -1 ... 600 bar g 650 bar g
b) Measuring ranges for relative Perm. operating pressure Burst pressure
pressure

(only for US market)

e 0..10psig -3...20psig 60 psi g
e (0..15psig -5,8...30psig 72 psig
e 3..15psig -5,8...30psig 72 psig

This document constitutes a free excerpt compiled by the user himself/herself from the documentation provided by Siemens for this product. Siemens disclaims
all liability for the completeness of this document. It shall only be used for the user's own internal purposes. It shall not be passed on to third parties. The complete
documentation can be found at:

https://www.automation.siemens.com/mdm/default.aspx?DocVersionld=10178278539&Language=en-US&Topicld=9840691979 - 12/3/2010



SITRANS P, Z series (7MF1564)

Technical specifications

Input

® 0..20psig -5,8...40 psig 72 psig

e (0..30psig -5,8...60psig 72 psig

e (0..60psig -11,5...120 psi g 175 psig
e (0..100psig -14,5 ... 200 psi g 360 psi g
e 0..150psig -14,5 ... 300 psi g 725 psig
e (0..200psig -14,5 ... 400 psi g 725 psig
e (0..300psig -14,5 ... 600 psig 1750 psi g
e (0..500psig -14,5 ... 1000 psi g 1750 psi g
e 0..750psig -14,5 ... 1500 psi g 3600 psig
e (..1000psig -14,5 ... 2000 psi g 3600 psig
e (0..1500psig -14,5 ... 3000 psi g 6525 psig
e (..2000psig -14,5 ... 4000 psi g 6525 psig
e (0..3000psig -14,5 ... 6000 psi g 9425 psig
e 0..5000psig -14,5 ... 8700 psi g 9425 psig
e (..6000psig -14,5 ... 8700 psi g 9425 psig
¢) Measuring ranges for absolute Perm. operating pressure Burst pressure
pressure

(only for US market)

e 0..10psia 0..20 psia 60 psi a

® O0..15psia 0..30psia 72 psia

e (0..20psia 0..40psia 72 psia

e (0..30psia 0..60psia 72 psia

® (0..60psia 0...120 psia 175 psi a
e 0..100psia 0...200psia 360 psi a
e 0..150psia 0...300 psia 725 psi a
® (0..200psia 0..400psia 725 psi a
e (0..300psia 0...600psia 1750 psi a
d) Measuring range for absolute Perm. operating pressure Burst pressure
pressure

e 0..600mbara 0..3bara 5 bar a

e O..1bara 0..2bara 5bara

e O0..1.6bara 0..3.2bara 5 bara

® 0..25bara 0..5bara 12 bar a
e O0O..4bara 0..8bara 12 bara

This document constitutes a free excerpt compiled by the user himself/herself from the documentation provided by Siemens for this product. Siemens disclaims
all liability for the completeness of this document. It shall only be used for the user's own internal purposes. It shall not be passed on to third parties. The complete
documentation can be found at:



SITRANS P, Z series (7MF 1564)
Technical specifications

Input

e (O..6bara 0..12bara 25 bar a
® 0..10bara 0..20bara 50 bar a
e (..16bara 0..32bara 50 bar a
Output

Current signal 4...20mA

® |oad (Uy-10V)/0.02 A

e  Auxiliary power Uy DC 10...36 V (10 ... 30 V for Ex)

Voltage signal DCO...10V

e load 210 kQ

e Auxiliary power Uy DC15..36V

e Power consumption <7 mA at 10 kQ

Characteristic Linear rising

Measuring accuracy

Error in measurement at 25 °C (77 °F), e  Typical: 0.25 % of full scale value
including conformity error, hysteresis and e Maximum: 0,5 % of full scale value
repeatability

Setting time Tgg <0.1s

Long-term drift

e  Lower range value and measuring span | 0.25 % of full scale value/year

Ambient temperature influence

e  Lowerrange value and measuring span | ®  0.25 %/10 K of full scale value
® 0.5 %/10 K of full scale value for a measuring range
of 100 to 400 mbar
e |nfluence of vibration (per 0.005 %/g to 500 Hz in all directions
IEC 60068-2-6)
e Power supply influence 0.005 %/V
Operating condiitions
®  Process temperature -30 to +120 °C
(-22 to +248 °F)
e  Ambient temperature -25to +85 °C
(-13to +185 °F)
e  Storage temperature -50 to +100 °C
(-58 to +212 °F)
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SITRANS P, Z series (7MF1564)
Technical specifications

Measuring accuracy

e Degree of protection (as per EN 60529) | ®  IP65 with plug per EN 175301-803-A
IP67 with plug M12
e  |P68 with cable

Electromagnetic compatibility per EN 61326; NAMUR NE 21

e  Measurement error < 1 % of full scale value. Cable screen is not connected
to ground connection.

Design

Weight Approx. 0,25 kg (0.55 Ib)

Process connections Dimension Drawings

Electrical connections e  Plug per EN 175301-803-A form A with cable
inletM16x1.5 or ¥2-14NPT
or Pg 11

e  Plug M12 (mating connector as option)

e 2-or 3-wire (0.5 mm?) screened lead (@ 8.3 mm)
with vent pipe

Material of the wetted parts

e  Measuring cell Al203 - 96 % or stainless steel (SST 316 L)
®  Process connection Stainless steel, mat. no. 1.4571 (SST 316 Ti)
e  Sealing ring e FPM-15... +125°C (+5 ... +257 °F)

e Neoprene-35 ... +100 °C; < 100 bar
(-31 ... +212 °F; < 1450 psi)
e  Perbunan-20 ... +100 °C (-4 ...*+212 °F)

e EPDM-40... +145 °C; < 100 bar
(-40 ... +293 °F; < 1450 psi)
usable for drinking water

Material of parts not in contact with the medium

®  Housing Stainless steel, mat. no. 1.4571 (SST 316 Ti)

e  Connector housing e  Plastic (plug per EN 175301-803-A)
e CuZn, nickel-plated (plug M12)

e Cable o ""mpE

Certificates and approvals

Classification according to Pressure Equipment | For gases of fluid group 1 and liquids of fluid group
Directive 1; fulfills the requirements according to article 3,
(PED 97/23/EC) paragraph 3 (good engineering practice)

Explosion protection

e |Intrinsic safety "i" (with current output only) |Ex Il 1/2 G Exia lIC T4
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SITRANS P, Z series (7MF 1564)
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Certificates and approvals

e  EC type examination certificate TUV 02 ATEX 1953 X (E1, E2)

®  Connection to certified intrinsically safe U;=DC 30DC; ;=100 mA; P;=0.75W
circuits with maximum values

e  Effective internal inductance and capacity for | L; = 2.2 nH; C; = 4.9 nF
versions with plugs per EN 175301-803-A and

M12
e  Effective internal inductance and capacity for | L; = 2.2 nH + 1.5 pH/m;
version with cable Ci=4.9 nF + 0.25 nF/m
Lloyds Register of Shipping (LR) 05/20049(E1)

Germanischer Lloyds Register of Shipping (GL) |33 229-06 HH

American Bureau of Shipping (ABS) 06-HG205130-PDA
Bureau Veritas (BV) 19113/A0 BV

Det Norske Veritas (DNV) A -10351

Drinking water approval (ACS) 07 ACC NY 195
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