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'l' he paper prese nts t he tec hn iques of the expe r i menta l 

des i gn i ng of a Dies e l  engine p i s ton . The photo e l a s t i c i t y  

a n d  ho lographic interferometry were u s e d  f o r  optimiz i ng 

the s hape and determining t he s tres ses under t herma l 

and mechan i c a l  loads , and f i na l l y  for verificat ion by 

us i ng mode ls made of real mate r i a ls . The poss i b i l ity of 

ma nuf acturing modern cast iron and structural c o mpos i te 

pis tons was taken into cons idera tion . 
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'l'he process of genera t i ng a new p i s ton o f  the intern a l  

combus tion engineis a complex pro blem and may i nvo lve d i fferent 

t e c hn i ques a mong which t wo ma i n  d irec t i o ns can be 
d i s t i ngui s hed . One of t hem ass umes the pos s i bi l i ty of us ing t he 

s trength c a l c u lat ion the pisto n , the ana l yt i c  des ign o f  the 

heat trans f e r , a nd antic i pation through t he h i ther to 

e x pe r i ence the deforma t i o ns o t  the piston s k irt d ur i ng its 

operat i on [ l l .  
T he c a l c u l a tion methods ranging from t he bas ic phys i c a l  

d e pe ndences a nd s trength formulas t o  the pres ent-day compute r 
s i mu lation ·techni ques , assume t he acceptance of certa i n  

mode l l i ng procedures . T he s i mp l i f ications concern the phys isc 

of phenomenas as we l l  as the reduction of the problem to 

so l v ing arbitrary accepted equations . At least a part i a l  

departure f r o m  the above ment ioned problems quarantees the 

acceptance o f  the exper i me ntal or exper i menta l  and a na lyt i c a l  

method o f  the des igning procedure . B y  bas i ng his des ign work o n  

a continuons , cons tant experimenta l ver if ication carr ied out on 

phys ical mode ls the des igner is protected against making undue 
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s impl if ications and , i n  rea l ity , made to speed u p  its ultimate 

optimization . 

A universa l  algorithm of the exper imental des ign of 

combustion engine pistons deve loped on the bas is of our own 

experience conta ins a complete proces s of the exper imenta l 

des igning of pis tons which was based on inves t igations carried 

out with the use of optical measuring metho d .  The algorithm 

d ivides the des igning process into the phase of pre l iminary 

calc ulations , model testing , tes ts carried out on models made 

of real materials , as we l l  as test ing of prototype s in the 

running engines [ 2 , 3 ] .  

In pre l i minary stage two conceptions of the pistons for 

medium speed Diesel engine were worked out . 

The f irst vers ion , the mono l i thic nodal cast iron piston is 

destinated for Diese l engine us ing gas o i l  and optiona ly rape 

oi l .  Three main forms of a piston pin intersection were 

examinated , with optimizat ion of the best ( 3 ) vers ion ( f ig. ! ) . 

A fig. 2 presents view of a X- type piston , worked out us ing 

two-dimens iona l photoelastic mode ls and stres s froz ing method . 

This vers ion has a r i b- re i nforcing structure and thin wal led 

s kirt with l i mi ted area [ 2 ] .  

The other concept ion , a s tructural compos ite piston with a 

cast iron crown and l ight a l loy corp . connected by us ing ALF IN 
technology , is an answer for a necessary of l i mitation of a 
piston weight in compare with a cast iron one . Schema of 

crown-corp j o int is presented in f ig . 3 .  

Based on the exper imenta l planning method a col lection was 

prepared of constructiona l  so lut ions i n  which characteris t i c  

d i mens ions of pistons oscyl late about the calculation 

quantities . Two- d imens ional photoelastic method was 

optimization of three dimens ions the thickness of 

bottom (calculated ) and the thickness of the cast 

used for 

the piston 

iron cover 

plate in the toroidal combus tion chamber and of the piston 

bottom ( arbitrary quantities ) .  The inf luence of therma l and 

mechanical l oads was verified and later the best vers ion was 

tested by us ing s tress froz ing method . After correction of 

des ign , the prototypes were manufactured and investigated by 
us ing thermography and ho lographic interferometry method . The 

influence of s tructure on deformations and on thermal state of 
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piston was found o u t  [ 3 ] . 

The proces s of des igning the piston by continuos ly 

verifying i ts deve lopment stages as we l l  as by constant test ing 

each solution , o pt imiz ing i ts cross-sections and transfer radia 

s hould not lead to faulty solutions but to force i ts correct 

formation in terms of s trength. Rach stage makes it poss ible to 

return to the preced ing s tage and improve the previons ly 

developed vers ions . It i s  also possi ble to consider in f urther 

des ign phases the formation obtained previous l y .  In the 

experimental l y  a i ded des igning system it is poss ible to work 

out the regress ion function for certain sol utions , which makes 

it cas ier to transfer the experimenta l results to o ther des ign 

of pistons approximating the o peration conditions . The optical 

measuring met hod proposed as research too ls , mainly 

photoe lastic ity and ho lographic interferometry , are cons idered 

to be the most uni vers a l  from a l l  the hither to known research 

methods . 

Fig. l .  The ve rs ions of a nodal cas t iron piston , tes ted by 
us ing photoe las t ic i ty . 
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F i g . 2 .  The mode l of a cast iron pisto n .  

F ig . 3 .  A cross section of a compos i te 

piston . 

1 . Bedz inski R . , Czarniecki T . , Jankows ki A . , Hodze l  P. , S tolarek 

E. Trade - off studieR of pistons HD by us ing the optica l 

inves tigat ion methods . International S ympos i um on S ma l l  Diesel 

Engines . Warsaw 199 0 .  

2 .  Bedz inski R . , Czarniecki T .  Pewna propozyc'; a  t loka d I a  
s i l nika S W  6 8 0 .  KONES 8 9 . Gdansk 1 9 8 9 . p p .  1 8 - 2 3 . 

3 . Bedz inski R .  , Cz arniecki T .  Doswiadeza lne pro'; e ktowanie tIoka 
s i lnika s pa I inowego . KONKS 9 1 .  Poz nan 1 9 9 1 .  pp. 5 - 1 3 . 

Tomasz Cz arnieeki , K. Se . E . , Teehniea l Univers ity of Wroe law ,  

Institut o f  Maehine Des ign and Operat ion , u l  Lukas iewieza 7 /9 
5 0-37 0 Wroe law ,  phone 048-7 1- 2 0 2 9 8 3 , fax 0 4 8 -7 1- 2 27 6 4 5 . 




