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Study on the Improved Measurement of Piston Assembly
Friction Force in an IDI Diesel Engine.
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ABSTRACT

Among mechanical friction losses in an engine, the piston assembly and cylinder components accounts

for the majonty of the losses. The movable bore technique has been developed and turned out to be

the most reliable technique in measuring the instantaneous friction of piston assembly. The weakness

of this system, however, was the presence of the protruded top of movable bore necessary for pressure

balancing., Because of the protruded part the piston could not be taken out without disassembling the

crankshaft. Present study was carried out with a system of removable top of the movable bore so that

it was possible to make frequent piston removals.

The effects from engine speed, oil viscosity, engine load and elastic contact pressure of piston rings

on the frictional characteristics have been evaluated with the improved equipment. Also, frictions of each

member of piston assembly were measured.
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Z - ¥4 AZTDS A 2R & Table 1 Specification of test engine
Yol E, ¢7 2o A 9T T
HAE A HHLAE fEAM= 49 &

AAZo| vhaEe] oPA JPE vNEA O

Engine type 4Cyl. 1Dl iesel engine
Maximum power 80kW/4200rpm

ofof %ith. olE 3 A WH FFH A | Jisplacement volume o
h Bore X stroke 91.1.X95mm
Feo]dL T8 @77 BT 2 s — — . -
2ol B2 Waet 123sk vAd AHe # [ ~ompression xatio =
28 L AZAL BAE e ndad 747} Connecting rod length|  158mm
ol BHAE Algdeld: obd7tx 2R A<
A o)t wWabA HAE AR alAEAG o Table 2 Specifications of test rings
AE AdMe AH40E g8 2834040 [ [ 0Wd Model | New Model
ojgk 494 S e] g€ - Top ring -

2 d7dME ARe gz A2EY [ BXT(mm) | 25X37 | 20X33
Feo] AaEAYA ) ohZHe vX= S | Material | FHEAFE | Steel |
Yol B I} Coating Mo | = A#

P.(kPa) 181 173
2. &9 A 2nd ring o
| | BXT(mm) | 20X38 —

2.1 AE AT gagEgel H@E Material +3 -

= Q70 AFRE AL Y A W1F &ai—__ ;0; | i
OAd7|gez 2 FaM9E Table 19 2}, — R 8
Ezqab-:e 2= =¥ AeE AT 239 A B X T(mm) 40X24 | 30X195
=32 Aldoltt 2nd nnge ¥HE FHe] 811 top el T s T <
ring® oil ring2 77} £3 Aol ERlc) 53 TS —

BARE HEFE 3= oil ring®] Ao ¥ro 2
ZNensE ntidédeol Hito] & Anr) Q&
Ao g2 oAt

1202 | 5714 |

¥ p. - Elastic contact pressure

B @ Movable bore

(2) Engine block
gy TeTl| © Strain gage

y 3 @ O-ring(water seal)
& Piston

2.2 Movable Bore
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Fig.2 Wing with strain gages and Wheatstone

bridge circuit.(A in Fig.1)
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(5 Annular copper plate
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4> Half Q-ring(gas seal)

() Cylinder head gascket
Engine block

Fig.3 Gas seal and pressure balancing device.

(B in Fig.1)
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Fig.4d Schematic diagram of data acquisition system and test engine.
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F@)=£f(8)—m - a(@)—A - p8) (1)
Where
0 . crank angle

F(0) : corrected friction force

f(6) : measured friction force

m . mass of movable bore

2(0) : vertical acceleration of engine block
A . pressure unbalanced area

$(0) : gas pressure in cylinder
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Fig.5 Influence of engine speed under motoring
without compression.(SAE 10W, T,=40

C, v=39.2cSt)
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Fig.6 Effect of engine load under motoring and
firing operation.
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Fig.7 FMEP of piston assembly under motoring

and firing operation.(1000rpm, SAE 30,
T.=60C, v=43.,5¢5t)
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Flg 8 Effect of cylinder wall temperature under
motoring with compression.(1000rpm,
SAE 30, vior=97.2¢St, veor=43.DCOt,

veor=21 .BCSt)
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Fig.9 Effect of viscosity of similar magnitude
from different oils under motoring without
compression.(1000rpm)
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Fig.10 Effect of viscosity on FMEP under mo-
toring without compression.(1000rpm)
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Fig.11 Estimated friction forces of each mem-
ber of piston assembly and their sum.
(1000rpm, motoring without compres-
sion, SAE 30, T.=60C, v=43.5¢5t)
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Fig.13 FMEP of a whole piston assembly(R3),
those of each member and their sum.

( 1000rpm, motoring without compres-
sion, SAE 30, T.=60C, n=43.5c5t)
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Fig.12 Comparision of measured fniction force
from a whole piston assembly with sum
of separately estimated member friction
force.(1000mpm, motoring without co-
mpression, SAE 30, T.=60C, v=43.5
cSt)

Fig.14 Influence of friction losses from each
member of piston assembly to total fric-
tion loss.(1000rpm, motoring without
compression, SAE 30, T.=60C, v=43.
5cSt)
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Fig.15 Comparision of friction forces between
old and new model.(1500rpm, moto-
ring without compression, SAE 10W,
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F1Ig.16  Comparision of FMEPs between old and

new model.(motoring without compres-
sion, SAE 10W, T.=60C, v=18.7c5t)
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Fig.1 /7 Comparision of friction forces between
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