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e(~:~:Lpro.ent b:r'o1..1.t:;ht tel the college at the end of the last year. Fhen 
I 

it nrrj.v8(1 [it; the :Jchool .it ':laS heavily destl"'oyed durin;~ trenspor-

tation and it was repaired Dnd installed in place under the super-

vision of ?rof. lIecdet Lo;raslan. Unfortunately, before the instal-

Intion 1tlaS cor:lplete ~rof. E;rasl&n Hent to t:~e stEtes .snd the er-li~ine 

has been left untouched since then. 'I'hes€ ,·;ere S :-v.-=l'81 prob10nls 

to be solved. 

The electric connections of the engine was a problem. ~he only 

DC source being an l\C-DC motor-genera tor s at ~~!i t11 a rv te(l cap.s ci t;.l 

01'80 volts and 40 ompers, Hhich H8S considerecl te· be insu1.'licient 

. - . for' the S tarter of the engi ne whic h had a nomi nal i nrut oJ. ~;5 ampel"'s 

at 110 voltt:. A selenium nectifier ;-18S pr-'1')osed for the dinamometBr 

but it Has too expensive. F.atter1es of-the ~E department Hould 

used in parallel wi~h the AG-DC set but ~histurned out to be 

im-or8ctical. At last ~.[e decided to overloud the : .. -:;-:J:: set. F':1p e. 
~ 

short stsrtin8 p0!'L)Q the set performance ~·ms se. tisfac tor~r, but 

hiGher motori ng po~ver ~ould not to -obtai ned from this set "!) thout 

excessive loading of the generator. 

T,·.'-r~.t'·-en to ~-11e '!,e+_l"o~. C"'111p811~ e'" ~"l+- no _ u v l _ U _ '_J. . 1. _;:, ,~L v satin fae T,O ry coope C8 tic n 
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The specifications and characteristics of this instrument ... ras 

lacking. 'Letters have been Hritten to bhe supplier but there hasn't 

been any anSHEl_r. 'ro get engine indicator diagrams the transducer 

is to be used in connection with a piston-motion indicator. The 

output of these t.,·wequipmentsare fed to a cathod ray ·osoiloscope 

·9r:a~senseti ve recorder. To study pressure variations in the 

cylinder> either a piston-motion indicator or a crank-angle indicator' 

is necessaryo Various types of these indicators have been designed 

and discussed in the followin~ pages. 

! 
----~_. ________ u-__ I 
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Z. STATEMENT OF THE OBJECTIVE: 
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To study the pressure variations and other engine charac\eristics of a variable 

compression infernal combustion engine, and installation, instrumentation and testir:!. 

of a research equipment "Analysis of pressure variations in a variable compression 

engine" is chosen as the thesis subject. Several engineering problems in such a 

study requiring a strong knowledge in Mechanical, Electrical, Chemical and Civil 

Engineering sciences are to be tackled. Since extensive research on the internal con 

:mstion engines is being carried out by giant automative industries an original and 

::omprehensive study of the internal combustion engine cannot be undertaken in a 

,mall laboratory, and will not be attempted here. However, developments and im-

)rovements of instrumentation of a research equipment on this subject by origirial 

ldditions and alterations are possible and we aimed at succeeding in such an investiga 

ion. 
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,,) . DES8iUPTIOH o.r' THE . .A?PArtll.TUS: 

The Tecquipment - Lister Variable ~ompression En.Si rie Test h:i.g 

is one of the most recently developed en,sine te~t-rigs. Hith this 

.test-rig all the usual engine tests can be carried out to cover 

I 
~ 

I 
r 
I 
~ 

I~. operation as either a petrol or diesel enrine at various com~ression ~ 

rat:l.os .. Comprehensive instrumentation is nrovided irlcludi n:~ 

pressure transducer for envine indicctin~ usin~ a cathode ray os-

cilloscope) electronic [ear etc., or -r'ernboroush hirh sreed mechani-

cal indicator .. Jesearch can also-be carried out toan 'extend 

by addition of some small instrumentso 

Since there was a pressure transducer but no cathode ray os .. • 

cilloscope electronic gear supplied Hi th the engine, i 1:; vlB.S neces-

sary either to buy or design a pick-up for piston movements to 

feed an ordinary oscilloscope in connection 1r1i th the pressm>e 

transduc er to ;-e t the. en;;ine i ndl CD to r diagrams.. For this purpose 

several designs are made and advantaGes and disadvantages of eich 

are discussed" The most suitable and most economical one ,·!Ss 

chosen and manufactured by uhich some experiments were made .. 

To study the pressure variations with respect to the crank 

angle or til'ile a recorder-called decorder Hark II of Brush Instru-

menis - was used.. Since the sensitivity of' the recorder Has not 

proper VIe had to use an amplifier to amplify the volta[,;e Signals 

of the transducero Unfortunately the scale and the speed of the 

recorder was not so suitable for detailed studies of the pressure 

! 
~ 

I 
~ 

i 
~ 
t ., 
i. 
i 
I 

I 
I 
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variations. Nevertheless' very uselul and indicative informations 

were obtained by these available instruments. 

l- a) The engine 

liThe engine around which the rig is built is the verticals 

singlecylinderj water cooled Lister FRI diesel engine. This gives 

3 B.R. P. at 1800 rp.."l1. continiously rated VJhen operating at its 

designed compression ratis of l8.7/li~ The direction of rotatio'n 

is onti-clockvlise looking on the flywheel. IT 

liThe engine has the nicardo swil"l type combustion chamber 

and is normally fitted Hith a compression change-over valve ",hibh 
I 

shuts off a secondary chamber theY-'eby s.tepping up the compress ion 

ratissfor starting. On the test engine this change-over valve is 

removed and the cylinder head based to l'"'eceive the variable COIn-

pression unit."{l) 

b) The variable Compression unit. 

IIThis unit consists of a piston ~-1i th its diameter equal to 

the diameter of the spherical combustion chamber and having a 

hell1.i-s.pherically dished end so that at the inner posi tion forms 

half of the combustion chamber.1I 

"The piston slides in a hardened steel sIeve in the cylinder 

head and is moved b~' meE4ns of a large diameter capstan head 

mounted on a fine' seven thread. The assembly is mounted on the 

side of the engine cylinder head and the capstan head is arranged 

to be easily operated from the front of the ri€:.11 see the dl""B.'t-J'ing 

Ho. 1 
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liThe pressure transducer for engine indicating can be mounted 

inside the piston of the variable compression unit and a modified 

Southern Instruments Type G 243 resistance type transducer is 

supplied. Alternatively, the necessary tapping can be provided to 

mount the standard transducers on the cylinder head in the usual 

manner. Since the pressure transducer is fitted inside variable 

compression ,unit it is essential, that cooling air is supplied to 

prevent demage being caused through overheating of the transducers. 

This air supply is provided by a small compressoro" 

"Due to the precise fit bet"veen the piston and the base of 

the steel sleeve these items are not interchangible. This means 

that if both electronic and mechanical indicating are required it 

is more convenient to have the tvso pistons made to fit the variable 

compression unit at the time of initial building of the,rie;o 

Alternatively, arrangements could be made to fit one type of trans­

ducer on the variable compression unit and the other on the side 

of the cylinder head o This Hould them alloH the engine to be 

indica ted simultaneously by tHO different methods II (l ).. Since the 

requirements of the experiments did not demand this kind of 

arrangement9 only the electronic indicating system 'Has used .. 

"A plain shaft is fitted on the free end of the enGi ne 

crankshaft to derive either the synchsonizing device for the e­

lectronic indicator or the FarnborouFh indicator drtun shaft".(l) 
, 

Different types of synchsonizers \-1il1 be discuss ad exte nsi vely aD!:L 

the most suitable and economical one has been desisned and 

! 
I 
§ 

I 
I 
I 
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1f\;Then the rig is rigGed to run as a diesel the compression 

ratis can be varied from approximately 23,S/1 down to 11,0/1. This 

can be done with the engine ticking over so experiments involving 

varying of the C. R. can go on continuously from start to finish 

vlithout the need to stop and restart the engine. 

1 
I 
j 
'I 

j 

f 

I 
c)Spark Ignition Conversion: I 

The engine is converted to a spark ignition'by a Rit which com-

prises the following items: 

1. Special cylinder head complete with val~es and springs. 
I 

2. Special piston with rings and gudgeon pin. 

3 0 Hagneto \-lith mounting bracket, drive shaft, coupling and 

oil seal, and variable timing c9ntrol. 

4. Spark plug Hith mounting sleeve, lead and interference sup-

pressor, and ignition svritch. 

5. Carburettor complete with variable needle and panel mounting 

mixture strength control and trottle level. 

6. Set of three fuel tanl{s complete Hi th fittings and mounting 

support brackets o 

7. Ignition timing lamp t"1hich when connected in the engine ig­

nition flashes simultaneously ~ith the sparking at the plug. 

This lamp can be used to illuminate the degree scale marking 

on the engine flywheel. 

8. An overspeed protection device consisting of a centrifugal 

s\1itch set to sHitch off the igcl tion at an engine speed 
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of 1850 rp."U. This includes a contactor 'Hi th manual reset 

push button operated off the 230 volts, 50 cycles, single 

phase Ao C. electrici~y supply. 

d) Dynamometer and torque measuring arrangements 

liThe dynamometer consists of a special Higgs 220 v. D. C. 

shunt wound interpolar machine l·dthout cooling fan. Trunnion shafts 

are fitted on the ends of the machine case and these are mounted in 

self-aligning ball beaning pl~er blocks on cast iron pedestal 

brackets. Thus the casing of the machine is- free tos\V'ing a:bout 

the shaft centre-line. A torque arm of 1211 radius is mounted on . 
. , 

the fromt of the casing and a (30 -lb x 2 Oz.). Salter spring 

balance is provided to measure the torque - reaction." 

"Five lO-lb cast iron tieights are provided. llThen' the dyna-

mometer is being used to absorb the power from the engine these 

weights are suspended from the \oleight pan under the torque arm and 

the torque re-action such that the tendency is to 1 ift the '<leigh ts. 

Thus, the actual torque re-action is given by: 

T~= 1ft x (Dead ~eight + 2ero reading - Balance rer.ding) 

in the antj,.-clockldse direction looking on the engine flywheel 

See Fig: 1 



THES!S 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. ISTANBUL 

D 

2. 

1~ 
I 

fig:i 

Tn= He-action torque for absorption 

D = Dead weight 

B = Balance aeading 

z = Zero reading 

Fa= Re-action force 

Fa= Resultant force 

Fa= D - B + z 

Ta= 1 x (D ~ z- B) 

PAGE 9 

l 
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1I\'lhen the engi ne is being driven by the dynometer to measure 

9 
a 
I 
~ 
~ 

I 
i 
~ 

the frictiorlal horsepower the reaction acts in the opposite direction I 
on this case its value is given by: 

Tf = 1ft x (Bala.nce Reading-Zero reading-Dead \'Jeie;ht) 

See Fig: 2. 

Fig: 2 
Ff = Resultant friction or motoril1.g reaction force 

Tf = II II " " II torque o 

F -f- B - D - z 

Tf = Ix (B D - z) 

~ 
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liThe spring balance is suspended from a leveling screW', ar­

rangement and is isolated from vibration by rubber Instrumountingso 

An· index mark is provided on the front of the balance support stand 

on a level with the machine centerline. Before each reading is 

taken, a painter on the end of the torque arm is brought into line 

with this mark thereby ensuring that the line of action of the 

balance is perpendicular to the torque arm. To redue ascilations 

of the machihe case a simple oil filled dashpot is fitted on a second 

arm. This consists of a piston formed from t'J-l? perfora.'ted discs in 

a cylinder filled Hith oil. The amount of damping obta~ne4 from 

this dashpot can be varied by rotating the perforated: pis ton dis,cs 

relative to each other." 

liThe drive from the engine is taken thr')ugh a Fanner taper­

lock flexible coupling. A flexible pin-type coupling).s prov.:.i.4~g. 

at the free end of the dynamometer to derive a Crompton Parkinson 

tachogenerator." 

Electric connection to the dynamometer and tacho-generator are 

,by means of flexible cables arranged on the vertical center-line of 

the machine so as to Lave as little an effect as possible on the 

torque measurements. 1I (1) 

e) The Basic Rig 

"Fig. :3 shoHs a general vievl of the basic rig comprising the 

engine and dynamometer assembled on the bedplate o
ll 

I 
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Fig: 3, 'Basic Rig. Fig·. 4C1 £lec1Yica I Panel. 

fig" Lfb. .. The engine . 

.... _---_. __ ._----_. __ ._---
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"The cas-iron bedp1ate is 5' 0" long, 2' 6" wide and 4" 

with tee slats at 1011 centers. The vrhole of the top face is 

machined, thus providing H'ith the tee slats, a ready means of 

mounting any additional equipment ~",hich can be fitted. 1t 

"The rim of the engine flyrdheel 

aligned and fixed ass embled. II JI 
is divided in degrees. 200 eithe_ 

"The engine and dynamometer are 

side of the top dead center position and in 100 intervals round the 

remainder of the Circumference." 

"Adequate guards are fitted over all rotati.ne; pa·rtso" (1) 

Ther:!-g is mounted on the laboratory floor on 3/8 It thick· 

felt pads which are supplied together with a proper adhesive. 

f) Instrument Panels 

"All instruments are mounted on spsle faced plywood panels 

Hhich are edged '-lith chromium strip. A finish \-lith silicone varnish 

provides adequate sealing fuel and water. The panels are carried 

on a framework formed in square section steel tubing." 

"This framel-lOrl{ is arranged. over the engine and dynamometer 

assembly and is split into three separate units .so that if 

necessary full aCC6SS can be obtained to the engine for rr.aintenance 

etc." 

"All connections betHeen the engine and the instrument frame­

work are flexible so that vibration of the instrUments is reduced 

to a minimum." (1) 
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tlFul1 controls are provided in the electrical panel to alloH 

the dynamometer to be used first as a motor to start the engine, 

then as a generator to absorb the engine power and finally as a 

- motor to device the engine (whilst still hot Bfter testing) to 

measure the frictional hoursepower. 

"Completely starting and leading circuits are provided and 

heavy duty rotary s\..ritch is used to~'changeover . from motoring to 

generating through the 'off' posi tion. Load can be a~plied, to the 

dynamometer by svritching into. the aI'mature circui t 20 resistance· 

mats arranged in parallel. This gives variation in the torque 

reaction in steps of up to approximately 2 - lb. ft. Fine adjust-

ment can then be made between successive steps of the armat~e 

load by means of a rheostat in the field circuit.!! See Fig. 4. 

"InstrUlJen~s are provided to measure the field and armature 

voltage and the armature amperaee at all stages in the operation of 
the dynamometer, although these are normally used purely as 

indicators to ensure that the electrical part of the rig is behaving 

correctly. In other "lOrds no ammeter or voltmeter readings are 

recorded as part of an;/ engine test but it is sometimes useful to 

be able to note such things as maximum starting cu~rent etc. 1I 

liThe terminal box for the panel is sited underneath the frame 

immediately above the dynamometer and flexible cables are fitted 

betvleen the tH'O so that there is rminimu..m effect on the torque 

reading at the spring balance." 
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----------------....... _------------------_.",-

For convenience the re-wirable type fuses protecting the armature 

circuit are also housed in the terminal box." 

The cir~uit diagram for the dynamometer control equipment is 

shown in DraHing Noo 2., 

ttA t the end of the rig, in the 101.-1er part of the elec trical 

instrument frame is mounted the tools and spar,es cubb" oard." (1) 

h) Air Box Panel 

"To measure the air consumption of the, engine the t nducti on 

pipe is connected by means of a rubber base to a large leak~proof 

sheet steel box. vIhen the engine is running ~air enters the box 

through a B. S. sha.rp edged orifice sited in front of the box 

remote from the induction pipe. The size of the air box is such 

that there is no noticible fluctuation in the presstu'e drop aecross 

the orifice as indicated on the 0-3" w. g. incline'a. manometer." 

, 
liAs both the atmospheric pressure and tem'gera.ture are required 

" '-,' 

in the engine air consumption calculations, as Hell as the orific'e \ 

plate pressure drop, a barometer to read ,pressure in ins and rums 

of mercury and a termometer to read temperature in °c are provided.!! 

"starting and operating instructions for the rig are printed 

on a white card and mounted on the air box panel o 
,1 

i) Fuel and viater panel 

"The third panel, situated at the engine and of the rig, houses 

the cooling water mixing tank and fuel tanks and carpies the 
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liThe cooling water mixing tan!>;: is ma.de, from 16 S. "J. Go mild· 

steel~ measures 2411X12Ttx1211 and has a central Ttrsir plate and 

baffles 0 The Hater flmls under the baffle in the right hand end oi-

the taci{, over the weir plate and under the baffle into the left 

hand end. From here it passes, via a convoluted'l"ubber hos e, to the 

engine inlet. After circulating through the engtne the Hater is 

dischal'ged 'i'rom the outlet pipe, through a convoluted rubber :hose 

and then upwards thr01.tgh a Rotameterflm-1 meusuri ng unit. From 

there it is fed back into the H. H. end of the mixing tarlk where 

it is mixed with a small amount of water from the mains. In order 

to maintain the quanti ties of l-Ta ter in the sys tem cons tant an 

adjustable overilo1r! pipe is provided in the L. H. end of the tank. 

Thermometer pockets in s tal nless steel a1"C f1 tted at appr'opria te 

sections in the engine inlet and outlet cooling water' pipes and 

the pipes are adequately lugged in the region Hhere .the temperatures 

are measured." See fig. 5 

"In order that experiments can be carried out using different 

grades of fuel three seperate fuel tanks are provided. These are 

mounted on a cross member on top of the instrument frame and pil?ed 

to the engine, via the control values as ShOvLl in fiS. 6. The fuel 

meter consists of a three bulb glass pippette graduated in 1 cn. 

in and 2 cn. ino volumes (the top bulb is for sightinG' not measur-

lug) and connected into a branch from the fuel control value bank. 

I 

I 

I 
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Thus, any of the valves are open the fuel paSses through to the I 
engine and also back up the branch pipe, through the fuel meter and 

assumes the s~e level as the fuel in the tank. To take a fuel 

consumption reading the fuel valve is turned to the off position 

and the engine uses the fuel from the pipette, the time being 

recorded for the consumption of either 1, 2 or 3 cn. ins. of fuel o 

In addition to the fuel control valves on the panel, shut-off coclrs 

are fitted in the delivery pipe from each tanlr and it is essential 

that these are kept shut except when fuel is being used from a 

particular tank o This ensures that there 'is no leveling up of fuel 

from one tanl{ to anotheI'. II 

"Each tank is fitted vIi th.a sight gage and a ,dra in plug and is 

finished in the appropriate color. i. e. Light Brown for diesel fuel 

, and Signal Red for gasoline o Numbered labels are also provided on 

the tanks to correspond \-lith numbers on the control valves avoiding 

any confusion in dealing vrith the fuel supply.1T 

"Hercury in steel dial thermometers (OC) are provided to measure 

the cooling lrlater inlet and outlet temperatures. An iron-constantan 

thermocouple and pyrometer (oC and OF) are used to measure the 

engine exhaust temperature. To ensure that these temperature read-

ings are reasonable accurate all the thermometer pockets are 

adequately laGged." 

"All other controls on this panel are for the petrol version· 

of the test engine. These include'a small quadrant throttle 

~ ~- ~~~-----------------------------------------------------------
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control connected to the carburettor throtle, variable mixture 

strength control connected to the variable needle in the carburettor 

and the ignition s't-Vi tcho It (1) 

j) Exhaust system 

"The exhaust outlet on the engine is lid B. S. Pipe. The piping 

on the rig has been stepped up to 2" B. S. p.1I 

"Irnmediately alongside the engine a short lengjt of pipe is 

provided to house the thermocouple. This is lagged with aspestos 

rope and composition and a support bracket is fitted toen~ure that 

none of the l.oJ'eight of the exhaust system is throloTn onto the engine 

exhaust flange. To reduce vibration a 4 ft length of flexible" 

metallic tubing is fitted Hhich connects up, by means of screwed 

unions, the rigid section of the ~xhaust pipe." 

"Exhaust piping includes one socket, a Burgess type silencer 

and some 21! ba'f"e pipes." 

"For convenience in carrying out exhaust gas analysis 

experL~ents with such apparatus as the orsat, a gas sampling point 

is provided in the exhaust pipe and a shut off cock is mounted on 

the end of the instrument frame." See Figo 7. 

k) Additional Controls: 

"For the diesel version a speed control.handHheel connected to 
, 

th~· . pre-loading arrangemeuts on the governor spring, the de-

comppressor lever and the stop/start control connected to the fuel 

pump rack." 
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"On the spark ignition version, the manual ignition timing , 

control is mounted oh the engine. This is dane for conveni ence, a.S 

the hand-held ignition timing lamp is used to illuminate the degree . 
scale on the flYHheel -ri rn whilst the igni tion timing is adjusted. 11 

ItTo protect. the petrol engine f'l"'om o".rerspeed a centrifugally 

operated switch is driven off the end of the cooling water circulat­

ing pump shaft. This is connected to the laboratory 190 volt 

50 cycles, single phase j\. C. mains supply through a contactor in 

the law tension circuit of the magnets is earthed and the ignition 

therefore swiched off. A manual reset button is provided on the 

contactor so that the engine can be restarted after the fault 

causing the over-speed has been rectified. II (1) 

1) Spark Plug fitting! 

" A special adopter sleeve is provided to hold the sparking 

plug. This is fitted in the injector port and held in position .... li th 

the clamp bar normally used to hold the injector. An interference 

suppressor is supplied in the sparking plug connecting lead. 1t (1) 

, See Fig. 8 0 

m) Carb1irettor: 

"The carburettor is the Zenith 26 V H E vertical downdrought 

uni t Hi th a 22 rom d.iameter chake tube. The construction and 

functioning of this is described in the folloHing pages. 1t 

"For operation H'ith test·enfine the main jet has been blocket 

"lith soft solder and thecompansating jet opened out to 0.067" dia. 
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to receive the tapered needle value. The stem of the needle has a 

20 ToP.I. thread so that it can be used to manually control the 

mixture strength to fine degree. 

/i The carburettor ii ts neetly into the vertical section of the 

induction pipe betvleen the engine and the ~ir box replacing a short 

length of rigid tubing normally fitted vrhen the engine is being run 
1\ 

as a diesel.(l) 

n) Spark Ignition Version Overspeed Protection Device: 

. "The diesel version of the engine is fitted 11i th a me~hanical 

variable speed governor control set to allow a maximum speed of. 

1800 rpm. As this control oper[;tes on the injection pump rack it is 

inoperative when the engine runs as a spark ignition engine." 

"An addi tional electro-mechani~al sys tem has therefore been 

devised to prevent overspeeding of the petrol version of the engine.! 

"This consists of a centrifugally opera ted micro-sv-li tch in the 

circuit of the contactor energised from the 2Z0 v, Iph, 50 cycles.· 

.. electricity supply. This contactor is in the laH tension side' of 

the magnets so that any interruption of the A. C. supply, through 
., 

either thS operation of the micro-switch or mains failure will 

cause the ignition system of the enF::ine to be earthed thereby cutt 

off the spark at the plug." 

"The centrifugal device which operates the micro-sv-ritch is 

driven off the shaft end of the cooling \-Tater circulating pump. 
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A" simple SCre1-1 arr~ngement is provided for varying the setting of, 

the trip speed. This is normally set at 1700 rpm before the leaves 

the Horks." 

"The contactor controlling the device is mounted on the front 

of the electrical instrument frame on the tool and spares capboard, 

thus bringing the stop and restart buttons within easly reach of the 

operator of the rig. (N. B. it is necessary to press the green 

re-start button after every operation of the contactor whether 

manual stopping by the red button or automatic stopping on the 

centrifugal device .. ) The circuit diagr-am isshowm in Fig'. 9." (1). 

0) Particulars of the engine: 

Basic Engine: 

Bore: 

stroke: 

SvIept Valume: 

Compression Ratio: 

IvIagnet.o: 

Sparking Plug: 

Speed Range: 

Standard Lister Type FRl diesel, 9 B. H. P. 

at 180~ rpm. converted to variable com-

pression ratio; reversed direction of 

rotation. Vertical single cylinder 4 cycle, 

water cooled. 

4.50 ins (114,3 rom) 

49,74 eu ins (814,9 ccs) 

Variable 22,3/1 to 9,5/1 as diesel. 

Variable 13.6/1 to 7,4/1 as S. I. 

Lucas type FV 10 - Model Nl; variable timing 

vlipa.e P. 4 14 rom fitted wi th copper mount­

ing collar' - Gap 0,025"0 

750 to 1800 rpm. 
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Zenith 26 VME. converted to s inglejet manual 

mixture control ventury-diameter 22 rom. 

Nain jet blocked, compensating jet reared 

out to 0.0670 11 diaD and counter bored 0.125!1 

dia. to [Sive needle shank clearance. Neddle 

120 included. 

Exhaust temperature: Typical 3500 C as diesel 

5500 C as S. I. 

Cooling \'Jvter Temperature: Control between500 C and 65 0 C. 

Cooling: 

Lubrication: 

Gasoline Supply: 

Air Supply:. 

Starting loading: 

Ignition Timing: 

By i'later, vIi th tntcgr~l centrifugal circu-

lating pu.mp. 

pressure fed from gear oil pump. 
. 

By gravity. 

From air box via metering orifice~ 

Electric dynamometer (motor/generator) 

3.250 advanced.-

< > 

I i 
I 
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II .. COHPRESSION RATIO CALCUL.4.TIONS: 

"The valUlne of the various recesses in the cylinder head are 

measured by running in praffin from a burette to fill the recesses 

and noting the level readings in the burette. 

The gasket clearance between the cylinder head and the piston 

crOvln in the top dead center posl tion is measured by pushing a 

length of soft lead Hir-e dO\;fn the injector po.rt and turning the 

engine over the T. D. C. position. 

A typical comprepression ratio is then -as fol1m-1S: 

Clearance volume in valve seating (inlet) : - 2,5 cc. 

Clearcl!1ce volume in valve seating (exhaust) : = 3,0 cc. 

Volume in cylinder head compression unit = 25,4 ce" 

is screl.v0d in position = 30,9 ce. 

Sum of the above = 1,8759 eu ins 

Gasket clearance = llx3.'75 ~ 0.443 = 0,4'75 ell ins 

Hinimum cylinder head clearance volume: = 2,2509 cu i:ls 

Average increase in volume per turn of' 

variable compression unit = 2,84 25 c.c .. = 0,1734 cu ins 

Engine sHept volume = 49.750 cu ins 

49,75 + 2,3509 + n(0,1734) 
Calculated C~ H.= 

2,3509 + n(O,1734) 

300 c B + n 
or C. H .. = 

13.55 + n 

Hhere (n) is the number of turns of the variable compression uni 

NoB. A cal~bration chart is supplied specifically for this rig. 
. r., 'r 
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III. CHANGEOVER PROCEDURE DIESEL TO SPARK IGNITION ENGINE: 

Introduction: 

PAGE 29 

"Before starting to strip down the engine or any part of the 

rig ample clear bench space should be made available. Care should 

be taken that parts are kept'as clean as possible and free from grit, 

etc. A few sheets of strong paper will protect the bench from oil 

and also provide a clean surface on \-1hich to, place the parts as they 

are removed frolll the rig. II 

"Certain tools are provided with the l~ig but these should be 

augmented by tools from the toJ'orkshop." (1) 

Procedure: 

a) Dismantli.ng: 

1. Completely drain off cooling water from the engine. (Drain 

cock 1s sited on the back of the engine immediately under 

the cooling \-la tel' circulating pu.rnp.) " 
i 

2. Remove the rocker box cover. 

3. Remove the injector nut and clamp oar. 

4. Remove the scren at the front of the rocker box. 

50 Lift off the rocker box" taking care not to damage the gasket 

6. Carefully remove the gasket 

7. Unfasten the clips on the air hase connecting the induction 

pipe to the air box and remove the hase. 

8. Unfasten 2 nuts holding the vertical induction pipe to the 

cylinder head an~ remove the pipe taking care not to 

damage the gasket. 
i 

i 
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9. Remove the cover of the injector pump chamber (at the front 

of the engine imrnediately under. the variable compression. 

unit.) 

10. Disconnect the injector spill back and f'eed pipes and the 

lubricating oil feed pipes to the rochers. Remove the 

pipes upt-Tol'>ds from the cylinder head o 

11. Remove 4 nuts securing the rocker pillars and lift the 

pillars and rockers from the head as assembled units. (Take 

Care not to drop any parts into the induction port.) 

120 Lift out the injector and copper Hasher and wrap i~ 

gl'>easeproof paper (or plythene bag if available) .. 

13. Lift out the push rods, carefull1f. noting the posl tion.'( the 

inlet push-rod has the spring loaded 1-lasher) .. 

14. Remove the remaining 6 nuts which secure the cylinder head, 

slacldnG off progressively. (Use box spanner, preferably 

ractchet type). 

15. Remove 2 screvls fl"om the cover of the exhaust thermocouple 

terminal box and disconnect the compansatlng cable. 

Replace the cover of the terminal box and tie the cable 

bacle to the instrument frame .. 

16. Disconnect the 'gas sampling tube from the exhaust pipe, end. 

1'1 .. Tie a rope slinG around the exhaust pipe close to the 

cylinder head 1'19 nge and suspend from the top of the 

instrument frame. 

, 18. Remove 2 nuts and 1 baIt holding the exrmfust pipe on the 

engine cylinder head. 

I 
~ 
j 

I 
I 
i 
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19. The nex.t stage is to remove the variable compression unit 

from the cylinder head as follows: 

a) Remove 2 capscre'Hs and take off the black tufnol end cap 

b) Release the clamp from the pressure transducer leads and 

remove 2 nyloc nuts' and spa.cer tubes from the guide bars. 

c) ScreH out the capstan head and draH the piston from the 

variable compression uni t. rrake care not to damHse the 

transducer leads. Place the piston, rod 'and capstan 

head assernbly carefully on the bench. 

d) Remove 4 nuts and lockinr; l/lashe1"'s, take off th.e main 

bar'rel and dra"l out the steel liner and copper sealing 

Hasher from the cylinder heDQ. 

20. Lift off the cylinder head from the engine, and map up any 

\-rater from the top of the cylinder block. 

21. Remove the crankcase door at the back of the engine and the 

small inspection cover a t the front. (N. B. it may be 

necessary to slacken off the lubricatin;]; oil inlet pipe at 

the purnp, end-and also completely remove the delevery pipe 

before the inspection cover can be lifte1 away from the 

engine.) 

22. Turn the engine to bring the big-end bolts into the most 

convenient posi:tion for Horking and remove the bib-end nuts 

taking care 'not to drop anything into the sump. Put a 

chalk mark on the con-rod to indicate Hhich Hay round it 

is fitted. 
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23. Carefully remove the bottom half of the big-end bearing 

complete with the shell. 

24. Turn the crankshaft up, to T. D. C.position, hold the piston 

and can-rod assembly up and continue to turn the crankshaft 

so that the crank journal leaves the connecting rod. Take 
.. 

care to ensure that the upper half of the bearing shell 

does not get damaged or fall int9 the sump. Remove the 

. bearing shell and drat-l the piston and can-rod assembly 

upHards out of the cylinder block. 

25. Carefully remove the piston rings from the piston_ usIng 

thin metal shims to prevent the ends of the rings from 

scoring the piston. 

26. Remove the circlips retaining the gudgeon pin a'nd immerse 

the piston in a bucket of hot vIater for 3-4 minutes. This 

should expand the piston and allaH the gudgeon pin to be 

removedauite easily. 

270 Check that the shut-off valves on the diesel fuel tanks are 

closed and,then disconnect the fuel pipe at the engine. 

Drain the fuel from the piping and fuel :meter. 

280 Unfasten 4 bolts securing the fuel tan1~ mounting plate, 

disconnect 3 fuel pipes and lift the tanks off the top of' 

the instrument frame as an assembly. 

29. Unfasten 2 screHs and remove the injector pu..'1lp. Lift off 

the end cap fro:m the injector pump tappett. \vrap up the 

injector pmnp carefully in greaseproof paper or polythene o 
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b) Re-assembly: 

30. Thoroughly clean the petrol engine piston and immerse in a 

bucket of hot Vlaterfor 3-4 minutes. Assemble the piston, 

gudgeon pin and connecting rod and ensure the t t,rhen the 

recess in the piston crown to the front of the engine the 

chalk rllark on the (see 22 above) connectinlZ rod is in the 
~. I , 

correct position. Fit the circlips securing the gudgeon 

':)in in position. Fit the piston rinGs using thin metal 

shims to protect the piston as before. 

31. Check that the piston und con-rod assembly is thoro:ughly 

clean and dry and then lightly oil allover usinS the same 

oil as ~s used in the engine sump. vJl th the recess i.n ··the 

.. piston croi,,rn to the front of the engine lovIer the con-rod 

and piston assembly into the engine cylinder using a piston 

ring clrunp to enter the rings. 

32. Replace the upper beari ng shell taking care tb..a t it 'regis tars 

correctly in the con-rod. Replace the bottom half of the 

big-end bearing complete Hith its shell. Refit the nuts 

and tighten up. Turn the engine by hand to check that the 

assembly is correct. Replace the crankcase door. 

33. Replace the cylinder head gasket (N. B. if the gasket is 

fully compressed a ne'\'l one should be used.) 

340 lie-assemble· the variable compression unit in the petrol 

cylinder head usinG the procedure described earlier in this 

instruction se~tion. 

35. Replace the cylinder head and fit and gradually tighten down 
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6 nuts, \-Iorking progress i vely until fully tiGhtened. 

36. Put in the push-rods (Check position) 

PAGE 34 

37. Transfer 4 studs from the diesel head and put on 2 rocker 

pillars and rocker assemblies. Replace 4 nuts and locking 

washers and tie;hten dmm. Check the tappett clearences and 

adjust to 0,005" inlet and 0,008" exhaust. (see Lister hand­

book 322/360 page 14) 

38 0 Refit the lubricating oil pipes to rocker gear. 

39. put on gasket and refit the exhaust pipe. Tighten 2 nuts 

and 1 bolt to secure. He-connect theI~ocouple c?mp~nsating 

cable at the term"5nRl box. Refix exhaust gas sampling pipe. 

40. put on induction pipe gasket and fit the carburettor. 

Tighten dmm. the 2 nuts (remaininf, cylinder head nuts 0 ) 

41. Put on rocker box gasket and rocker box and tighten dOvffi 

one screH. 

42. Assemble spark plug in the holder complete ~'lith lead'. Thread 

over a leneth of P. V. C. sheathinG to completely cover the 

hole in the side of the plU8 hoider thus providing maximUm' 

Drotection for the plug from oil. Insert plug and holder 

into the injector port in the cylinder hea.d and secure in 

position 1'1i th the clamp bar and nut. 

43. Connect up the carburet tor controls to the throttle' 

quadrant and the mixtu·re strength co ntrol on the instrument 

panel o 

44. Fit the transition piece and elbo", on the inlet of the 

cal"bu:oettor and effect and air tight seal by means of a 
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rubber sleeve. Connect the induction pipe to the air box 

with the rub~er hase and secure with clips. 

45. Fit the bla.nking plate over the injector pump mounti ng and 

clamp the pump operoting rocker by mea.ns of the U - bolt. 

46.' Replace the inspection covers and the cover of the injector 

pump c hainber • 
( 

1 '. 47 .. Pour 2 Pl.ot of lubricatin€s oil over the valve g<;:ar and fit 

the rocker box cover. 

Check the oil level in the smap and top up if necessary. 

, N .. B.Use only recornnmnded oil? (see Lister Handbook 322/ 

360 pages 6 and r/.) and do not mix brands of oil. 

48. Put on the, petrol fuel tan..l{s and secure Hi th 4 bolts. 

Connect up the t.hree fuel pipes to the tan1{s. put a small 

quantity of gasoline in each tank and flush out each fuel 

pipe in turn, cathing the waste petrol in a can. l'lnen the 

fuel pipe system has been throughly flushed through connect 

up to the carburettor. Add more petrol to one of the fuel 

tan1ts, prime the fuel system and carburettor a nd get rid 

of any. air' pockets in the piping. 

49. Change the air box orifice plate. 

50. ScrevJ out the capstan head of the variable compression unit 

to its full extent to give the minimum compression ratio. 

(See the calibration curve, Fig 10.) Comnect up the cooling 

air hase to the variable compression unit. 

I 
I 

51. Re-fill the cooling system \-lith Hater, and check for baks o I 
the conversion is. then complete and the 190 V, 1 ph, 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK • ISTANBUL 
PAGE -36 

50 cycle electricity supply SHi tch on the overspeed pro;.. < 

tection contactor and the mix:ture strength control at 

approximately 1,8 , the engine can .be started according 

to the procedure given in the instrument panel. (and also 

in this instruction section.) (1). 

I 
I 

I 

! 

I 
I 
I 
I 
~ 
I 
i 
I 
i 
~ 

I __ ~ ______________________________ ~.J 
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IV. OPERATING INSTRUCTIONS: 

preparation: 

1. Check the lubricating oil, fuel and ~later levels. 

Pf.GE 3 

2. Open the appropriate fuel valves and ensure that fuel is 

through to the engine. 

3. Turn on the mains l-later supply to the mixing ta,nk and check 

that the overflow is running to drain. 

4. Turn on the cooling air to the variable compression unit. 

5. Turn on the overs peed protection contactor pO'Her supply 

sHitch on the s~litch panel. 

6. (For spark ignition only) Push the starting button (red one 

of the overspeed protecti on co ntactor. If it makes noise 

put off and then re-set the button until the noise stops. 

7. Check the transducer circuit and put the necessary 

eauipmellt on. (Recorder or osciloscope, amplifier etc.) 

Startin£'j: 

a) Diesel Version: 

1. Hove the decompressor lever upt·mrds and'set the variable 

compression unit at about 18/1 compression r8.tio.{see 

calibration curve, Fig 10.) 

2. Set the speed control vrheel at about -~ speed. 

3. On the electric panel, check that the mot./gen. swi tch is 

in the "off" position. 

4. Check that the starting / motoring rheostat and the f'ield 

rheosta.t handlVheel are rotated fully anti-clockHise. 

------,---------------~-.-----------------
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5. Ensure too t the rotary load swi tc h is in the "Full speed 

Loadll position and that all the loading resistors are off. 

6. start the AC - DC motor-genera tor-set and sHitch on the 

supply to the test ri,g. 

7. To start, turn the mot./een/ svritch to the "motoring" 

position and turn the "-starting/motori ng It, rheos tat head-

wheel sloH1y c10ck~'lise until the machine begins to rotate. 

"80 Allm'1 the armature current to fall to a steady value 
,j 

(belmv 2aA) and then gradually increase speed up to 

approximately 600' rpm. 

I 
I 
j 

1
1 9. Move the control lever on the en~ine to start position ,and 

. i 
after approximately four seconds drop the compress lon' 

lever smartly into the horizontal position. Theengine 

should then fire and run up to half speed (750 rpm) as set' 

on the sp'eed control vrheel. 

10. S\1itch over to the "generatingll position on the mot./gen. 

s},d tch, and after a f1 ve minutes warm.ing up period 

vrhich the speed can be up to the uromal maximum of 

during 

15CO rpmJ 

load can be progress i vely applied to the engi ne by means 

of the panel of loading resistor sHitcher. 

b!) 'Spark Ignition Version: 

1. Move the decompressor lever,upwards and set the variable 

compression unit to approximately 7.0/1 (See calibration 

curve, Fig: 10). 

2. Set the carburettor needle control approximately 2,9 and 

the ignition timing to approximately::''' before T. D. C. 

, ! 
! 

---_ .. _ ... -,-_.,-------

i 
I 
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3. The produce vIi th the electri cal panel is exactly a.s 

described for the diesel version. 

4. When the machine is mot?ring at approximately 600 rpm 

dr'op the decompressor lever, open the throtle to about 

the l speed position and st-Ii tch on the ignition. The 

engine shou.ld then fire and run up to about 750 rpin, at 

Hhich stage the mot./gen.' s\vitch can ,be. pu.t in the 

"generating!! position. After a. Harming up.period of 

stopping: 

about five minutes load ca~ be applied to the engine· 

exactly as described for the diesel -version. 

a) Diesel Version: 

1. Reduce speed, remove load and move the control lever on 

the engi ne into the "stopll position. The engine Hill then 

stop and the decompressor lever should be lifted and' the 

fuel shut off. 

2. SHitch off the De C. electricity supply and the I718ins 

1tTa tel'. 

b) Spark Ignition Version: 

1. Redue speed, remove load and switch off the ignition. The 

engine wi~l then stop and the decompressor lever should be 

lifted and. the fuel shut off. 

2. S\oJ'itch off the D. C. electir'ici ty supply and the mains 

i'Tater. 

3. SHitch off the overspeed contactor s'Nitch. 
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N. B. In either ease DO NOT attempt to stop the engine by lifting 

the decompressor or shutting off the fuel supply. In all cases 

after shutting dm-m leave the cooling air supply onto the variable 

compression unit for a further i hour, to ensure that the indicator 

pick-up unit is not da~aged by heat conducted from the mass of the 

engine cylinder head o 
" 

Emergency stopping: 

To stop the diesel engine in an emergency move the control 

.. lever on the et~~ine to the stop posi tion. ,In the case of the Spark 

Ignition Engine sHitch off the ignition~ Before attempting to 

restart the engine correct the fault which neccessitated the 

energency stOPI then clear unburnt fuel from the engine by motoring 

at appl~oxime.tely 600 rpm. with the controls in the IIstop" posi tiono 

Notorlng: 

Follow the starting instructions and slovrly increase speed by 

means of the Starting/motoring control and finally the. field 

rheostat. Al1mv the arrrw ture current to £'8.11 to ~, steady value 

at each step before proceeded. 

I 
R 

I 

I' 

I 
1 
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CARBURETTOR 
Fig: 12 

® Main jet orifice 

@ Compensating .jet 

Slm..;-running jet orifice @ Emulsion block 

Air adjustment screw ~. Strangler flap 

Capacity tube. @ Beal{ of emuls ion 

Seating and needle @ Scre\v holding the 

Filler @ Choke. tube 

PAGE·lf l 

orifice 

block 

choke tube 

lvasher @ Outlet for progression jet 

Fuel supply pipe @ 'fhrottle 

Float 

I 
I 
I 

I 
I 
I 

I 
i 
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. V. HORKING DESCRI PTION OF THE CARBUHETTOR: 

The Schematic drawing of the carburettor is shown in Fig. 12. 

This is a typical vertical, V type carbure:J:;tor,but it also explains 

horizontal and do'Vindrough instruments for the purpo:se of follm,11 ng 

the course of the gasoline, from its entering as a fluid until it 

leaves the carburettor and is drown in to the engine as a cor'rectly 

proportioned mixture of petrol and air. 

"From the tap .. k, gasoline passes through the pipe to the union 

9 of the carburettor. The flow continues through the filter'? and 

the seating and needle 6 into· the float chamber. Passing through 

the main jet 11 and compansatinr, jet 12, petrol Hill flow along the 

passages to a common chanel in the emulsion block 13, and continue 

to flow until the channels and the float chamber are filled to a 

predeterndned height. The float 10 will then have lifted the needle 

6 against its seating, thus preventing further petrol entel"'in.g and 

flooding the carburet tor. 'rhe fuel will occupy the pos it ion 

described all the time the ene;ine is stationary, and there is a 

supply of Gasoline. 1f (2) 

STARTING~ 

Starting description Given here applies to a carburettor as it 

is functioning o~ a passenger car. Special features relating to 

the test rig Hill be indicated at the end of this section. 

"Special arra.ngements for starting are made on the "V" type 

carburettor. }lany models have stranglers fitted, but a type is 

I 
I 
1 
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stranglers: 
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"To provide the required rich starting mixture some "V" type i 
! 

carburettors have a strangler flap 14 in the air intake. 1t!hen t~e f 
- control from the dash is operated the flap closes the air intake, and 1 

upon the engine beinG turned over the deppression is directed entirelY! 
t 
~ 

upon the jets of the carburettors.Consequently a very rich mixture I 
is supplied, and the engine s tarts readily and conti nues to run." I 

III t is often advantaFesto give the et1ei ne one or tHO turns 

Hith the strangler closed and the ie;niti0n off. Then switch on and 

again turn the engine over by starter or handle. 1I 

Hos t stranglers are interconnected 1.<li th the throttle so tha t 

the latter is automatics.lly opened the right amount when 'the 

strangler is closed. Since this is not so in our case the throttle 

is opened slightly by means of the hand control. The correct amount 

Vlill soon be found by experiment." 

Fully-automatic Strangler: 

"In this type the strangler flap is free to move on an offset 

spindle, and held closed by means of a light coil spring only. 'l;Jhen 

extru depression is created after the e~3ine has started, the 

tension of the spring is overcome, and the flap opens and admits 

air to give the necessary "Ieakeninf, effect. II 

ilIncidentally, in both types the varying depre ss ion causes the 

diaphram or flap to puls8te and roive a buzzing noise, which ects 8S 

~ 

I 
~ 

! 

I 
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a 1:1arnine; note that the strangler is in operation." 

"Note: It vlill be appreciated that even \-lith the mixture 

1rleakining devices in full opel"'ation, the charge is still considerably 

richer tha n thnt normally supplied. Consequently, as the engine 

worms to its work, the strangler control should be released and 

dispensed vii th entirely as soon as condi tions permit. Hany strangler 

controls are provided ,··;i th notches to enable the flap, to be ope ned 

in stases. II 

The mixture strength of the test rig operated manually a,nd 

there is no need to control the strangler by opening the flap is 

stages o 

i;utoma tic s tartinF'; device: 

This is also a general information about th.e carburettor and 

does not apply to our case. 

Some models of "VII type carburet tors are fitted 'tli th a s tartin...g 

device. 

liTo· start the engine from cold the automatic starting device 

control on the dashboard is operated, resulting in the rooin valve 

being drm'In off its seating. \{ith the iGnition switch on, the engine 

should now be turned over by means of the starter, ensurin~ at the 

same· time the accelerator pedal is not depressed. It is essential 

that the throttle should not be opened beyond the normBl idling 

position for starting purposeso \~ben the engine is rotated Hith 

the throttle in this posi tion, all the suction or depre ss 10 n created 
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will be concentrated on the main jet outlet on the engine side of 

the throttle. This depression will be concentrated at the ventury 

and in the. communication. tube Hhich Hill result in air beingdra\vn 

through the ventury, and gasoline from the dip tUbe." 

"The gasoline is drat-m from the dip tube through the control 

jet at the top. It then passes across a connection down the 

communication tube and then to the throat of the ventury. Here it 

'\rlill be met by air entering the ventury, and ~."ill be broken up to 

form a r1 ch starting mixture, which then pass into the: induction 

pipe through a drilling. The sizes of the dip tube, ventury, star~-

ing jet and control jet are such that this mixture of gasoline and 

air is correct to ensure that it \ViII now fire and the ensine 

to run." 

"This rich mixture is necessary for a short period only. 

Autbmatic weakeninG - off is ensured by eir from a hole mixing with 

the gasoline issuing from the startiru; jet, as soon as the fuel in 

the dip tube well and reserve well has been exhausted. Consequently, 

the mixture is automatically .... ,eakened, and the engi ne will co nti nue 

to run at a fail'" speed for a Hhile Hi thout "hunting" or sho\-Jing 

signs of an unduly l'lich mixture D " 

llA very I' icn mixture is only necessary for the ini tiel fir! ng, 

?fter Hhich a more normal mixture is provided, -",hich causes the 

engine to run at a speed that promotes rapid 'l,mrming up and circu-

lation of the lubricating oil, thereby minimiSing cylinder wear. 
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At no time is neat gasoline entering the engine. 1I (2) 

V!AIN CARBURETTOR: 
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"Hith the starting device valve closed, or strangler opened, 

and the th .. rottle in the idling posi ti on, the engine is noV! working 

on the main carburettor only.1I 

lI~he depression will be concentrated on the outlet 1, (Fig.12), 

which will in turn be directed on the slot-l-running jet 3. Conse-

quentlygasoline vlill be drawn from the Hell beneath the jet, mea sur-

ing on passin~ through, and meet air entering at. the base of the 

I 
~ 
i 
~ 
~ 

~ 

I 
I 

adjustment sereH 4. The amount of fuel issutns from the slow-rurmin,g I 
jet is controlled by this scrm-;.!I I 
i 

"At the throttle edge tuhere l.t· 8

1 

a Ihr,",urthter °butilet 18, which breaks I 
nto slow-running channel. pon 1e t ot le e ng opened from the ~ 

H idling position, this Hill give an addi tionalmixture to ensure a II 

Ii progressive getavmy froY!l slovI-running. This expla'ins the ti tle of 

(progressive jet) for item, 20" 

"Upon the throttle being opened still further, the depression 

t-1ill be concentrated at the beak 15 of the emulsion block, Hhich 

projects into the narrm"est part of the choke tube 17. This ",·Till 

first result in fuel being drawn from the Ifl.ain channel in the 

emulsion block, the channel beneath the slow-running jet 3, and 

from the vlell ofcapaci ty tube 5" sotha t tile source of supply is 

eventually through the main and compa nsa ti ng jets 11 and 12. 

~ 
~ 

I 
Ii r 
i 
I 
I 
~ 
~ 

j~ 
~ 

I j 
I 

-----~-------~.--.--.-... ------~-----~.~--------}j 
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It Hill be observed that the fuel in the well of the capacity tube 

5 has been consurne.:1, and as the top of the 'Ilell is open to the 

'a tmosphere, fuel issuing from the companso ting jet along the passage 

beneath is nO'ltI air-bled from theatrnosphere o " 

"As depression increases, the compansating jet supplies a tveaker 

mixture Hhilst the main jet delivers more fuel. The fuel issuing 

from the main jet 11, "t<lill meet the emulsified gasoline from the 

compansa ting jet 12 in the common chanel o rrhis will tend to break 

up the fuel from the main jet also, so that- when the supply from 
,-

both sources is eventually drawn from the emulsion block nozzle 

into the choke tube complete atomiza tion is assured." 

lilt is essential thetthis mixture should be distributed com-

pletely across the choke tube in all directions. To obtain this 

even distribution, a small circulerbar has been placed accross the 

choke at right angles to the emulsion block beak. Air dravTn from 

the intake will strike this bar and create a partial vacuum on the 

sides facing the engine. The fuel/air mixture leaving the emulsion 

block will also strike this bar and run along it to .fill up the 

vacuum, and then proceed, evenly distributed across the choke, past 

the throttle valve and into the induction pipe." 

nIt ""hll be realized that as soon as fuel in the float chamber 

falls blaH the _ prepetermined level the float 't<1ill fall, permitting 

the needle 6 to drop, and mOl'e fuel will pass into the chamber 

through the seating." 
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ADJUSTHENTS: I 
"Adjustment to the slow-running mixture is the only likely 

altera tion. I'lhe n trouble is expr1enced \oJ"i th the engi ne, it should 

not be assumed that it is alVlays due to the carburettor. ~'Jhen the 

carburettor is free from dirt, other parts, such as sparking plugs, i 
ignition, valves etc. should be investigated." (2) 

ItThe bOl'll of the carburettor is removed by 
I 

releasi ng the fixing I 
The jets should be removed and throughly cIe&ned occasionally.~ bolts. 

One of the fixing bolts is squared at the end to f1 t into the .ie ts 0 

Hhen this is fitted into the squared recesses, a spanner applied to 

the head of the bolt 'I..;il1 enable the jets to be unscreHed." 

liThe slmv-r>unning jet 3 is provided I,lith a scre~'Jdiver sla t for 

its removal. This also applies to the screH holding the capaci ty 

tube. Upon removing the seret.] and inverting the "00"11, the capacity 

tube vlill fallout. II 

"The en1Ulsion block is held to the side of the bOirTI by three 

screHS o To remove the block, first ease the bottom scrsH, and then 

completely remove ~hose above. The bottolll screw should not be 

removed completely, but upon turnit~ this in an anti-clockwise 

direction, it· vIi 11 .come SHay from the bO\-1l, complete Hi th the 

I 
I 
i 
I 

I 
! 
i 
e 
" i 

I 
I 

I 
Particular care s~uld be taken not to damage the I 

llever use shellack or any joining compound I emulsion block. 

gasket beneath the block. 

on this gasket. Upon replacing the block, locate the bottom screw I 
~ 

first, and then tighten the remaining SCre1-1S evenly. II 

~ 
i 

l 

! 
I 
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"The starting jet is removed from the carburettor by means of 
. .. 

a screwdiver o This applies also to the progressive jet 2, but in 

this case the plugGing soreH must be removed first, and care taken 

that it is replaced after inspection." 

"The slov-I-running is adjusted by means of the throttle. stop 

screw and the a ir regula ti ng screi... The stop sere ... ·' determines the 

speed of the SlO~'l running, i.e. it adjusts the throttle position for 

idling o To increase the slovi-running speed, the stop screH must be 

turned in a clockillise direction. If unscreHed, a sloHer tick-over 

will result. 1I 

liThe richness of the sImi-running mixture is adjusted by' the 

air regulating screY-T. Should the engine refuse to tick-over for 

any length of time, or stall ondecelaration, the slow-running jet 

may be cholred, and should be cleaned. After examination,. reset the 

slow-running by means of the thro ttle a nd air adjus tment SCre1-1S. 

If the enGine is inclined to hunt v~hen runninc sloHly, the mixture 

is too rich, and must be weakened by turning the air regula~in8 

SCJ?eH in an anti-clockHise direction. The position for the Slo\-l­

running air screH from the point of vieH of pick-up is Hi thin one 

turn of the full "horne" position. For tapered screHS the adjustment 

is vdthin three turns. A size of the slo\-l-running jet must be 

decided upon the t 111111 permi t even tick-over }lith this setting of 

the screw, although a slight tendency to richness can often be 

corrected by setting the idling speed a trifle faster." I 
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"There are other factors quite apart from the carburettor that 
I 

have considerably influence on the slmv-running o These factors 1 

include non-airtight joints, ltTOrn valve guides, badly seatiq.g valves.,l 

unequal tapped adjustment, ignition too far advanced, incorrect 

setting of the spark plug position etc. Such details must shmys 

be taken into consideration." 

"The fuel filter 7 should fbe cleaned occasionally. To remove 

this item, unscreH the plug 8 and slide the filter from ito 'rhe 

gs uza can be cleaned thorour;hly wi th ga~oline~ II 

!lHhen reassembling the filter, care should be taken to see_ 

that the H8.she.rs on both sides of the fuel pipe connection are-

correctly replaced oll 

tiThe bOYd should be cleaned oecesi onally s't-lillinF:'. 1 t Hi th 

gasoline. It will be seen that the jets are situated ~ell away from 

the bottom of the bOl-l1, so that any sediment will fall around and 

not into the jets." 

"The accelaro.tion is controlled mainly by the slow-running 

adjustment and the size of the compensating jeto Bad adjustment 

Hill .cause a flatspot \vhen opening up the sloH-running posi tion, 

and it is often advantageous to set the slm-I-running mixture on the 

rich side to avoid -this. If the engine is sluggish in picking up 

at sloH speed, then a different size compensatinG jet should be 

tried. . hihen the cornpansator is too small there is generally a 

long pause before the engine responds to the opening of the throttle 

I 

1 
! 
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I 
and spitting brick may occur. If it is too larrr6 the acceleration 

'-' 

is heavy. II 

, slow speeds is determined by the compensating jet. I If the car 

"'rhe strength of the mixture !-lhen the engine Horking hard at 

locks power on full loads 

made with the compensating 

at slow speeds, experiments should be ~ 

Jet until the required power is obtaine~ ... 1 

"Care should be taken to make sure that the lack of speed is 

not due to retarded ignition, an insufficient supply of fuel fronl 

the tank or pump, faulty ignition, poor compression, or tos,ome 

restriction at the ca.rburettor intake. If the loss of' speed", is 

definitely is due to the carburettor, different sizes o~ main jets 

should be tried; as this jet has most influence at high speeds. 

If nO,improvement is effected, no matter }That size main jet is 

fitted, then a size larger choke tube should be employed, and the 

most suitabJ:e main and compellsatine; jets found by trial." 

"Hhen the engine gets away badly and popping back occurs in 

the carburettor \-J'hen accelerating, the compensating jet is too sa 

small. If this trouble happens at regular intervals, and the 

engine 'has little pOHer and cannot drive the load at a high speed, 

the main jet is at fault and larger ~izes should be tried until 

the explosions ease. popping back is very often due to defective 

sparking plugs or valves not closing properly.1I 

I ! 
Ii I 

~ 1 
. 1 

i 
1 
1 
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"If the starting device is Horking correctly, i.e. the jet is 

clean and the main valve opens the full extend Hhen the dash contro:L 

is operated, no starting difficulty in starting and may be due to 

a run-down accumulator, an inefficient motor or the crankcase oii 

being too heavy' for. the time of year." 

"Plugs, too, plays an important part. - I t should be me de sure 

too t they are clean and dry, are the correct type for the enri ne, 

and have the specifi ed gap at the points. II ., 
Itlf difficulty in starting is experienced Hith carburettors 

fitted Hith strangler, one should be sure that the strangler flap 

closes completely vThen operated from the dash. I.' 

"A choked Slol-l-running jet or incorrect adjustment of the air 

screw will also cause bad starting. This, hm-lever, is eas ily 

remedied by removing the jet, cleaning and replacing it, and thee: 

resetting tho screH." 

fleare should be taken to see tha t the bm .... l is bol ted tirhtly 

to the float chamber cover of the carburet-tor." 

"Only when all these points have been inyestigated should the 

setting of the starting device be altered, if difficult starting 

I 

I 
I 

~ 

I 
~ 
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i 
~ 
~ 
ij 
~ 
~ 
~ 
~ 
~ 
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~ 
:l 
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I 
~ 
a 

"Trouble some starting can be classified generally as 1'ol1o>'s,· I 
."""""' ...... --.-.. ,.--.~-,~~~-.--~--~.~~~~~,-.-------...;-.------.~ 

persists." 
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b) Ensine fires 

c) Engine fires 

a) En~dne fails 
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to fire 

but fails to run 

and runs, but the mixture 

to flre: 
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is over-rich. II 

Control jet arld starting jets sl10uld be adjusted. The control 

jet measures the fuel £'lot-1 until the fuel in the well is' consumed, 
i 
i 

and therea.fetr affects the depression on the starting jet. First. I 
largerstartinf jets should be tried, but failing improvement resort I. 

to in~reased sizes of control jetso i 

b) Enr.ine £'ires but fails to run: 
'-~ 

HOver-rapid V1eakening - off is the fault here, and a lal'ger 

starting jet should be tried to overcome the fault.1I 

c) Engine 'fires and runs, but the mixture is over-rich: 

"First a smaller jet should be tried, but if t his affects 

ini tial firing- a srr.aller control jet- should be fitted." 

liN. B. The concentration of the depression upon the starting 

device is most essential. Therefore it should be ensured that the; 

throttle is closed -to the idling position \-lh6n the engine is being 

started. II 

Excessive fuel consumption: 

"The carburettor Is frequently bla.med for this defect when it 

i 
I 

I 
1 

I 1 

I I 

I I 
I 1 n 
~ 
~ . 

i 
i 
i 

1 
I 

i is actually caused by the engine being in poor .condi tion, or by .1 1 

the ignition being ret8rted. There may be a le~~ in the fuel system 

or there is a restriction at the .carburettor intal{e." 

! .... __ . _______ ~~ __ ._-----------........ --~-....-.D 
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"If it is certain that the consumption is excess i ve smaller 

jets are suggested. First one size smnller main and compansating 

jets should be tried. If this does not affect the performance then 

smaller jets should be tried. Since there is no relation bet~leen 

these tHO it is quite in order to alter the size of one and not the 

other." 

IIIf the consumption is definitely heavy, then the carburettor 

must be givinG a mixture richer than is necessary. This can all-lays 

be remedied by fitting smaller jets. If the performance suffers 

lihen such jets are used, then it is apparent that the cause 'of the 

trouble is not in the carburettor.1! 

lilt should be made quite certain tr..at the automatic starting 

is Horking freely, and that the main valve is returning completely 

to its seating. If this is not so the device 'will remain in action, 

I 

qnd consequently will be supplying extra fuel to that given by the 
. ~ 

i main carburettor o
ll 

"0al"'>e must also be taken to see that the strsnglerflap, on 

,carburettors to Hhich one is fitted, is returning to the full-open 

position." 

"Heavy cons~ption may be caused by exoessive pressure of the 

fuel. This is usually indicated by the fact that it is impossible 

to obtain a smooth tick-over irrespective of the position of the 

air screH for slow running and also by black smoke from the exhaust." 

I 

~-----~-------.--------------------.------~~----~--~--------~ 
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"This may be overcome by fitting a slightly smaller needle ·'1 
seatinB to enable the needle to cope with the excessive pressure. 

If this does not cure the trouble, or the smallest needle seating-

does not cause restriction at top speed is already fitted f then it 

will be necessary to regulate fuel pressure. 1I (2) 

G ElfEEtAL-: 

IIShould the engine be used in very hot climeta, or at very 

high altitude, a slightly Heaker seating may be used. Altern.ativel~·, 

in very cold' climets .·larger jets may be necessary. No other . 

adjustments are lilely to be necessary under normal conditions. 11(:;:) 

As it is said hefore, the above discripticm of a carburettor 

applies to car ca.rburettor and the one on the variable compression 

unit has some alterations as will be eXplained as follows: 

The carburettor used on the test rig is Zenith 26 V r-l E type.­

Its main jet is blocked, compensating jet reamed out to 0,0670" 

diameter and counter bored 0,125" diameter to give needle shank 

clearance. Needle 120 included. By meap..8 of these alterations it . 
\ 

,possible to control the mixtur.~q:~ s,trengthmanually. Thus it is 

necessary to adjust the mixture strength at the start and running 

conditions senerately if uniform ru.nning is required. .. . 

The rich starting mixture is provided by turning the mixture 

strength dial .counter· clock\·Tise 5 or 6 turns. Normal running 

condition of the engine is between 1.8 - 2.5 scales of the dial. 

I 

I 
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VI. PRESSURE TRANSDUCRq: 

a) Resistance strain gages: 

Lord Kelvin is the first one "",ho noticed thsElectro-dynamic 

properties of metals. In 1856, among other findings, be reported 

that the electrical resistance of certain "Tires varied ,,,ith the 

tension to' which the wires ~ere subjected. More recently (1823), 

in America,P. H. Bridgeman confirmed Kelvin' s results. Till 1930 

no practical application of this khmvledge is noticeable. Several 

attempts Here made to apply the phenomenon of strqin sensitivity in 

"..J'ires to the actual measurement of st~rain in other bodi~s., These 

attempts were naturally accompanied by the difficu~y in developing 

satisfactory techniques'for securing the strain-sensitive wire' to 

the test structure, a search for the best vlirs- "I.-lith Hhich to build 

the gage, calibration troubles, and difficulties of manufacturing 

such a delicate instrument on a mass-production basis. 

The orisino.l strain gages built by Sirnmons and Ruge required 

individual calibration to be dependably accurate. Early strain 

gages: ' ... ere made by embedctin;; the flne wire in (}e.st thermoplastic-

resin coupons Hhich ,-;ere. individually calibrated. 'I'hes'e gages \·:ere 

rather bulky compared 'tIlth the present SR-4 strain gages and did 

not alloH the strein-sensitive t"rire to be in intimate contect ,>lith 

the surface of the. test structure. 3y the control of 'manufacturing 

processes, ga..ges have been made \vi th a uniform resi stance and gage 

factor s:uch that individual calibration Has no longer necessary. 

These developments soon led to the l.,ridely used' SR-4 strain gage in 

its present fo!'lll. 

L~~~~~~~~,------------------------------------------------" 
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I In using electric stra.in gages, tNO physical quanti ties ar'e of 

particular interest. Clwnge in s traii'l and gar;,e res i stance. The I i 
I 
l 

dimensionless relationship between these two variables is called 

the "gage fa ctor'!! and defined as: I 
J 

l 

,6.iR/R /\oR 
F= . = -- • 

IJL/L ER 
. I 

irlhere R= initif~l res).stance of the gage Hire 

L= initial lenGth of the gage wire 

I.\,R and AL represent the small cha nges in res is tance and 

length \-1h1ch occur as the gage is straJned alonE; l.;rith the sur.face 

to \-1hich it is ~jonded. t. is the strB.i n o~ the gage. The gage 

factor, as seen, is oS lneasure of the amount of resistance change 

for a given strain 8nd is tClUS an index of the strain sensitivity 

of the gage.. The higher the gage factor, the more s.ens i.ti va the 

gage and the greater the electr·ica.1 output for ind1.cation or I 
i 

I'ecordine purposes, oth~r varia h1es remai ning the s arne. The 1imi ting~ 

element in determining in sage fae tor is the ~{ire material, and all· 

those materials 11hich have demonstrated high gage fectors have had. 

,other unpleasent charecteristics \".'hich made them unaui table for 

starin gages. 

The ideal st.rain gage '~lire '.-lould have high resistance, a large 

ch&t~ge in resistance'Hi th strain, and a hiGh elastic limit and 

.would be insens i ti ve to temper8.ture in both its physical and its 

electrical properties. Furthel~rflore, the gage factor should be 

i 

i constant. In: otherCVIOrds,the resistance chan.,:€} must be proportional' 

L,....... .. ............--_~.-------:----~ 

j 

I 
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to or linear function of, the uni t strain in the. wire. Strain gage 
c..-! iY\t.~\ t, 

ldre should be. vEn"y small in diameter So .th..a t thetdn vlhic hit is 

incased will be considerably stronger than the wire. This allows 

the cement to transmit the strains from the part being tested to 

the Hire. I·lith o.ool-i!1.-diameter vTire, the cement is sufficiently 

stronger than the Hire so that under compressive strains the 'toJ'ire 

is actually made shorter without buckling, since a I-in. length \-Tire 

of 0.001 in. dis.meter has a surface area 4,000 times its cross 

sectional area.. The bonding end supportin8 effect of the cement 

on the ,.,rire is so great that the cement can- control the ·"Tiz'e up to· 

strains of 0,.03 in. per in. or niore lin either compression or tension~ 

If the strain gage wire is to be 1 mil or less in diameter, 
. i 

this imposes another limitation on the physical properties of the 

wire material; that is, the Hire must be capable of Vlithstanding 

severe draHing operations during processing. 

Furthermore, "I.:hen nicl<:el and some of the other materials are 

bonded to steel, because of the differences in thermal coefficients 

of expansion, an addition error is introduced due to apparent 

strain Vlhich occurs with temperature change. !fhere are, howeve:x:" 

means to climinate this error. Negative gage factors are just as 

useful ~s positive ones, since obtaining the greatest change in 

l~e~dstance for a given str3in is the most siGnificent facor, whether 

the change in resistance is positive or negative is immaterial. (3) 
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THE SR-4 STARIN GAGE: 

Basically, the SR-4 strain gage consists of a bout 5 in •. of l-m:11; 
". ~. 

wire cemented between two pieces of thin paper. The paper se~ves 

as a carrier for ease in handling the 'vire and also acts to insulate 

the wire from the metal surface on ~vhich it is to be bonded. The 

wire in the gage is in the form of a grid consisting of series of 

long, parallel loops. In the manufacturing process this grid is 

fixed on a piece of thin paper with a suitable cement. Larger­

diameter leads are then welded or soldered to the tHO ends of the 

grid wire, and a second piece of 'paps!, is cemented over _the \<1ire. 

A protective layer of felt is usually used to cover the top side· of-

the gage. Smaller strain bages, e.g. % in. or less in length, are 

prepared by Hinding the strain-sensitive Hire around a cylindrical 

paper case in the form of a close-wound helix. This case is then 

flattened and cemented betHeen layers 01' paper for purposes of 

protection and insula tion. 

Improved techniques and statistical quality-control methods, 

has resulted in making these strain gaSes available at a considerM 

ably lovler prices. Unfortunately, the instruments Hhich are 

necessary to tranlate the strain f,ar,e lanp;uage into numbers usable 

by the engineel'" are not so cheap_ These instru..rnents are both 

complex and expensive. 

TYPES OF BONDED HIRE STRAIN GAGES: 

The gage elements which are varied for special applications 

are prencipally the cement and the strain-sensitive wire. 
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For gages v1hich are to be used at temperature belO'tv about 1800 p I a 

thermoplastic cement (celluloid dissolved in acetone), is very 

. satisfactory. For hiGher operating terllperatures, up to 300 or 400°F 

a thermosetting cement {phenol resin) is satisfactoryly employed. 

Special ceramic cements are generally used for temperatures above 

4000 F. 

For dynamic stre:ins, type Cgages are used in order to take 

advantage of the accompanying higher gage factor. 

strain gages can nOH be us ed in~ almost any ple. ce. under T.J'ide 

range of condl tions ccpplying various protective methods. 

The above statements are true also 1'or. other types of stratn 

cages. The pr'oblems involved are "Ghe same for all strain gages 

which are m.ade of similar types of Hire and bonded ~"ith similar 

cements. 

A fmf comrnents on cage forms developed by the British is 

necessary. One of the more unusual type is the i'Toven-type straln· 

gage. 'llhis is more permiable and thus has very short drying time o 

These cages are ID8nufactured on a s tandare l,-Jeaviru.:; machine in the 

form of a. lonG tape. The tape is made by using a li'ortisan Harp 

nnd a weft of strain sensitive wire. bfter weavinp the tape is 

cut; into proper lenGths, £lnd leads are c-ctached. Another ty"?e is 

the self-adhesive strain Gage. 'rhese are just like postage stamps 

'tvi th a difference thot the gages are s tuck in place by Hetti ng the 

bB ck of the gage Hi th acetone. 
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Ar'ecent type is in the form of a metallic foil which is slatted 

alternately from e~ch end to form a continious grid or seri es of 

loops similar in pattern to SR-4 strain gage. 
, , 

, 1 
, 1 

The foil strain gages are mounted in a very thin lacquer having 

excellent mechanical and electrical properties. This improves the 

gage performance and stability. Other advantages arise fl"om the 
" 

rectangular corss-section of the conductor, which increases surface 

area for a given cross-sectional area. The adhesion betHeen the 

grid and cement is thus improved and the' current carrying capaci ty 

to the grid is increased. Foil gages can be manufactured in 

almost any pattern or configuration with equal ease. 

BONDING TECHNI (~UES: 

The strain sage can perform 8.8 better as the bond by \-1hich it 

is attached to the test piece. The surface stpains are transmi tted 

to the sage by the bondi ng cement. '1'his can only be accomplished 

by a proper bondi n.~~ job. 

The strain gages are classified into two group 'tIlth respect to 

the bonding cement; 

1. Gages with nitrocellu10se. 

2. Gages :-lith heat hardening or t:'!.ermoset'cins, phenol resin. 

Gages of' the firs t 'type are called lI.i)uco II gaGes and are bonded ~.Ji th 

a cellulose cement. Second types are commonly ref'ered to 8S 

"bakeli te gages II are bonded to the test surface I,d th phenol-re,si n. 

cement. 
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Hain determining factor for' the selection of a proper gage is. the 

temperature the gage is expected to Hi thstand. ~vhen the service 

temperature of the gage is belovl 1500 F, Duco gages are ap~)ropriate1 

since the cementing process for these gages is relatively easy al~ 

drying time is short. Between 1500 F and 4500 F, the bakelit gages. 

are appropriate. Bakelite gages are employed also in long term ins­

tallations. 

DUCO GAGES: 

Certain preparBtion of the surface ,·,hich the strain gage is 

to be put is necessary, to ensure a good bond between the gage and 

and the surface. The surface on which the gage is to be mounted 

should be smooth ''au t not too highly poli shed, si nce this does not 

promote adhesiono A spot little larger th.an the gage may be li$htly 

ground o1.'f. 

Cleaning of the surface is the next step. Carbon tetrachlornde 
. 1 

or acetone will do admirably fOl' such a job. A clean solvent a!J.d\ 

clean cloths should be used 8:1d the prepared surface and the back. 

of the gage should not be touched. Care should be taken not to 

dissolve the cement used in the construction of the ga.geby clean-

ing liquid a.cetone. It is good practice, hal-leVer, to wipe the 

back of the gage with a cloth slightly dampened \oiith acetone. 

After these preparations a fairly liberal layer of cement is 

spread on both the gage and the prepared st~face, and the gage is 

set in place at once. In the first ferl seconds after the gage has 

been aprl1ied to the surface it will be possible to Slide the gage 
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around slightly in order to orient the gage in the desired direction. 

Then the gage is pressed or rolled ligntly Hith a fibger to squeeze 

out most of the excess cement. 

A 'clamping force of about I-lb is required \<1hile the gage is 

-dl>ying. Larger forces are detrfmrental to the gage l-lire. 

The drying time may vary with the temperature, humudity and 

type of the gage used. A clBUllping time of one hour or so and drying 

time of 24 hours at room temperature is practical. The reason for 

removinf, the clamp after one hour is to permit free cooperatton of 

the cement solVent. Dl"ying process can be accelerated by beating. ' 

the strain gage. To heat the metal adjacent to the gage is a g06d 

practice. At about l~OoF the strain gage Hill be dry in a fe~1 

hours. \fuile drying, the resistance of the strain gage increases 

until "i t 1s completely dry. 

It is a good practice to tape the soldered bad joints down 

immediately adjacent to the gage by mean's of a piece of tape. 

A quick checlc of the resistance of the gage and the resistance 

between the gage and the metal surface to ~'lhich the gage is attsched 

. may indicate the condition of the gage. A minimum of 50 megahms 

.between the surface and the gage is considered miniInum for accurate, 

stable functioning of the gage. 

A final check may be made by ballanci ng a Hheatstone bridge 

including the strain ga8e and pressing the stra.in gage by finGer 

or by any soft materialo 

I 

I 
1 
1 

I 
1 
I 
I 

,I 

I 

I 
1 
I 
I 
I 

I 
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If the balance is disturbed the strain is in proper condition. If 

the balance is disturbed or opposite def:le ct:!.ons occur after 

releasing the pressure there is a problem with the gage. (3) 

BAKELITE GAGES: 

Bakelite strain gages are used for anyone or any combination 

oi' the following circumstances: 

1. 'dhere temperatures are bett-leen 150 and 4500 F • 

2. Hhere gage stability is required despite hi8h humidl.ty. 

3. Hhere lonG-time gage stability or stability under generally' 
~ 

adverse conditions is necessary. 

Suri'ace preparations are the same as t:or the Duco gages. A 

clarnpine; pressure of 100-200 psi is requir~d which should be left 

applied during the folloHing recommended backing times a.pplied in 

the order given as: 

1. One hour at 1400 F 

2. THO h.OU1~S at 1750 p 

3. THO hours at 250°F 

4. One hour at 2500 F after the clamp is removed. 

Hetal surface should be heated not the gage itself. 

If the gage is to be exposed to higher temperatures than the 

highest backing te~perature above (250°F) it ~should be baked one or 

two hours at the operation temperatu.re once or tHice. (3) 
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Transducer is an instrUment Vlhich is sensible to force, torque, 

pressure, displacement and other physical· quanti ties. rrhere are 

several types of transducers to measure the mentioned quantities 

m~king use of some physical and mechanical charecteristics of a 

material. 

Since strain is the fundemental quantity measured by a strain 

gage, all transducers making use of strain gages should coqsist of 

one or more strain gaB~s Bnd an elastic body which produces strains 

The measured' quantity sh?uld I 
I 

~ 

proportional to the measur'ed qUBnt 1 ty. 

not produce strains \>Thich exceed the yield poitlt of the elastic 

elastiCity constant. ~ 
~I 

member so as to have (stress/strain) ratio, ·that.is, the modulus of 

One of the most convenient features of strain gage transducers 

their convenience in measuring quantities at remote distances. 
i 

I 
size. Another advantage of the strain gage transducers is is their 

primary disadvantaee of the s trs in gage transducers is their low. 

electrical output, 'h"hich require considerabl~ amplification. ! 
• I II 

The most used pressure transduoer is a diaphragm-type pressure . 'i 

cells. The strain gages are either dl~ectly.bond.d on the , 

diaphr&grn displacement. Fig: J3., shmis one of tihe first type. These ~ 

~ 
Ii 

type of transducers have !18tul'lal frequencies of a1-..out 50 000 cps.· 

~nd dynamic pressure. range of -10 to 2000 psio 

I', 
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t 

~iJ: /36. Sfress disfribu!lon /n (J (jfl!!orn1ly loaded di{Xfilragm 

with c/cprnjJed edges. (//moshe/tio) 

I RIR1. 
, <IIZI! I 2 7 II I Z % 7! 71 27 Z 2 2> 2. 2 2> ? 7 7 722 Z 7 ;2 7t52 2 ; a 

I 
'-Ig ,/3 c. !!;j,P0J/(/0t1 0/ slnti/~ !Ju:J'" 01'1 a d/'aj'/wCfn1/or ieM,Pet,ctluYt' 

CO!1lpel1..511 f / o!1 a/?cI»1a~/I7l(.(IJ1 {}vlpul (Rf'/: 3) ?:228) 
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Usually cooling systems, such as lo\-! pressure air cooling is 

employed in these pick-ups to adopt them for engine indicators. 

Haunting the strain gages directly on the diaphragm results 

in smaller sizes. From theories elasticities it is possible to 

ana.lyse the strain variations in ~he diaphragm. It has'been proven 

that there are compressive and tensile strengths in the dia phragm 

vlhich is sui table for tempera ture compansa tion and output maxi-

mization as :iiscussed above o The mountinG of .strain gages is shmvn 

in Fig: 13. 

See DraT/ring 1, for mounting the pressure transducer. 
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·0) Electrical Circuits: 

THEORY OF THEmNBALANCED BRIDGE: 

Fig; 1.4; shows the unbalanced Vlheatstone bridge circuit.· Since 

the output voltage of the circuit is a function of resistance make-

up the circuit and also of the applied voltage 1-1e can express the 

varia tion of the output voltage in terms of the varia tio ns of the 

resistance~. Partial derivative is a useful tool for this purpose. 

From the resulting equations \{e can ·conclude that: 

1. If RI and R4 are the same type of resistance gages and· sub­

jected to the same conditions their net effect on the output voltage 

is zeJ;'o. Therefore if HI is an active resistance gage the temper­

ature compensation can be accomplished by placing a dummy resistance 

gaGe, R4 , which t-rill be subjected to the same temperature. Due to 

tempera ture both gages ,.-lil1 change in res ista nee bllt the net effect· 

of the temperatuI'e Hill be zero. 

2. Since R2 and R3 are outside resistances in a pre~sure trans­

ducer, that is, they are merely used to balanc!:: the circuit and not 

subjected to resistance vDriations, they are constant. Thus: 

3
0 

If Rr: and HA areronded to the metalic surface in such a "\>Ja"y~ 
~ ,:.,t 

that their resistances change is in the op·posite direction from 

tP..a t of Rand R the output voltage of the ci:r'cuit then Hill be 
1 ;). 

maximum pe1Jf unit chB.n[':6 of resistancES of the strain gages. 

·'1 sJrrain d h t' . I 4 Tf HI R .. R , R, are Sl.IiU ar" gages an ave ne same i 
o - '2' 3 q, . I 

resistance and gage factor, bonded on the surface as explained i,n 

item 3, and con01.cted to the bridf< as shown in Fir,lc., then ~~~_ 
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Fig: /#(1. Un,b,;;/anced Whec7lslol1e- 8ric/ye 
C /rc.(./ it. . 

E -= A?t !teo" vO/~.1e . 

. E,j = j( R" ~z JR3 I R¥ J R" ) 

R, -0 -+ R¥ Ii = E 

~ L~ - ,f~ I; = EcJ . 
E 

, I-:.=--­
I?~ -tRi . 

/J 
I 
j 

1 , 

l 

(1. ) 
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( 
R, 

Ey = E - _ 
R, -fR~ 

= -

R. q/~ .- . R3 . ~R-=- ) 
- (R,.+RJ/ . 
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If Rt d/lcY Ry- dre Ine SqJl71e ry.;:,e 0/ res/sr-i'nce g'iiJe 

.;J/lc/' svi.;!ecl'eal!ol/;e Sc1me CO/7a/I/oas : 

l~eyc/tJ /70/ cn&,/lsreJ. and' dR3 = ofRzr: 0 

,', dE; :::: 0 
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bridg e wlllb~ 
'>; 

, 4RdR· dR 
. dEg =-E -----.·'=E-. 
, ',::{2R)2" R 

Since the gage factor, F is defined as: 

.. '-;' 

F--
E 

Theref'Ore':/dEg = EF4 (2) • 

'of the circuit under the assured conditions can be expressed 

approx~matelyby the equation (2). 

However the output current and voltage,. \vhen the resistance 

between points A and C is not infinitely large, can be calculated, 

as follovls: 

.' : 

" , From Fig: 1 "t f 

I (R +R )-IgR =E (3) 
1 1 4. 4 

R I +RgIg-R I =0 ( 4 ) 
1 1 2 2 
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From €Squations(3), (4), (5): 

Rl + R4 E a 

Rl o· -~2 

-R a R 
Ig == 4 3 

Rl + R 4 -R4 0 

'R~ Rg -R 
2 

. -R Rg+R2+R4 Ro:? . 4 .:> 

Ig=E 

If He assume that R
l
= R

2
== R3== H4= R and strain gages are 

arranged as in Fig: 14, then: 

R ...:------ R. +.6R 
1 ", 

R2-.------ R-6R 

H~------- R +.DR .... 

lt4------- it -CoRa 

PAGE 75' 

(6) 

Plltting this values into (6) and neglecting terms contai nine 

(AR)2 and (6R)3 al"..dsimplifying rIe obtain: 

oAR 
Ig == E . 2 

RRg+R 

(7) 

Since Ig dl!:g-
• == 

fig 

rrhen Equation (7 ) becomes : 
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By the definition of the gage factor: 

F = 
( it/R) 

f 
, E F f. 

l+cfg ) 

(8) 

this equation becomes 

dEg = E F E. 

------ ------

PAGE 76 

which is the same as (2), which 'toJ'as derived under the sarne, as-

sumptionso 

. The simbols are defined in 'Fig: 14, as before. 

Another special case sho~id be considered; In pressure trans­

ducer applications only one of the strain gages is active, and 

others are to be conf?tant.' Therefore, if Rl 'is the 'act i ve strain 

'gage and R = R ="R = R = R 1 2· 3 <1 

R ------ R + dR 
1 

R=R=R=n 
223 

Therefore equation (6) can be modified as follows: 

I = E 
g 

Simplifying! 

I = E g 

,--



I 
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i 
I 

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK • ISTANBUL 

Since 

':C;>I~ : 2RIRp;l+ 3RI R + 2RR + R2 - (RI -H)(2Rg+3R) 
'~='E" ~ g 
9Rl (2~IRg + 3RI R + 2RRg + R2)2 

-'., 

Since RI ~ R 

. or C}Ig '·1 ' 

8R1
= E 4R

1
R

g 
+ 4R~ 

or dIg 

',. Since 

dR1 . 
'iitp "~~,' ~~':, 

RIRg+Ri -

." ,': dEg 
,dIg = ~r'0. 

. Rg' 

E 

4 

,.' :c 

By definition: ' 

F 

• 
l+(~~) 

l . I 
I 
I 

l 
I 
I 
I 

i 
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r------~~~-_&-----.--w--------~------_________ wc~~_a_.~_o __________________________ -=u ___ ___ 

E E.F 
dEg' =- .-~-

4 l+(Rl) 

(EFE) = 1.. X --.-".. __ _ 
.~ 1 + -(~) , 

g 

(9) 

. Rg· 

As it is seen f:rom the last equation (dEg) in this Case is, (~)o£ 

(dEg) of the first case. 

He see that to obtain maximum volte,ge output from the wheat­

stone ,bridge internal resi stano e of the amplifier should be very . ' 

'high cornpa~ed v1i th the resistance of the s train gage. 

The maximum output of a pressure transducer in Hhich only one 

of the re~istance8 of the Fig: 14 is active, is: 

VJhere 

dEg = i '. (E F€..) 

E= Applied voltage, volts 

F= Gage factor 

E=strain due to pressure 
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TEr1PERA,TURE·COMPENSATION: 

For balanced bridge, the output voltag~ is: . 

dEg 

''It is clear that if Rl= R4 and they, are similar gages and 

bonded ',to the same surface the r,esista,ncevariation due to' temper- , 

a:ture in each gage should be the same, that is dRl= d.R
4

• 'J.1husthe 

effect of the temperature is elemina ted. ,This' rea,soning can :be 

applied to R2 and, R"". Therefol'e the~strain gages in li'ig: 13,' sqoUld 
b ' 

be so bounded that Rl and R4 , or Rf; and R3 Hill be subjected to'the 

arume temperature and ther.mal expansion. 

I NSTRUNENTATION : 

A typical strain indicator is composEld of an audio-frequency 

oscilator (i'rom 60 to 4000 G ps )to supply the bridge circuit, an 

amplifier (several stages for an amplification oh the order of 

1000 times)" a detection circuit, 'and a recorder or osciloscope. 

The detector is composed of a rectifier and a filter. The rectifier 

,first cuts off the bottom halves of the carrier waves. The filter 

allows ,only 101'>1 frequency Haves and filter the high frequency 

• carriertrlaves. 'The resultant ~lave form is shown in Fig: 15. The 

resultant wave is then fed to the osci'loscope or recorder. 

. ' 
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I 
I , 

. DYNA!'lI C STRAIN HEASUHEi'iENT: 

A strain gage is. capable of detecting dynamic stra,ins of ex-

tremely high frequency, e.g. 50 000 cps. or so. 

Since the output of the bridge is quite small, considerable 

amplification vrill be required in order to actuate the osciloscope 

or recorder. Fig: 16 shot-vs a simplified amplification circuit. 

The' amplifier used should heve a constant gain or artlpllfi ca ti( 

factor over the complete frequency range of' ·the strain gage. 

Since the direct-coupled (d.c.) amplifiers are ex;)ensive vIe 

have to use an'oscilator,or ~ chapper in the circuit to make use 01 

the co~non oudio frequency amplifiers. 

The chapper is a device which cutts off the output voltep,6 of' 

the bridge into forms of square waves. An ordi naryautorr.a t'ive 
" 

ignition-type circuit'breaker can perform as a chapper. 

Anoscilator supplies carrier waves to the bridget~hese waves 

are modified by the strain gage output. 11he output voltage from 

the bridge is a sine 1-'lave of oseila tor modulated by the sip:nal l..rave 

of the ~ctive gage. If this output is rectified by a diod circuit 
,. 

before recording a s in81e line trace or tae envelope of the carri~l." 

wave will be obtained; 

If we denote the frequency of' the carrier lvave by F, and that 

of' signal tolaVe by t:, the form of the signal waye by a Cos 27fF , then 

the modulated oscilator wave is given by: 

.-"""""'-.. ------.-~-~~ 



-'---

.\( I~ 
~ ~ ~ 

""" ~~ 
~ ~~ 
~ ~ 
~. ~ 

-

THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

'BEBEK • ISTANBUL 

r-- r-v 
IJ '" 1 " ~ ~--l ~ ~ 
~>- .... <;) 

~ \) 

" ~~ ~I.., 

T 

A 
I' 

x 
~ 

V 
\oJ ,-... 
t---

Q "t:: 
<::1 

I 

j 

PAGE 8 
I 

"...----~ 

I 



THFSfS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK ,ISTANBUL 

y=(A + a Cos 2tiF) Cos2ilF 

PAGE 83 

= A Cos 2ilF +·i a'Cos 2ti (F - f)+ i a Cos 2il (F + f). 

'. The amplifier has to handle frequencies in .the range (F + f) down.to 

· (F .;.. f). To obtain smooth waves in tl:re osciloscope for photograph­

ing it is necessary that 

F ~ 10f. 

RECORDING: 

There are two basic types of recording: 

'1. Pen-and-ink type recorders. 

2 .. Cathod-ray osciloscope and a camera. 

In the first method a Brush record~ng. equipment is employed. 

This instrument is equipped with a variable speed traveling paper 

an~ a'· galvanometer which has a pointer specially arranged to write 

· onther.noving paper. The oscila tion of the pen on horizontal 

direction on a (!urved path indicates the strain or any accompanied 

quantity the strain gage is designed to measure. In specially 

designed strain analyzers there is'an oscilator for supplying the 

· ,>1heatstone bridge tvi th 2000 cps. current. a high gain amplifier. and 

, . prov~sions for gain control, bridge balancing~ and calibration. 

Their~ are very useful instruments which can. be used to analyze any 

.' ~ind 'of' strain .•. 

Cathod-rayosciloscope is useful in another type of recording. 

Ac~tho'd-ray. oscUoscop'e is aninstrurnent Hhich is senseti ve to 
" "" A"" ', . 

. . ~ v6~tage variations onlyo 

,. 
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Thus'any quantity to be indicated on an osciloscope sl;1ould be 

transi'ormed into voltage. Since strain gage bridge output is in the 

,1'brmof.voltage variations, its indication is accomplished easily 

by an osciloscope.However p:erroanent recording 'of the' indicated 

quantity from the osciloscope requires photographic means. In 

general; most satisfactory cathod-ray tube for photographic work is· 

one having a medium or short persistant lightin actinic light out-

puto 

For the recording of moderate frequencies the Polaroi~ Land 

camera can be employed satisfactorily. 

A shutterless motion picture camera is. another type of record-

irig instrument used in connection i,.,i th the cathod-ray-os ciloBcope. 

Time .coordinate or the horizontal coordinate of the osciloscope 
.. 

can be accomplished by special arrangements such as cra.nk';'anp:le 

indicator, piston-motion-indicator which are going to be discussed 

later. 
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4. ,INDICATORS AND INDICATOR DIAGRAMS: 

Several kinds of indicators have been developed to get the en­

gine indicator cards and pressure variations in the engine cylinder.' 

,The pressure indicators are generally classified into two 

-groups: 

1. Single pressure indicators. 

2. Cyclical pressure indica tors. ' 

,Class (1) includes compression, explo'sion, and mean-pressure 

measuring devices, which are usually comparatively simple. 

Class (2) includes more elaborate apparatus for actually re­

cordi'ngthe pressures throughout their cycles of changes. 

"The requirements of an efficient single pressure indicator 

,are 'that it mUst be strongly made, capable of ready attachment to 

the e~ine, by the ,simple expedient of fitting into a sparking-plug 

or compression tap hole, must 'be unaffected by the temperature of 
. . 

the cylinder, 'and uninfluenced by the rapidity of cyclical pressure 

Varia tiona." (5) , 

I. 'SINGLE PRESSURE INDICATORS 

This class may be grouped into two: 

'a)Those that 'make use of cylinder pressure in recording di­

rectly. 

b)Those that are using the cylinder pressure to operate an 

auxiliary part of the recording apparatus. 

The piston type indicators belong to the former class, whereas 

.balanceq disc type, e.g, "Farn boro" indicators comes into the lat-
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tar class. 

'Some of the important types of pressure indicators of this 

.' class are listed below: 

a)The Okill Indicator. 

b)Research Type Okill Indicator. 

c)Diesel engine pressure Indicator. 

d)The (Dobbie-He Inner) II Farn Boro" indicators. 

e)The R.A.C.A. disc valve pressure indicator. 
~ 

f) Bureau of Standards Balanced Diaphragm indicator. 
, . 

g)Optical balanced pressure indicator. 

h)B.P.C (Bataoian Pe'trolium Company, Holland) indicator. 

i)The Bauer Indicator. 

Operations and detailed description of these indicators may be 

found : 

See Fig: 5, pp: 226-283 and 

Ref: 6. 

,II. CYCLICAL PRESSURE INDICATORS: 

The purpose of these indicators is to give a pressure varia-' 

tion diagram over the whole part of a working, cycle; in some ins­

tances consecutive cycle diagrams may be recorded. 

For the pUTp9se of obtaining mean indicated pressure and indi­

cated horse power, it is necessary to draw pressure-volume diagrams. 

For observation purposes these diagrams are useful, for noting the 

changes ,that occur as a result of varying the engine speed, mixture, 

strength, ,throttle oppening, ignition advence, etc. The displaced or 
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"out-of-phase" pressure diagrams are very useful. In all cases in­

dicators consist of ~vo pr~ciple units: 

l.Pressure element • 

. 2. A displacement unit. 

The pressure element in the test-rig is a resistance type strail 

-gage transducer. Several forms of the displacement unit which gives: 

the ·piston stroke for the pressure recorded by the former unit are 

designed in the following pages. 

, 
.' 
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'III., ,CATHODERAY INDICATORS: 
, .... , 

Previously described indicators have proved unsatisfactory, 

; , ': with certain excep-tiions ., at high speeds due to the inertia of the 

moving parts of the indicators. ' 

: The cathode ray indicators, on the other hand, are very satis­

'factory at high engine speeds. 

The prinCiple is entirely different and somewhat complicated 

and'may,cause errors in the hands of the uninitiated. 

The cathode ray indicator consists :of three units: 

1. The cathode ray osciloscope. 

2. The pressure transducer. 

3.' The time base or piston position unit. 

The cathode ray osciloscope may indicate any quantity which is, 

'~ransformed in to voltage. The', horizontal and verticai trace may 

,indicate pressure and time or piston position respectively by a.pply~ 

, :i:~irid\lced voltages from the second and third units. 

,,;,''', The primary disadvantage of this system is the high instrumen-

i, ',>~a.tion;cost. 
" 

I 
I 

I 
I: 

". 'For the visual observations ordinary zinc-,silicate coated tube~ 

which,give a yellowish-green spot of light where the electronic 

$tream'strikes it, are quite satis~actory. 

For the photographic purposes, however, another coating mate-

, rial is necessary. "Calcium Tungstate" coated tubes are I suitable 

for this case. This substance flousesces with a deep blue light, 

having about 30 times the photographic activity of zinc sulfate~ 
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The horizontal trace plates, usually called "Time BasePlates" 

. connected to the time-base unit,crank-angle, or piston displacemen 

indicator, whatever the requirement may be. 

The vertical deflection plates, which.are.usually called "pres 

sure plates" are connected to the pressure trancducer of the engine • 

. -' From the specifications of a cathode ray tube to the order of 

magnitude of the induced voltages may be calculated. For a specific 

'. example is given below: 

Filoment current ••• 0.7 - 1.1 amps. 

Filament voltage • • • 0.4 - 1.0 volts. 

Anode voltage • • • • 300 - 3,000 volts. 

Cathode to anode current 10 -200 microamps. 

Shied. voltage ,. ,. 
Screen deflection 

• • oto (-200), relative to flament. 

0.75 mm. per volt across plates. • • 

The pressure element may be one of the following types: 

1. Capacity type. 

2. Resistance type, strain gages. 

3. Inductance type. 

Another Olassification may be as follO\vs: 

.1. The moving iron or magnetophone. 

2. Resistance Method. 

3. Capacitance. 

4. Plezo Electric system. 

All o-f the methods have certain advantages and disadvantages,. 

The variable compression unit in our laboramory is equipped' .wi th . a 

resistance"tra;nsducer, which is capable ofdetect1ng vibrations ~f" 
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50,000 cps. 

One'of the inseperableunits bfmost of the indicators is the 

amplifier, which may 'be required te have an amplification of as high' 

as 1,000 times, depending upon the method used. For example, . strain: 

gage pressure pick-ups require an amplification in the order of 1,000 

-times. 

Typical Cathode ray indicators include the Standard Sunbury In- ' 

dicator, 'rhe Cassor Indicators.. The Dodds Indicators and Photoelect­

ric Cell indicators. For further informatiori see: Ref:5 pp:284-3l3. 

APPLICATIONS OF CATHODERAY INDICATORS: 

The Cathode ray indicators maybe used, with suitable pick-up 

units and accessories, for the following purposes: 

1. pressure-time, pressure-crank angle diagrams. 

2. Pressure-volume diagrams. 

3. Cylinder rate of pressure diagrams. 

4. Weak spring diagrams of the suction and exhaust pressures .. 

5. Weak spring diagrams of inlet pipe pressures. 

6. Exhaust pipe pressure diagrams. 

7. Compression-ignition fuel injection pressures and rates of 

pressure diagrams. 

8. Fuel injection value lift diagrams. 

9. Erigine vibration movements on a time base. 

'. 10. Cylinder strain diagrams. 
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, SOURCES OF ERROR IN CATHODERAY INDICATORS: 

, The sources of error in cathode ray osciloscope indiqators may 

be listed as: 

1. Inertia effects. 

2. Indicator passage effects. 

J. LoVi resonance frequency. 

4. Temperature effects. 

5. Hysterisis., 

6. Electrical errors. 

Inertia effects are negligible, indicator passage, if it is lon­

ger may distort the indicator diagram, the calibration of the p,ressu­

're element may change due to temperature, high natural frequency 

,pressure elements are desirable, hysterisis of the deflecting part 

may cause error,electrical errors are related ,the circuit of the in-

dicatOr and can be minimized in the hands of one expert. 

:IV. INDICATOR DIAGRAMS: 

To draw an indicator ,diagram based on the piston displacement" 

it is necessary to provide means to represent the piston motion in 
, , 

the cylinder. A crank-arm mechanism ora cam may be designed, if we 
know the crank-arm ,to connecting";';rod ratio, ;to provige this mecha-

nism.' 

" 'The phase of thismechenism related to the actual piston motion 

has a certain effect on the indicator diagram. If the phase of th~ 

indicator is 1nadvance of that ,of the engine ,then the indicator 

'diagram. is enJ.arged. However if the indi'cator is behind of that of I 
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, '. 

,the engine, the indicator diagram will be smaller. 

To adjust the two phases, the spark is retarded and indicator 

diagrams are taken while aQjusting the phase. If the indicator be­

comes in phase with the engine then the last part of the compression 

line returns'upon itself. 

See Fig: 22. 

When the indica tor diagrams are drawn upon a time or cranle-angl e 

base, it is necessary to convert them to piston-motion basis as exp­

lained before. 

Another method to convert the crank-angle base diagram to piston 

~otiondiagram is as follows: 

1 •. Take thGllrank-angle d.iagram and draw vertical lines c()rres-

ponding certain crank-angl-es. Mark off the intersection 

points with the curve. 
~ 

2. Take the length of this diagram and draw this 1ength on a 

ce of tracing paper and ca11 it 2R. 

3. Calculate 1= 2.78R (Since crank radius / connecting rod 
R 

= 0.378 = -t- or, 
R 

L = 5:-378 = 2.78. This is measured on the engine. 

See Fig: 23 

4. Draw A6 ~ L + R = 3.78R. 

5 .... Draw a circle, center at 0, with a radius R. 

pie 

G. Divide the circle into angles corresponding to those ones on 

the indicator diagram. 

7. Open the dividers L = 2.78 and mark-off points 1, 2, 3 etc.' 

on thehorizantal axis, between A and B. 
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8. Draw vertical lines through the points 1, 2, 3 atc • 

. 9. Place this tracing paper on the crank-angle. base. indi.ca tor 

diagram •. 

. . 10. Draw horizontal lines through intersection point of step (1) t 

,'to get ordinates' on the' tracing paper corresponding to res­

pective angles. 

11. Draw'a smooth curve through these newly found points to get 

the indicator diagram on piston motion-base, that is P -v 
. diagram.' 

12.'. Take aplainimeter' and measure the'indicator area to calcula­

tethe values such as ihp,imep, ·indicatedefficiency etc. 

1f~", I APPLICATION OF INDICATOR DIAGRAMS: 

tlprovided it is satisfactoriiydesigned, adjusted and operated, 

the indioator is a most valuable asset for research and ordinary 

test purposes." (5) 
... 

. Indicator is fundamentally a pressure recording instrument, thus, . 
i 

it can be applied to cyclical pressure variation, 

In internal combustion. engines the pressure variations in the 

cylinder, in the inlet pipe, exhaust pipe, and. in the crank-case, 

can all be determined, 

Displaced Diagrams: . 

To study the pressure variations during explosion, the mos~ 

rapidly changing pressure, we use displaced diagrams. In ordinary 
. ' . 

indicator diagrams the explosion takes place at top dead center where 
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-
·the: piston is almost statiinary and the pressure curve has the steep­

,p~st slope..However, if the explosion point is transfered to a point 

where the piston moves fastest the slope of the pressure curve is re-

duced and the diagram is .spread at this point, so that the pressure 

varitionS dur,ing explosion is readily studuied. See Fig: 24. 

r.ieasurement· of Indicator Diagrams: 

'~·:·i <.The net a.rea of the indicator diagram is proportional to the 
. ',' -. . 

work'done per cycle of the engine, that is, to the indicated hose-
- .,' . 

• po\V'e~of the engine. 

..... '.':' ,Thus: 

': .. ' . 

,',,; 

.... 
~ ~.... 

Indicator area .ip2 

Length of Strolce, in.· 

M = Pressure scale, 
lb 

(1 in. (ordinate) =--~- ) 
in, 

;:Indicator areas are usually measured by plainementera. 

, .. 
""." 

.. ;; 

r. 

,,'", 

'. 
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5. DESIGN OF A DRUM-TYPE CRANK-ANGLE INDICATOR: 

PAGE 98 

-nFor the visual observation or records of rapid pressure changes, namely, 

during the actual combustion period, pressure diagrams on a crank-angle (or time~ 

base) are much better than those on piston-stroke base, although displaced or "out­

of-phase" pressure diagrams in the latter case are very useful. n (5) 

The crank-angle diagrams can be converted into a pressure volume diagrams. 

using a transparent scale, graduated in degrees, and corresponding to the connecting 

rod! crank radius ratio of the engine under consideration. These are tables calcu­

lated for various connecting-rod! crank radius ratios andcrank degrees. Howevel' 

there is a simple relation between piston ma~ion and crank-angle: 

Referring to Fig: 18, 

= R + L OC + CA 

= R .... L R Cos e - L ~ Cf (1) 

Wher_e (L) and (R) are connecting rod length and crank-radius -respectively. 

-Also 
"t.. 

L= 
_'"" _t.. 

BC + CA 

. ... 't. L't r_ .... (0 = R Sin e + l.N-"-' T 

Or 
I = (L'L _ R1.. Sin1- e ) l: 

~.. f? [ 1 - tas & -I- + C 1 - V L1. _ ~ 1;:::;;- )] Therefore (1) becomes: 

Where 'I:- = Piston displacement measured from- To D. C. 

Where: 

f) = Cr.a~k-angle = uJ t 

pr {PPM) 
'10 

: Expanding the expression under the square-root by the Binomial Theorem and 

. negie'dting terms -containing second or higher powers of the ratio ~, we obtain 
1 

a good approximation formula: 



~=A=O,58 
,L 

B.DS·· 

R = Q,358L 

. L= 2.78R 

'2.R 

A' 

I -<::: . R ,;so ! E R ;:. I c=C t~ 2.7 8 R :;:u I 

"-:- R [ {_CD.e .. ~ (1- r~-r's.:,,'e') 1 
~ ~ R' ~ - Co s 'e -+ ~ SA 'yt2. e J 
~. l . 2~ . 

fig: 18 
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Therefore it is possible to modify the abcis.sa of the indicator diagram. drawn on 

crank-angle base, by calculating (~) values for each angle so as to derive pressure- I 

vgiume indicator diagram from the former.' 
~ ~'. 

There are two types of pressure - (crank-angle) or pressure-tim.e bas'e indi-

cator diagrams: 

1. Building up pre s sure diagrams. 

Such as in Fig: 19 

2. Closed cycle diagrams such as in Fig: 20. 

These can be based on crank-angle t or time, and can be converte'd to pressur 

cylinder displacement diagrams by the method explained above. The latter diagrams 

areU:~uallyused ,to calculate the indicated horse power', indicated.m.ean effective 

pressure', indicated specific fuel consumption, indicated engine efficiency t etc. 
, , 

whic~ ,make use of the indicated viork done by the engine whi,ch is proportional to the 

a~e~'O(indicator ,diagram. 

'··<:A~thoughcrank-angle (or time base) diagrams are usually employed for 

vis~~l obs~rvation of the pres sure variations due to various factors, these can be 
'" ' '" 

converted to pressure-volume diagrams to calculate the indicated quantities as ex-

plained above., . For quantitative results calibration, of the indicator diagram. is 

neces sary. The calibra;tion procedure will be explained later. This m.ethod has the 

disadvantages of involving too many conversions which are all sources of error. 

Despite of this drawback, the apparat~s' is simple and inexpensive, easily adoptable 

for various purposes and, under careful COin veV::sions, qui~e reliable ~ 
\ 

,'A simple crank-angle indicator may be designed as follows: , 
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, Take a cylindrical plastic drum of 6-8 cm. diameters as shown in Fig:,Z5. 

Drill two small holes at the two ends of a diameter line. Place a piece of I mm-' 

diameter silver wire in each hole as shown in the figure. Make a wooden hallow 

" shaft of given dimensions and stick it to back of the drum. Cut a n aluminum or 

copper tube of I in d~ameter in to two rings of 1 cm. width and slip them into place 

'as shown., Connect each of these rings to one of the wires placed diametrically. 
. . . . 

, ' 

Seal the holes with a Duco cement. Take (10) grams of tap water, disolve Z grams 

6f ~;::q in it and put the solution into the drum up to the level mark predetermined 

as: calculated in the figure. Mount the assembly on to the 'sleeve shaft. Mount the 

" brush holder and the needle shown in Fig: Z6. Interconnect one of the brushes and 

'the needle. C~nnect a 60 volt battery across the remaining brush and the needle; 

'the negative pole being connected to the needle. Turn'the engine arid bring the indi':' 
.' " . : ~ 

',cation into phase as explained before, by turning the needle relative to the drum. 

The indicator diagram should look like Fig. ZZ a, while the ignition is fully retarded 

'Adjust the ignition advance and. obtain the correct indication diagram. 

The p~ysical principles can be explained as follows: 

The water in the drum, due to friction and centrifugal force will split 

around the periphery of the drum making a layer of uniform thickness, which is 

stationary after a ~hile, with respect tot he container. Therefore its resistance 

is constant throughout." By the ordinary ~otentiometer theory the voltage difference 

between the needle and the positive pole is proportional to the length of the water 

layer between the ,two. But the length of the water layer is = R e. Since R is 

constant the voltage difference is directly proportional to ~he angle e t which is. the 
. '. . 

,c~a!lk angle. " By turning the drum at the same speed as the crank-shaft of the engin 
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we' can obtain a direct relation between the crank-angle and voltage difference 

betwee,nthe needle and the positive pole. 

Referring to Fig: 26, we see that if the voltage variec:t from zero to its 

m.aximtiin valu~ while the crank turns 720 0 , so that one cycle is complete, then the 

pressure diagram would look like a pressure-build-up diagram. However, since 

the .indicator turns with the same speed as that of the engine, the situation is dif-

fer,en~. 

Assume that the positive pole is just in front of the needle, then the voltage 

difference between the two is minimum, since the resistance between them is 

milliroum., Now the container, turns and the positive P?le goes away fron:- the needle 

lnaking the voltage difference betwee,n the two greater and greater. When the drum 

tu~ns 180 0 , the voltage difference becomes maximum. and the engine completes 1/4 

of its cycle. If the indicator is in phase then the first part of the pressure curve is 

drawn on the osciloscope. 

,The indicator continues to turn ,so that the voltage difference starts decreas-

,ing which causes the -horizontal trace to move backwards so that the second quarter 

of the pressure-build-up diagram is drawn which is symmetrical around the line 

B~Bo In the third quarter revolution of the indicator, horizontal trace of the osci-
.: :" 

" loscope travels forward and third part of the curve is drawn. In the fourth,and the 
, , 

1.ast quarter re'volution of the indicator i the cycle is completed while the trace 

',;moV'ing backwards., 

Therefore,'we have obtained a close-cyclic indicator diagram of the engine 

drawn.on,crank-angle base. This diagram may be converted to p-v diagram as ex-

"p,lained be~ore:. 
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l~· . As it may be seen, the construction is very simple and cheap. There is no am-

plifier, no rectifier, no Jilter in the circuit. 

2. Displaced diagrams can be obtained very easily by simply turning the needle 

wrt the indicator drum. 

3. Putting the silver wires close to each other, detailed study of the pressure 

variation of a part of the cycle is possible. 

4. The material and the procedure is simpler. 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

SEBEK. ISTANBUL 

6. ,DESIgN OF A PISTON-DISPLACEMENT INDICATOR: 

PAGE 109 

In the previous section we have discussed a crank-angle indicator t which, 

'has;~anyapplications. The P-V dia.gram of ali engine t however, can readily be 

obtctined, by a relatively simple instrumente. The conversionof crank-angle base 

~agrams to P-V diagrams have been discussed. The conversion process is not 

practical for quick calculation of (imep) or other engine characteristics. The pis-

,ton displacement indicator, On the other hand is a very convenient instrument for 

this purpose. 

1 •. CAM DESIGN AND CALCULATIONS FOR THE INDICATOR: 

Referring to Fig: 27, we want to design such a cam that wllen it turns around 

,the point 0, its intersection with the horizontal axis A, will simulate the piston 

; motion inthe cylinder. Its geometric construction is simple; we divide the peri-

,pheryof the circle into small arcs corresponding to 'small crank-angle f7 .We 

, ~a.rk off the points 1, 2~ 3. et. on the horizontal axis corresponding to the respect-

~ i:vecrank-angles'. Drawing circles'through these points we intersect the radial lines 
, . , 

through the center O. The points thus found will naturally cut the horizontal axis, 

~ at the proper place where the piston would be if it turned through the angle with 

which,the l'adial line is drawn. 

Drawing a ~mooth curve through the points found as such, we generate the 

profile of the required cam. The smooth curve in this case turned out to be a circle 

with radius L and, center at a distance R from the crank circle. 

The mathematical proof of this statement is easy: 
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Let r :: the distance between the center and the point where the cylinder is. I 
Referring to Fig: 27:· 

I . 
r : R Co So e -t- L c.0- <P (1) 

By the cosine law: 

R2 = L2 . r2 - 2Lr Cos (2) 

I 

R2 _ L2 _ r2 
Or Cos 9 = 

2r 

Substituting the last expression into (I), we obtain: 

Ihich is a circle in polar coordinates. Transferring, this into Cartezien Coordin-

.te s: 

Or 
(LJ) 

Ihere (u), and (v) are coordinates of the point on the required profile of the cam, and 

leasured from the point 0 0 

Therefore the required profile is a circle with a radius (L) and center at 

- R. 

Since R = = 0.358 for this engine; 
L 

L = 2.78 R. 

Cam diameter = 5.56R. 

Where R being the radius of a reference circle, representing the crank ra-

ius and may have any value according to the requirements. 

be) I . 

Therefore, j1:he displacement of the cylinder may be calculated as: 

x __ (R+L) -r = Ri'L-R [Cose -I- fJl - ~2Sin2e\J 
j 

I 
..... --1 
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''',' '.,X = LtR(l- Cos e ~_1_ { 1 -
, '," A " 

(4) 

>,Or approximq.tely: , 
" . .." 

x : R( 1. ... Cos e - (5) 

It is desirable for design purposes to calculate rmax and (rmin', 

Where rmax = the distance between the centeroI rotation and the farthest 

"i11.t of the cam to this point.. Whereas rmin= the minimum distance between the 

2ente~r of rotation and the nearest point. 

From equation (3): 

r = RCOse'+' R J ~~, -(1 - cos2 e ;' 

Or 

rmax:r9::o= Rr~ +1] = 3.78R. 

rmi~ = r" = R [1 -.-l.] : 1.78 R. 
, '. f7=1f -, ~ 

Knowing the profile of the cam we can make use of it in various ways. 

As it is stated before R can have any value as long as: 

, ' ' 

L = 2.78 R. is a reasonable number 0 
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The displacement of a piston may. be expressed most conventionally by the 

deflection of a cantilever beam. Since the strains produced by small deflections 

,are proportional to the deflections we can design a cantilever beam subjected to 

deflections which are produced by a cam whose profile is so designed that it simu-

lates the piston motion. 

Referring to Fig: 28, the maximum deflection at the end of a cantilever is 

: .gi:venby: 

." y~ax = PL3 
3EI 

,Where (P) is' the applied load. . --

This equation is derived fro~: 

2 
eLy 
~ 

3/~' . 2 

(l) 

= 
M 
EI 

(2) 

'.' . ellRYE 

which is the ecact differential equation of the elastic~ under the assumption that the , 

strai~s'in the fiber,s are line21rly proportional to the distance of the fiber from the 

neutral axis. Thus, maximum strains are produced in the outermost fibers of a 

re-ctangular cross-section, beam. 

. Equation (2) is simplified by assuming that the deflection of the beam is 

. small so that: 

~ «1 (3) 
dx 

. so that it is negligible, compared with unity.. From the' strength of materials, it is 

knoWn' that 
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'~J = " dx . e J : Slope of the elastic curve at X,. (4) 
x, . '. x, 

Therefore '. &-« 1 ( 5) 

is the' requirement for correct application of the equation (2) in the formo!: 

M 
EI 

which is the bCj:sis for equation (1), above. 

We also notice that 

~ 
" dx 

'From (4) and (7 ) 

: tan' 0-

, tanfl = e 

. Therefore it is reasonable to assume that 

(6) 

(7) 

(8) 

= 
M 
EI 

is correct as long as 

From mathematical tables: 

'. .,..., . 
tan (0.3 rad):::: (0.3 rad). (9) 

tan e· = e. 

PAGE /15 

That is 0 .. 3rad: 17.2 0 is the maximum allowable deflection slope of the end 

of the cantilever beam. 

The strains of the beam.is measured or deflected m.ost easily by a strain, 

gage. Itis common practice to restrict the stresses in the member to obtain cor-

rect reading by a strain gage. This restriction is: 

Um.ax = 0.30, () y. (1O) 

V/here '. U y is the yield strength of the material. This equation may be written in 

terrosof strains as: 

E . -. max-
0.30 ~ y. 

'E 
(ll) 
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Upon these restrictions we can calculate the dimensions of the beam and 

From Fig: 28, 

M= PL 

at'th~ end of ,the beam. 

From eq. (1): -

p = 3(EI) Ymax 
L3 

and,from fleXural formula: 
h 

= 
M"'" 2 

or 0: Mh - PLh - 2(EI) 2(E!) 

Froin (13) and (15) 

C 3 Ymax 
max = 2, 'L 

By the definition of gage factor: 

. F = R/R 

(12) 

(13) 

(14) . 

(15) 

h 
L (16) 

{l7} 

~ R = t FR ,where R :: resistance of the. gage. 

Multiplying by (I allow) through the gage: 

. V'~ax :. m~FV g (18) 

where V g': the voltage accross the gage, having a resistance of (R) ohnis. 
~. . . 

. ·f·· 

Therefore from (16) and tIS): 

, . ~ . 

. 3 
V max = -
. .' 2 

.Ymax 
'L 

h 
L 

. FVg (19) 

'Sinceymax is produced by the cam and ccu~ be expressedinterms~f the 

crank anglef) ,as: 
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Ymax = R[l .. Cos 1:) . (20) 

. the equation (19) becomes:' . 

VmaX = KymaX (21) 

where (K) is a constant including ail the symbols in equation (19). 

PAGE J J 7 

Equation (21) states that the output voltage of the gage is directly proportional 

to piston displacement. 

From the strain gage calculations page ( )~ eq.: 2, if the gages are arrange 

as· in Fig: 2~: 

(dEg)max = EF t 

But 3 c.= ""Z .. 

. Therefore 

Ymaxh 
LZ 

To obtain a minimum bridge output of say (dEg) ... 10 -.If volts, when the ap-

p~iedvoltage E = 30 volts , using strain gages with a strain factorF :I 2 ',to defect 

deflections of Ymax : 1O-2 mm = 10-3 cm, 

. For: 

h 2 
L2 =3 

Therefore if L '" 15 cm. h should be: 

h .~ 2.5 mm. 

But the load on the cam limits the deflection of the cantilever beam: 

. P max = 
Ymax 3E1 

L3 

L =. 15 em. 

-h: 0.25 cm. 



I 
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E: 21 x10 5 Kg/cm2 

I = bh
3 

: 2. 6 x 10 - 3 em 4 

12 

P max = 16.3ymax 

PAGE II 

Ymax. can vary from zero to 2R, where 2R is the state of the piston displace 

ment simulator cam. Allowing a 25.0 Kg. force on the cam bearings: 

Ymax -: 2 xl. 54 em. 

Therefore 2R 2 x 1.54 em. 

R = 1.54 cm. 

Diameter of the cam: L = 2.78 R = 4 0 30 cm. , 
Therefore a cantilever of the following dimensions is appropriate: 

Length = 15 cm. 

Tickness = 0.25 cm. 

Width = 2 cm. 

From a material of: 

E = 33 ksi 

A'ld a cam diameter of: 

L = 4 ~ 3 cm. 

with an e"centricity of: 

R : L54cm. 

See the arrangement in Fig: 29. 

We see that if the cam and the cantilever are arranged as in Fig: 29 a, ther( 

is ~n error as indicated in the figure. To eliminate this ~rror, the arrangement 

sho\lldbe as in Fig: 29 (b). 
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The electrical arran~ements are similar to that of the pressure transducer. 

This system may enable us to obtain the P - V indicator cords directly t but it re-

quires and amplifier and wheatstone bridge circuit which add expenses to the highly 

elaborate cam arrangements making the overall expenses too high for our present 

purposes. 
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:III. LIQUID-RESISTANCE-TYPE PISTON MOTION SIMULATOR: 

, In the previous sections we have discussed crank-angle indicator and a can-

tile:rer -:-type piston motion indicator. 'In this section a similar device to indicate 

piston motio,n,~y, maki~g use of the conductance of a li~d will be considered.. [ 

Referrlng to Flg: 30, we. see that the voltage difference between the needle- a 

- orie ,of the electrodes is proportional to the distance between them •. Therefore if the 

needle is connected to mechanism which simulates the piston motion in the cylinder 

-, we can abtain voltages proportional to the piston displacement. By applying suffici-

ently high voltages we can stimulate the horizontal beam of the esciloscopeso as to 

indicate the piston motion. Combination of this signal with that of the pressure 

transducer will result in an indicator diagram. The primary advantage of this sys-

tem is its high voltage output so that there is no need for an amplifiero However a 

rectifier circuit is required which is essential for all the other arrangements. 

Therefore the cheapest arrangement to get engine indicator directly t is ,this 

method;however t it has a vibration isolation probiem. 
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'7. . TEE BRUSE RECORDER: 

,'rhe' br:ushrecorder is' a very sensitive recording instrument which can be 

used to get pressure build-up indic~tor diagrams on time bases. There are hvo char 

neiswhich can be used simultaneously, while one of them recording the pressure 

yafiati'ons the other may indicate piston position • 

. The amplitude of each channel is 40 mm. t and the sensitivity of .the instrume 

is 0.01 volts/chart linea Therefore a 0.4-volt potential difference is sufficient to 

obtain full def£1ection of the recorder point. 

The speed of the recording paper may be set at the following magnitudes: 

1 nun/second 

5 rom/second 

V 3. - 25 rom/second 

V 4 = 125 mm/second 

The length of one complete cycle on the paper for a given RPM can be calcul • . I ted as follows: 

f -. -'. No. of cycles/sec. - RPM' 
60 

1 
2 

cycle 
sec. I 

i 
.~ 

i cycle:' 

. 
o • 

Since the engine is a four stroke-engine arid there are two revolutions per 

If 1.1. = The length of one cyCle on the paper wrt Vi 
1 

. VI 
,A = 

1 (RPM) 
120 

A 120 
1 = RPM 

...6 = 600 
2 RPM 

I'.> 3000 

-- 120 VI 

(RPM) 

mm/cycle 

mm/cycle. 
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~4 :. 15000 
RPM-

: For example, if the engine is running at a speed of .600 ·~-~Jjx0,:-

h 
2 = 

..63 . =. 5 . mm/cycle 

.c:.4 = 25 rom/cycle. 

-"j 

The maximum length of the cycle corresponding to the maximum engine speed 

(180~RPM)andchart speed is: 
!, ~ > 

.: {i.>4·)· : 
.. max 

15000 
1800 : 

25 
3 

mm. 

or·1/30f an il1ch which is too small for detailed study of pressure variations. Be-

sides the vibration sensitivity of the recorder is not suitable for detonation wayes 

"'. ,', ,.' 

whi.ch.have quite high frequencies. See Fig: 21. The recorder canbe used, however 

toana~yze the pressure variations qualitatively~ Using slower chart speeds it is 

possible -to compare the peak pressures at uniform running conditions. This pro-

c:ed~re may indicate how smoothly the engine is running under uniformoonditions. If 

any ,variation occurs in the cylinder pressure even in a fraction of a second, it is . 

noticible. Thus the cause of abnormal pressure variation may be detected. 

At slower engine speeds time-base indicator diagram is quite instructive 0 

.Another· application of the r~corder is the calculation of engine speed precise 

Ly by counting the cycles and measuring the cycle lengthin a certain period. A'nd 

~Vhere Vi = chat:'t speed 

I':l i ... length·of a cycle, mm. 
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B. SUMMARY ON INDICA TORS: 

The cheapest and most practical way of getting an indicator cord of the engine 

ivitha pressure transducer we suggest to use: 

I. Brush-recorder arrangement for time-base pressure variations. (See 

section 7: Brush Recorder.) 

II. Drum-type cra~-angle indicator for crank-angle base indicator ilia-

grams. (See section 5: Drum ::type crank-angle indicator.) 

ITr. Liquid resistance type piston motion simulator. (See section 6.) 
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TEST OUTLINES FOR THE VARIABLE COMPRESSION ENGINE: 
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, 'A. 'PROCEDURE: " 

,', 

I. ,Tests with the Brush':'Recorder: 

, , ' 

1. Set-up of the apparatus and test procedure. 

a. Follow the instructions given iIi the sections "I-IV: Operations 

Insh'uctions" for preliminary preparation. I 
I 

b. Connect the transducer to form a Wheatstone Bridge as shown in 

, Fig: 11, where Rl is. the active gage, R4 is the dumtnygage. 

nect an oscilator in place of the battery in the figure. 

Con~ 
j 
I 

c. Connect the Bridge outputs to an audio frequency amplifier. 

d. Connect the. emplifier output to a rectifier circuit. 

e. Connect the rectifier outputs to the brush recorder. 

f. Run the engine, regulate the speed at 900 rpm. 

go!.. Operate the Brush recorder at various speeds and ob~in pres­

sure build-up diagrams for about 5 seconds at 125mm/see. ' 

, chart' speed. 

h.Changethe speed and repeat the step (g) at higher and lower 

i) 

'" . " ' ' , I:' 

Change the compression ratio. from 7.5 to 9~ 5 then to 13.5 and set ~ 
, , ," " ~ 

the ~peed at 9000 rpm 'each time. (See calibration curve for com' 

, speeds. 

, pression ratio setting.) Do not change, the setting of the eleCtro~ 

, nie ins,Jrument during these procedures. 

/' }f Change the f~el-air ratio and set the speed at900 each time, ... : 
1, __ ' 

" ;." lc),':Load the engine at a constant speed that is at 900 rpm.. 
.:, . - - . , . 

'.I 
" " 

o 
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2. Calculations: 
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a. Count the number of cycles for each case and calculate the engine 

speed. Compare the result with engine speed read by the tachome-

ter. 

b •. Convert the time scale to crank-angle scale. 

c. Convert pressure build-up diagrams to closed cycle diagrams 

based oli crank-angle. 

d. Convert the diagrams of step (c) to piston displacement-pressure 

diagrams. 

e. Measure the net area of each diagram bya planimeter: 

f. Calculate indicated 'characteristics of the engine using the indicat-

or areas and calibration of the transducer. 

3. Results: 

a. Compare the results of step l-g, h, it j, k, 1. 

b. Compare the indicated characteristics of each step • 

II. Te'sts with Drum-crank-angle indicator: 

. a. Fallow instructions given in the section "I-IV: Operations 

Ins tructions n 

b. Connect the transducer to form. a Wheatstone Bridge as shown in 
, I 

Fig. 11', where R i is the active gage t" R4 is the dummy gage. Con-

nect an oscilator in place of the battery in the circuit. Adjust at 

2000 cps. 

c. Connect the drum indicator to a 12 volt D':'C battery. 

d. Run the engine and follow the instructions given for the Brush-
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ill. Tests with piston motion simulat or: 

PAGE 

.. a. Follow instructions given for the drum-crank-ang1e indicator. 

Skip the steps 2-c and2 -d of the Brush recorder tests. 

: . IV. General Comparisons: 

C.ompar~ the results of the previously described experiments. Draw 

the conclusions about the test results. 

B.· TEST RESULTS: 

~I. Fig: 

i~reviou. 

31, a, b t c, d, 0, fshows the results of the procedure explained in the 

section •. 

In Fig: 31, a, we se~ some small peaks with regular intervals •. If we amplify 

thesepeaksthe sh{){pes in Fig. :31.-b t c, d,are obtaihed. Fig. 31-e and 3l-fare thE 

same peaks takEm at a lower chart speed. 

C. DISCUSSION OF THE RESULTS: 

We see that the curves in the Fig: 31, do not resemble the expected presssure-

.. 

. build-up curves. The smaller peaks were obtained without amplification. The set-

up of the engine completing the electric connections, exhaust and water circuits and 

'~ . . . . 

:I over':'speed protection device Circulates too much time. Besides, the engine was 

no(balanced and vibration of the engine at somewhat higher speeds was terrible·. "\ 

have noticed. that the. engine was not lined properly with the dinometer 0 Due to these 

complications actual test of the transducer was not possible. After completion of fr 

.above items,tests are performed and Fig: 31-a and 31-b were obtained. 

Since the peal,s were regularly appearing we ~ought that they were actual pres-

'sur'e,variations of unsufficient intensity to induce the recorder. We changed the 
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:e for~-==ected. Thus we lOOk:d-f: a mistake and after several trials, -

we observed that the peaks on the chart were actually due to magnetic waves caused b, 

the high tension sparks between the spark plug gaps. To make certain t the trans- . 

ducer was disconnected and the engine run. The result was a proof of our suspicion. 

Therefore the transducer was not functioning. We checked the transducer by the 

methods explained to check a strain gage. The result showed that the strain gage 

might be unbounded to the diaphragm. Meanwhile letters had been written to the 

Tecquipment Company for information. Theare had not been any answer. 

We tried to open and see the gages whether there were any damage caused due 
~ . ~ 

to tempe:rature or other factors. It was impossible to open the assembly: that con-

tailied the strain gages 0 

I 

,The mentioned effect of the spark plug is then stu~ed by the recorder 0 Fig: 3l-d 

and 3l-e shows the results. In these figures it is clear that: 

10 Either the spark is not function.!ng, uniformly 

. 2~ Or magnetic waves are not transferred to the recorder properly so as to 

have uniform peaks on the chart. 

The second case is more likely to be true since the waves travel in the air and 

the)" may be changed by the surrounding objects. However improper ignition of the 

plug 16 als 0 pos sible •. 

" 
\'. 

. ,." 
.. ',".;; 

". -.~. . 
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SUM¥ARY.AND CONCLUSION: 

PAGE 132. 

.. W~havedis~ussed various forms of indicators and their application to our case, 

~signi'llg.the most suitable ones for our purpose and comparing the expected results. 

: is cl'earthatthe most useful indicator from the point of view of investigation of .' ' " .' . 

~~ssure variations throughout the, cycle is the drum-type crank-angle indicator 0 

t' 

histypeisals 0 the cheapest one. 

'To calculate 'the indicated engine characteristics, Liquid-resistance type piston-

iotion'simulator is the most suitable one. This instrument is; entirely our design 

'. ,',,!, 

n.d ·noreference is consulted for its design and construction. This is a conribution 
i , 

~ investigations in this' field and the requirements of a thesis are fulfilled. 
'. 

" 

,. 

i·-

.' RECOMMENDATIONS: 

A. INSTRUMENTA TION 

I. Full advantages of the Variable Compression.Engine Test Rig cannot be 

. obtained unless the following instruments are supplied: 

loA Cossor Type Indicator Osciloscope suitable for photographic investi 
gations. 

2. Suitable D - C supply, i. e. 110 volts, 75 Amps. 

3. An Oscilator. 

4. A Poloroid Camera to take pictures from the osciloscope. 

II. 1£ arrangements are to be made by using the available standard instru-

'. merit, the following instruments should be supplied: 

L An osciloscope with calcium tungstate coated tube or similar arrange-
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': 2.,Anoscilator to supplyvoltages of known frequency and magnitude. 

3,0 An audio frequency amplifier capable of amplifying 1000 times or so 

, 4: A rectifier 

. 5. Two resistance boxes sensetive up to 4 digits. 

6. Two variable reistances sensetive up to 4 digits .. 

.~ '. " .......... 
'.~~;~L /' 

, I " 

:7 9 '~poloroid camera. 
~/;/'! /;, 

' .. ~./. ;('>;,,/, 
',.HI.If the'Br~sh-~ecord~r is to be utilized th~ following instruments shouldbe 

.({:( , 
.,supplied. , ' 

l.' A strain analizer 

i 

I 
2,. Sufficient chart paper for the recorder • , . I 

. IV. No additional instrument is required for the drum-type crank-angle indicatl 

orUquid resistam:e-type piston motion simulator, except the ones necessa 

for the transducer 'circuit, i. e. the instrument recommended in items II a 

lit •. 

V .. ' 'If a' cant;ilever piston motion indicator is to be used: 

1. .Two rectif~ers 

2. Two audio frequency amplifier s 

3. One osciloscope 

4. One poloroid camera are the required instruments. 

B. TESTS AND PROCEDURES: 

I. '. The measurable variables and engine characteristics of the Test-Rig. 

1. R.P.M. 

2. Load 

3. Fuel-air ratio i. e. mixture strength 



II~ 

5. 

6. 

7. 

8. 

9. 

10. 

ll. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

" 
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Ignition timing 

Indicated horse-power 

Break horse-power 

Pressure variations in the cylinder 

Compression ratio 

Friction horse -power 

Inlet water temperature 

Outlet water temperature 

Amount of coolant 

Amount of heat loss to the coolant 

Exhaust temperature 

Combustion gas products 

Inlet and exhaust presssu res. 

Amount o~ oil used and its pressure. 

Engine characteristics against the variables. 

.,ipPAGE J 

The following characteristics of the engine can be plotted against engine 

speed: 

1. The compression ratio is constant 

a. Fuel rate, load as parameter 

'b. Torque and Brake meaneifective pressure 

c. Indicated mean effective pressure 

d. Mechanical and thermal efficiency 

e. Maximum brake horse-power 

f. Frictio,na1 horse-power. 

Steps £~om 1 to 6 can be repeated for different c,ompression ratios. ' (See Fi'g: 
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for graphical' representation of the engine characteristics.) 

2.: 'Engine cha-racteristics against compression ratio variation 
',' .,':' 

,;'-, 
In-addition to the characteristics' given above, engine speed may also be 

. . . . . . . . . . 

plotted against ~ompression ratio. (See Fig: 33; Data Sheet.) 

• , 
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