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Abstract:

The inline four cylinder engine or straight four
engine is an internal combustion engine with all four
cylinders mounted in a line, or plane on the housing.
The one bank of cylinders could also be familiarized
in either a vertical or associate degree simple
machine with all the pistons driving a typical shaft.
Wherever it's inclined, it's generally known as a
slant-four.  Specification chart or once an
abbreviation is employed, associate degree in line
four engine is listed either as 14 or L4.

The most objective of the project is a way to develop
the paradigm of 4 cylinder engine assembly using
CAD tool CATIA. This Engine assembly consists
major elements like Cylinder block, Piston,
Connecting rod, Crank Shaft, plate, Cam Shaft,
Valves, Crank case, oil tank and electrical device
with needed dimensions.

The elements that are developed in CATIA are
analyzed in ANSYS simulation tool. The thermal
analysis of piston, connecting rod, crank shaft is
performed for 800k thermal loading and therefore
the results of temperature distribution of the elements
are shown. Finally the thermal analysis results of the
elements area unit compared and therefore the best
suited material is chosen.

I. INTRODUCTION

The inline-four engine or straight-four engine is a type
of inline internal combustion four cylinder engine with
all four cylinders mounted in a straight line, or plane
along the crankcase. The single bank of cylinders may
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be oriented in either a vertical or an inclined plane
with all the pistons driving a common crankshaft.
Where it is inclined, it is sometimes called a slant-four.
In a specification chart or when an abbreviation is
used, an inline-four engine is listed either as 14 or L4
(for longitudinal, to avoid confusion between the digit
1 and the letter I)

The inline-four layout is in perfect primary balance
and confers a degree of mechanical simplicity which
makes it popular for economy cars. However, despite
its simplicity, it suffers from a secondary imbalance
which causes minor vibrations in smaller engines.
These vibrations become more powerful as engine size
and power increase, so the more powerful engines used
in larger cars generally are more complex designs with
more than four cylinders.

INTRODUCTION TO CYLINDER:

A cylinder is the central working part of a
reciprocating engine or pump, the space in which a
piston travels. Multiple cylinders are commonly
arranged side by side in a bank, or engine block, which
is typically cast from aluminum or cast iron before
receiving precision machine work. Cylinders may be
sleeved (lined with a harder metal) or sleeveless (with
a wear-resistant coating such as Nikasil). A sleeveless
engine may also be referred to as a "patent-bore
engine”

Piston

A piston is seated inside each cylinder by several metal
piston rings fitted around its outside surface in
machined grooves; typically two for compressional
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sealing and one to seal the oil. The rings make near Meshed model

contact with the cylinder walls (sleeved or sleeveless), J— ANSYS
riding on a thin layer of lubricating oil; essential to m
keep the engine from seizing and necessitating a

cylinder wall's durable surface.

Connecting rod
In a reciprocating piston engine, the connecting rod or =5
conrod connects the piston to the crank or crankshaft. o
Together with the crank, they form a simple
mechanism that converts reciprocating motion into
rotating motion. Connecting rods may also convert
rotating motion into reciprocating motion. Historically,
before the development of engines, they were first e ANSYS
used in this way. s

Crankshaft

A crankshaft is a mechanical part able to perform a
conversion between reciprocating motion and
rotational motion. In a reciprocating engine, it
translates reciprocating motion of the piston into
rotational motion; whereas in a reciprocating
compressor, it converts the rotational motion into
reciprocating motion. In order to do the conversion
between two motions, the crankshaft has "crank
throws" or "crankpins”, additional bearing surfaces
whose axis is offset from that of the crank, to which
the "big ends" of the connecting rods from each
cylinder attach.

Loads applied model

Thermal analysis piston using the material alloy oot ANSXS.
steel e “alat
Imported model :"

wounes ANSYS|
TYPE NUM R14.5
.
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Thermal analysis piston the material
aluminum alloy 5052- 0

Material Properties

Conductivity = 0.138

Specific heat = 880

Density = 0.00000268

Young’s Modulus = 70300

Poisson’s Ratio = (0.33
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Thermal analysis piston using the aluminum alloy
ANSYS) 2014- t6
3.2 Material Properties
Conductivity = 0.154
Specific heat = 884
Density = 0.0000028
Young’s Modulus = 72400
Poission’s Ratio = 0.33
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Thermal analysis connecting rod using the material

S ANSYS alloy steel
= - oz Imported model
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NODAL TEMPERATURE DEFORMATION

sopaz, serorron ANSYS J—— ANSYS
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SMX =800
298.34¢ .291 521.837 €32.382 T44.327
354.818 465.59684 577.303 €B8B.855 800

THERMAL GRADIENT DISPLACEMENT VECTOR SUM

KODAL SOLUTICN ANSYS NODAL SOLUTION
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R14.5 sTEF=1 X
STEE=1 OB =1 sER @ 2018
3UE =1 SEF © 2015 TriE=1 17:27:58
TIME=1 17:06:47 TaTH B
TESm (5VE) RIYI=0
RI¥3=0 IMX =.3€1E-03
SMN =.00638% MK =.SE1E-02
SMM =2£.5135
o 125203 2452-03 “TTaE-s -asgE-
623E-14 _1872-03 L22-03 _s362-02 _5612-03
.
-00&589 8.11923 16.231%9 24 3445 2.4571
4 08291 12 1755 2 88z 28.4008 36.5135

VON MISES STRESS (THERMAL STRESSES)

THERMAL FLUX — ANSYS
STEE=1 145
ANSYS STE =1 e 3EF & 2015
NODAL SOLUTION - TIME=1 17:28:17
aTEE=1 \X R14.5] sEgv_ (2VG)
s = SEF 5 2015 TMX = 5E1E-03
TIME=1 17:07:40 40 =.507E-03
TEST (2VE} S T1.ezes6
LEER
N =.352E-03
SMX =1_85505
LS07E-03 36154 723374 108481 1.44624
18122 542657 20408 1.26552 2606
-
242T-03 _azlas _B42434 T.ze34r 168453
210865 £31511 1.05286 1.478 1.88508

Volume No: 2 (2015), Issue No: 12 (December) December 2015

Page 1422



Thermal analysis connecting rod using the material

aluminum alloy 5052- o

ISSN No: 2348-4845

International Journal & Magazine of Engineering,

Technology, Management and Research
A Peer Reviewed Open Access International Journal

DEFORMATION

ANSYS)

p—
R14.5
NODAL TEMPERATURE =
KCODAL 30LUTICH ANSYS
STEF=1 . —qu.ﬁ
s ~ L
TEMP (AVG)
R3Y¥3=0
OMK =310.408€
MK =800
210.48¢ 419.2€7 528.048 €36.829 745.%81 DISPLACEMENT VECTOR SUM
364.87¢ 473.657 582.438 €31.213 800
HCDAL SOLUTICK ANSYS
STEF=1 R145
SUB =1 SEF § 20135
THERMAL GRADIENT -
R3IY¥3I=0
p—— ANSYS o
STEF=1 . an‘ll's
= g w2
TGS (AVE)
R3¥3=0
MM =.032538
WX =28.1€82
| —
(] L137E-03 4128-03 -SG0E-03
687E-04 481E-03 €16E-03
—
.03253% &.28451 1 18.78%8 25.042
3.1587. 9.41109 &35 21.9158 28.1&82

THERMAL FLUX

VON MISES STRESS (THERMAL STRESSES)

KODAL 30LUTICH

STEF=1
ANSYS The
SEQV (AVG)

R14.5)
2 DMX =.€1BE-03
MW =.112E-02
M =.€2597€

.00443 867317
435304 1.2987,

e
1.73014 £9297
3 216156

45358
3.02438 3.88721 11ZE-03

.0EEESE

ANSYS
R14.5

SEE 5§ 2015
17:58:40

Volume No: 2 (2015), Issue No: 12 (December)

December 2015

Page 1423



Thermal analysis connecting rod using the material

aluminum alloy 2014 —t6

NODAL TEMPERATURE

ISSN No: 2348-4845

International Journal & Magazine of Engineering,

Technology, Management and Research
A Peer Reviewed Open Access International Journal

e Sy

HODAL SCLUTICH
sTEE=1
3UE =1
TIME=L
TEMD (2VE)
RI¥I=0
3N =213.565
x =300
313.565 421.682 525.7s88
367.€13 475.71

55
€31.30.

ANSYS

R14.5

¢ z01s
18:23:57

745.852
3 800

THERMAL GRADIENT

NODAL SOLUTION
STEE=1
3UE =1
TIME=1
TEImE (27E)
Ra¥3I=0

e

_038327 6.0111
3.0z2372

H 11.3853
B.3385

l4.3733

17.3607

ANSYS

3EF 9 2015
18:24:02

23.9355
1 Zg.3228

DEFORMATION

DISFLACEMENT

STEF=1

3B =1
TIME=1
DM =.001131

ANSYS

SEP % 2015
18:28:50

Volume No: 2 (2015), Issue No: 12 (December)

DISPLACEMENT VECTOR SUM

STEF=1
SUE =1
TIME=1

R3¥3I=0

DMK =.001131
;M =.001131

NODAL SOLUTION

T (AVE]

.1262-0%

ANSYS

SEF 5 2013
18:29:56

LE51E-03 5034203 TS4E-08 001006
L377E-03 £282-02 BROE-03 001131

MISES STRESS (THERMAL STRESSES)

HODAL SOLUTION

STEE=1

SUB =1

TIME=1

SEQV (BVG}
X =.001131
SMN =.222E-03

MK =1.18172

ANSYS
’ R14.5

SEP 9 2015
18:20:15

525332
284058 636608

787887 1.05044

.B15164 1.18172

Thermal analysis crank shaft using the material

alloy steel

Imported model

TYPE NUM

ANSYS

R14.5]

December 2015

Page 1424



Meshed model

ELEMENTS

N SEP 10 2015
Ak 10:37:18

ANSYS

R14.5

Loads applied model

VOLMMES
TYFE WM

comv-nooE g
.350E-03 Rl

ANSYS
R14.5

SEF 10 2015
10:44:20

NODAL TEMPERATURE

NODAL SOLUTICH
STEE=1
0B =1
TIME=1
TEMP (AVEG)
R3IY3=0
3MN =335 €€3
3MX =B00
|
335 663 441 38 544257 646.554 74
350811 433_108 555_40¢ £37.703

ANSYS

SEP 10 2015
10:45:49

8_851

aoo

Volume No: 2 (2015), Issue No: 12 (December)

ISSN No: 2348-4845

International Journal & Magazine of Engineering,
Technology, Management and Research
A Peer Reviewed Open Access International Journal

THERMAL GRADIENT

HODAL SQLUTION ANSYS

sTEE=1 R14.5

;e =1 - =EF 10 2015

TnE=1 LK 10:48:20

TGS (AVG)

RIYI=0

27 = 256634

;¢ =152.344

|
358634 34_485 68 5734 102682 136.75
17.4108 51.5192 856275 119.73¢ 153.844
NODAL SOLUTIOR ANSYS
sTER=1 R14.5
WE =1 N SEP 10 2015
TIME=1 - E 10:48:26
TEIM  (AVG)
RI¥E=D
M =.018512
aa¢ =7_s3852
.01es12 1.78874 3.5589¢ 5.32%18 7.0954
.903624 2.87385 4.44407 €.21429 7.98452

DEFORMATION

DISPLACEMENT

STEE=1
SUB =1
TIME=1
M =.572E-02

ANSYS

R14.5]
- SEP 10 2015
X 11:27:48

December 2015

Page 1425



ISSN No: 2348-4845
International Journal & Magazine of Engineering,
Technology, Management and Research
A Peer Reviewed Open Access International Journal

DISPLACEMENT VECTOR SUM THERMAL GRADIENT
NODAL SOLUTION ANSYS HODAL SCLUTICH ANSYS

aTEE=1 R14.5

. STEP=1 R14.5
p— 2 x sz2 10 2015 B =1 SEF 10 2013
gﬁ:i (373 - e TIME=1 2 11:40:37
RI¥I=0 i{;:gfu (zve)
DMX =_572E-03 =

N =.372E-02 MN =.336033

X =98.1418

o 1272-08 Z54E-03 3822-03 S08E-03
6362-04 1312-08 3132-08 4852-03 5722-03

]
395033 22.1173 43.8386 65.5599 87.2812
11.2567 32.378 54.6933 76.4205 98.1418

MISES STRESS (THERMAL STRESSES)

NODAL SCLUTICN ANSYS
R14.5
STEP=1
SUE =1 SEF 10 2013 NODAL SOLUTION ANSYS
TIME=1 11:28:12 R14.5]
SEQV (3VE) TEE=L
DMK =.S57ZE-02 % SUB =1 SEF 10 2015
= 001138 TE=1 Ak 11:40:44
;e =s.s8082 TESTM (AVG}
RIYI=D
MF =.054652
SMK =13.5436
]
.001133 1.55214 3.10314 485413 ©.20513
-778€38 2.32784 3.87883 5.42383 €.98083
e
-054853 3.05213 €.04373 9.04727 12.0448
1.55342 4.5509¢6 T7.5485 10.54¢6 13.543¢

Thermal analysis crank shaft using the material
aluminum alloy 5052-0
NODAL TEMPERATURE

DEFORMATION

DISPLACEMENT ANSYS
ANSYS sTER=1 R14.5
ave =1 SEP 10 2015
R14.5 TIME=1 - 12:21:36
SEF 10 2015 DMK =.585E-02 Eas
11-28-
] —
242.838 522.087 501.476 680.885 760.295
482.362 BEl.772 €41.181 T20.551 800

Volume No: 2 (2015), Issue No: 12 (December) December 2015

Page 1426



ISSN No: 2348-4845
International Journal & Magazine of Engineering,
Technology, Management and Research
A Peer Reviewed Open Access International Journal

DISPLACEMENT VECTOR SUM THERMAL GRADIENT
RODAL 3CLUTION ANSYS WCDAL 3CLUTIOH ANSYS

STEF=1 R14.5

TEE=1 R14.5
ST =1 SEP 10 2015 amB =1 SEP 10 2015
TIME=1 . 1z:21:51 - % .am.a2
N A TIME=1 12:35:32
st (2ve eI (avE) J(:
RE¥3=D mawaen
oMx = 585E-02

= =.37ES73
3K =.585E-03

3 =32.3548

a Ta0e-02 2602-02 PR s202-02
E508-08 185203 az58-08 sssE-03 5858-03 | — S __

-378373 z0.818 41.2571 &l.83582 BZ.1352
10.5385 31.037¢ 51.47€6 T1.8157 52.3548

MISES STRESS (THERMAL STRESSES)

THERMAL FLUX
HODAL SOLUTION ANSYS

R14.5]

SIEE=L NWODAL SOLUTION ANSYS
3UB =1 SEF 10 2015 Ri45
TIME=L X 12:22:00 STEE=1 -
SEQV (&VE) SUE =1 SEF 10 2015
DMK =.SESE-03 TIME=1 4 12:26:08
N =.170E-03 TFITM (2VE) J(:

K =3.04204 R3¥I=0

N =.058362
MK =1%.222€

170208 GO 13521 02808
.338155 1.01413 16801 2.36607 3.06204

Thermal analysis crank shaft using the material
aluminum alloy 2014- t6 DEFORMATION
NODAL TEMPERATURE S— ANSYS

STEE=1 145
3UB =1 b4 SEF 10 2015
HODAL SOLUTION ANSYS TIME=1 ( 14:46:41
sTEE=1 R14.5 DX =.0010€6 ‘

SUB =1
TIME=1
TEME (A7}
EEES]

N =237.834
X =800

Volume No: 2 (2015), Issue No: 12 (December) December 2015

Page 1427



ISSN No: 2348-4845
International Journal & Magazine of Engineering,
Technology, Management and Research
A Peer Reviewed Open Access International Journal

DISPLACEMENT VECTOR SUM RESULTS TABLES FOR CONNECTING ROD
Wbz, soroTIoN ANSYS
- alunn | ALUMI
SUB =1 x X SEF 10 20135 STEE NUM
rnE—y e P MU
. @ L sos2-0 | 2914
S —_oninee T6
2%8. | 310,48 | 313.56
TEMPERATURE | - - -
THER | MINMIM | 0.00 | 0.3253 | 0.3632
MAL um 662 5 7
GRADI | maxi | 21.1 | 22.188 | 26.322
ENT MM 44 2 5
MINIM | 0.34 | 0.0024 | 0.0055
THER
ool B ey et e
° tmos ssszc3 sszz o3 szez-ca corsee FLUX BALIRA 537 1 3
DISPLACEMENT E'ESE D'E;EE' - D;_I“
womar soroTIoN ANSYS MISES U JE-3 3 E
= a2 0 amss STRES
= i ¢ _ 1 1a
s = 1eemo (THER | max | 1.82 | o.825% | 1.1817
MAL | mun | B96 76 2
STRES
SES)

RESULTS TABLES FOR CRANK SHAFT

ALUNI A':-:::;::I
STEEL MU 2014
reem-os £424E88 oameE 1.82712 = sesas 2.21178 doesa 4.40842 5oreEnd 5.78106 5052-0
TG
335.6 [ 442.65 457.93
TENPERATURE
RESULTS TABLES FOR PISTON B3 B 1
Lo LU THER MIMNIN | 0,356 | 0.35960 .3785
STEEL | NUM MU MAL LnA o694 33 73
sos2-0 | 2014 GRADI | MAXI | 153.8 | 92.141 | 52.354
EMNT MU 44 a 3
447 4 | 524.86 | 595.65
TEMPERATURE | 53 a 3 MINIM | 0.012 | 0.0546 | 0.5836
THER | MIMNIM | ©0.205 | 0.1708 | 0.1672 THER UM 512 53 2
AL U 707 62 46 MAL - ;
GRADI | M&X | 27.55 | 24.195 | 22.198 FLUX Maxl [ 7.584 | 13.543 [ 14.222
ENT B 51 5 a AL 537 6 &
MIMNIM | 0.010 | 0.0235 | ©.0257 ;
0.572 | 0.585E- | 0.00L10C
T Lum | as1 79 87 DISPLACEMENT | = S o
FLUX MAXI | 2.425 | 3.3355 | 3.4185 -

A El= El S5 VOMN MIMNIN | 0.001 0.17E-3 0.166E-
DISPLACEMENT D'E3328 0'6235 0'525'5' MISES UM 139 ’ 3
VON | MINIM | 0.00L | 0.768E- | O.745E- STRES
MISES UmA oS 3 3 5
STRES (THER | MaAXl | 6.980 | 3.0420 | 5.7810
(THER mMaxl | 6.692 | a.s282 | a.8803 MAL MU 63 4 6
MAL | maUna 22 62 a STRES
STRES
SES) SES)

Volume No: 2 (2015), Issue No: 12 (December) December 2015

Page 1428



CONCLUSION
The thermal analysis of piston, connecting rod, crank
shaft of an inline four engine is performed for 800k

thermal loading and therefore the results of
temperature distribution of the elements are shown.

From the results of thermal analysis carried out on
piston, we can conclude that the material Aluminum
2014-T6 has less Thermal gradient, flux and stress
compared to other materials. It is considered best
material.

From the results of thermal analysis carried out on
connecting rod; we can conclude that the material
Aluminum 5052-O has less displacement and stress
values stress compared to other materials. It is
considered best material.

From the results of thermal analysis carried out on
crank shaft, we can conclude that the material
Aluminum 5052-O has less displacement, Thermal
gradient, and flux and stress values stress compared to
other materials. It is considered best material.
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