
INDICATING OF HIGH SPEED DIESEL ENGINES. 

An important piaoblem that engaged early atte~ltion a t  the 
Admiralty Engineering Laboratory in the course of experimental 
work on iuternal combustion engincs r u n n i ~ g  a t  high speeds of 
revolution, was that of obtaining collsistently accurate indicator 
diagrams. The fundamerltd importance of this *nattier in 
experimental work need scarcely be c~uphasiscd, as it is from tho 
indicator. diagra~n, the purpose of u llich is to  gil-e an accurate 
reproduction of thc pressure variations in the cylinder during 
thc cycle of operations, both in resprct to  extent tmd time., that 
the effect of many osse~itial variables can. be ascertained. Unless 
the diagrams are consistent, much of the information so deduced 
may be to some indeterminate extent misleading. 

The general type of errors to  which indicators are liable are, 
of course, well known to  engineers, and the main effccts on the 
diagram of inertia of the piston and pencil mechanism, including 
their vibrational effects, friction in the piston and joirrts and of 
the pencil on the drum flare been generally appreciated in the 
course of steanl engine developments. consideration lltts been 
given to  all such oflccts by the makers of indicators, which 
instruments are in general proprietary articles, and improvements 
h a w  been made from tirne to time, and especially as specds of 
engines have increascci, to  eliminate or reduce crrors due to  the 
abore causes. I11 the nlain these have operated in the direction 
of maintaining I l ~ e  mechanism, inclrtding the piston, :IS Light 
as possible, i~lthough a t  thc same time so designing the parts 
that sufficient rigidity is ensured. B p  careful a orkmanship it1 

thc pin joints, coupled with the provision of ample bearing 
surface a t  these positions, errors due t o  inertia, vibration, friction 
and backlash mav be reduced and at the same time reliabilitv 
of the indicator cAsuretl over a considcrablc period. 

It may bc as well to state a t  this stage, however, that in spite 
of all possible inlproverucnts mtd with the best of \r.orkruanship 
m d  attention in use, the inherent defects irr the ordi~rary 
mechanical indicator cannot be eliminated when used for engincs 
running, say, above 300 r.p.m., and the accuracy of diagrams 
from engines running a t  higher spceds must be open to suspicion 
in an increasing degree as the speed is increased, &'or engines 
well :tbo~rc this spced, as are cornmoll in motor-car and air-craft 
practice. specid optical or electrical indicators are necessary, 
unless, as in the form of what is known as t?hc micro-indicator. 
very small cliagra-tns can be accepted, These diagr,lrns, however, 
require magnification for thcir examination, it being recognised 
that a reasonable size of diagram for easy examinaPion should Ire 
2 to  3 inches long and 14 to 2 inches high a t  tfic position of 
maximum recorded pressure. A continuously recorded set of 



micro-cards is useful in soruc class of work Tor noting changes as 
conclitions are varied, but the fact of having to use magnscntion 
introduces errors 15 hich entails absolnte data from an individud 
card being treated. cautiously. Optical diagrams also, it should 
bo noted, are magnified cards and contain sources of error, but 
are practically the only type of diagram that can be obtained 
from very high-speed cngines. It is not proposed to  discuss 
these special indicators in the article as they form a suitable 
subject to be treated apart. 

Altllough well-adapted to meet all ordinary requirements of 
rnodern steam practice, it is found that t11c standard instruments 
when used on gas and oil cngines c10 not by any means give 
equally satisfactory vesults, thc sudden shock which the 
~nechnnism receil-es n t  the instant of attaillnlcnt of masi~num 
presswe, and whiclr is transmittecl to the lcvers of the pencil 
movement, not infrequcr~tly leading to their being strained and 
tlistorted lo  a scrious extent. This has led to t.he introduction of 
special instruments for indicating internal comb~xstion cngines, 
in ~ h i c h  the links, pins and ICF-ers are of more substantial 
construction. As n consequence, it is usual to work with stiffer 
springs and smaller movements in this class of work and to 
suppress tllc Elcight of thc  diagram :it its maximum point to 
about IQ inches. 

The chief special sources of error arising with nlcchanical 
indicators in internal combustion engine v-ork arc :- 

( l )  Ir'~icti07~ oJ' t l t ~  Pi~fm.--~l'~ attain thc best results in 
high-speed work, the indicator must bc close to the cylinder, 
the connection being sliort and direct, otherwise the pressure 
transmitted to  the indicator may be incorrectly recorded owing 
to  X-hat are known as " bore waves " being set 11p in the con- 
necting pipe by the  explosion. Due. ho~~cver ,  to this close 
prouinlity, the iritcrnal part of tlic indicator forms, in effect, n 
part of the combustion space and is exposed to carbonisation 
effects, in common with other surfaces, i f  only intermittently. 
It has becn demonstrated from experience that to ensure con- 
sistently accurate results the piston and cylinder should 1)c 
cleaned after evcry few diagrams, and considering the simplicitj- 
with n hivh the moderr1 indicator can be dismnutlect. this operation 
can be quickly carried out. T t  is the practice a t  the laboratory 
to clean t1.1~ piston and cylinder aftcr every diagram with a 
greaxqy rag or pad. Further, thorough cleaning with pctrol is 
also :id\isable at ir~tervals. The piston ehic.11, in the best form 
of rlzec1l:~nical intlic,ltors, is mitde of a special alloy steel with n 
lov CO-efficient of expansion, is carefully ground to size and is 
constructed so as to  present a minimum rubbing surf:~ce to  the 
cylinder consistent with maintaining its alignment and rcasonable 
gas-tightness. 

(7) Pricfion, 11z~rfiu and Ftrecxr of fhe Pelicil -liechunisnz.--As 
previox~sly stated, this portion of the indicator is of robust design 
to xitlrstand the shocks tc, nhich it is exposed. By careful 
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attcntiorl to the design of -uch part3 the makers of indicatory 
have succceded in producing instrusllcnts in which thehe effect,-, 
are reduced to a ~ninirnurrl and whicll instrurnents with due 
precautions in their attention c ~ n ( t  uplieep can be relied upoil 
for accurate work over long periods as regards giving a faithful 
reproduction of the pressure cl~aligcs in the cylinder of the type 
of engines being considercvl. Periodic vverllaril by the rrinlicrs of 
the instruments is, h o w e ~  er, found necessary Lby tlie laboratory. 
chiefly owing to developnlcnt of slackncsa in thc pin joints. 

(3)  Elror. of the Presqure ,Spritlg.--Owing to the high pressure, 
obtained, especially in Diesel engine work, where 600 lbs. is 
lrormally exceeded, and clue, as ment.ioned previously, to  the 
~lrcessity of keeping the nlotioil of the pencil clrr~m to nbout 
l& inches (that is six times the strokc of the piston in onc particular 
lnake of mechanical indicator which is found very satisfactory 
for this class of \+ ork), the " rate " of the spring, even ith tht, 
reduced size of tlic cylinder, viz., R sq. inch in arcs, is com- 
paratively high. The " rate " must bc constant over the active 
range of compression of the spring, and it has been fonrtd after 
some tirnc in service that this ratc rrray alter definitely or becolrle 
% variable quantity, and qo give inaccuracies iri the diagram. 
In  a11 high-class indicators for irlter~lal combustion cngislc work 
the spring i s  arranged oatuide the cylinder and is tberclore 
subject only to atn~osplieric ten~pernttlres. The temperatlrre of 
the gases in the indicator cylinder feaches a very high figure, and 
if the pressure sprirrg wero exposed to this, its accuracy would 
be irnpaircd and reliable resuIts rnolllcl be quite impossible. - - 

(4) Drum L710tio~t.-So far, only the pressure measuring 
portion of the irlstrurncnt 113s been consitlered, but i t  need hardly 
be said that, in all engines, accuracy of rnotion of the pnper- 
carrying drum, which should be an exact rcproductioa (nlthougll 
on a reduced scale) of the motion of the cngine piston, is essential. 
Particularly is it so in Diesel engine ~ o r k ,  where the diagranis 
arc riot so " full " as those nornlally met with in steam practice 
and where, therefore, it can be appreciated, an error in repro- 
duction of the piston phase in the high-pressure region of the 
diagrams Inay lead to serious errors and incorrect diagnoses. 

I n  the ordinary arrangement of indicator rig, the drum is 
actuated by means of a cord, thc end of which is co~mect~cl to a 
mechanism whicll gives a small-scale reprod~iction of the piston 
motion. Assuming this reproduction is faithfully obtained, its 
transference to the indicator drum may be accompallicd by errors 
due to the inertia and friction of the drum, and varying tensioh 
of the drum ~pring. These effects cause tile tcrlsion and length 
of cord to vary. It nltty be noted a t  this stagc that in any 
particular indicator the tension of the drum spring requires to 
be higher if used for a high speed as compared with a slow or 
moderate speed of cnginc revolution in order to control the effect 
of inertia of thc drum which would otherwise overrun thc spring 
and cause the length of the diagram to exceed that of the rednccd 



iilotion. Errors due to stretclliug of tlie indicator cord may, 
tllercfore, be expected in high-speed engines in spite of all 
reasonable precautions that can be taken with such type of rig, 
especially if associated with a comparatively long length of 
,itring. as is nsually una~roidablc. It is in this important 
particular, which it may be noted is outside the sphere of the 
indicator maker, that special attention has been found necessary 
in order that reasonably accurate results coul(1 be obtained and 
correct ded~ictions made. 

If the practical difficulties ~ollllected wit11 actuating the 
indicator clrum directly from the piston or crossliead without 
the interposition of link gear with its pill joints and possible 
nlechanical errors could be overcome, such a method is obviously 
preferable as the indicator rig is freed from tllc inevitable errors 
attending any intermediate lid< motion. A sitnple arrangement 
of the type mectirig this requiroment is given by thc assembly 
of steel tapes and pulleys shown ill Fig. 1. One end of a steel 
tape is connected to the piston or crosslleacl and passes down- 
wards and outwards, the necessary change in direction being 
effected over a pulley running on ball-bearings and suitably 
~ ~ ~ o u r i t e d  on the engine framing. It is then led to and envelops 
the circumference of & comparatively large pulley and to which 
its other end is rigidly attached. On the same axis, and attached 
t o  the large pulley, is a smaller pulley which is enveloped by a 
second tape and the free c ~ l d  of which is led towards the indicator. 
Obviously the erid of the second tape will move a reduccd distance. 
'1s compared with tlie first tape i11 the proportio~l of the two 
pulley diameters. A spring has ~iecessnrily to be provided in the 
system to control the inertia effects and cnsure the return motion 
on the return stroke of the piston. From the end of the second 
tape the connection to the cord actuating tlie &mn of the in- 
dicator can be made, this cord being kept the lninimunl possible 
length. If stcel tapes of suitablc dirncllsiorls and iiexibility be 
usecl, it is found they are, for all practical pnrpms, inextensible 
under tho tensions to which they need be subjected. The pulleys 
niust be kept as liglit as possible, and are thcrefore, preferably 
of alunlinium or n light alloy and should rrm on ball-bearings. 
The presswe on the bearing journals which arises from the 
tensions in the t a p s  is always in thc same ,direction, and honec 
backlash effects do not arise, and if the tensioil in the tapes is 
always maintained, the reducing motion is evidently a true one, 
The jrrdicator drum spring still requires to be of suficient tension 
to neutralise its own iriertia and frictional effects, but, clue to 
the indicator cord being so very short, its change of length is also 
practically r~rgiigihle. 

This type of rig llas been fourid to be fully satisfactory for 
normal speed engines, but when used on engines of ~ e r y  high 
piston s p e d  shortcomings are rwoaled. It will be evident 
that the large pulley must have a circumfere~lce a t  least greater 
illan the piston stroke, and experience shows that the minimum 
diameter of the smaller pnUcy is settled by tlie permissible 
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flesurc stress in thc tape, in conjunction \%it11 its speed. 111 

consequence, to  obtain thc desired ratio of transmission, the size 
of the large pulley will be such as to  give rise to considerably 
greater inertia effects a t  the higher piston speeds, and a stiffer 
spring will be required in the circuit which leads to inereaeetl 
tension in the tapes. If the widt2i of the tapes be increased, the 
width and inertia of thc pulleys arc increased pro ~ a t a ,  \-lliilat 
the use of thicker tapes means incrtbascd Bexure stresses. A 
dcsign of thc type shomn in Pig. 1 using tapes 8-inch wide and 
-006 inch thick was fairly satisfactory for an engine of 15 inches 
stroke running at 380 r.p.m., but when fitted to an engine of 
greater stroke, it was found to be insufficientl? reliable a t  pistnr~ 
spceds exceeding about 1,000 f.ni., and eonsidcration llacl 
accordingly to be given to other forms of reducing dcvice. The 
difficulty arose from the very short lifc of the tapes, and here it 
mill be noted that in all types of rig using tape drive from the 
pision, repair cannot be effected without stopping the engine. 
Such types are, therefore, not suitable for gcner:~l service other 
than for investigational purposes. 

I n  the other forms of red~lcing dcvice developed, the type 
of indicator rig is based upon the well-known method of speed 
reduction p~nployed in multiple pulley-blocks. Two types arc 
sho\s~i in Figs. 2 and 3. That slton~l in Fig. 2 11as been in use 
for R con,iiderable period on an crlgi~le of 12 inclles stroke running 
a t  376 r.p.111. If the lead of the tapes be studied i t  will be 
seen that ihc speed reduction is 6 to L,  and the j)ulleys can 
be kept comparatively m a l l  and light consistent with limiting 
excessire bending of the tape. illoreover, illc spring tension 
required to maintain the systern taut  and to corttrol the inertia 
is shared by the t n o  leads of thc second tape. -4 few failrires 
of tapes have occurred from tirne to  tirne, but thesc have been 
generally attributable to damage incurrcd during thc ovcrflaul o r  
examination of the engine rather than to running conditions. 
With the greatest of e:are and v, here during the course of experi- 
mental nork frequent dismantling tnlies placr, it is not possible 
to avoid damage to  these relati\ ely delicate parts. 

I n  the type shown in Fig. 3, all the pulleys can bc kcpt small 
and the tension in the tape is much reduced owing to  the spring 
tension being shared by scvcral leads. Such a rig has been 
found very satisfactory in large fast-running engines, the length 
of card being approximately 23; inches. I n  srr~aller fast-running 
engines of l 5  inches stroke, 6 ~nrlley blocks are used, g i ~ i n g  :L 
G to l reduction ratio. It has also been found more satisfactory 
in this case to carry the spring external to the tubc to p r~ven t  
possible contact with tapcs and pulleys. 

An obvious question that will occur to an interested readcr i-. 
" How can the accuracy of these rigs a t  high speeds be versecl ? " 
They are tested as follows :--- 

The engino is barred round by hand and a t  equal intervals 
in the piston stroke, thc indicator pencil is run up the card, 





tlar.ing a vertical line. 811 such xeltical liner should be equi- 
dihtant, and those on the doxn-stroke should coincide nith thobe 
on the up-stroke. This certifies the correctness of reproductioil 
of the piston inotion on a reduced scale and that there is no 
appreciable qtretch or backlash in the transmitting mechani-m. 
Such a procedure cannot. of course, be adopted with the engine 
rl~nning, but if nonT the engine be run a t  various speeds and on 
the hame card the pencil be permitted to trace horizontal lines by 
being moved up to successive positions a t  different speeds, then 
if thebe lines be all the same length and be truly one above the 
other, i.e.. are bounded by the same extreme vertical lines, it is 
safe to  assume that the piston motion is being as correctly re- 
produced a t  all speeds as when the engine was barred round by 
hand. Such results, which are realised by the mechanisuls 
described, are not possible with the ordinary rigs. 

When testing as described above, the tensions in the drum 
and tape springs are adjusted to a minimum value consistent 
with the desired result being obtained. It is found if the tensions 
ale too small that the series of lines will be of varying leagtha, 
and may show at  the same time a displacement as a whole. Too 
great a tension leads to greater stresses on the details than are 
necessary and should be avoided for the bake of reliability and 
freedom-from wear of running parts. 


	Papers On Engineering Subjects - Book  6
	Indicating of High Speed Engines




