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Abstract

From the point of user it is important to minimigegine friction losses because it means the redludti fuel
consumption and emissions. Among all losses enemtchtluring energy transformation a significant peelate to
the friction in crank mechanism, in particular iedring nodes.

This paper presents results of calculation of agerhfriction losses generated at the main and ciagdrings of
a diesel operating in a wide range of rotationaksegds. A main bearing served as an example for demadion of
utilization of obtained results to an analysis nétfon losses from the perspective of their raatiagainst engine
certain constructional (dimensions, clearancesyiktating oil viscosity) and operational (speed, thail properties)
parameters. Total power required for overcomingtfan resistance at main and crank bearings hashmesented
in relation to the variable rotational speed.

Keywords: friction, IC engine, friction losses, slide bearing

1. Introduction

It is important to minimize the friction losses @frunning engine because they substantially
affect fuel consumption and emissions. One of tlagsamoward the effective reduction in fuel
consumption and improvement of a number of indides engine durability and reliability is
minimization of friction losses through proper emgidesign and operation.

In the literature on friction losses one can firadious percentage share of individual friction
nodes in total losses generated by the engine.rdoupto Martin [9] losses encountered at the
“piston-rings-pin-cylinder” assembly account foroaib 44%, bearings 22% and valve train another
6%, which gives about 72% of all mechanical los€@ther authors associate the volume of
friction losses with rotational speed. Fig. 1 prase typical division of friction losses in retai
to the crankshaft rotational speed taking into aota number of considerable factors [1]. A
significant shear in total mechanical losses of emodengine have an auxiliaries drive. Losses
relative to the valve train drive prevail at loweggls, while those connected with piston-cylinder
assembly and crank mechanism quickly increasetivéhincrease in rotational speed.

Both constructional and operational factors affetion losses connected with main and
crank bearings operation. The most important agaribg dimensions, clearance, mass of engine
moving parts, rotational speed, lubricating ois (Miscosity in particular). Friction losses can be
determined analytically utilizing relevant compugagl procedures, above all forces in crank
mechanism and hydrodynamic parameters of slideirgmamas well as carrying the test stand
measurements.
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Fig. 1. Friction losses of engine individual subasblies and auxiliaries: 1 — piston-cylinder node,
2 — crank system, 3 — valve train, 4 — oil pump,dternator, 6 — water pump, 7 — auxiliary pump,
8 — vacuum pump, 9 — balancing shafts, 10 — fuelp(GDI engines) [1]

2. Friction losses at crank mechanism bearings

Besides the hydrodynamic ldiue to lubricating wedge, dynamically loaded beggiaf engine
crank mechanism experience hydrodynamic lift dueluoricant squeeze when the journal
displaces relatively to the bush. Superpositiobath these phenomena is utilized to determine the
characteristic parameters of bearing operationKgge2), including friction losses.

Total friction losses of dynamically loaded beasregjual:

N, =N, +N,, (1)

where:

N — friction losses due to rotation (wedge effect),
w — friction losses resulting from displacementsuéstye effect).

The friction losses understood as the flux of eperigsorbed as the result of overcoming the
resistance to motion, have the dimension of fricpower. The friction power N\wedge) consists
of a part resulting from shear due to speed gradelubricant layer between surfaces of journal
and bush for angular velocities andwy, respectively. The friction power,Nsqueeze) results in
turn from the work of dumping the journal displaaath relative to bush performed by the
lubricant squeezed from bearing.

In order to determine the friction forces acting sanfaces of journal and bush, balance of
forces acting on an element of lubricant in luldiita gap should be analyzed. This balance of
friction forces and pressures acting on an elermokhtbricant has been presented in Fig. 3.



Fig. 2. Schematic of a cylindrical slide bearingognetric marking and a principle of lift summati¢h= bearing
load, R, — oil film reaction due to wedge effec}, Poil film reaction due to squeeze effect; journal radius,
r, — bush radius, e — eccentricity, h — lubricatiregpgvariable height, b — bush effective lengthk,angle of load
direction, d— angle of centers line directiop,— angle betweenRAnd R,, ©— angular coordinate measured
from the thickest layer of lubricant (indexes meg&pectively beginning and end of the region oividdial effects),
w- angular velocity of journal (1) and bush (2y/dt — angular velocity of line of centers

at.
T+ ay dy
’ dX p + Q&dx
L L OX Fig. 3. Balance of forces acting on a lubricant
dy element in lubricating gap
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According to Fig. 3:

p@y+(r+?dy}dx—(p+@dxjdy—Idx:O , (2)
y 0x

where:

p — hydrodynamic pressure,

1= r]a—u — shear in lubricant layen (- lubricant dynamic viscosityg—u — velocity gradient in
y y
direction of lubricant layer thickness).

From Eg. (2) it comes:
or _0
o, (3)
y 0X



and after substitution afto (2)

0°u _ 10
x (4)
6y /7 ox
As result of double integration of (4) relativeytowve receive:
-~ Py2ic iy, (5)
2r] 0X
Integration constants can be defined using bouncamditions that are as follows:
fory=0 u=w4which corresponds to the bush circumferential 8pee
fory=h u=wwhich corresponds to the journal circumferentoded.
Hence
u:y(y_h)aa—p+h_ym2+iml. (6)
27 ox h h
Elementary force of friction in the layer of lubaiat
dS=rldx[dy. (7)
Substituting (6) to (7), we receive:
ds= qaa—dxmz nE y(y=h) dp , Y+ Y |dxdz=
oy 2n 0x h h
(7)
( ) (w —uz)i+u2 dxdz,
ay 2/7 ox h
and after differentiation
u-u, hodp _0p
dS=|np*+—2-——+y— |dxdz 8
(’7 h 20x yaxj ®)
For y = 0 — bush slide surface:
u-u, hap
ds =| n+—2-—— |dxdz, 9
s =(ntt - 5% Jouas ©
and for y = h — journal slide surface:
u-u, hap
dS=|n+—2+—-— |dxd 10
3 ( h  20x j xae (10)

Friction force on the journal surface is biggerrnthan the bush surface, hence the friction
power should be calculated using thd@ce.
Taking into consideration the difference in circeneintial speeds of journal and bush that

equalsu, —u, =r(w, —w,)=r 6, and introducing the circumferential coordinase= r (PO, the
friction force in the lubricant layer adjoining tioe journal surface

2 r 0O

1k

S = j:@j{ g, hgo }d@dz. (11)



Hence [8]:

bldinla, , 7 2+¢/%Pk [sing (12)
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where — besides earlier introduced indicatiopss a bearing relative clearance and relative
eccentricity.

Due to periodical changes in position of journahtee relative to bush center (dynamically
loaded bearing) the friction force changes periaidijaas well.
Friction power:

B 1 mrmr
N =—— G‘% mm{ S(a)da, (13)

where: m = 2 for two stroke engine and m = 4 faurfgtroke engine, d — bearing nominal
diameter,w — crankshaft angular velocitgy — crankshaft angle. The friction force S is being
numerically integrated.

3. Results of calculation and analysis

In order to determine the friction losses (frictippwer) at the engine crank mechanism
bearing a method presented in the previous chaptebeen utilized. The computations have been
carried out using earlier formulated computer paogs. A turbocharged diesel of hominal power
Ne = 66 kW and maximum torque M 195 Nm has been selected for calculations [Spa#t of
technical data have been provided by the manufagtather were found during engine tests at test
bed (indication diagrams) and previously conduatedhputer calculations of bearing loads and
hydrodynamic parameters of bearing operation [4, COmputations have been carried out for
following speeds: idle run (800 rpm), maximum taq@®500 rpm) and maximum power
(4100 rpm).

0,9

08 15W/40 lube oil

0,7 b mean = 0.99-1073

0,6 /
0,5

[N =4100 rpm

0 / /

[ n = 2500 rpm |
0,3 r_.-n\ sl
0,2 Y

N, [kw]

Ve i
Y N e

0 0 180 270 360 450 540 630 " 720
af

0,1+

Fig. 4. Course of momentary friction power at B mbearing vs. crank angle for various speeds

Eventually presented results concern the highlgédamain bearing B. Fig. 4 presents the
course of momentary power dissipated at the beasng result of friction against the crank angle



within the full cycle. The mean friction power Simean= 0,10 kW, 0,19 kW and 0,47 kW at
n =800, 2500 and 4100 rpm, respectively.

For the further analysis of the relation betweeriaie parameters and magnitude of friction
losses at the bearing, an averaged value of fnigg@wer within the entire cycle has been assumed.
When analyzing the effect of bearing size on foictiosses a length to nominal diameter ratio
(b/d) was taken into consideration. Since the Ingahialf bush has the circumferential groove, an
effective length (P has been taken into account. Fig. 5 presentsdbese of friction loss change
vs. bearing lengthJdgand b/d ratio as well) for various rotational sge.
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The bearing clearance is another parameter inflagnthe friction losses. For the speeds
analyzed, there is a close relation between thaevat bearing clearance and friction losses as it
has been presented in Fig. 6. Along with the irsxeim bearing clearance the friction losses
insignificantly decline. A considerable drop incfion losses can be observed in the range of
minimum and medium clearances for the speed ofrighe(n = 800 rpm). All calculations have
been carried out for the SAE 15W/40 mineral lubdelnithe case of minimal bearing clearance a
replacement of SAE 15W/40 oil with the synthetic/8%/one would be advantageous because the
friction losses could be diminished by about 6086r(f 0.3 kW to 0.12 kW).

The grade of lubricating oil, especially its visitpss an important factor influencing the
friction losses at bearing. Three types of the kdtde oil, namely synthetic, semisynthetic and
mineral ones (the last fresh and used) have be@&seohfor calculations. Their viscosity
corresponds to the manufacturer’s data and indke of used oil its viscosity remains within the
predicted range (increase or drop in viscosity Byatd 20 percent, respectively) [6]. Fig. 7
presents the friction losses depending on oil gr@adéculated for bearing mean clearance) for
different rotational speeds. Despite the oil gradgion losses at the bearing are very similar for
the same speed (2500 and 4100 rpm). In the caskeatun use of the 5W/40 synthetic oil brings
about definitely lower losses. Comparing lossesiltieg) from application of fresh and used
15W/40 mineral oil, an insignificant fall in theialue could be observed for the used oil.
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Fig. 8 presents a diagram summarizing friction dgsat all main and crank bearings vs.
crankshaft speed. Curves representing friction elssombine friction power calculated for
individual main (five fold) and crank (four foldehlrings. Calculations were carried out for a mean
relative clearance and for SAE 15W/40 grade luhe oi

4. Conclusions

The friction losses calculated for running crankchrnism bearings allow to conclude that the
rotational speed affects them to the highest dedfee the idle run speed the losses at crank
bearings are a half of those generated at mainngsaHowever, along with the increase in speed
they increase as well and for the speed of 4100aintomparable to the losses at main bearings.

For the most loaded bearing (the B main bearingrilation losses:

— increase with the increase in bearing length,

— decrease slightly with the increase in bearingreleee, while the significant drop in their
value could be observed for 800 rpm within the ideae rang@min andWmean

— are almost the same for oils analyzed at the saamkshaft speeds; in case of synthetic oil far
lower friction losses correspond to the idle rureexh This is why this kind of oil is
recommended for cold starts.

Eventual works on friction losses should take intmsideration higher number of factors
affecting the power necessary to overcome frictesistance at main and crank bearings. Then the
decrease of those losses could be achieved thartke fproper design and optimization, what in
turn results in lower fuel consumption and lowedi¢eemissions.
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