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Abstract In this paper, the prinoiple to diagnoae the fault oompresdng ring by the

Wok vibration signal is analyzed by oonaiderins of the drift prooem of the ring and

the excitation foroes. The equation to oaloulate the nature frequenoy of the rha in the

oylfnder is given. The simulation testo on the diagnosing for Wlt rins are oarried out

by the two types of the diesel ensines. The method to diagmo8e the fault oompremins

ring by the Wok vibration eignal is got: In the domain of the low frequenoy of the

blook vibration sisnal there ia a oharaoteristio frequency whioh b okwed to the Angle

rm % nature frequenoy in the oylinder gthe PSD value at the oharaoteristio frequenoy

ia grown An the narrow frequenoy band inoluding to the dmraoteriatio frequenoy the

power value ia grown obviously~ then we OWLbelieve that there are fault compr-m

rings. (usually it ia the firstring)
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It ia not unusual that the oompremina rin8rn are in fkult of the summinss wearinss

elastiofty lacking and breaking while the engines are in the tendenoy of large-males

high rotary Bpeed and huge power cu. Generally the fault of the uompremi.ns ring oan

be diaanoaed by the cylinder gaa pressure and the temperature of the exhaust gaa Ws

but those parameter are not best beoauee of the oonvenienoe and aoouraoy. In this

paper some items about to dfagnoae the fault of the oomprernsdns ring by wing the



blook vibration dgnal~ whioh fnoludee the fault information and the vibration

feature of the rings Dis dimmed.

1. THE VIBRATION PRINCIPLE OF THE COM?RE~NG RING

In the oylinder the vibration of the compressing ring depends on the two oonditi.ona:

@the ~mp-~ -S are in the situation of drifting instead of to be premed to the
grooves @there ie an enough foroe to exoite the ring.

1.1 The drifting of the ring

The pressure Fit(a) (in vertbal) doing to the No. i ring is:

F~J(a)- p(a) X (KL- KJ.l) X B & Fgi(o) + Q*(O) (1)

In equation (l): The ‘+8 beeomlng ‘+8 while the ring running up or beooming H

-r while the ring running downs The p(a) b the eylfnder IJae preeoure 9 the F4(u)

is the Motion foroe between the No. i ring and cylinder 4he Q.(a) is the reoiprooating

inertia foroe of the r~ 9 the S is the side area of the ring, the KJ is the pramure

dedining eoefffoient of the No. i ring. When the Fit(o) is less than seros that means

the No. i ring h in the situation of drifting. The figure 1 shows the No. 8 ring%

drifting of a 41861Gdiesel engine at the operation oondition of lf500r/rnin, No. 1 and 2

rings hlt ~ ?6% oapaoit$@. So we oan know from figure 1 that There are 2 seotiom

of the drifting in the domain of O-720WA.
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In equation (2), the W* ia the gas pressure doing to the No. i ring in horizon, the WA

ia the foroe resulted in the elaatioity of the ring ~ the W Jb the oil-film foroe doing to

the No. i ring in hodzon~ The B is haif of the rins% h.iah~ the DAb the r~%

diameter 9 the Kt’ b the back pressure coefficient of the No. i rm. Figure 2 shows

the s- Pressure and the oil-film foroe (in horizon) doing to the No. 3 ring at the

condition of 1500r/min~ No. I and 2 r-s faults 76% eapauit y? It should be noticed

that in the first driftins motion there aren1 any changing of the sam prearnure and the

oil-film foroes but in the 36(YCA TDC of the second drfftm eeetions the oil-film

form ia deoreaeed suddenly to zero beoauae of the changing of the piston moving

direotion~ also the gas premure is deoreaaed suddenly to aero beoauae of the opening

of the intake and exhauat value. At this moment the foroe Fi im beoomed suddenly

to the fome Fd to exoite the ring:

F&- Fi-Wd (8)

If there were some fhult r@s, the sam pressure FV~and the oil-film foroe WJ would

be more diffbrent than the normal operation oondition~ so the exoitina form Fd to

exoite the rms would be alao more dM!erent than the one. The vibration of the ring

wffl result in the vibration of the cylinder 9 therefore the blook vibration siimal~

which inoludea the vibration infbrmstion of the ring J now is more different than the

normal operation uondition~ too. The key ibature of the blook vibration c@al em be

mt wed to diagnose the fault of r@.

1.8 The calculation of the r~ nature frequeney

Considering the compressing rinss with elastioitys also Considering the rings”

vibration in the spaoe formed by oyiinder and groow, the equation to oalculate the

rings “nature frequenoy h~]:

f = (0.0822 ~Ke*WiJz) ●JE ●g/y, HZ (4)

in equation (4): The Kc is a eoeffteient from 1 to 6.25 for frequenoy domains The t

(an) fRthe thiokness of the rm in diameter; The D (em) is the middle diameter of

the rings The E (dyn/om* ) ia the modulus of elaatioity~ The y (dyn/emt ) is the

speoifie gravity of the rin& Aoeordins to the equation (4) ~ we could know that the

domain of the ring nature frequenoy of the 41WG diesel engine ia from 125 to 501

Hz, and the one of the 175F dfeael engine ia from 481 to 1727 Hz. Those 2 kinds of

dieoel en&ine are wed in the simulating testsi to diagnose the fault ring.

2. THE SIMULATING TE~ ‘IO D18GN091 THE FAULT RING

While the aompreadng rms are in fhult oondition 9 the emenoea of the influenoe to



the dfeeel ensine are that the funotfon ‘dosing Baa pressure and deereadng piston

oraahing ia loet bewnwe of the laoking elastidty of ring meanwhile the Motion power

expended by rings group is deoreased obviously. UUually the first eomprwdng rirw ia

eaaiet to be fault (suoh as gumming) shoe it ia most closed to the oombuation home

with hm temperature ~ So the simulating method about the rm fault ia to uaneel the

No. 1 compressing rins dfrectlt.

The simulating teaka are carried out ●t a 4 cylinders diesel engine with type of 4186G

and ● single cylinder diesel engine with type of 176F. The vibration reeponsee

deteoted from the blooka of the 2 diesel engines are inveatkated and analgwxl by the

power speotrum density (PSI)) of the FFT ~ shown aa figure 8 and figure 4t Some

hult oharaoters about the 2 figures are shown in table L
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So we oan know from figure 8,4 and ixble 1 that there are some characteristioa when

the oompremdng ring of 4185Gor 176)?diesel engine ia in fault oondition:

@The ohs. frequenoy, whioh fa 50&3z or 680Hz and in the domain of the frequenoy

oaloulated by equation (4) ,ia the ring% nature frequenoy in oylinder.

@ln the oondition of the No. 1 ring ~ult ,the ohs. PSD value and the narrow band

power are larger than the one in the normal oondition.

(& The ohs. ikequenoy, the oh, PSD value and the narrow band power are all the

pammetem related to the fault oondition of the ring.

@. The variety of the parameters of the ‘totel powers and the ‘SOO.mean-square~

are not very obviow beoause those parameters ere all the general paremetera whfoh

express the model information of the system formed by piston —rings —oylinder -

blook.

3. CONCLU=ON

Summing up 9 the blook vibration chamoteriatioa of the diesel engine with ring fault

are: @There fa a iharacteristio frequenoy whfoh is oloeed to the nature frequenoy in

oylinders @l’he ohs. PSD value and the narrow band power are larger obviously than

the one in the normal rendition.

4. INFORMATION ABOUY ‘ttlE FI~ AUTHER

Y. Zhang 9 Ph. Dootor with the Position of Amooiate Rofimor ~ working in the

Automobile Engineering Department. Changshe Communications Institute,

Changsha 410076, P. R. China; The major reeearoh direotion b the oondition

monitoring and iimlt diagno~ing for medunioal equipment. Having publfmhedabout

the 8~ papers on fault diagncdng and automobile engineering. The major paper is ~

The Reaearoh on The Fuzzy & Dynam@ Monitoring of The IC Diesel% Operation

Condition Us Journal of Automobile Engineering, Proceeding of the Institute of

Meohanid Engineers Pert D~ UK. The major work ia ~ The Remaroh On

Construction Response And Operation Condition For lC Engine% Main Moving

Assemb~ ,Railway preoo 9 lth edition, Bei#ng, P.R. China, 1997,

5. REFERENCES

CIIW. Muller. $ervioe Experience From Sulzer RTA-mriea Enginee. May. 1991

[2]Y. ZhansO The Researah on The Construction Response And Operation

Condition for IC Engine% Main Moving Assembly. Ph. D Thesis, Wuhan

Transportation University, Wuhan, P.R. China. 1996

C81B.Q. Wu. The Rings of IC Engine. Railway Press. ”lth editfon. Beijing, P.R.

China. 1987. 20– 40


