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A Cylinder liner is a cylindrical part to be fixed in to an engine block to form a cylinder. It is one of
the most significant efficient parts to make up the interior of an engine. Aim of the thesis is to design
and analysis of a dry liner for diesel engines. The first step is to model the dry liner part by using
Pro/Engineer. The dimension of the liner are taken from “Kusalava Industries”, Vijayawada for the
engine of Hino — X Ashok Leyland model. In the next step, the amount of heat generated, heat transfer
rate of the component, temperature produced inside the cylinder are to be calculated. usually cylinder
liners are ended of Cast Iron, Cast steel, Nickel CI, Nickel chrome CI. The surface of the liner is heat
treated to obtain hard surface. The foremost aim of the document is to learn the heat transfer rate, heat
flux, temperature distribution, thermal stresses, thermal strain, and thermal gradient of the liner by
apply boundary circumstances as a temperature produced inside of the cylinder. And also by applying
the surface coatings like ceramic, aluminum alloys and Nickel chrome alloy steel. Also we are
conducting fatigue analysis on the liners. Fatigue analysis is used for finding the life time of the
component means we can find out numeral of cycles it can with stand for the applied loads. By compa
re the above results, the desirable type of liner in a diesel engine can be validated. Modeling is ended
in Pro/Engineer and analysis is done in ANSYS.

Copyright © 2018, Paramesh et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

Cylinder liners

e Less wear on the cylinder liner itself
e Less wear on the partner piston ring
e Less consumption of lubricant

Qualities of a good dry cylinder liner

Less hazard of defects. The more complex the casting, the
more tricky to create a homogenous casting with low residual
stresses. Cylinder liners from older lower powered engines had
a consistent wall thickness and the cooling was achieve by
circulating cooling water during a space formed between liner
and jacket.

Types of cylinder liner

e Dry Cylinder Liners
e Wet Cylinder Liner

Functions of dry cylinder liners

Formation of sliding surface

e High anti-galling properties

*Corresponding author: Saikrupa, CH.,
Department of Mechanical Engineering, St. Martin’s Engineering
College, Dhulapally, Secunderabad, T.S, India.

A good liner must possess the following qualities

o Strength to resist the gas pressure

o Sufficiently hard to resist wear

e Strength to resist the thermal stresses owing to the heat
flow through the liner wall.

e Corrosion resisting.

e Capable of taking a good bearing surface.

e It should by symmetrical in shape to avoid unequal
deflection due to gas load and unequal expansion due to
thermal load.

e No distortion of the inner surface due to restrictive
fixings.

Dry cylinder liner materials

e Matrix - Pearlite
e Graphite — A & B Type
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e Free Ferrite — Max. 5% surfaces resistant to fit and abrasion. Such optional materials
e Free Carbide — Max. 5% include chromium carbide, titanium carbonate and oxide,
chromium oxide, and alumina titanium.
Dimensions
Specifications of Hino-x 145
Full Finish Semi Finish Bore = 104.04mm
Dry & Wet Type ~ Wet Type Dry Type Stroke = 4.72inch = 119.888mm
Inner Diameter 40 - 250 mm 40 - 250 mm 40 - 325 mm : _
Outer Diameter 45 - 350 mm 45 - 350 mm 45-350 mm Max%mum powet _ 175 hp @ 2500rpm
Length Up to 375 mm Up to 550 mm Up to 700 mm MaXImum torque = 376 Ibft @ 1600rpm
Displacement = 4730 cu cm = 4730000 cu mm =0.0011825
Geometrical Parameters cum . .
No of cylinders = 4 cylinders
O Ovality / Roundness (Circularity) - Within 1 thou Outer di?meter =106.9940
A Perpendicularity - Within 1 thou Collar dl_ameter = 112mm
I Taper - Within 1 thou Collar width = 8.09mm
= Angularity - Within 1 thou Total length = 201.2mm
0 Cylindricity - Within 1 thou Capacity per cylinder = 1182500 cu mm
© Concentricity - Within 1 thou Density of diesel = 820 to 950 kg/cum  at 15%
=0.00095kg/cm’
Finishing

Density = 0.00000095kg/mm’

Diesel C10 H22 to C15H28

Molecular weight of C;sH,s =208 g/mole
Mass = density X volume

=0.00000095x 1182500

e Phosphating / Blackening
e Chrome Plating (Inner and Outer diameter)

m=1.12kg
R =8.314 j/mol k
Pv=mRT

— MRT

v
_ 12x8314x288
0.208x0.0011825
Cylinder Liners for Aluminum Blocks P =10903645.34 J/m3

P=109N

The main aim of the project is to analyze the strength of dry

cylinder liner without taking coating material and by taking  Uncoated cylinder liner

coating materials using coupled filed analysis. And also to

characterize the capability of a material to survive the many Model of Cylinder Liner

cycles a component may experience during its lifetime using

fatigue analysis. J— AN

TYPE W Mz 1z 2011
10:07:20

Dry liners coating materials

A dissipation of a smaller amount heat from the cylinder liners
necessitate the safety of their inside surfaces adjacent to
overheating.

‘ Meshed Surface of Cylinder Liner and Temperature Loads

F—— AN

MAT 12 201
1000525

CHAPTER -I1

Cylinder liner specifications

A variety of coating materials have been recommended which
are supposed to be capable of making the cylinder liner
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New analysis

For Cylinder Liner — Cast Iron

Structural Properties

Element Type: Solid 20 node 95

Material Properties: Density - 0.00000719kg/mm’
Young’s Modulus — 157000Mpa

Poisson’s ratio -0.283

For Fin — Aluminum Alloy 6101

Element Type: Solid 20 node 95

Material Properties: Density - 0.0000027kg/mm’
Young’s Modulus — 69000Mpa

Poisson’s ratio -0.32

Pressure — 10.9N/mm’

Loads — define Loads — Apply — Thermal — Convection — on
areas

Bulk Temperature — 470K

Film Coefficient — 0.00234606W/mm’K

Post Processor

General Post Processor — Plot Results — Contour Plot - Nodal
Solution — DOF Solution — Displacement Vector Sum

Displacement, Von Mises Stress

WopaL servrrow
smzre a1z zous
iy
v (aus)
Rovs=0
D =. 108945
s = 108248
n237ss 047532 071298 095063
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Cylinder liner coated with ceramic (PSZ)
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Element Type: Solid 20 node 90

Material Properties: Thermal Conductivity — 25.2W/mk
Specific Heat — 506 J/kg k

Density - 0.00000719kg/mm’®

For Fin — Aluminum Alloy 6101

Element Type: Solid 20 node 90

Material Properties: Thermal Conductivity — 220W/mk
Specific Heat — 895 J/kg k

Density - 0.0000027kg/mm’

For liner coating — Ceramic (PSZ)
Element Type: Solid 20 node 90

Material Properties: Thermal Conductivity — 3W/mk

Specific Heat — 418.68 J/kg k

Density - 0.00000575kg/mm’

Meshed Surface of Cylinder Liner, Temperature Loads&
Thermal gradient

=pewer AN

A ool
LR

ELDEENTS

Thermal flux

For Cylinder Liner — Cast Iron
Structural Properties

Element Type: Solid 20 node 95

Material Properties: Density - 0.00000719kg/mm’
Young’s Modulus — 157000Mpa

Poisson’s ratio -0.283

For Fin — Aluminum Alloy 6101

Element Type: Solid 20 node 95

Material Properties: Density - 0.0000027kg/mm’
Young’s Modulus — 69000Mpa

Poisson’s ratio - 0.32

For liner coating — Ceramic (PSZ)

Element Type: Solid 20 node 95

Material Properties: Density - 0.00000719kg/mm’

Young’s Modulus — 157000Mpa

Poisson’s ratio - 0.31

Pressure — 4.5N/mm’

Loads — define Loads — Apply — Thermal — Convection — on
areas

Bulk Temperature — 470K

Film Coefficient — 0.00234606W/mm’K

Post Processor

General Post Processor — Plot Results — Contour Plot - Nodal
Solution — DOF Solution — Displacement Vector Sum

L= ]
1LI430 20:527 4.1 45358 13,77
T TR 31,0 #4051 1.y

Displacement, Von Mises Stress
Cylinder liner coated with aluminium oxide (Al,O5)
Material propertie
For Cylinder Liner — Cast [ron
Element Type: Solid 20 node 90

Material Properties: Thermal Conductivity — 25.2W/mk
Specific Heat — 506 J/kg k
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Density - 0.00000719kg/mm’ AN
For Fin — Aluminum Alloy 6101
Element Type: Solid 20 node 90
Material Properties: Thermal Conductivity — 220W/mk
Specific Heat — 895 J/kg k
Density - 0.0000027kg/mm’
For liner coating — Al,O4
Element Type: Solid 20 node 90
781589 B00. 347 m B37_863 m
Material Properties: Thermal Conductivity — 25W/mk
Specific Heat — 880 J/kg k New analysis
. 3
Density - 0.0000039kg/mm For Cylinder Liner — Cast Iron
LOADS Structural Properties
Temperature Loads
Temperature — 831K Element Type: Solid 20 node 95
Temperature, Loads, solution Material Properties: Density - 0.00000719kg/mm’
Young’s Modulus — 157000Mpa
““““““ AJ!:‘I Poisson’s ratio -0.283
e For Fin — Aluminum Alloy 6101
Element Type: Solid 20 node 95
Material Properties: Density - 0.0000027kg/mm’
Young’s Modulus — 69000Mpa
Poisson’s ratio - 0.32
For liner coating — Al,O4
Element Type: Solid 20 node 95
Material Properties: Density - 0.0000039kg/mm’
Young’s Modulus — 353000Mpa
Temperature, Loads, solution Poisson’s ratio - 0.22
Pressure — 10.9N/mm’
R AN | Loads — define Loads — Apply — Thermal — Convection — on
e T areas
. Bulk Temperature — 470K
= sl Film Coefficient — 0.00234606W/mm’K
Post Processor
General Post Processor — Plot Results — Contour Plot - Nodal
Solution — DOF Solution — Displacement Vector Sum
Displacement, Von Mises Stress
Fe 21 b .7 _ﬁ &7,y E || ﬂ"— - hﬂ 4 ieRl
':Dul'm”mﬂ m \ B = BT

inrc-ar T T T [T g
TRE-A4 HTE-#1 3PS Aal=-np Ha-14

Cylinder liner coated with Nickel chrome alloy steel

Material properties
|~ S S— |

NI SEORET 1. EDE 1.8 2,398
311508 307065 L.502 z.037 2,631

For Cylinder Liner — Cast Iron



67419 Paramesh et al. Design and analysis of dry cylinder liners of coated and noncoated materials used in diesel engines

Element Type: Solid 20 node 90 Structural Properties

Material Properties: Thermal Conductivity — 25.2W/mk Element Type: Solid 20 node 95

Specific Heat — 506 J/kg k

Density - 0.00000719kg/mm’ Material Properties: Density - 0.00000719kg/mm’

For Fin — Aluminum Alloy 6101 Young’s Modulus — 157000Mpa
Poisson’s ratio -0.28

Element Type: Solid 20 node 90 For Fin — Aluminum Alloy 6101

Material Properties: Thermal Conductivity — 220W/mk

Specific Heat — 895 J/kg k Element Type: Solid 20 node 95

Density - 0.0000027kg/mm’

For liner coating — Nickelchrome Alloy Steel Material Properties: Density - 0.0000027kg/mm’
Young’s Modulus — 69000Mpa

Element Type: Solid 20 node 90 Poisson’s ratio - 0.32

For liner coating — NickelChrome Alloy Steel
Material Properties: Thermal Conductivity — 12W/mk
Specific Heat — 500 J/kg k Element Type: Solid 20 node 95
Density - 0.00000745kg/mm’

Material Properties: Density - 0.00000745kg/mm’

Nodal Temperature, Thermal gradient, Thermal flux Young’s Modulus — 115000Mpa
Poisson’s ratio - 0.32
— AN 1 Pressure — 10.9N/mm?
o e Loads — define Loads — Apply — Thermal — Convection — on

areas
Bulk Temperature — 470K
Film Coefficient — 0.00234606W/mm’K

Post Processor

General Post Processor — Plot Results — Contour Plot - Nodal
Solution — DOF Solution — Displacement Vector Sum

e e——— Displacement, Von Mises Stress
aomin sooeron AN - w11 o

TIME=1
TeSWM  (auG)
BITE=0

M = 016654
s =121.084

— N
016854 26.92 £3.874 80728 107632
13.463 40.372 £7.276 94.1% lzl.0%4 TiE (a3 IR LI
Lul i - Taal: il bE
T — AN
STEP=1 MG 25 2011 FUDAL SOLUT 10W AN

SUB =1 ls:12:51
TIME=L

TFSUM  (306)
raYI=0

SMF = 533E-03
S =1.985

STEP=1 AG 25 Z011
SUE =1 18:20:42
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SEQW (B
DI =_001266
SMN =.057925
SID =l2E.4E4

I
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I
057925 28593 £7.127 BE. 662 114,197
14.325 42.88 71,335 29.93 128.464

For Cylinder Liner — Cast Iron
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Material Displacement (mm)  Von Mises Stress (N/mm?)  Nodal Temperature (K)  Thermal Gradient (K/mm)  Thermal Flux (W/mm?)
Without Coating 0.106946 1307 866.25 79.597 398
PSZ Coating 0.01249 127.977 866 334.196 2.073
ALOs 0.000682 60.681 866 101.586 2.693
Nickel Chrome 0.001286 128.464 866 121.084 1.985
Coating
RESULTS Four load cases are applied

Fatigue analysis

e 109 N. The time at the end of the load step is 10

seconds.

Fatigue is the progressive and localized structural damage that
occurs when a material is subjected to cyclic loading. The
nominal maximum stress values are less than the ultimate
tensile stress limit, and may be below the yield stress limit of

e -10.9 N. The time at the end of the load step is 20
seconds.

e 15 N. The time at the end of the load step is 30 seconds.
e -15 N. The time at the end of the load step is 40

the material.
Fatigue analysis
Uncoated
Surafce of liner

e

e am

AN

SEP 15 2011
10:19- 54

For Cylinder Liner — Cast Iron
Element Type — Solid 20 Node 95
Material Properties

Young’s modules - 12.9¢°
Poisson ratio - 0.29

Density - 6800kg/m’

Meshed Model

X

AN

SEF 15 201l
lo:z2:11

Solution

Analysis type
New analysis

Transient

Ok

Ok

seconds.

D.O.F Constraining

TP 1§ Zoll
» a0:32:22

Stress Locations

NLOC=1

NODE = 246(node at the constrained area)
NLOC=2

NODE = 25(node at the pressure area)
NLOC =3

NODE = 275(node at the open area)

General Postproc
Fatigue

Property Table
S-N Table

RESULTS

Node at constrained area

[YFese Cammand

PERFOAN FATIGUE CALCULATION AT LOCATION 1 WODE L
wux POST! FATIGUE CALCULATION ==w
LOCATION 1 WODE 248
EUENT/LOADS 2 1 oz 2

PRODUCE ALTERNATING S1 (SALT) =
o8

15,862 ¥ITH TENP =  B.0088
CYCLES USED/ALLOMED = 1.0l / 0.BOBBE+@T : PARTIAL USAGE : 0. 00890

EUENT/LOADE 1 1 o 1 2
PRODUCE ALTERWATING ST (SALT) = 10,945 WITH TEWP =  ©.0008
CYCLES USED/ALLOWED = 5808, / B.8G8SEYGT = PARTIAL USAGE : @ 08862

CUMULATIVE FATIGUE USAGE = B G886

Node 246 at the constrained area. The Cumulative Fatigue
Usage value is 0.00062, is the sum of the partial usage factors

(Miner’s rule).



67421 Paramesh et al. Design and analysis of dry cylinder liners of coated and noncoated materials used in diesel engines

Node at pressure area

mem POST1 FATIGUE CRLCULATION o
LECATION 1 modd =

OUENTLOMOS 2

[ ALTIANATING & e Th MITW TEW &

CompaTIVE FeTICUE wiadE « LR R

1 2
PROOECE cLTERNATIMG $E (S3LT) + 20,35 uiTH TEW o
EVELES USED/ALLOWES & 0. SIODE=ST/ 0. BOBICSNT & PRTIA USSSL &

OUERTLOADE 1 1 wooo1 2

PANDNC 1 {faT)
EVELIS USED/ALLOWED * 0. SI00L-08 0. BOEL-0T + PedTin USAdL

0B

FIRFORH FATIRUC CALCULATION AT LOCATION 1 NIOE o

Node 25 at the pressure area:

The Cumulative Fatigue Usage value is 0.62438, is the sum of

the partial usage factors (Miner’s rule).

Node at open area

"

PERFORM FATIGUE CALCULATION AT LOCATION 2 NODE U]
wme POSTT FATIGUE CALCULATION www

LOCATION 2 MODE 275

CUMULATIVE FATIGUE USAGE % 9.08062

EUENT/LOROS 2 1 AND 2 2

FRODUCE ALTERRATING 51 (SALT) = 15 880 WITH TEMP = & 0868
CYCLES VSED/ALLOMED = 1.890 / B.8BBSE4AT = PARTIAL USAGE =  ©6.00008
EUENT/LORDS 1 1 AND 1 2

PRODUCE ALTERMATING SI (SALT) = 18 %80 WITH TEWP = & 0808
CYCLES USED/ALLOKED = 5086 / B.EBRIE4AT : PARTIAL USAGE = & DBAEZ

Node 275 at the open area. The Cumulative Fatigue Usage
value is 0.00062, is the sum of the partial usage factors

(Miner’s rule).

Displacement, stress

WEEAL POLOTTEN

3EF 15 Zoll
11:13: 33

— =
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W e IR
P
L 1 IHRE. HE- 4! aza
dwEn Lane- - ) e

Nickel chrome alloy

soess AN
bl ATF I8 S01L
Li:WE: 08

Surafce of Liner

For Cylinder Liner — Cast Iron
Structural Properties

Element Type: Solid 20 node 95

Material Properties: Density - 0.00000719kg/mm’®

Young’s Modulus — 157000Mpa
Poisson’s ratio -0.283
For Fin — Aluminum Alloy 6101

Element Type: Solid 20 node 95

Material Properties: Density - 0.0000027kg/mm’

Young’s Modulus — 69000Mpa

Poisson’s ratio - 0.32

For liner coating — Nickel Chrome alloy

Element Type: Solid 20 node 95

Material Properties: Density - 0.00000719kg/mm’

Young’s Modulus — 157000Mpa
Poisson’s ratio - 0.31

Meshed Model

—_

JEP EE 2011
FEPRLEE 53

Four load cases are applied

e 109 N. The time at the end of the load step is 10

seconds.

e -10.9 N. The time at the end of the load step is 20

seconds.

e 15 N. The time at the end of the load step is 30 seconds.
e -15 N. The time at the end of the load step is 40

seconds.
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SEP 28 2011
= 12:57:97
AT
D.O.F Constraining

Stress Locations

NLOC =/
NODE = 328 (node at the open area)
NLOC =2

NODE = 700 (node at the constrained area)

NLOC=3
NODE = 295(node at the pressure area)

RESULTS

Node at constrained area

[ rieme cammand
P
PERFORM FATIGUE CALCULATION AT LOCATION 2  NODE 0
wus POSTT FATIGUE CALCULATION wum
LOCATION 2 NoE 100
EUENT/LOADS 2 1 AND 2 2
PRODUCE ALTERRATING ST (SALT) = 11.831 WITH TEWP = 8. 6888

EUENT/LOADS 1 1 AND 1 2
PRODUCE ALTERWATING ST (SALT) = 8 5969 WITH TEWP = @0l
CYCLES USED/ALLOMED = © SO0BE+AS/ 9 SEBSE+ET = PARTIAL USRGE =

CUMULATIVE FATIGUE USAGE » B.62438

CYCLES USED/ALLOMED = ©.508BE+07/ 8.8B8SE+BT = PAATIAL USRGE =  0.61820

888
0.88618

Node 100 at the constrained area.

The Cumulative Fatigue Usage value is 0.62438, is the sum of

the partial usage factors (Miner’s rule).

Node at pressure area

.

PERFORM FATIGUE CALCULATION AT LOCATION 3 NODE &
wud POST] FATIGUE CALCULATION wwe

LOCATION 3 WNODE 295

EVENT/LOADS 2 1 ARD 2 2

PRODUCE ALTERNATING SI (SALT) = 15.13% WITH TEWP = 0.0e80
CYCLES USED/ALLOVED = 1.880 / @_BDEBE+AT = PAATIAL USAGE =
EVENT/LORDS 1 1 ARD 1 2

PRODUCE ALTERNATING SI (SALT) = 18 328 WITH TEWP = 0,686

CYCLES USED/ALLOWED = 5880 / O BBBBE+AT = PARTIAL USHGE =

CUMULATIVE FATIGUE USAGE » 0.e8062

Node 295 at the pressure area:

The Cumulative Fatigue Usage value is 0.00062, is the sum of

the partial usage factors (Miner’s rule).

9.00088

0080862

PERFORM FATIGUE CALCULATION AT LOCATION 3 NODE 8
=== POST1 FATIGUE CALCULATION wem
LOCATION 3 HODE 328
EVENT/LOADS 2

1
PRODUCE ALTERNATING SI (SALT) = 18,964
CYCLES USED/ALLOMED = 5880

AND 2 2

WITH TEMP = 9.0000

J B.BEBEE+AT = PARTIAL USAGE = B.60862
EUENT/LOADS 1 1 AND 12

PRODUCE ALTERNATING SI (SALT) = T.9669 HITH TEMP = @ aoes

CYCLES USED/ALLOMED = @.S000E+0T/ ©.88BBE+OT : PARTIAL USAGE = 0.61828

CUMULATIVE FATIGUE USAGE » 0.61882

Node at open area

Node 328 at the open area. The Cumulative Fatigue Usage
value is 0.61882, is the sum of the partial usage factors

(Miner’s rule).

—— AN
sTEv=4 SEF 26 2011
U, . 13:27: 96
TIMZ=90 ]
I ()
REVE
e =, 002208
= onzzon
X
=
————
0 -0 ErrE o o
1m0 THEE-03 ooz oy anens
wooa sovor o AN
ETEF=4 SEFP Z& z0ll
iy =ik 14:28: 18
T (i3]
TEQV (RG]
DX =.002208
s =9
mm =23.911
=
L ]
z.915 B.914 14.913 20.512 Z6.311
5.914 11914 17.913 23.912 29.911

Displacement, stress
Aluminium oxide coating

For Cylinder Liner — Cast Iron
Structural Properties

Element Type: Solid 20 node 95

Material Properties: Density - 0.00000719kg/mm’
Young’s Modulus — 157000Mpa

Poisson’s ratio -0.283

For Fin — Aluminum Alloy 6101

Element Type: Solid 20 node 95

Material Properties: Density - 0.0000027kg/mm’
Young’s Modulus — 69000Mpa

Poisson’s ratio - 0.32

For liner coating — Al,O4

Element Type: Solid 20 node 95
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Material Properties: Density - 0.0000039kg/mm’ Node at pressure area
Young’s Modulus — 353000Mpa
Poisson’s ratio - 0.22 Llleae et X
PERFORM FATIGUE CALCULATION AT LOCATION 1 NOOE o
Solution s ST FATIGE: ALCOLATON
LOCATION 1 WODE 246
. EVENT/LORDS 2 1 . AND 2 2
Analysis type CUCLES SEO/RLOUD © 1055 |/ 5 G0s0EsaT < peATIAL Useee ¢ B.oR080
New ana.lysls Eggﬂtg.‘;tﬂﬂ;nfllﬁ 51 (SaLT) = 14,185 WITH TEMP 2 0.0080
TranSIert CYCLES USED/ALLOMED = 6 SAO8E+AT/ 8.BASBE+AT = PRATIAL USAGE = B.B1829
Ok CUMULATIVE FATIGUE USAGE = 861820
Ok
Four load cases are applied
e 10.9 N. The time at the end of the load step is 10 ~ Node 246 at the pressure area: ) )
seconds. The Cumulative Fatigue Usage value is 0.61820, is the sum of
e -10.9 N. The time at the end of the load step is 20  the partial usage factors (Miner’s rule).
seconds.
e 15 N. The time at the end of the load step is 30 seconds. 2
e -15 N. The time at the end of the load step is 40 RS T e 8 8
seconds. Location 3w 2rm
EUENT/LORDS 2 1 . D 2 Z
- CULES USEDLLOVED o 1 085 |/ O.8088Es0T © PRRTIN. USAGE ¢ 8 80008
et AN Esg;ﬁ:nﬁun’m(;& S (SALT) & 18,791 :‘;?n e - 86088
BEF 2% 2011 CYOLES USED/ALLOMED = O.S008E+0T/ 0 B0BBE*OT = PRRTIAL USAGE - 961820
- ] AN LERL CUMILRTIVE FATIGUE USRGE =  ©.51828
J 7 Node at open area

Node 275 at the open area.
The Cumulative Fatigue Usage value is 0.61820, is the sum of
the partial usage factors (Miner’s rule).

Displacement, stress

Ceramic coating

D.O.F Constraining

Stress Locations For Cylinder Liner — Cast Iron

Structural Properties
NLOC =1
NODE = 246(node at the pressure area) Element Type: Solid 20 node 95
NLOC =2

. — . 3

NODE =275 (node at the open area) Materl’al Properties: Density - 0.00000719kg/mm
NLOC = 3 Yopng § Modulus —157000Mpa
NODE =295 (node at the constrained area) Poisson’s ratio -0.283

For Fin — Aluminum Alloy 6101
RESULTS Element Type: Solid 20 node 95
Node at constrained area Material Properties: Density - 0.0000027kg/mm’

Young’s Modulus — 69000Mpa
Poisson’s ratio - 0.32
For liner coating — ceramic coating

(AT —

|
PERFORM FATIGUE CALCULATION AT LOCATION 3 NODE 8

wum POSTY FATIGUE CRLCULATION waw

LocaTion '3 hooe  ms Element Type: Solid 20 node 95
EUENT/LOGDS 2 1 Al 2 2
PRODUCE ALTERNATING $I (SALT) = 15,378 MITH TEWP = 08000
CYCLES USED/ALLOMED = 1.8@8 / 8_BOBSE+BT = PAATIAL USAGE = ©.08080 Material Properties. Density - 0 00000745kg/mm3
EUENT/LOADS 1 1 Aana 1 2
ot i AR L R, S O Young’s Modulus — 115000Mpa

CUMULRTIUE FATIGUE USAGE +  0.G1820 POiSSOl’l’S ratio -0.31
Solution
Analysis type
] New analysis
Node 295 at the constrained area. Transient
The Cumulative Fatigue Usage value is 0.61820, is the sum of Ok

the partial usage factors (Miner’s rule). Ok
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Coupled field analysis

Displacement (mm) Von Mises Stress (N/mm®) Nodal Temperature (K) Thermal Gradient (K/mm) Thermal Flux (W/mm®)

Without Coating 0.106946 1307 866.25 79.597 3.98
PSZ Coating 0.01249 127.977 866 334.196 2.073
ALO; 0.000682 60.681 866 101.586 2.693
Nickel Chrome 0.001286 128.464 866 121.084 1.985
Coating
Coupled field analysis
Event 1 500000 Cycles Event 2 5000 Cycles
Uncoated Constrained Area 10.945 15.062
Pressure Area 14.776 20.334
Open Area 10.9 15
PSZ Constrained Area 7.3871 10.166
Pressure area 7.5616 10.406
Open area 7.3499 10.144
Aluminum Constrained area 11.173 15.375
Oxide Pressure area 14.185 19.520
Open area 10.791 14.851
Nickel Chrome Constrained area 8.5969 11.831
Pressure area 10.998 15.135
Open area 7.9669 10.964

Coupled field analysis

Event 1 500000 Cycles Event 2 5000 Cycles
Uncoated Constrained Area 10.945 15.062
Pressure Area 14.776 20.334
Open Area 10.9 15
PSZ Constrained Area 7.3871 10.166
Pressure area 7.5616 10.406
Open area 7.3499 10.144
Aluminum Constrained area 11.173 15.375
Oxide Pressure area 14.185 19.520
Open area 10.791 14.851
Nickel Chrome Constrained area 8.5969 11.831
Pressure area 10.998 15.135
Open area 7.9669 10.964
Four load cases are applied RESULTS
e 10.9 N. The time at the end of the load step is 10
seconds. Node at constrained area
* -109 N. The time at the end of the load step is 20
seconds.
e 15N. The time at the end of the load step is 30 seconds. o v e e
e -15 N. The time at the end of the load step is 40 socarion 1 e g3
seconds. s 1 gan o ke o,
ELIENY.-’LI!H‘.IE. 1 Z : ) = i i ? i
it QN ::ggLu:EE:B:?g flo[::;;é‘ev ; :;eaz‘nv l-”;un:-?pf USAGE ?nooo ErE20
a Node 232 at the constrained area.
The Cumulative Fatigue Usage value is 0.61882, is the sum of
the partial usage factors (Miner’s rule).
Node at pressure area
D.O.F Constraining | _
. PERFORM FATIGUE CALCULATION AT LOCATION 2 KOOE ]
Stress Locations wws BOSTH FATIGUE CALCULATION wns
LOCATION 2 WODE 21%
NLOC =1
_ . E::&‘E?:irmﬁm;u SO (3ALT) = 10,806 :’:?u 1:n= z 9.0006
NODE = 232(node at the constrained area) CYCLES USED/ALLOMED 1 5000, /0. JOBUE<DT » PARTIAL USKGE +  0.00062
NLOC =2 AN e
ESOD(E:: = §19(n0de at the pressure area) CUMULATIVE FATICUE USHGE » 081882
NODE = 225(node at the open area)
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Node 219 at the pressure area:

The Cumulative Fatigue Usage value is 0.61882, is the sum of

the partial usage factors (Miner’s rule).

Node at open area

PERFORM FATIGUE CALCULATION @7 LOfATION 3 NODE [

wwn POST1 FATIGUE CALCULATION wex
LOCATION 3 MODE 225
EUENT/LGADS 2 1

PRODUCE ALTERNRTING ST (SALT) =
CYCLES USED/ALLOWED = 5888,

aND 2 2

10.11%

/ 9.BBESESET = PAATIAL USRLE =
EVENT/LORDS 1 1 AND 12
PAODUCE ALTERNRTING S1 (SALT) = T .3438 UITH TEWP =

CUMULATIUE FATIGUE USGGE = 0 61382

WITH TEWP 5 @.00B8

a.8088
CYCLES USED/ALLONED © 8 S088E+07/ 0 8BHSE*HT 1 PARTIAL USWGE 1

9.00862

061820

Node 225 at the open area.

The Cumulative Fatigue Usage value is 0.61882, is the sum of

the partial usage factors (Miner’s rule).

gCT 4 rolb
1D: 1B:02

BET A PbLL
Loy 28 L

48,050 s2.e04 |

Conclusion

In our project the dry cylinder liner used in engine of Hino — X
Ashok Leyland model. The dimensions of the liner are taken
from “Kusalava Industries”, Vijayawada. The modeling is
done in Pro/Engineer. The coupled field and fatigue analysis
on dry liner by uncoating the liner and coating the liner with
three materials Nickel Chrome, PSZ and Aluminum Oxide. By
not coating the cylinder liner, stress value is high and also
thermal gradient is less than by coating the liner. And also dry
liner wears out fastly. So it is better to coat the liner with a
coating material.

Present used material for coating is Nickel Chrome. By
observing coupled field analysis result, suggest PSZ coating
for cylinder liner, since its thermal gradient is more and its
analyzed stress value is 128Mpa which is less than its ultimate
stress limit 448Mpa.By observing fatigue analysis results, for
500000 and 5000 cycles, the stress intensity is less for PSZ
than other coating materials.

By observing above two results, using PSZ coating for
cylinder liner is better than other two materials.
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