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Abstract—Today’s industry demands versatile, efficient and cost 
effective equipment while at the same time providing more flexibility 
along with significant savings through increased productivity. 
Developing an industrial activity gives an exposure to the budding 
engineers to get familiar with the industrial area, in which they are 
supposed to work in future. Also the interaction happened during the 
development of an activity include investigation of available 
methodologies, finding the drawbacks in the existing system, creation 
of new innovative ideas, checking the feasibility of ideas, gathering of 
relevant information, application of theoretical knowledge for 
designing of system, verification using computer oriented 
technologies, finally implementation of best solution gives us the 
opportunities to two major problems one in cooling system and other 
in the exhaust system of JCB wheel loader. While operating, adaptor 
of fan motor of JCB wheel loader breaks down at its neck causing 
leakage of the hydraulic oil in the system and ultimately performance 
of the cooling system drops down. Also direct shear out of the screws 
of adaptor is observed. As per the major service concern issue and 
customer feedback, the generation of crack in the adapter result into 
the serious problem such as leakage of the hydraulic oil through the 
adapter which affects the performance of whole cooling system. 
These problems are selected for study, failure, performance analysis 
and finding the best solution to improve performance of the wheel 
loader. Presently this work is allocated as a problem task from JCB 
India Limited, which is located in Chakan MIDC, Pune. In this 
paper, Investigations for the problem currently in use was analyzed 
for various modes of time taken, time laps and then select 
methodology for the analysis to recover the problem of industry and 
the future work is the analysis and furthermore the results will be 
compared with FEA software- ANSYS.  
 
Keywords: Industry problem, investigations, adaptor, silencer, 
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1. INTRODUCTION 

Hydraulic fan drives have caught on as the most effective way 
to cool diesel engines. Traditional, belt-driven fans produce air 
flow that is dependent upon engine speed, not cooling 
demand. This means belt-driven fans usually deliver too high 
or too low an air flow, which not only causes wide 

fluctuations in engine temperature, but wastes power. Unlike 
traditional systems, hydraulic fan drives operate with variable 
speed. This means air flow through the radiator can be closely 
matched to the cooling requirements of the engine. In its 
simplest form, a hydraulic fan drive consists of a pump, 
pressure control valve, motor, sensors, and electronic control 
and, of course, all the hydraulic fan drives also allow 
mounting the radiator in a location that may be more practical 
than adjacent to the engine. The cooling system operates 
hydraulically i.e. fan motor is driven hydraulically. Various 
connections of the hydraulically driven fan motor as shown in 
block diagram of hydraulic system of JCB wheel loader. In 
JCB vehicles hydraulically driven fan motor is used instead of 
conventional belt driven fan motor. In JCB wheel loader’s fan 
motor, there was a serious problem of breakage of the adaptor 
of the fan motor , used to connect inlet hydraulic oil hose to 
the fan motor, at its neck due to insufficient thickness of 
adaptor neck to bear stresses acting on it 

 

Fig. 1: Block diagram of hydraulic system of JCB wheel loader 



52

Th
als
ma
gen
pro
ada
sys
pro
cha
the
end
scr
det
hig
op
veh
of 
pip
fro
can
oth
out
hot
thr
hea
eac
abo
op
wa
bet
exh
and
the
bet
sho
dis

2. 

2.1

In 
of 
hav
eng
dep
me
air
tem
hy
mo
all 
a l
eng
op

6

he Fan Motor A
so sheared off 
ajor service c
neration of cr
oblem such a
aptor which 
stem. Because
oposed in the 
anges such as 
e internal struc
d and also sim
rews with incr
tail in design
ghway vehicle,
erator’s safety
hicle must be 
the operator. W

pe must be car
om the users of
n quickly fill 
her exhaust ga
tdoors. Also, th
t; the pipe m
rough or near a
at. Also this sh
ch country In 
ove criteria g
erators safety 

as all according
tween the sile
haust gases in 
d causing a fee
e problem of 
tween silencer
ould be such
scomfort. 

STUDY- FA
ADAPTOR 
LOADER 

1 Problem 

JCB vehicles h
conventional 

ve caught on 
gines. Traditio
pendent upon 
eans belt-drive
r flow, which 
mperature, bu
draulic fan driv
otor, sensors, a
the hydraulic 

location that m
gine. Unlike 
erate with vari

Print ISSN:

Adaptor Inlet p
due to incorre

concern issue 
rack in the a
s leakage of 
affects the pe
e of the abov
design such as
thickness of fl
ture such as ch

mple button hea
eased thicknes

n modification
, it is most imp
y and comfort
designed with

While consider
refully designe
f the machine. 
an enclosed sp
ases if they a
he gases from 

must be heat-re
anything that c
hould meet the 
India BS-III e

get fulfilled b
and comfort 

g to rules and 
encer and driv

the silencer w
eling of uncom

driver’s comf
r and drivers 
h arrangemen

AILURE AN
R IN COOLI

hydraulically d
belt driven fa
as the most 

onal, belt-drive
 engine spee

en fans usually
not only caus
t wastes pow
ve consists of 
adaptor and ele
fan drives also
may be more 

traditional sy
iable speed. T

Journa
 2350-0077; O

port mounting 
ect selection cr

and custome
adaptor result 

the hydraulic 
erformance of
ve problem, m
s in the adapto
flange is increa
hamfer is exten
ad screws are c
ss which is fur
ns. While des
portant to desi
t. Hence ever

h safety and co
ring exhaust sy
ed to carry exh
Indoor genera
pace with carb

are not proper
most types of 
esistant, and i
can burn or can
regulation nor
tc. In JCB wh

but ultimately
because the s
regulations bu

vers cabin was
was passing in 

mforting to him.
fort and safet
cabin must in

nt that driver

NALYSIS OF 
NG SYSTEM

driven fan mot
an motor. Hyd

effective way
en fans produc
d, not coolin

y deliver too hi
ses wide fluctu
wer. In its s
a pump, pressu
ectronic contro
o allow mounti

practical than
ystems, hydra
his means air 

al of Basic and 
Online ISSN: 23

screw head w
riteria. As per 
er feedback, 
into the serio
oil through 

f whole cool
modifications 
or design the f
ased by 3mm a
nded to the flan
changed in to 
rther explained
signing any O
ign it consider
ry system of 
omfort conditio
ystem, an exha
haust gases aw
ators and furna
bon monoxide
rly vented to 
machine are v
it must not p
n be damaged 
rms maintained
heel loader all 
 in cost of 
silencer design
ut as the distan
s less, heat fr
the drivers ca

. In order to so
ty , the distan
ncrease and th
r does not f

FAN MOTO
M OF WHEE

or is used inste
draulic fan driv
y to cool die

ce air flow tha
ng demand. T
igh or too low
uations in eng
implest form,
ure control val
ol and, of cour
ing the radiator
n adjacent to 
aulic fan driv
flow through 

Su

 

Applied Engin
350-0255; Vol

were 
the 
the 
ous 
the 
ing 
are 

few 
and 
nge 
tap 

d in 
Off-
ring 
the 
ons 
aust 
way 
aces 
e or 
the 

very 
pass 

by 
d in 
the 
the 
ned 
nce 
rom 
abin 
olve 
nce 

here 
feel 

OR 
EL 

ead 
ves 
esel 
t is 

This 
w an 
gine 
, a 
lve, 
rse, 
r in 
the 
ves 
the 

radiator
the eng
motor is

In fan m
and sup
the adap
one dev
device 
adaptor
reasons
in the h
adaptor
adaptor
into cra
port mo
selectio
gradual
leakage
the perf

Fig. 

unil R. Kewate, 

neering Resear
lume 2, Numbe

r can be closely
gine hence in 
s used instead 

motor, oil come
pplied to the fa
ptor. An adap
vice or system
or system. Bu

r is that the ad
 such as high 
hose due to su
r downwards. 
r neck to bear 
ack in adaptor 
ounting screw 
on criteria. Th
ly increases an

e of the hydrau
formance of wh

Fig. 2: Field fa

3.The hydrauli

Shubham R. P

ch 
er 7; April-June

y matched to th
JCB vehicles

of conventiona

es from the ge
an motor by co
tor is a device

m to those of a
ut the problem
daptor a crack
pressurized oi

udden variation
And due to 
stresses acting
neck area. The
head are also 

he generation 
nd result into th
ulic oil through
hole cooling sy

ailure details of 

 

 

ic system and fa

Patil and Jayash

e, 2015  

he cooling req
s hydraulically
al belt driven f

ear pump throu
onnecting the h
e that converts 
an otherwise i
m with existin
ked at neck du
l force creates
ns in pressure 

insufficient t
g on the adap
e Fan Motor A
sheared off d
of crack in 

he serious prob
h the adaptor w
ystem. 

fan motor adap

an motor adapt

hri Amodekar 
 

quirements of 
y driven fan 
fan motor. 

ugh the hoses 
hose through 
attributes of 

incompatible 
ng inlet port 
ue to various 
 fluctuations 
which pulls 

thickness of 
ptor resulting 
Adaptor Inlet 
due to wrong 

the adaptor 
blem such as 
which affects 

 

ptor s 

tor failure 



Re
JC
 
 

2.2
fai

Th
exc
giv
ada
mu
wit
tor
be 

Fla
du
or 
bre
be 

Th
mo
to 
in 
at 
ord
He
dir
of 

Sim
sel
cru
are

3. 

 3.
Th
the
exh

eview Study on
B Wheel Load

Fig. 
ad

2 Suggested s
ilure- 

he torque appli
cess of the to
ven failure of a
aptor , torque a
ust be conside
thout failure a
rque applied m
within given r

ange thickness 
e to insufficien
force applied

eaking due to i
increased. 

he direction of 
odel the oil flow
gravity pressu
hose pulling h
its neck henc

der to avoid pr
ence hose dir
rection instead 
old model. 

mple screws s
lection of scre
ucial to change
e suitable for th

STUDY-PE
SILENCER

1 Problem 
he old design s
e distance of th
haust gases he

n Failure and P
der –A Practica

Print ISSN:

4: Field failure 
daptor mountin

solution to av

ied should be w
orque applied 
adaptor hence w
application is a
ered. For bette
and for improv

must be within 
range of torque

should be incr
nt thickness to
d. In order to
insufficient thi

flow should be
ws through the

ure would conc
ose and adapto
e direction of 
ressure concent
ection is chan
of taking from

should be repl
ews shear off t
e the button he
he given applic

ERFORMANC
R OF WHEEL

shown in the F
he silencer from
eats the cabin. 

erformance An
al Problem of I

Journa
 2350-0077; O

details of fan m
ng screw shear o

void the fan 

within limit-Th
can also be th
while solving i
also an importa
er performanc
ving the coolin
tolerable limit

e suitable for th

reased-The bre
o withstand the
o diminish th
ickness flange 

e changed- As 
e hose forming
centrate at the
or at its neck an
f the hose shou
tration and ulti
nged i.e. take

m downward di

laced by tap s
the screws fro
ead screws to c
cation 

CE ANALYSI
L LOADER 

Fig. deals with 
m the cabin is 

To eliminate 

nalysis of Fan M
ndustry 

al of Basic and 
Online ISSN: 23

motor  
off 

motor adap

he insufficient
he reason of 
issue of the fai
ant parameter a
e of the adap
ng efficiency 
t i.e.50N. It m
his application.

eaking may cau
e stress genera
his possibility 

thickness sho

in case of curr
 U-shape and d
 lowermost po
nd adaptor brea
uld be change
imately breaki
en from upw
irection as in c

screws-As wro
om nut. It is v
cap screws wh

IS OF STAC

the problem t
very less and 
this problem 

Motor Adaptor

 

Applied Engin
350-0255; Vol

 

tor 

t or 
the 

iled 
and 
ptor 
the 

must 
. 

use 
ated 

of 
uld 

rent 
due 
oint 
aks 

e in 
ing. 

ward 
ase 

ong 
very 
hich 

CK 

that 
the 
the 

new des
outer si
given th
which c
generati
that it h
given to
coming
many c
to the r
there is 
the two 
JCB w
machine
reported
backflo
extent a
of the t
shovel o
of the e
the Fig.

The pro
current 
inventio
bottom 
directly
results i

r and Stack Sil

neering Resear
lume 2, Numbe

sign shown in 
de and the inne
he curvature to
can result in t
ion of the nois
has the notch a
o avoid the sha
 back by attac
hances of poll
regulation nor
appearance of
side grill hole

when observed 
e is running in
d by the opera
w the exhaus

and it also caus
top panel asse
on which the si
exhaust gases p
 .  

Fig. 5:

oposed design 
design and th

on in this case 
side up to the

y thrown into 
in reduction of

lencer for  

ch 
er 7; April-June

the Fig. that s
er diameter of 
o the inner pip
the turbulence 
se. The existin
at the inner sid
arp edges so th

cking to that n
lution and it is 
rms maintained
f the black smo
es of the wheel 

from backsid
n the field this 
ators of the ma
st gases engin
ses the carbon f
embly compon
ilencer is fitted

proposed desig

 Design of Stac

consists of th
he shape as pe

is that the par
e shielding so 
the exhaust p

f the backflow 

e, 2015  

shielding is pro
the silencer is 

pe to avoid the 
of the exhaus

ng silencer has 
de of the silen
hat the exhaus
otch. Due to th
not permissib

d In India BS
oke which is co
loading shove

de of the ma
was the very p

achine in the f
ne is also hea
formation on th

nents of the wh
d. To prevent th
gn is suggested 

k in CATIA 

he shielding in
er the old des
rt STACK pro
that the exhau

pipe and exha
of the gases to

527 

ovided to the 
reduced and 
sharp edges 

st gases and 
the problem 

ncer which is 
t gases were 
his there are 

ble according 
S-3 etc. also 
oming out of 
el machine of 
achine when 
prompt issue 
field. Due to 
ated to great 
he inner side 
heel loading 
his backflow 
as shown in 

 

n case of the 
sign the new 
ovided at the 
ust gases are 
austed which 
o the engine. 

 



52

Th
sid
cab
pip
sha
exh
thi
exh
to 
of 
un
gla
to 
iss
of 
gas
pip
ma
the
sug
cab
bon

8

Fig. 6: Show

hat is as shown
de of exhaust p
bin heating as 
pe the curvatu
arp edges. But 
haust system i
is silencer. In 
haust gases are
heating of out

cabin also 
comforting in 
ass wool shield
absorb the he
ue is solved bu
exhaust gases

ses on the curv
pe. These gase
achine is runni
e silencer and
ggested some 
bin heating is
nnet. 

Print ISSN:

wing Silencer W

Fig. 7: Problem

n in above Fig. 
pipe to absorb 
by minimizing

ure is given at
by testing a si

in a field we h
this silencer 

e thrown on th
ter side of cab

increases g
the cabin .To a
ds are added to
eat but with th
ut another new

s in to bonnet 
vature given at
es can be view
ing in the field
d studying it
changes in d

ssue and back

Journa
 2350-0077; O

WLS with probl

ms with Silencer

only shields a
some amount 

g inner diamet
t the bottom s
ilencer in a fie

have found a n
due to inaccu

he surface of t
bin, temperatur
gradually and
avoid the cabin
o outer side of
his solution on
w issue is creat

due to strikin
t the bottom si

wed from the ba
d. By analyzin
t by approxim

design of silen
kflow of exha

al of Basic and 
Online ISSN: 23

 

lems failure 

r 

are added to ou
of heat to redu
er of exhaust e
side to avoid 
eld or by testin
new problem w
urate design to
he cabin and d

re of internal s
d driver’s fe
n heating of W
f the exhaust p
nly cabin heat
ted that backfl
ng of the exha
ide of the exha
ackside when 
ng these faults
mately we ha
ncer to avoid 
aust gases in 

Su

 

Applied Engin
350-0255; Vol

 

uter 
uce 
end 
the 

ng a 
with 
otal 
due 
side 
eels 

WLS 
pipe 
ting 
low 
aust 
aust 
the 

s in 
ave 
the 
the 

In this 
that is th
called a
cabin he
silencer
due to t
arise. T
through
of silen
various 
vibratio
eventua
by crea
used to 
through
with cu
happen 
we hav
problem
backpre
bonnet, 
mainten
for serv
silencer
simultan
also inc
perform
in mark
main tw
compan
surely f

Fig. 8: P

unil R. Kewate, 

neering Resear
lume 2, Numbe

design of silen
he stack shown
as stack silenc
eating problem
r by minimizin
this solution ne

That is the bac
h clearance betw
ncer. The exha

problems whi
on and incor
ally generate fa
ating backpress

describe the e
h the exhaust 
urrent scenario

properly due t
ve need to ch
m came in 
essure in engin

internal side o
nance of system
vice engineers
r it has to de
neously both 

creases with th
m its operation 
ket as exhaust 
wo system of e
nies of off-road
focused by othe

Proposed Mode

Shubham R. P

ch 
er 7; April-June

ncer one new p
n in Fig. 7 by r
er. As we disc

m we have adde
ng the inner dia
ew problem to 
kflow of exha
ween the exhau
aust system ca
ich can group 
rrect use. A
ailure of the ex
sure problem. 
effort required
system and ou

o in WLS type
to incorrect de

hange the desi
exhaust syste

ne as well as ex
of bonnet is to
m as well as 
s. To solve th
esign such kin
issue and effi
is solution. In 
properly its to
system as well

engine. In mark
d vehicles, eff
ers. 

el of Stack Silen

Patil and Jayash

e, 2015  

part is attache
red encircled, t
cussed earlier 
ed glass wool s
ameter of exhau

exhaust system
aust gases in to
ust end pipe an
an become dam

into three cat
ll three cate
xhaust system 
Back pressure

d for exhaust g
ut to the atmo
e of wheel loa
esign of silence
ign of silence

em of WLS.
xhaust gases en
otally black and
engine is chal
hese above tw
nd of silencer 
iciency of exh
field if exhaus

otal effect on p
l as intake of e
ket, compariso
ficiency of exh

ncer and Silence

hri Amodekar 
 

d to silencer 
therefore it is 
to avoid the 

shields to the 
ust pipe. But 
m of WLS is 
o the bonnet 
nd outer pipe 
mage due to 
tegories rust, 
egories will 
components 

e is the term 
gases to flow 
osphere. But 
ader it’s not 
er. Therefore 
er according 
. To avoid 
ntered in to a 
d due to this 
llenging task 
wo issues in 

that solved 
haust system 
st system not 
product sales 
engine is the 

on with other 
haust system 

 

 

er in CATIA 



Review Study on Failure and Performance Analysis of Fan Motor Adaptor and Stack Silencer for  529 
JCB Wheel Loader –A Practical Problem of Industry 
 
 

 

Journal of Basic and Applied Engineering Research 
Print ISSN: 2350-0077; Online ISSN: 2350-0255; Volume 2, Number 7; April-June, 2015  

3.2 Suggested Modification to avoid the failure of Silencer 

To improve the exhaust system of WLS, it is suggested 
addition of stack -In order to avoid backflow of the gases there 
should be an arrangement which will gives the proper way to 
the exhaust gases and prevent them from back flowing into the 
engine. Hence a new additional part called stack is added to 
the silencer to serve for the same. Due to specific shape of the 
stack backflow is avoided and in turn efficiency of the silencer 
increases. Therefore addition of stack results in improvement 
of efficiency of the exhaust system. 

Shield should be added outer to the exhaust pipe-Because of 
the small distance between silencer and driver’s cabin hot 
gases from exhaust system were heating the driver’s cabin and 
causing very uncomforting to the driver, As hot gases from 
exhaust were heating the driver’s cabin, shield should be 
added to avoid this. Shield would act as a insulator preventing 
large amount of heat passing to the cabin. 

Diameter of silencer pipe should be reduced-It is require to 
add shielding to the silencer in order to prevent heat passing to 
the driver’s cabin but if we will add shielding without 
reducing the old diameter again the distance between driver’s 
cabin and silencer would reduce. This would not suitable 
distance according to standards maintained by JCB India Ltd. 
Hence in order to maintain sufficient distance between 
driver’s cabin and silencer shielding is added with reduction in 
diameter of the silencer. 

4. CONCLUSION 

Failure analysis of fan motor adaptor has played very crucial 
role in the solving the issue of the breaking of fan motor 
adaptor. Due to failure analysis of fan motor adaptor suitable 
changes are made in the existing model which would in turn 
avoid the further breaking of the silencer. By performance 
analysis of stack silencer and existing silencer of WLS by 
improving a design of silencer, efficiency of stack silencer 
increases. By introducing a stack in proposed model of 
silencer backflow of exhaust gases in to bonnet reduced and 
increases performance of silencer. Also by adding shields into 
the silencer cabin heating issue get solved. Ultimately by 
deigning this new silencer both issue, cabin heating as well as 
back flow of exhaust gases into bonnet solved. By 
implementing the various ideas on the JCB wheel loader, the 
line efficiency and productivity is increased. The major 
outcomes of the implementation are time saving, Effective 
space utilization, Quality improvement, Cost saving, Operator 
fatigue elimination and comfort increases that is ergonomic 
benefit.  
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