
Laser 
improves 
vibration 
testing 
RESEARCHERS i n t h e Mona sh 
de partm ents of physics and mechani cal 
eng ineering have developed a promising 
new method for v ibra t ion t esting of 
aircra ft and other st ruct ural components. 

Uncontroll ed vibrat ion can lead to metal 
fatigue. w hich can be a serious prob lem. par ­
ticularly in the aircraft industry. 

The M onash technique invo lves the use of 
a pul sed laser beam to vaporise a portion of a 
small targ et of bismuth attached to the 
stru cture under test. 

The rapid ejecti on o f th e v apori sed 
bismuth sets up an Impulse react ion which IS 
transmitted to the structure. causing it to 
vibrate. Convent ion al transducers such as 
resist ance strain gauges and accelerometers 
are used to detect the vibrat ion . 

The complex vibration pattern that resu lts 
IS unravelled by a spect rum ana lyser. 

USing a neodymium In-g lass laser. th e 
researchers Dr Rod Tobin . o f the physics 
department. and Dr Len Koss. o f the 
mechanical eng ineering department. have 
succ essfully tested the technique on a struc­
tura l section of an aircraft and on structures 
as massive as a 1 V.cm (>? Inch) thick steel 
plate. 

Ke ith Edwa rds , a B.Sc. honours stu dent. 
is perform ing the experi ments. 

The Mo nash researchers have shown tha t 
thei r method works. Their aim now is to 
develop it to the stage where it IS commer ­
cially viable 

Koss says the laser me thod has a number 
of advantages over existing methods of 
tes ting structures fo r vibra ti on. 

As It is now , structures are tested by one 
of tw o methods. 

One involves t he use of a shaker - a 
massive device which ope rates In a similar 
way to a loudspeaker diaphragm. It pushe s 
against the structure, causing It to vibrate. 

Physic s honours studen t Ke ith Edwards (left ), Dr Rod Tobin and Dr Len Koss prepare a small 
bismuth largel for vibra tion lesling of str uctures metenet. When a s mall portion of Ihe terqet t« 
vap oris ed by a pu lsed laser beam the s truc ture vtoretes. 

The other Involves the use of an Impulse 
hammer w hich st rikes the struc tur e. causing 
it to vibrate Attache d to the hammer IS a 
force-m easu ring transducer 

Both methods have disadvantages, Koss 
says. The shaker device " tends to change the 
natu ral Vibrat ion f requencies" , makmg i t 
mo re difficult to extra ct the answ ers you 
wa nt. The impulse hammer can deform a 
structure. mak ing i t unusable 

In contrast. the laser me thod is " a non­
cont act method . Wit h no mechani ca l 
attachments to di sturb the system." 

For th at reason alo ne. Koss and Tob in 
believe . th eir laser syst em IS Ideally suited for 
Vibrat ion test ing of aircraft frames. But the 
laser tech nique has another impo rtant 
advan tage over existinq methods of vibr ation 
testing It is possible to split the laser beam 
and Impulse the structure at several points. 

Koss says aircraft have to be inspected 
regularly for signs of metal fat igue which 
result s from vibrat ion in th e struc ture . Two 
t est s t hat are done i n i t ial l y i nvo lv e 
dete rm ining the " vibrat ion shapes " of the 

Continoe d from Page 7 Sensors monitor pool 
expla ins. It is qui te different. The he at ex­
changer Ithe " heat wheel" ) ext rac ts mo isture 
from the air. and, in so doing, cools the 
Incom ing arr. 

Smi th bel ieves t he " heat tr ansfer" system 
has grea t po tent ial as an alte rnative to air 
cond it ioning. 

" If you could put th is sor t of heat ex­
changer in a large off ice blo ck," he says. " you 
w ould have much be tte r cont rol over th e 
office environ me nt at mu ch low er cost. th an 
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If you put in air conditioning." 
The poo l projec t has already been fu nded 

to the ext ent of more than $50 .0 00 by the 
Nauo nal Energy Research Develop ment and 
Demonstration Counci l But the researcher s 
need add itional f unds to com plet e t he 
research project. 

If funds are forthcom ing. the Monash pool 
cou ld have an innova ti ve cooling system as 
we ll as firs t cl ass Iacrlrnes for sw imming and 
leisure. 
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struc tu re under test and how much " dam­
ping" ther e is 

" Damping IS the ability of the struc ture to 
dissipate energy Int ernally." he says. 

" If there is not enough damping the metal 
structure could fatigue and crack in due 
course if norse levels are high enough. unless 
arnncral damping treatmen ts are used. 

" By exciti ng the structu re w ith our laser 
system , we can de ter mi ne how m uch 
damping there IS without having to use ei ther 
a hammer or a sh aker." 

The laser method of vib ratio n test ing has 
the added adva ntage that it can be usee 
complex, compact and nor mal ly inaccess. ~ ~ 

struc tures Koss and Tobin are conf ident also 
th at it can be used successfull y to test 
vibrat ions In turbine blades when the y are ac­
tually in motion Turbine blades also are 
subj ect to metal fatigue. 

Thrs type of vibration test ing cannot be 
done With conventional tech niques. 

" W hat we plan to do : ' Koss says. " is to 
put a tar get on the turbine blade and shoot 
the laser at it while the bla de is act ually 
curnlng This w ay we should be able to 
analyse the blad e's VIbrations while it is in 
mot ion " 

The Monash team hope s also to scale up 
its tesunq program w ith tests later this year 
on an aircraft wing. 

A progress repor t on the research w as 
presented to the recent Appl ied Physics 
Confe rence In M elbou rne. and a paper has 
been accep ted by the Journal of Sound and 
Vibra t ion. 

The research so far has been done with 
existing u ruve rs rtv facil it ies. 
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