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out it was boo expensive, Tatteries of i

The Tecquipment Veristle Zompression mngine is a new tesc
ment brousht to the college st the end of the lest year. Yhen

% the school it was beav1lj destroyed during trenspor-
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tation and it weas repaired‘and installed in place under itne super-
tiecdet mreslsn., Unfortunstely, before the instal-
1ation was complete Prof. Iraslen went to the stetes and the enrine
has been left untouched since then, 7These were s:veral problems

%o be solved.

The electric connections of the eagine was & problem. The only

I

DG source beilng an A0-DC motor-generctor set with e rated capscity

of 80 volts and 40 cmpers, which was considered te be insuliic cient

"Tor the starter of the engine which had a nominal inpubt of V5 smpers

at 110 volts, 2 selenium rdectifier wes proposed for the dingmometer

4

he 5L department would be

P
i)

used in parsllel with the AC-DC set but this turned out to be
impractical, At last we decided %o overlocd the 2-D0 set. For a
short starting perio d tne set performance was saitlsfactory, but

higher motoring nower could not be-obtained from this set without

excessive loading of the generator.

To perform tesis with various fuels,several letters hsove been
written to the petrol companies but no sstisfactory coopersticn

was possible.

r . P PR - ey g v o T i o
The test rig wes eguinped with 2 DPS3SUre Tronslilcer,
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The specifications and characterisfics of this instrument was
lackiﬁg. tLetters'have been written to the supplier but there hasn't
been any answer, To get engine indicator diagrams the transdﬁcer»

is to be used in connectlon with a piston-motion indicator. The
output of these two.equipmentsme fed to a cathdd ray'osciioscéﬁe
ori-a sensetive recorder, To study pressure veriations id the
cylinder either a piston-motion indicator or & crank-angle indicator

is necessary, Various types of these indicators have been designed

and discussed in the following pages.
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n STATEMENT OF THE OBJECTIVE:

Té study the préssure variations and other‘engine characteristics of a variable
-ompression infernal connbgstion engine, anxlinstallétion, iﬁstruﬁuentatién and testing
f a research equipment'"Analysis of pressure variations in a variable compression
ngine®™ is chosen é§ the thesis subject. Several engineering problenmsinbsuch a
study requiring é stfong knowledge huBAechanical, Electrical, Cherniqal and Civil
tngineering sciences are to be taclkled. Since‘extensive research on the internal con
ustion engines is being carried out by giant automative industries an original. and
omprehensive study of the internal combustion engine cannot be undertaken in a
small ’laboratory, and will not be attempted here. I-iowfever, developments and im-
yrovements of instrum’entation of a research equipmenf on this subject By ori\giixal‘
deit;ions and alteraﬁons are possible and we ainxed at succeeding in .éuch an Tixi'xv*'.‘festiga-

ion.
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S e DESCRIPTION O THE APPAHATUS:

The Tecquipment - Lister Variable Compression_Engine Test Hipg

‘.l'

S one ol the most receltly developed engine test-rigs, With this

‘test-rig 211 the usual engine teubs can ke carried out to cover

operation as eitnef a petrol or diesel eangine at verlous compression

.

ratios, ComprehensiVe instrumentation is w»nrovided includins

pressure transducer Ior erwlne indiceting vsina e cathoae ray os-

cilloscope,electronic gesr etc., or Fera oorouvb high srecd mechenl

0,
<D
=

fte

¢al indicator, (1l). Jdesesrch can glso.be carried out to an ’exte:

r eddition of some small Instruments.

]
S
(i

Since there ﬁas a pressure transducer butil no cethode ray o8~
oilloscooe electronic gear supplied with the engine, iu Wwes necesw-
sary elther to buy or design a pick-up for pistonvmovemeéts to |
feed an ordinary oscilloscope in connection with the pressure

‘frensducer to et the engine indicetor diagrams., For this purpose

several designs are made and advantages and disadvantages of eich

are discussed, The most sultable snd most ecconomicel one was

4

chosen and manufactured by which some experiments were made.

To study the prassure varilations with respect to the crank
‘angle’or time a reéérder—céiled Recorder lMark IT of Brush Instru-
'menfS'- was used. Since the sensitiVity oi the recorder was not
'proper we had to use an amplifier to amplify the voltage signals

oi the transducer, Unfortunately the scale and the speed of the

recorder was not so sultable for detailed studies of the pressure

T AT
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variations, Nevertheless very useiul and indicative informetions

were obtained by these available instruments.

a) The engine

" "The engine around which the rig is bullt is the verticel,
single cylinder, water cooled Lister FR1 diesel engine. This gives

3 B.,H,P. at 1800 rpm. cohtinibusly rated when operating at its

- designed compression ratis of 18.7/1,. The direction of rotation

is gnti-clockwise looking on the flywheel."

"Thé engine has the Ricardo swirl tjpe‘cdmbustioﬁ chember
and is normally fittéd'with a compression chaﬁge-over valVevwhiCh
shuts off a secondaryrchamber theréb&’Sﬁepping up the compression
ratises for starting. On the test engine this change-overivalvé is‘
removed and the cylinder head based to receive the variablé C Ol

preSSion unit,"(1)

b) The veriable Compression unit,

"This unit consists of a plston with its diameter equal to

the diameter of the spherlcal combustion chamber and having a

_hémi~spherically dished end so that at the inner position forms

half of the combustion chamber,"

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

head and is moved by megns of a 1afge diameter capstan head

mounted on a fine seven threéd. 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 rig." see the drawlng

Ho. 1
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‘*The'pressure transducer for engine ihdicating can be mounted
inside the piston of the variabie 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 cdoling air is supplied to
prevent demage being caused through overheating of the trénsducers.
This air supply is provided by a small com@réssof."

v"Duevto‘the precise fit between the pistoﬁkand»the 5&53 of\
the steel sleeve theée’items arevnotviﬁterchangiblé.; This means -
that if both electronic and mechanicsl indicating are required it
‘is more convenlent to have the two pistons made to fit the variabls
compressibn'ﬁﬁit at the time of:initial'buildihg of the rig,
Llternatively, arrangements could ve ﬁade to fit one type of‘ﬁrans-
ducer on the varieble compression unit and the other on the side
of the cylinder head. This would them allow tﬁe engineAto be
indicated simulteneously by two different methods"(1l). Since the
requirements of the experiments did not demand this kind of

arrangementg only the electronic indicating system was used,

"A plain shaft is fitted on the free end of the engine
crankshaft to derive either the synchsonizing device for the e~

lectronic indicator or the Farnborouch indicetor drum shaft".(1)

Different types of synchsoniéers will be discussed extensively gnd; 

the most suiteble and economical one has been designed and

BOMAUL
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manufactured to be used in experiments,

"When the rig isvrigged to run as a diesel the compression

% ratis can be varied from approximately 23,8/1 down to 11,0/1. This
" can be done with the‘enginé ticking over so experiments involving
;#arying of the C. R. can go on continuously from start to finish

f without the need to stop and restart the engine,

' ¢)S8park Ignition Conversion:

The engine is converted to a spark ignition by a kit which com=-

1.
2.

So

- prises the following items:

Special cylinder head complefe with valﬁes and‘Springs.i
Speéial piston with rings and éudgeon pin. |
Magneto with mounting bracket, drive shaft, ébupling and
0il seal, and variable timing control,

Spark plug with mounting sleeve, lead and interference sup=-
pressor, and ignition switch, |

Carburettor cdmplete with variable needle and panel mounting

. mixture strength control and trottle level.

Set of three fuel tanks complete with fittings and mounting‘
support bracketsol |

Igﬁition timing lamp which when connected in the engine ig-

nition flaéhes simultanéously with the sparking at the plug,
This lamp caﬁ be used to illuminate the degree scale marking
on the engine flywheel, |

An overspeed protection device consisting of a centrifugal

switeh set to switeh off the ignition at en engine speed
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of 1850 rpm. This includes a contactor with manual reset
push button operated off the 230 volts, 50 cycles, single

phase A, C. electricity supply.

d) Dynamometer and toréué measuring érrangements

- "The dynamometer consists of 'a special Higgs 220 v. D. C.
shunt wound interpolar machine wiﬁhout cooling fan, 4Trunnion shafts
are ritted on the ends of Lhe machlne case and these are mounted in
self-allgning ball beanlng plummer blocks on cast iron pedestal
brackets. Thnus the casing of the machine is<¢ree to swing about
the sbaftrcentre;1ine; A torque arm of 12" ramlus is mounted on'
the fromt of the casing and a (30 -1b X 2 0z.). Salter Spring

balance is provided to measure the torque =~ reaction,"

ﬁFive 10-1b cast iron weights are provided, When;tﬁe dyna-
mometer‘is being used to absord thebpower from the éngihe these
welghts are suspended from the weight pan under the torque arm and
the torque re-action such that the tendencybis to 1ift the welghts,
Thus, the actual torque re-aétion is given by:
T,= 1ft x (Dead weight + Zero reading - Baslance rerding)

in the anti~clockwlse direction looking on the engine flywheel

See Fig: 1
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Fig:1
Re~-action torque for absorption
Dead welght |
Balance Reading
Zero readling

Re-action force

‘Resultant force

DB+ 2z

1x (D+ g =B)

~ N
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K AP L)

"When the engine is being driven by the dynometer to measure
the frictionsl horsepower the resction acts in the opposite direction

on this case its value is given by:

Te= 1ft x (Balence Reading-Zero reading-Dead Weight)
See Fig: 2.

X( L 7
¥
D i
v,
F[g-'z

- Fp= Resultant friction or motoring reaction force

Tf:' ) rf 4] " n i tor que,

F,=B-D - 3

T.= 1x (B ~-D - z)
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"The -spring balance is suspended from a leveling screw. ar-

'~ rangement and is isolated from vibration by rubber Instrumountings.

’An-index mark is provided on the front 6f~the balance support stand
on é»level with the machine cénterline. Befdre~each reading is

:;‘taken, a painier bﬁ the end of the torgue arm is brought into 1line
with this mark thereby ensuring that the line of asction of the
balance is perpendicular to the torque arm, To redue éscilations

.of the machine case'a simple oil filled aashpot is fitted on 8 second
arm.‘ This consists of a piston formed from two perforated disecs in

- a cylinder fllled with oll. The amount of damping obtalned from
this dashpot can be varied by rotating the ner;orated piston dises

relatlve to each other o

"The drive from the engine is taken through a Panner taper-
‘lock flexible coupling. A flex1b1e pln-type oouplinm is provided
at the free end of the dynamometer to derlve a Crompton Parkinson

tachogenerator,."

Electric connection to the dynamométer and tacho~generator are
by means of flexible cables-arranged on the vertical center~line of
the méchine so as to Lave as little an effect as possible on the

torque measurements." (1)

e) The Basic Rilg
"Rig, 3 shows a general view of the basic rig comprising the

engine and dynemometer assembled on the bedplate,”
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"The cas-iron bedplate is 5' O" long, 2' 6" wide and 4" thick
with tee slats at 10" centers., The whole of the top face is
machined, thus providing with the tee slats, a ready means of

mounting any additional equipment which can be fitted."

"The engine and dynamometer are aligned and fixed assembled,"

"The rim of the engine flywheel is divided in degrees, 20° either

side of the top dead center positioﬁ and in 10° intervals round the

remainder of the circumference,"
"pAdequate guards are fitted over all rotating parts." (1)

| The‘fig is mounted on the labofatory floor on 3/8 " thick .

felt pads which ere supplied together with a proper adhesive,

f£) Instrument Panels

"A1ll instruments are mounted on spéla faced plywood panels
which are edged with chromium strip. A finish with silicone varnish
provides adequate sealing fuel and water, The panels are carried

on a framework formed in square section steel tubing,"

"This framework is arranged over the engine and dynamometer
assembly and is split into three separate units so thét‘if
necessary full access can be obtained to the engine for maintenance

etc. t

"All connections between 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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g) Electrical Instfument Panel

"Full controls are provided in ﬁhe electrical panel to allow
the dynamometer to be used first as a motof to start the engine,.
then as a generatof to‘absorb the engine power and finally as a

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

measure the frictional hoursepower.

"Completely starting and 1eadingkcircuits are provided and
heavy duty rqtaryvswitch is used to-change over from motoring to
generating through the 'off! positlon. Load can be applied.to the
,dynamometer by switching into the armature circuit‘20 résiétande~-
mats grranged in parallel., This gives variation in the torque ‘
reacﬁion in steps of up to approximately 2 -»lb. ft. Fine adjust-
ment can then be made between successive steps of the armatﬁre 

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

"Instrupents are provided to measure the field ana armature-
voltage and the érmatﬁre amperage at all stages in the operation of
the dynamometer, although these are normally used purely as |
Indicators to ensure that tae electrical parﬁ of the rig is behaving

~correctly, In other words no ammeter or voltmeter readings are
recorded as part of any englune test but\it is sometlimes useful to

‘be able to note;such'things s maximum sterting current etc,”

"The terminal box for the panel is sited underneath the frame
immediatély sbove the dynamometer and flexible cables are fitted
between the two so that there is:minimum effect on the torque

reading at the spring balanceo"
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Forbdonvenﬁance the re-wirable type fuses protecting the armsture

circuit are also housed in the terminal box.,"

The circult diagram for the dynamometer control equipment is

shown in Drawing Noo 2.

"At the end of the rig, in the lower part of the electrical

. instrument frame is mounted the tools and spares cubb’ oard." (1)

h) Alr Box Panel

"To measure the airvconsumption pf'éhe engine thev;nductionb
pipe is COnnectéd by weans of 2 rubber'hése to a 1argexleaképfoof
sheet steel box. ﬁhen the engine is running air enters the bo%.
ghrough a B, S. sharp edged orifice sited in front of the box
remote from the induction pipe, The si;é of the alr box is such

that there is no noticible fluctuation in the pressure drop accross

the orifice as indiczted on the 0-3" w, Ee inclinéa_manometér,"

"As both the atmospheric pressure and temperature are required
. in the engine air consumption calculations, as well as the orifideii?
' plate pressure drop, 2 barometer to read pressure in ins and rums

of mercury and a terimometer to read tempersture in °C sre provided,"

"Starting end operating instructions for the rig are printed

on a white cardfénd'mounted on the air box panel;‘

i) Fuel and Water Panel N
"The third panel, situated at the engine snd of the rig, houses

the c ooling water mixing tank and fuel tanks and carries the



- THESIS o
ROBERT COLLEGE GRADUATE SCHOOL PAGE 15
BEBEK , ISTANBUL ‘

flewvmeters, thermometers and fuel and water controls,!

"The cooling watér mixing tank is mede. from 16 8. W. G. mild
steel, measures 24"x12"xis" and has a central welr plate and - ‘
baffles, The water Tlows under the baffle in the right hand end of
" the tenl, over the welr plate and under the baffle into the left
hand end.  From here it passes, via a convoluted rubbser bose, to the
enclne 1nlet. After c*rculating through the engine the water is
dlscharged irom the outlet pipe, through a convoluted rubber hose
land then upwards through & Rotameter flow measuling unit, From
there it is fed back into the R. H., end of ths mixing tank where
it is mixed with a small amount of water from the méins. In order
to maintaln the quantities of water in the system constant aw
adgustab¢e overflow pipe is provided in the L. H. end of the tank.
Thermoneter pockets in steinless steel are fitted at apprqpriate
sections in the engine inlet and outlet cooling water plpes gnd
the pipes are adequately lagged in the region where the temperatures

are measured,” See fig. 5

"In order that SXperimentS can be carried out uslng different
grades of -fuel three seperate fuel tanks are provided, These are
mounted on a cross member on top of the instrument frame end piped
to the'engine, via'thg control values as showa in fig. 6+ The fu el

meter consisfs of & three bulb glass‘pippette graduated in 1 cn.
'in‘and 2 cn. in, volumes (the tOp'bulb is for sighting, not measur-

ing) and connected into a branch from the fuel control value banke
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Cbpperfﬂpe.‘ é
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Thus, any of the valves are open the fuel passes through to the
engine and also back up the branch pipe, through the fuel meter and N
assumes the same level as the fuel in ﬁhe tank, Tb'take a fuel
consumption reading the fuel valve is turned to the off positidn-
'and'the engine uses the fuel from the pipette, the timevbéing
recorded for the’consumptioﬁ of either 1, 2 or 3 cn. ins. of fuel,
In addition tofthé fuel control valves on the panel, shut-off cocké
are fitted 1nlthe delivery pipe from each tank and it is essential
that these are képt shut except when fuel is being used from a
partiéﬁlar tank, This ensures that there ‘is noxleveiing up of fuel

from one tank to another,"

quachbtank is fitted with a sight'gage and a drain plug and is
finished in the appropriate color. i, e. Light Brown for aiesel‘fuel
“and Signal Red for gasoline, Numbered labels are also provided on
the tanks to correspond with numbers on the control valves avoiding

any confusion in dealing with the fuel supply."

"Mercury in steel dial thermometers (OC) are providedito measurs

the cooling water inlet and outlet temperatures., An iron-coﬂstantaﬁ' ,
fhermoboupleband pyrometef (oC and °F) are used to measure the |
engine exhaust temperature. To ensure that these temperature read-
inés are reasonable accurate all the thermometer bockets are

"~ adequately lagged." -

"411 other controls on this panel are for the petrol version ?

of the test engine, These include a small quadrant throttle o
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control connected to the carburettor throtls, variable mixture -
strength control connected to the variable needle in the carburettor

‘and the ignition switch," (1)

j) Exhaust system |
"The exhaust outlet dn the engine is 1% B. S. Pipe. The piping

on the rig has been stepped up to 2" B. S. P."

"Immediately 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 to ensure that
none of the wéight’of the exhaust system‘is‘thrown‘onto the edgina
exhaust flangé. To reduce vibration a 4’ft'length of flexible“_
metallié tubing is fitted which connects up, by means of scfewed

unions, the rigid section of the exhaust pipe.”

"Exhaust piping includes one socket, a Burgess type silencer

" and some 2" bare pipes."

"For convenience in carrying out exhaust gas analysis
experiments with such apparatus as the Orsat, & gas sampling point
i1s provided in the exhaust pipe and a shut off cock‘is-mounted on

the end of the instrument frame." See Fig. 7a

’k)_Additional Confrqls:

"For the diesel veréion a speed controllhandwheél connected to
the. - pre-loading afrangeﬁents on the governor spring, the de-
comppressor lever and the stop/start control connected to the fuelv

pump rack,"
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"on the spark ignition version, the manual ignition timing o
control is mounted on theAengine. This is dane for convenience, &8
the hand-held ignition timing lamp is used to illuminate the degree

scale on the flywheel 1¥n1 whilst the ignition timing isvadjusted.“

"To protect.the petrol engine ffom‘overSpeed a centrifugally
operated switch is driven off the end‘of the cooling water circulate
- ing pump shaft, This 1s coﬁnected to the laboratory 190 volt
- 80 dycles, single phase &, C, mains supply through a contactor in
the law tension circult of the magnets is eértﬁed and the ignition
therefore swiched off. A manual reset button 1S providéd én the
contactor so that the engine{can be restarted after the fault

causing the overspeed‘has been rectified.”" (1)

1) S?ark Plug fitting:

" 4 specisl adopter sleeve is provided to hold the sparking
plug. This is fitted in the injector port and held in position with
the clamp bar normally used to hold the injector. An interference
suppressor is supplied in the sparking plug connecting lead." (1)

- See Fige 8,

mn) Carburettor:
"The carburettor is the Zenith 26 VI E vertical downdrought
" unit with a 22 mm dismeter chake tube., The construction and

functioning of this is described in the following pages."

"For operation with test engine the main jet has been blocket

" with soft solder and the compansating jet opened out to 0,067" die,
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tc'receive the tapered needle'value.s The stem of the needle has a
20 T.P.I, thread so that it can be used to manually control the

mixture strength to fine degree,

“The carburettor fits neetly into the vertical section of the
induction pipe between the engine and the air box replacing‘a short‘
length of rlgld tubing normally fitted when the engine is belng run
. as a diesel (1)

n) Spark Ignition Version OverSpeed Protection Device:

"The diesel version of the engine is fltted with a mechanical
‘variable speed governor control set to allow & max1mum Speed of .
1800 rpm. As‘this‘control operates‘on the injection pump rsck it is

inoperative when the engine runs as a spark ignition engineQ"_'

"An additional electro-mechanlcal gystem has therefore been

devised to prevent ovePSpeeding'of the petrol version of the éngine.’

”This(gonsists'of & centrifugally‘operated micro-swiﬁch in‘tne
circult of tﬁe contactor energised from the 230 v, 1lph, SO gcycles -
. .electricity supply. This contactor is in the law tensidn side of
thé magﬂets so that any interruption of the A. C. supply, through
eithef the Operétion of the.micro—switch or mains failure will
cause the ignition system of the engine to be earthed therevy cuttin

off the spark at the plug."

"The centrifugal device which operates the micro-switch is

driven off the shaft end of the cooling water ecirculating pump.




THESIS

ROBERT COLLEGE GRADUATE SCHOOL o ‘ PAGE 24
BEBEK , ISTANBUL ' o

A simple screw arrangement i1s provided for varying the setting of.
the trip speed. This is normelly set at 1700 rpm before the leaves

the works."

"The contactor controlling the device is mounted on the front
‘of the electrical instrument'frame on the tool and spares cépboard,
thus bringing the stop and restart buttons within easly reach oi 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 aubomatic sfopping on the

centrifugal device.) The circuit diagrem is shown in Fig. 9." (1),

- 0) Particulars of the engine:

Basic Engine: ‘Standard Lister Type FR1 diesel, 9 B. H. P.
at 1800 rpm. converted to variable com-
pression ratio; reversed direction of

rotation, Vertical single cylinder 4 cycle,

water cooled.

Bore: 3,75 ins (95,2 mm)
Stroke: 4,50 ins (114,3 mm)
Swept Valume: 49,74 cu:ins (814,9 ccs)

Compression Ratio: Veriable 22,3/1 to 9,5/1 as diesel.

- Varisble 13.6/1 to 7,4/1 as S. I.

Magneto: | | Lucas typé‘FV 10 - Model N1; variable timing

Sparking Plug: w1pa¢ P. 4 14 mm fitted with copper mount-
| ing collar - Cap 0,025", |

Speed Range: 750 to 1800 rpm.
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Carburettor: . Zenith 26 VMEAgonvérted to‘single jet manual
mixture control ventury-diameter 22 ﬁm.
Main jet blocked, compensating Jjet reasred
out to 0.0670" dia. and counter bored 0,125"
dla. to give needle shank clearance., Neddle
129 included, | ,

Exhaust tempereture: Typical 3500 C as diesel

| 550° ¢ as 3. I,
Cooling Wster Temperature: Control between\Séoc and 65° C,
Cooling: ' By water, with intégrél centrifugal circu-

1ating:-pump.

Lubrication: | Préssure fed from gear oill pump.
Gaesoline Supplyé éy gravity. |

Air Supply:4 From air box via metéring orifiée,
Starting loading: Electric dynamometer (motor/generator)
4Ignition Timing: 5,259 vadvanced. - |

o~

i —
T R -
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II. GOMPRESSION RATIO CALCULATIONS:
"The valume of the various recesses in the cylinder head are

measured by running in praffin from a,burétte to £ill the reCesées

and noting the level readings in the burette.

The gasket clearance between the cylinder heasd and the piston
crown in the top dead center position is measured by pushing a

. length of soft lead wire down the injector port and turning the

engine over the T. D, U, position.

A typlcal comprepression ratio is then as follows: -

Clearance volume in valve seatingk(inlet): = 2,5,cc;
Clearaﬁce volume in valve seating (exhaust): = 3,0 cc;’
Volume in cylindef head compression unit ~ = 25,4 cc,

is screwsd in position | = 30,9 cc.

Sum of the above o = 1,8759 cu ins
Gasket clearance = 11%5.75 % 0,443 = 0,475 cu ins
Minimum cylinder head clearance volume : _ = 2,2509 cu ins

Average increase in volume per turn of

varieble compression unit = 2,84 25 c.,c. = 00,1734 cu i

‘
%]

Engine swept volume _ : = 49,750 cu

i—h
=
“

49,75 + 2,35092 + n(0,1734)
Calculated C, R.=

2,3509 + n(0,1734)

‘ , 300.8 + n
or - G, Re=

13,55 + n

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

N.B. A calibration chart ié supplied specifically for this ri%.
. . f=
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III. CHANGEOVER PROCEDURE DIESEL TO SPARK IGNITION ENGINE:

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

rig amplé,cleaf bench space should be made available, Care should

be taken that parits are kept as clean as poésible and free from.gritg’

etc. A few sheets of strong paper will protect the bench from oil o
and also provide a clean surface on which to place the parts as they

~are removed from the rig.”

"Gertain tools are provided with the rig but these should be

argmnented by tools from the workshop." (1)

Procedure:

a) Dismantling:

1, Completely drain off‘cooling‘water from the engine. (Drgink
cock 1ls sited on the back of the engiﬂe immediately under
ﬁhe’cooling water circulating pump.)- §

2, Remove the rocker box cover.

3. Remove the injectpr nut and clamp baf.

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

5; Lift off the rocker box, taking care nol to damage the'gésket

6. Cérefully remove the“gasket

7. Unfasten thevclips on the air haée cénnecting the induction
pipe to the air bdx and remove the hase,

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

cylinder head and remove the pipe taking care not to

damage the gasket.
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9.

10,

11.

12,
13,

14,

15,

16,

17,

18,

Remove the cover of the injector pump chamber (at the front

of tne engine immedistely under the variasble compression.

unit,)

Disconnect the injector spill back end Feed pipes end the
lubricating oil feed pipés to the rochers. Remove the
pipes upwords from the cylinder hesd,

Remove 4 nuts éecuring the rocker plllars and 1ift the
piliars and rockers from the head as assembled units. (Take
care not to drop any parts into the induction part.)

Lift out the injector and copper washer and wrapjiq:
greasepfoof paper (or4p1ythené bag if availablé).‘

Lift out'the push rods, cafefullg noting the position.*(ﬁbé
inlet push-rod has the spring loedea washer),

Remove the remaining 6 nuts which secure tne cylinder head
slackling off progressively. (Use box 8pauner, preferably
ractchet type). | |
Remove 2 screws Ifrom the cover of the exhaust thermocouple
terminal box and disconnect the compansating cable. |
Replace the cover of the terminal box snd tie the cable
beck to the Instrument frame. |
Disconnect the ges sampling tube from the exhaust pipe . end,
Tie a rope sling around the ex%aust‘ﬁipe close to the
cylinder head fle nge and suspend from the top of the
instrument frame.

Remove 2 nuts and 1 balt holding the exhaust pipe on the

engine cylinder head.
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- 18,

21.

22,

The next stage is to rémove the vafiable compféssion unit

from the dylinder head as follows:

a) Remove 2 capscravs and teke off the black tufﬁol‘end CQp

b) Release the clamp from the pressure fransducer leads and
rermove £ nyloc nuts: and spacer tubes from the guide bars,

¢) Screw out the capsten head and draw the piston from the
variable cbmpreséion unit. Take care not to demape the
transducer leads., Place the piston,'rod'and capstan
head assembly carefully on tﬁe bench. .

d) Remove 4 nuts and 1ockihg Wgshérs, take off tbe main
barrél and draw out the steel liner and 00§pér Sealing
washer from the cylinder head, k

Lift off the cylinder head fPfom the engine, snd map up any

water from the top of the cylinder block. |

Remove the‘crankcase door at the back of the engine and the

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

necessarf to ‘slacken off the lubricating oll inlet pipe at
the pﬁmpvendfand also completely remove the delevery plpe
before the inspection cover can.be lifted away from the

engine.)

‘Turn the engine to bring the big-end bolts into the most

convenient posifion for worklng and remove the big-end nuts
taking cere not to drop anything into the sump. Put a
chalk mark on the con-rod to 1lndicate which way round it

is fitted.
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23

24.

25.

26,

27

28,

Carefully remove the bottom half of the big-end Eearing .

complete with the shell,
Turn the crankshaft up to T. D, C, position, hold the piston
and cen~rod assembly up and continue to turn the crenkshait

so that the crank journsl leaves the connecting rod, Take

care to ensure that the upper'half of the beesring shell

does not get damaged or fall into the sump, Remove the

~bearing shell and draw the piston and cen-rod asseﬁbly

upwards out of the eylinder block.

Carefully remove the piston rings fr¢m the pistonuusing‘

thin metal shims to prevent the ends of the rings from

scoring the piston,

Remove the circlips retaining the gudgéoﬁ pin and immerse’k‘
the piston in a bucket of hot water for 3-4 minutés; This
should expand the piston and allow the gudgeon pin ﬁo be

removed aulte easilyo

H

Check that the shubt-off valves on the diesel fuel tenks are

élosed and then disconnect the fuel pipe a2t the engine,
Drain the fuel frém the piping and fuel meter,

Unfasten 4 bolts securing the fuel tank mounting plate,
dlsconnect 3 fuel pipes and 1ift the tanks off the top of
the instrument freme as an assembly,

Unfasten 2 screws and remove the injector pump. Lift off
the end cap from the injector pump tappett, Wrap up the

injector pump carefully in greaseproof paper or polythene,
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b) Re-assembly:

30,

3l.

32,

Lol il
Ule

34,

55,

Thoroughly clean the petrolyéngine piston and immerse in a
bucket of hot water for 3-4 minutes. Assemble the piston,
gudgéon pin and connecting rod and'ensure'that_when3the
recess in the plston crown to the ffont of the engine the
chalk mark on the {see 22 sbove) connecting rgd is in the
correct position. Fit the circlips securing éhe gudgeon
nin in position, Fit.the plston rings using thin metal
shims to protect the piston as before.

Check that the piston and con-rodtassembly is thoroughly
clean and dry and thgn lightly oil all over using'ﬁhe same

oil as is used in the engine sump. With the recess in ‘the

"piston crown to the front of the engine lower the con-rod

and piston assembly into the engine cylinder using a piston

ring clamp to'enter the rings.

Replace the upper bearing shell taking care that it registers
correctly in the coh-rod. Replace the bottom half of the
big-end bhearing complete with its shell. Réfit the nuts

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

assembly is correct., Replace the crankcase door,

‘Replace the cylinder head gasket (N. B. if the gasket 1is

fully compressedna new one should be used,)
Re~assemble‘thé‘variab1e compressibn unit in the petrol
cylinder‘head using the‘procedufe described earlier in this.
instruction section.

Replace the cylinder head zad fit and gredually tighten down
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88,

59,

40,

41,

4:4,

6 nuts, working progressively until fuily tightened,

Put in the push—rods (Check‘pbsition) |

Transfer 4 studs from the diesel head and put oﬁ 2 rocker
pillars and rocker assemblies, Replacé¥4 nuES and locking
washers and tighten down. Check the tappett clearences and
adjust to 0,005" inlet and 0,008" exhaust, (see Lister hand-
book 322/560 page 14)

Refit the lubricating oll pipes to rocker gear.

Put on gasket and refit the exhaust pipe.! Tighten 2-nu£s
and 1 bolﬁ to securs, Re—connect&thermocouple_depgnsating
cable at the terminal box. Réfix exhaust gas sémplingfpipe.
Put on induction pipe gasket and fit the carburettor.
Tig‘t5 down the 2 nuts (remaining cvlinaer ‘head nuts, )

Put on rocker box gasket and rocker box and tlynten down

one screv. A
Assemble spark plug in the holder complete with lead. Threéd
over a length of P. V., C. sheath1n~ to completely cover the
hole in the side of the olug holder thus providing maximum
protection for the plug from oil, Insert plug and holder

into the in}nctor port in the cylinder head and secure in

'ﬁosition with the'ciamp bar 81d nut.

Connect up the carburettor contﬂols o the throttle
quadrant snd tho mlxture Surengtb control on the instrument
panel,

Fit thebtraﬁsition plece and elbow on the inlet of the

carburettor and effect and alr tight seal by means of a
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45,

46,

47,

48,

51,

rubber sleeve. Comnect the induction pipe to the air box

with the rubber hase and secure with clips.

Fit the blenking plate over the injector puﬁp mounting and
clamp the pump opersting rocker by means of the U - bolt.

Replace the inspection covers end the cover of the 1ngector
pump chamber,

Pour % ﬁ&nt of lubricating oll over the valve gear and fit
the rocker box cover,

Check the oil level in the sump and top~u§ if necessary.,

., B. Use only recommanded oils (éee Lister Handbook 322/
360 pages 6 and 7.) end do not mix brands of 011.

Put on the\ﬁetrol fuel tanké and secure with 4 bolts.
Connect up the three fuel pipes to the tanks. Put a small
quantity of gasoline in each tesnk and flush out ééch fuel
pipe in turn, cathing the waste petrol in a can. When the
fuel pipe system has been throughly flushed through connect
up to,the‘carburettor. £dd more petrol to one of the fuel

tanks, prime the fuel system and carburettor and gét rid

of any air pockets in the piping.

Change the ailr box orlflce plate.

Screw out the capstan head of the va¢1able compression unit
to its full extent to give the minimum compression ratio.,
(See the calloratlon curve, Filg 10,) Comnect up the Cooleg
air hase to the varieble compression unit,

Re-fill the cooling system with water, and check for beks,

the conversion 1s then complete and the 190 V, 1 ph,

b N
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50 cycle electricity supply switeh on the overspeed prd- i
tection contactor and the mi:;tﬁre strength gontfqi at
approximately' 1,8 , the engine can be stsrted according
to the procedure given in the instrument panel. (and also

in this instruction section.) (1),
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IV. OPERATING INSTRUCTIONS:

Preparation:'

1.
2

Se

Check the'lubricating 0il, fuel and water levels.

Open the appropriate fuel valvés and ensure that fuel is
through to the engine,

Turn on the mains water supply to the mixing tank and check
that the overflow is running to drain, |

Turn on the cooling air to the variable compreséion unit,
Turn on the overspeed protection contadtor pdwer supply
switch on the switch panel. -

(For spark ignition only) Push the starting button (fedvone

of the'oVérspeed protection contactor. If it mekes noise

put off and then re-set the button until the noise stops.
Cheék the transducer circult and put the necessary

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

Starting:

a) Diesel Version:

1.

liove the decompressor lever upwards and set the variable

compression unit at about 18/1 compression ratio. (see

~ calibration 6urve, Fig 10,)

2o
3e

Set the speed control wheel at about % speed.

On the électric panel, check that thé mot./gen. switch’is
in the "off" positiom.

Check that the starting / motoring rheostat and the field

rheostat handwheel are rotated fully anti-clockwise.
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5. Ensure that the rotary load_switcﬁ is in the "Full speed
Load" position and that all the loadingkfesistorsAare off.

6. Start the AC - DC motor-generator-set énd switeh on the
sﬁppiy to the test rig, _ | |

7. To start, turn the mot;/gen/ switch to the "motoring"
position and turn the "stafting/motoring", rheostat head-
‘wheel slowly clockwise until the machiﬁé begins to rotate.

"Be Allow the armature current to fall to a steady value

; (below 2OA) and then gradually increase ‘speed up %o

‘ approximately 600 rpm.

9., Move the control lever on the enrine to start positidn,énd;
aefter appfoximately four seconds drop the éompfession*
1ever'sﬁartly into the horizontal position, Theenrine‘
should then fire and run up Lo half speed (750 rpm) as sebt -
on the speed control wheel.

10, Switch over to the "generating" position on the mot./gen.
switeh, and after a five minutes warming up péridd during
which the Spéed can bé up to the nromal meximum of 1500 rpm,

load can be progressively applied to the engine by means

of the panel of loading resistor switcher. 4
quspérk Ignition Version

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

compressibn unit to approximately 7.0/1 (See calibration

curve; Fig: 10). |

2e Sét the carburettor needle control approximately 2,9 and

the ignition timing to approximately Z° before T. D. C,
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Se

4,

The produce with the electrical panel is exactly as

described for the diesel vérsion.

When the machine is motoring at approximately GOO.rpm
drop the decompressor lever, open the throtle to about
the % speed position and switch on the ignition. The
engine should then fire and run u§ to about 750 rpm, at
which stage the mdt./gen: switch can be, put in the

"generating” position., Aafter s warming up.period of

- about five minutes load‘can be applied to the engine

exaétlyras degscribed for the diesel version,

Stogpiﬁg:’

a)

o)

Diesel Version:

1,

2o

Reduce Speed, remove load and mdve ‘the control lever on
the englne into the "Suop" position, ihe enrlne will then
stop and the decompressor lever should be 11fted and’ the

fuel ghut off,

Switch off the D, C. electricity>supply'and the meins

water.

Spark Ignition Version:

1.

Redue speed, remove loed and switeh off the ignition. The
engine will then stop and the decompressor levgr should be
lifted and the fuel shut ofi.

Switch off the D, C, electiricity supply and the mains
watero

Switeh off the overspeed contactor switche
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. lever on the engine to the stop position, -In the case of the Spark

after shubting down leave the cooling air supply onto the variable .

pick-up unit is not damaged by heat conducted from the mass of the

at approximstely 600 rpm. with the controls in the "stop" pbsition;

s o A S

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

engine cylinder head,

Imergency Stonping:

To stop the diesel engine in an emergency move the control

Ignition Engine switch off the ignition. Befqre,attempgiﬁg to .
restart the engine correct the feult which neccessitated the

emergency stOp, then clear unburnt fuel from the engine by motgriﬁg H

Motoring:

- Follow the starting instructions and slowly increase speéd by
means of the Starting/motoring control and finally the field
rheostat, Allow the armeture curreant to £211 to a stesdy value

at each step before proceeded.
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CARBURETTOR
Fig:lz

SICIOISIOIOIGICIOXS)

Depression outlet-
Progression jet
Slow-running jet orifice
Air adjustment screw
Capacity tube

Seating and needle
Filler |

Washer -

Fuel supply pipe

Float

@) Fain jet orifice

@

ololcYelololC,

Compensating jet orifice
Emulsion block

Strangler flap

Beak of emulsion block

Screw holding the choke tube

Choke . tube

Outlet for progression jet
Throttle
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' V. WORKING DESCRIPTION OF THE CARBURETTOR:

The Schematic drawlng of the carburettor is shown in rig. 12.

”his is a typical verticsl, V type carburettor, vut 1t also explalpsv'

'horlzontal end downdrough instruments for tne purpose of fOllOﬂlnPF
the course of the gasoline, from ics entering as a fluid until it
leaves the carburettor and is drown into the engine a8 a correctly

proportioned mixture of petrol and eir,

"From the tank, gasbline passes through the pipe tb the union

9 of the carburettor. The flow continues through the filter 7 and

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

thermain jet 11 end compsnsating jetylz,‘petrdl will flow slong the

passages to a common chanel in the emulsion block 12, and continue

to flow until the channels and the float chamber are~filléd to e

predetermined height. The flost 1C will then have lifted the needle

6 against 1its se&ting, thus preventing further petrol entering and

flooding the carourettor. The fuel will occupy the p031tionv
describted all the time the engine is stationsry, and there is a

supply of gasoline." (2)

STARTING
rting descri ion civen here applies to & carburettor as it
is functioning on a passanger car., Speclal features relating to

- the test rig will be indicated at the end of this section.

"Special arrangements for starting are made on the "V" type

carburettor. Ieny models have stranglers fitted, but a type is
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available with an automatic sterting device,"

Stranglers:

"To provide the required rich starting mixture some "V" type~‘ T
carburettors have & strangler flap 14 in the air intake, wﬁen the
" control from the dash is operated the flap closes the air intake, and
upén the engine eing turned over the deppression is directed entirely:
upon the jets of the carburettors. Consequently a very rich mixture

is supplied, and the engine starts readily and contlinues to run.”

A AV BRI ALER 5. ks st

"It is often advantages to give the engine one or two turns
with the strangler closed and tne ignitirn off, Then switch on and

'-agéin turn the engine over by starter or handle."

Most stranglers are interconnected with the throttle so that

the latter is aubomatically opened the right amount when the

MR

strangler is closed. Since this 1s not so in our case the throttle
is opened slightly by means of the hand control. The correct amount

will soon be found by experiment."

Fully-automatic Strangler:

"In this type the strangler flap is free to move on an offget
Spindle, and held‘ciosed by means of a light coil spring only. When
extrs depression ié created after the engine has started, the
tension of the spring is overcome, and the flap opens and admi ts

: ] ’
"air to give the necessery weakening effegt.“

#fncidentally, in both types the varying depression causes the

diaphpam or flap to pulsste and give a buzzing noise, which scts as
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-a warning note that the strangler is in operation.”

"Note: It will be appreciated that even with the mixture -

jweakining devices in full operstion, the charge is still considerably

richer then that normaelly supplied. Consequently, &s the engine-
worms to its work, the strangier control should be released and

- dlspensed with entirely as soon as conditions permit. lany strangler
| controls are provided with notches to enable the flap, to be opened

~in stages.™"

The mixture strength of the test rig opersted manually and
. there 1is no need to control the strangler by Opehing the flaprisv

stages,

- putomstic starting device:

This 1s also a'generél information ebout the carburettor and
does not epply to our case.

' Some models of "V" type carburettors are fitted with a starting

device,

"To.start the engine from cold the aﬁtomatic starting device
controi on the dashboard'is operated, resulting in the‘maln velve
being dréwn bff'its seating. With the 1gnition switech on, the engine
Shbuld ﬁow be ﬁﬁrnéd over by means of the starter, ensufing at the
‘S&mGJtime the accelérétor pedal is not depreSSed. It is essential
'thét the throttle should not be opened beyond the normsl fdling
position for starting purposes., When the engine:is rotated with

the throttle in this position, all the suction or depression created
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will be concentrated on the main jet outlet on the engine side of
the throttle., This depression will be concéntrated at the Veﬁtury
and in the communication tube which will result in sir belng drawn

through the ventury, and gssoline from the dip tube."

"The gasoline is drawn from the dip tubé through the control
jet at the top. It then passeskacross a‘connection down the
communication tube and then to the throat of the\#entury. Here it
will be met by air entering the ventury, and ﬁill be broken up to
form a rich starting mixture, which ihen pass intovtheiinduct;ohk
pipe through a drilling. The sizesrof the dié tube,»venﬁh;y; start-
ing ‘jet and control jet are such that this mixture of gasoline and
air is ¢orrect to ensure that it will now fire_and‘the enginevcontinpé

to run,”

"This rich mixture is necessary for a short period only.
Auboﬁatiq weakening - off is ensured by eir from a hoie mixing with
the gasoline issuing from the starting jJet, as soon as the Tuel in
the gip tube wéll,and reserve well has been exhausted. Conseduenﬁ'y, ‘;
the mixture is automatically weakened, end the engine>wi11 contlnue
to run at a falr speed Tor a while without "hunting" or showing |

signs of .an unduly rich mixture,"

M5 very rich mixture is only necessary for the initlel firing,
after which a more normal mixture is provided, which causes the
engine to run at & speed that promotes rapid warming up and circu= i

lation of the lubriéating 0il, thereby minimising‘cylinder‘wear.
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At no time 1s neat gasoline entering the engine." (2)

MAIN CARBURETTOR:

MIith the starting device valve closed, or strangler;bpened,
and the throttle in the idling position, the engine is now working

on the main carbursttor only."

"The depression will be concentrated on the outlet 1, (Fig.lz);
which will in turn be directed on the slow-running jet 3. Conse-
quently gasoline will be drawn from the well benesth the jet, measur-~

ing on passing through, and meet asir entering at the base of the

ad justment screw 4, The amount of fuel 1ssuing from the slow-running

jet is controlled by this screw,"

]

"At the throttle edge there is & furtherroutlet 18, WhiCh breaks
into slow-running channel, Upon the throttle béing‘Opened from the“
idling position, this will give an additional mixture to ensure &
progressiﬁe getaway from slow-running. This explains the title of

(progressive jet) for item, 2."

"Upon the throttle being opened still further, the depression
will be concentrated at the beak 15 of the emulsion block, which
‘projects into the narrowest part of the choke tube 17, This will
first result in fuél being drawn from the main channel in the
: émulsion block, the channel beneath the slow-running jeﬁ S, and
.from the well of bapacity tube 5, so that the source of supply is

eventually through the main and compsnsating jets 1l and 12,

s
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It will be observed that the fuel in the well of the capacity tube

5 has been consumed, and as the top of the well is open to the

‘atmosphere, fuel issuing from the compansating jet aslong the passage

‘beneath is now air-bled from the stmosphere,"

A"AS'depression increases, the compansating jet supplies a weaker

mixture whilst the main jet delivers more fuel, The fuel issuing
from the main jeﬁ 11, will meet the emulsified gasoline from the
compansating jet 12 in the common chanel, This will tend to break
up the fuel from the main jet élso, so that: when ﬁhe supply from
both sources is‘eventually draﬁn frbm the emulsion block'n&éiie ‘

into the choke tube cbmplete atomizetion is assured."

"It is essehtial thet this mixture should be distributed corm-
pletely across the choke tube in sll directiona. To obtain this.
even distribution, a small circular bar has been placed accross the
choke at right angles to the emulsion block besk, Alr drawn from
the intake Qill strike this bar end creaté-a partial vacuum on the
sides facing tﬁe engine, The fuel/air mixture leaving the emulsion
block will slso strike this bar and run along itrtc fili up the
vacuun, and theq.nroceed evenly dlstributed across the cboke, past

the throttle Valve and into the inducuion pipe."

"Tg w111 be reallzed thau as soon &s fuel in the float chamber
falls blow the. predetermlned level the float will fall, permltting
.the needle 6 to drop, and more fuel will pass into the chamber

through the seating."

IXAY

AT PLLR T
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ADJUSTMENTS:

- "Adjustment to the slow-running mikture is the only 1likely
alteration., When trouble is éXprienced with the engine, it should
not be assumed that it is élways due tg the cerburettor. When the
carburettor is free from dift, other paerts, such as sparking plugs,

ignition, valves etc. should be investigated." (2)

"The bowl of the carburettor is removed by releasing the fizxing
boits. The jets should be removed and throughly clecned dccasionally.
One of the Fixing bolts is squared st the end to fit into the jebtse
~When this is fitted into the squared redesses; a,Spanﬁer'aﬁplEedzto

the head of the bolt will enable the jets to be unscrewed,”

L4

"The slow~-running jet 3 is provided with a screwdiver slat for
its removal. This also applies to the screw holding the capscity
tube. Upon removing the screw and inverting the bowl, thne capaclity

tube will fall oub."

"The emulsion block 1s held to the slde of the bowl by ﬁhreé
serews. To remove the block, first eese the bottomscrew, and then
cbmpletely remove vhose zbove, The bottom screw Should.not ke
removed completely, but upon turning this in an anti-clockwise
direction, it -will come away from the bowl, complete with the
emﬁlsion block; Particulsr care qhﬁﬁld be taken not to damage the
gasket beneath the block. Never use shelleck or any joining:compound
on this gasket, Upoh replacing the block, locate the bottom scféw‘

first, and then tighten the remaining screws evenly,"
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"The starting jet is removed from the carburettor by means of
g screwdiver. This applies also to the progressive jet 2, but in
this case the plugging screw must be removed first, and csre taken

that it is replaced after inspection."

"The slowe-runaing 1ls adjusted by means of the throttle stop

screw and the air regulating screw. The stop screw determines the

speed of the slow running, l.e. it édjusts the throttle poéition for

idling., To increase*the‘slow-running‘Speed, the stop screw must be

turned in & clockwise direction. If unscrewed, a slower tick-over

will result.”

"The richness of the slow-running mixture is ad justed by‘then
air regulatihg screw. Should the engine vefuse to tick-over for
any length of time, or stall on-decelaration, the slow-running jet
may be choked, and should be cleaned. After'examination,Areset the

slow-running by means of the throttle and alr adjustment screws.

If the engine is inclined to hunt when rumning slowly, the mlxture,_‘

is too rich, and must be weakened by turning the eir regulating
screw in an anti-clockwise direction. The position for the slow-

running air screw from the point of view of pick-up is within one

turn of thé full "home" position. For tapered screws the adjustment'

is within three turns, A size of the slow-running jet must be
declded upon that will permlt even tick-over with this settlng of
the screw, although a slight tendency to richness can often be

corrected by setting the idling Speed a trifle faster.
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"There sre other factors quite apart from the carburettor that

have considerably influence on the slow-running., These factors

include non=-girtight joints, worn valve guides, badly sesting valves,

unequal tapped adjustment, ignition too far advanced, incorrect
setting of the spark plug position etec, Such details must zlways

be taken into consideration.”

"The fuel filter 7 should'befcleEned occasionally, To remove
this item, unscrew the plug 8 and slide the filter from it. The

gauza can be cleaned thoroughly with gasoline,"

"When reassembling the filter, care should be teken to see.

that the~washers on both sides of the fuel pipe connection'are*_

correctly replaced.”

"The bowl should be cleened occasionally swilling 1t with
gasoline, It will be seen that the jets are situated well away fron
ﬁhe bottom of the bowl, so that any sediment will fall around and

not into the jets."

"The accelaretion is controlled mainly by the slow-running
adjustment and the sizge of the compensating jet., Bad adjustment

willvcaﬁse a flatSpdt when opening up the slow-running position,

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

rich side to avoid this, If the engine is sluggish in picking up
at slow speed, then a different size compensating jet should be

tried,  when the éompansator is too small there is genersally a-

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

1

1
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and spitting bsck may*occur. If it is too 1argé the acceleration

is heavy."

Y

- "The strength of the mixture when theAengine working hard at
. slow speeds is'determined by the compensating jet. Ithhe car
- lacks power on full loads at slow speeds, experiments should be

mede with the compensating jet until the required power 1is ootained "

"Care should be taken to make sure that the lack of speed is
not due to retarded ignition, &n insufficient’sqpply of fuel from
tﬁe tank or pump, faulty ignition, pdor cdmp?eséion, or.tp,§ome
restriction at the caébufettor‘intake.i If the loss of speed is
definitely is due to the carbﬁrettor, different sizes of main jeté
should be tried, as this jet has most influeﬁce'at high speeds. |
If no improvement 1s effected, no matter what size main jet is
fitted, then a size larger choke tube should be employed, and the

most suitable main and compensating jets found by trial."

"When the engine Jets>away badly and popping back occuré'in
thé carburettor when accelersting, the compensating jet is-too»sﬁ f5-
‘sﬁall. If this troublé happens at regular intervals, and the |
| engine has little power and cannot drive the TOad at a high speed,
the main jet is at feult and larger sizes should be tried until
the explosions ease, Popping back is very often due to defective

sparking plugs or valves not closing properly,"

I Y Sy
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Starting:

"If the starting dévice is working correctly, i.e. the jet is

clean and the main valve opens the full extend when the dash control

1s operated, no starting difficulty in starting and may be due to
a run-down accumulator, an inefficient motor or the crasnkcase oil

being too heavy for the time of yesr."

"Plugs, too, plays an Important pert.- It should be made sure
that they are clean and dry, are the correct_type;for the engine,

and have the specified gep at the points,"
£ 4 : )

"If difficulty in starting is experienced with carburettors
fitted with sﬁrangler, dne should be sure that the stranglsr flap

closes completely when operated from the dash."

"4 choked slow=-running jet or incorrect adjustment of the air

screw will also csuse bad starting. This, however, is easily

remedied by removing the jet, cleaning and replacing it, and ther

resetting the screw."

"Care should be taken to see that the bowl 1is bolted tightly

to the float chamber cover of the carburettor.”

"Only when all fhese points have been investigated should the.

sebtting of the starting device be altered, if difficult starting

persists,”

"Tfoubhasome stafting can be classified generally as followss.

K ENTRT

AR

TR THATIV Y T T
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&) Enrine fails to fire
b) Engine fires but fails to run
c) Engine fires and runs, but the mixture is over-rich,"

" a) Engine fails to fire:

Control jet and starting jets shduld be adjusted., The control
jet measures the fuel flow until the fuel in the well is consumed,

and thereafetr affects‘the depression on the starting jet., First

larger starting jets should be tried, but failing improvement resort

to increased sizes of control jJets,

b) Engine fires but fails to run:
"Over-rapid weakenlng - off is the fault here, and a larger

starting jet should be tried to overcome the fasult.,”

¢) Engine fires and runs, but the mixture is over-rich:
"First a smaller jet should be tried, but i1fthils affects

initial firing a smaller control jet>shou1d be fitted,"

"N, B. The concentration of the depression upon the starting
device is most essentisl. Therefore it should"be ensured that the;
throttle is closed to the idling position when the engine is being -

started," -

Fxcessive fuel consumption: 7

"The cérburettof 1s freaquently blamed for this defect when 1t 
is actually caused by-theeanpiné being in poor.condition, or by
the ignition being reterted. There may be a lesk in the fuel sys»em

or there is a restriction et the carburector intake,
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"If it 1is éertain that the cdpsumption is excessive smaller
jets areFSUggested, First one size smaller 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 between
these two 1t is qﬁite.in'order to alter the size of one and not the

other,"

“if the consumption ié definitely heavy, then‘the carburetior
Vmust be giving a ﬁixture richer than is necessarj. -This can always
~ be remedied by fitting smaller jets. If the perférmance suffers

when such jets erc used, then it is apparént,that the dgusé‘of the

trouble is not in the carburettor,"

"Tt should be made quite certain thet the automatic startin§'1
is working fréely,vand ﬁhat the main valve is :eturnihg completelj*
‘to its seabting. If this is not so the device will remain ia action,
gnd consequently wiil be supplying extra fuel to tﬁat given by the

main carburettor."

"Cape must also be teken to see that the strangler flap, on
,carburetﬁors to which one 1s fitted, is returning to the full-dpenl

position."

"Heavy consumption may be caused by excessive pressure of.the;'
fuel, This is ﬁsually indicsted by the fact that 1t is.impoésibie

to obtain a smooth ticke-over irrespective of the position of the’

gir screw for slow running and also by bleck smoke from the exhasust,"

AL
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"This may’be overcome by fitting a slightly smaller needie
seating to enable the needle to cope with the excessive pressure;
If this does not cure the troubvle, or the emaliest needle seeting
does not cause restriction at top speed is slready ritted, then it

will be necessary to regulate fuel pressure." (2)

+ GENERAL'
"Should the engine be used in very hot climeits, or at very
high altitude, & slightly weaker seating mey be used. Alternatlve 3

in very cold climets larger jets may be necessary. o other

adgustments are 1lkely to be necessary under normal condltlons."(z)

As it is said hefore, the sbove discription of e carburettpr
appliep to car cerburettor and the one oun the variablekcompressinn %

unit has some elterations as will be expleined as follows:

The carburebor used on the test rig is Zenith 26 V M E'tyﬁé;'
JIts main jet is blocked, compensating jet reamed out to O, 0670"
dismeter and counter bored 0,125" diameter to vlve needle shank
clearance. Needle 12° included By means of these alterations it
- possible to control tne mthura strength manually.’ Thus it is.
necesqary to adgust the mlxture strength at the start and running
conditions senerately if uniform running is required. |
The rich startlng mixture 1s provided by turning the mixture
strength dial counter clocxw1se 5 or 6 turnso Normal running

condition of the englne is between i. 8 - 265 scales of the dial.




P i dammws't

ROBERT COLLEGE GRADUATE SCHOOL , ' PAGE 36

~ BEBEK,ISTANBUL

VI. PRESSURE TRANSDUCER:

2) Resistance strain gages:

Lord Kelvin is the first one who noticed the slectro-dynamic.
properties of metals, In 1856, among other'findings, he reported
- that the eiectrical resistance of cecrtain ﬁires varied with the
tension to' which the wires were subjected., Nore recently (1823),
in America, P, ¥. Bridgemen confirmed Kelvin's resuits. Till 1820

‘no practicel application of this knowledge is noticeable. Several

attempty were made to apply the phenomenon-of.stfain sensitiVity in

wires to the actual measurement of strain in other bodies.. These

attempts were naturelly sccompanied by the difficulb y in developing

satisfactory techniques for securing the,strain-sensitive~wire”to' —

the test structure, a search for the best wire with which to build
-~ the gage, calibration troubles, snd difficulties of manufacturing .

such & delicste instrument on a mass-production basis,

The originel strain gages bullt by Shmnons‘and Ruge required -
individual c¢slibration to be dependably accurate. 'Eariy strain
’gagesﬁwere made by embedding the fine wireyin‘cast thermoplastic~
resin coupons which were individually calibrated. These gages wer§
rather bulky compared with the present SR~-4 strsin gages ard did -
not ellow the streoin-sensitive wiré to be in intimete contact with
’the surface of the. test structure, 2By the éontrbl of’manufécturing
processes, geges have been made with a uniform résistance and gage
facﬁor such thet individual calibration was no longer necessary.
These devélopments soon led to the widely used‘SR~4»strain gage in

- its present‘form.
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In using électric strain geges, two ﬁhysical'quanﬁitiés ére_ofi
~ particular interest, Changé in strain and zage resistence. The
dimensionless relatiénship between these twé vsrimbles is called
the "gage factor" and defined as: '

AR/R AR

F=

Where R= initial resistance of the gage wire

L= initial»length of the gage wire

AR end AL represent ﬁhe small changes in‘fesistance and
length which oceur as the gage is straineé aiongAwith the surface
to which it is bonded. €& is the strain‘of the gage. _The gagé? 
factor, aé seen, is s méasure of the amount of reéistance changé:
for a glven strain snd 1s thus an index of the strain Sensitivity
of the gage,, The higher the gage factor, the more sensitive the
gage and the greeter the electrical output for indicstion or
recording purposes, other veriahles remaining the same. Theylimitigg
element in detetminingvin gage factor 1s the wire material,~and-éll}f'
those materials which have demonstrated high gage factors~have hadﬁf
.other unpleasent charecteristics which msade theﬁ'unsuitable fork |

starin gagess

R

Thebideal,straih gage wire wouid have high resistance, a large
chenge in‘rasistaﬁce*with sﬁrain,-and a high elastic limit and |
.wouid be insensitive to’témperature in both its physical and its
electrical préperties. Furthermore, the gage factof should bve

constant. In otherwords; the resistance chancé must be proportional
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to or linear function'of the unit strain in the wire. Strain gage

CoMENT

wire should be very small in diasmeter so that theAin which it is
incased will be considerably stronger then the wire, This allows
the cement . to transmit the strains from the part being tesﬁed to
the wiree With o.o00l-in,-d lsmeter wire, the cement is sufflcieqtly
stronger than the wire so that uqder compressive strains the wire

1s actually made shorter without bucklieg; since a 1-in. length wire
of o0.00l 1n,‘diémeter has o surface areg_é;OOO times its cross

sectional area, The bonding and supporting effect of the cement

on the wire is so gpest that the cement can control the wire up to

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

If the strain page wire is to be 1 mil or less in diameter,

: . o
this imposes another limitstion on the physical properties of the
wire material; that is, the wire must be capable of withstanding

severe drawing operations during processing.

Furthermore, when nickel and some of the other materisls are
bonded to steel, because of the differences in thermel coefficients 
. of expansion, an addition error is introduced due to apparent
strsain which occurs with‘tempefature chenge. There sare, howeveg,
means ﬁo climinate this error, Negative gage Tfactors are just as
»useful as poSitivevones, since obtaining the grestest change in
resistance for a gi&en strsin is the most significent facor, whether

the change in resistence is positive or negatlve 1s immaterial. (3)

|
|
!
-a
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THE SR-4 STARIN GAGE:

 Basically, the SR-4 strain gage consists of about 5 in, of ifmxll

wire cemented between two pieces of thin paper. The paper Sefvesrk

as a carrier‘for ease in handling the wire‘and elso scts to insulate

the wire from the metél surface on which it ié to be bonded. 'Thé 
wire in the gage is in the form of = grid consisting of series of
"long, perallel loops.‘ In the manufacturing process this gfid is
Tixed on a piece of thim paper with a sultable éemeht. Largéf-
diameter leads aré then welded or soldered to the two énds of the
grid wire, and a second pilece of paper ié cemented over the wire,

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

the gage. Smaller strain gages, e.g. /8 in. or less in length, are

prepared by winding the strain-sensitive wire around a cylindridal
paper case in the form of a close-wound helix. This case is them
flattened and cemented between layers ol paper for purposes of

protection and insulation,

Improved téchniques and stetisticel quality-cbntrol me thods ,
has resulted in making these strain geges évailable at a conéider:
' ably lower prices.' Unfortunstely, the instruments which are

necessary to trénlate the strain gage lengsusge into numbers uéable
by the engineer are'not so cheap. .These.instruments are both

complex and expensive.

TYPES OF BONDED WIRE STRAIN GAGES:
The gage elements which are varied for specisl applications

are prencipally the cement and the strain-sensitive wire.

1
;

[
|
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For gages which are to be used at temperature below about lBOOF, a
thermoplastic cement (celluloid dissolved in acetone), is very

-satisfactofy. For higher operating températurés, up to EOO‘ofA4OO°F;
a thermosetting cement (phenol resin) is satisfactoryiy emﬁloyed.
Speclal ceramic ceﬁents‘afe generally used for temperatures shove

400° F,

For dynamic strecins, type C gages are used in order to take

advantage of the accompanying higher gage Tactor.

Strain gages can now be used in- almost any plece.undér wide

range of conditions applying various protective methods,

The above statements are true also for other typnes of strein
gages, The problems involved are the same for all strsin gages
which are made of similar types of wire and bonded with similar

‘cements.

A Tew commenté on gage forms developed Ly the British is
nécessary. One of the more unusual type 1is the woven—type)strain"
gage. This is more permlable end thus has very short drying time,
These gages sre menufactured on e standard weaving mechine in the
form of & long tape. The tape is made by using a Fortisan verp
and & weft of strain sensitive wire. ATter wesving the tape is
cut into proper 1eﬁgths, end leeds are auﬁacbe@. Ltnother tywne is
the self-adhesive strain gage.. These are just like postage stamps -

with a differénde that the gages are stuck in place by wetting the

back of the gage with acetone.
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‘almost any pattern or configuration with equal ease.

A recent type is in the form of 2 metallice foil whlcn is slatted‘

alternately from each end to form a continious grid or: series of

loops similar in pattern to SR-4 strain gage.

The foil strain gages are mounted in a very thin lacquer havinU;

| excellent nechanlcal and electrical prOperties. This improves the

gage performance and SUability Other advantages'srisé from the
rectangular corss-gection of the conductor, which incrcases surface
area for a~given‘cross¥scctional ares. The adhesion between the
gfid and cement 1g thus improved and the current cgrrying capacity;

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

BOHDING TECHNIGUES:

The strain gage can perlform &s better as the bond by which it

1s gttached to the test plece. The surface strains are transmitted

to the ga ge by the bonding cement. This can only bé accomplishédf

by a proper bonding job.

The strain gages sre classified iato two group with respect to
the bonding cements:

1. Gages with nitrocellulose,:

2. Gages with heat hardeniqgkor thermosctting,vphenol resln."
Gages of the firstitypevare called "Duco" gares and are bonded wit
alcéllulose cement, Second types are comnmonly refered to as
"bakellte gages' are bonded to the test surface with phenol-resin

cement,
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Main dgtermining factor for the selection of é proper gage‘is,the
temperature the gasge is expected to withstand. When the service
temperature of the gagé is below 150°F, Duco gages are appfOpriate;
since the cementing process for these gagés is relatively éésy'énd
drying time is short. Retween 150°F and 450°F, the bakelit*gagesf
are appropriate. Bakelite gages are emnloyed also in long term ins=-

talletlons.

DUCO GAGES:

Certain preparstion of the surface which fhe strain gage is
to be put is necessary, to ensure a good bond between‘the‘éage-and
and the surface, The surface on which the gage is to be~ﬁount¢d
should be smoobh but not too highly polishéd, since this cioes_ not
promote adhesion, A Spot little larger than the gaée may be lightly

ground off,

Cleening of the éurface is the next step. Cérbon.ﬁetraéhlofﬁde'
or acetone will do aémirsbly for such a job. A clean solvenﬁvandY
clean cloths should be used aad the prepared surface and the backﬂ“
of the gage should not be touched. Ceare should be teken not to
dissolve the cement used in the construction of the gage by clean-~
ing liquid acetone. It is good pract;ce, however, to wipe theA

back of the gage with a cloth glightly dampened with acetone.

After these preparations a fairly ilberal layer of cement is
spread on both the gage and the prepared surface, and the gage_is'
set in place at once. In the first Iew seconds after the gege has

been apprlied to thes11rface it will be possiblie to slide the gage
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around slightly in order to orient the'gage in tﬁe desired'direction.
Then the gage ls pressed or rolled lightly with a fibger to squeeze

out most of the excess cement.

A'blamp;ng force of about 1-1b is required while the gage is

‘drying. Larger forces ere detremental to the gage wire,

The drying iime may vary with the temperature, humudity and
ﬁype of the gage used, A clazmping time of one hour or sé ahd.dPYing
time of 24 hours af4room teﬁperature is practical.‘ Thekreascn‘for
removing the clamp after one hbur is toqpegmit freeicoopeﬁation,of
ﬁhe'dement solveﬁt. Drying process can‘be‘accelérated bj:bééting>:
the strain gage. To heat the.ﬁetal adjacent to the gage is a good
ﬁracﬁice. At about 170°F the strain gage wili be dry ih a few
hours. While drying, the resistance of the strain gage igcreases

until it is completely'dry.

It is a good practice to tape the soldered bad joints down

immedietely adjacent to the gege by means of a plece of tape.

A quick check of the resistance of the gage and the resistance
between the gage and the metasl surface to which the gege is atteched
.may indiééte the condition of the gage. A minimum of 50 megahms
between the surface and the gage is considered minimum for accureate,

stable functioning of the gage.

A final check may be mzde by ballancing a wheatstone bridge
including the strain gage and pressing the strain gage by finger

or by any soft meterial.
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- If the balance 1s disturbed the strain is in prbper condition, If
the balance is disturbed or opposite defls ctions occur after

releasing the pressure there is a problem with}thé gage. (3)

BAKELITE GAGES:

Bakelite strain gages are used for any one or‘eny combination
of the following circumsténcés:

1. Whére teﬁperatures,are between 150 and 450°F ,

2. Where gage stability is.requiréd deSpitevhigh humidi ty.

3. Where long-time gage stability or stability under generally

adverse conditions is necessary.

Surface preparations are the semé as for the Duco gages. Ar
clamping pressure of 100-200 psi is requiréd which should be left
applied during the-fo~70wing‘recommended becking times applied in
the or&er given as: | | |

1. One hour &t 140°F

2, Two hours at 175°F

3. Two hours at 250°F

4, One.hour ét.ZSOOF - after the clamp is removed,

Metal surface should,bé heated not the gage { tself.

If the gage is to be exposed to higher temperatures than the
highest backing tennerature above (25001) it -should be baked one or

two hours at the operation temperature once or twice, (3)
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by Pressure transducers:

Transducer 1s an instrument whicﬁ ié sensible to férce, térque,
pressure, displacement and other physical quantities. There are
.severai typeé of transducers to measure the mentioned'quantifies

making use of some physical and mechanical charecteristics of &

material.

Since strain is the fundemental quantity measured by a strein
gage, all transducers meking use of strain gageé should consist of
one or more strain gages and an elastic body wﬁich produces strains
proportional EO'the measured quantlty; The»measured‘quahtity sh@uld
ndt‘ produce. strains which exceed the yield point of the eiastib:
member so as to have (stress/strain) ratio,'that.is, the mOduluslof

elasticity constant.

One of the most convenient features of strain gege transducers

is their size. Another advantage of the strain gage transducers is

their convenience in measuring quantities at remote distances.
pPrimary disadvantage of the strsin gage transducers is their low
electrical output, which require considerable amplification,

L

The most used pressure transducer is a diaphragm-type pressure -

cells, The strain gages are elther directly .honded on the
diaphrggm displacement, Fig: 43, shows one orf the first type. These
type of transducers have nstural frequencies of atout 50 000 CpSe

and dynamic_pr93sure.range of =10 to 2000 psi.
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G DIAPHRAGM

TANGENTIAL
RADIAL

sTRESS
- -‘——Ql —— e

P=oressure : » 4R
h= diaphrom thickness ‘
R=diaphram radiys

U = Poisson’s ratio

Fig: /3b . Stress distribution in a c/m'/orm/y Joaded! cﬁ’/apﬁragm . |
| with C/@rmpeo/ec/ges. (‘/7'n'ms/7e}zéo)

L7722 8088l £ L LT Z £

Vi 0/ = //W’,rlz gages on « c//'a/oﬁram" /ar /é’M/OeVd/uké’ v

Fan and maximam ourput (Lef:3, P:228)

[/9 /3¢, 0/3—/00f/'7//'0
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L
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T
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AMPLIFIER
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& PETECTOR
T
Osc”aSCOF’é : Pressure: signo(l

_Di‘sp/cxcemem‘ signal.

pick-up

o Displace-
ment

F{g: | 3-d.

Sc/lemaf/'c franfaé(cyer C/chu/zl.
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Usually cooling systems, such as low pressure air cooling is

~employed in these pick-ups to adopt them for engine indicators.

Mounting the strain gages directlj on the diaphregm fésulﬁs-
in smaller sizes, From theories elasticitieé it is possihle to
anelyse the strain vaeriations in the diaphragm, It hss been proven
that there are chpréssive_and tensile strengths in the diephragm

which 1s suitable for tempersture compansstion and output maxie

mization as discussed above, 7The mounting of strain gages 1s shown

in Fig: 13.

See Drawing : 1, for mounting the pressure transducer.




. ool . £
| THESIS |
ROBERT COLLEGE GRADUATE SCHOOL ~ pace /0
BEBEK , ISTANBUL ' ‘

¢) Electricel Circuits:

THEORY OF THE UNBALAWCED BRIDGE:
Fig; 14 shows the unbalenced Wheatstone bridge circuit.  Since

the output voltage of the circuit is a function of resistance make-

‘up the circuit and also of the applied voltage we can express the

variation of the output voltage in terms of the veriations of the

‘resistanceg, Partial derivative is a useful tool for this purpose.

From the resulting equations we can conclude that:

1. If Rl and R4 are the same type of resistance gages and:sube

jected to the same conditions their net effect . on the output voltage

is zero., Therefore if R, is en active resistance gage the temper-

1
ature compensation can be accomplished by plecing a dummy resistance

gase, Ré,thich will be subjected to the same temperature. Due to

temperature both gages will change'in resistance but the net effect

of the tempersture will bé ZErO.

2., Since Rz and R'3 are outside resistesnces in a pressure trans-
ducer, that is, they are merely used to balance the circult and noﬁ'
subjected to resistaace yariatiéns, they are consﬁant. Thus:

| dRy= dR.= O,

S. If 39 and R4 aretonded to the metalic‘surfgce in such a way
thaet their resistances change 1is in the opposite direction from
that of R. and R the output voltege of the circult then will be

: g ' 7
maximum pe# unit chanpge of resistancesof the strein gages.

4, If Ry, Rgy Hys R, a8 similar strain gages and have the same
[ o :

resistance and gage factor, bonded on the surface as explained in

| item 3, and connected to the bridgc as shown in Pig:1&, then the
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B _£ _Y . o
Ana" g = ‘1_:(8*&‘ _ /P,,+P,) |
o5 R 2EZ B

oK, T (,?,‘f-ﬁ,,)z IR (P -,LP_?

JE‘? _ /?2 &z o _z /?/

2 (,?. -H?}) PRy (2P, )*

From /éés‘e efa.;v //ans spd eg (L)

Rucll, — R, Ry — R o }

Q/éf"‘f(v (222 T (me A )

Since the bridge :/;c belsnced

LR = I,P,

ane . LR, = L; R

r 7= TR

]}/ £ and Koy are #he sqme 7{;//8 0/ re:rsi’{;?ﬂCf g%ye ,
émc/ Sué/cc/ec/ Ao #he Sqme ca/?a’///oxzs :

aK, = aR,

@r/éermonf // 7y a/?a/ By are outs/iab /—e‘_r/_r;{;,gce;

2

/ééy a/a/?a/ cﬁ‘swyf Gna’  of; = q/;z,o
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7
/
7] Rz N Rl&
Y
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;/7 . /44, B 'aﬁc//ng o/ stram ga”ye.f '

70 0b%asm mIxmym ouf/JU/‘;

;"IMIM

(+)

(~)

, - heain g . Fig: 14c.
Connec’f‘ion of strain gages In ‘g | »
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- bridge will be i

ER «~4Rda 17‘ dgj

3v81nce the gage facuor, P is defined as:

L E
Cv’Therefore:' dEg = EFE ' (2)e

This equatlon is true only when there is no connection between -

ﬂ;;:the points A and C, that is, Ig=0, VWhen nhese points are connecteg -
 ﬂifto an amplifler the resistance Rg is quite 1afgé and Ig'is ﬁé}ﬁ"‘:/

f,small compared with Il and 12~ Therefore ouuput voltage variatloﬁ
1?7 0£ the circult under the assured conditions can be expressed -

tf; approximate1y by the equation (d).

| ‘However'theicutput current and véltage,»wheh'the>resistance
Betweén points A and C is not infinitely large, can be calculated =
T N '
aé'follows:
From Fig: 14 ;

Il (Rl+R4)TIgR

4=E - (3)

" + 4 od I = | . 4
R,I,+Rglg-R I,=0 (4)

"_R411+3312+xg(3g+35+34)=o (5)
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© From dguations (3), (4), (5):
Rl + R4 E 0
! 0 -
. «R 0 R'
1g = : 3
Rl f R4 '?4 O;
“ Ry R -
M Re Ry
-Ré Rg+Rz+R4 Ry
_ (86)
- ~ (RiRz = RoR,) |

Ig
. “Z(RlTRé)( 4k

If we assume that’R R

1:

2

R3= R, = and,strain-gages are

g R

arranged as in Fig: 14, then:

- Rl"'" ..... R
Rz“'“ ———— R
Rgmee—mee R
34--—-—-- R

Putting thls valugs into
643)2 and @bR)S and simplifyl

AR

?é‘}R

+OR
- R,
(6) and neglecting terms containing

ng we obtain:

: AR (7)
I, =E——p '
8 T RR,4R"
’“:sihceni": drg -, :Then Equation (7) bécomes:
T8 TR ;
| R
(AE)
dig = B
. + (R)
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By the définition of - the page factor:
( R/R) |
3

EPFt
l+6§§7

it :R8§> R this équation becomes -

dEg ;. (8)

|

g =EFE

which is the same as (2); which was derived under'the‘sgme,asa-: 

sumptions,

'*.The simbols are defined in Fig- 14, as before.

Another bpeCl&l case shodid be 00n31dered-' In pressure trans~
ducer. applicatlons only ene of the strain gages 1s active,,aﬁd
others are to be constant.’ Therefore, 1f R

1 thefaétive-strain‘

gage and ‘R,= R.=R,= R,= R

17 R T Ny | | S
------ + d
| Rl R '+ dR
= R =R =21
- R2 12 RE

. Therefore equation (8) can be mbdified as follows:

Ry - B

B T
& K(R +R)(R +2R) + RlR - R +Rgﬂ(ﬂl+n)

-Simpllfylng‘

B » Ry = R
0 BR4R

+ BR.R + 2RR, + R

g g
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Y. SR

BT

- 5 | - | ‘ . ST - " ap L
'a’;@;g;. . ER1Rg'+ SR4R + RR, + R® ~ (Ry-R)(2R+3R)

5y o S T an ot T REVE
2Ry \Qgélng + 3RqR + ZRR, + R%)
Since Ry ¥ R

9I,  (2RRg + 3E® + 2RR_ + R%)"
PO N b

. 2 ' PIN
s {2RR_ + BR“ + 2RR + R")
QRl _ ( g -8

| or"r?I ' ' 1 :
- '

PR, IR+ 4R

' T 2=
oRy ERR AR

>




 THESIS

ROBERT COLLEGE GRADUATE SCHOOL ‘ page 78

BEBEK , ISTANBUL

E &  (' FEg)

|
Ml"

o = (9)
o 1+(RLy 1 5 (_.1) {8)
' Rg v g

'jAslit is séep from the 1ast equation (dEg) in this case is. (& )-oﬁ
(dEg) othhe first case. '

Ve seévﬁhgt to obtain_méximum voltage outpuﬁ from’the wheét-i'
- stone .bridge internal resistance of the emplifier should bévvefy'f]

;high‘compared'with'tﬁe reSistancé of the strain’gage;

The maxlmum output of a pressure traqsducer in whlch only one,<‘

of the resistances OL tne Fig: 14 is autlve, 15- 

' - L
. dEg:;:;.. (EFE)
Where - : g ‘
’ E= Applied voltage, voltis
F= Gage factor |

E= 3train due to pressure
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';;;rizmrzﬁgruge%coMPENSATroN:o~*

For balanced bridwe, the output voltahe is-"

dEg = E- —
(Rl+R4)‘ o (R2¢R3)2

'“it'ié clear that ii"R]_”'Rli and they are simllar gages andl7*5

";bonded to the same surface the re31stanoe variatlon due to temper-,if

| ature in each gage should be the same, thaJ is de— dR4., 1hus the j

u“effect of tbe temperature is eleminated Thisg regsoning can be'

'applled to: Rg and,R,., Therefore the straiq oages in Fig. 10,‘should:

be so bounded tnﬂt Rl and Ry, or Rp and RS

same temperature aqd thermal exaansmon.

 INSTRUMENTATI O s

A typlcal Straln lndicator is composed of an audio-frequency
koscilator (irom 60 to 4000 C ps) to supply the bridge circuit, an '
emplifier (several stages for an amplification oh the order of

lOOO tlmes), a oetectlon circult, and & recorder or osciloscope.

The detector is composed of a rectifier and a filter, The rectlfier

"firSt‘cuts off the botuom halves of’ the carrler waves, The fllter','

allows only low frequency waves and filter the hl&h frequency
: écarrler‘waves. The resultant wave form is ehown in Fig:kla. The

resultant wave is then fed to the osciloscope or recorder,

will be subjected to the
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. DYNAMIC STRAIN Mmsmﬂmm

A strain gage is cepsable of detectlng dynmnlc strains of ex-

‘ tremely high frequency, €.8e 50 000 cps. or so.

Since the output of the bridge 1is Quite smell, considerable
oamplification will be Pequired in order to éctuate thQ'osciloscope

or recorder, Fig: 16 shows a simplified amplificatlon circult.

‘The amplifier used should have a constant gain or ampllficatii

- factor over the complete frequency range of the strain gage.

S*nce the dlrect-coupled (dec. ) amnllflers are exoeasive we
have to use an oocilator or a chapper in the circuit to make use ol

‘_the common oudlo frequency ampllfiers.

~The chapper is a device which cutts off‘the output VOltagéoof
- the bridge into forms of squere waves. An ord* sry gutomative

B igniﬁion—type circuit breaker can perform &s a chapper.

An osczlator suoplies carrier waves to the bridge'?1ese» waves

~o'are modvfied by the strain gage outpuv. ”he oubnuc volt vage from

the bridge is a sine wave of osoilator modulated by the siznal wave

“ of the active gage. T this outnut is PGCthled by a dlod cﬁrcuit

before recording a SLngle 11ne trace or tae envelope of the carrie:

. Wave will be obtained.

If we - denote the frequency of the carrier wave by F and that
“of signal wave by r, the form of the slgnel wave by a Cos 2WF, the:

' the modulated oscilator wave 1is given'by'
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o y= (A 4fa C03«2HF) COS-BﬂFf"v
=4 Cos oF + 2 a Cos 24 (F = f)+ a Cos 26t (F + ).

‘f‘The ampllfler has to handle frequencies in the range (F + ) downfto

: >(F é‘f) To obtaln smooth waves in the osciloscope for Dnotograph—

 ,“ing 1t is necessary that

F > 107,
. RECORDING:
There are two basic types of recording-

1. Pen-and-ink ‘type recorders,

’2.~Cathodfray osciloscope and a camera.

In the first method a Brush recdrding»equipment is eﬁployed.

o This'inéﬁrumeht is equipped with a vériable Spéed traveling paper

?] and aagai§anometer which has a pbinter Spécially arranged to write
;onrthé‘moving paper, The osciletion of the'pen on horizontal
“faifegﬁién,on é qurvéd~péth indicatesfthevstrain or any accompaniéd-

itfquaﬁ£ity the strain gage is désigned to measure; \in Spécially
f.laééigned-strain analyzers there is-an oscilator fof supplying the

]{;wheatstone bridge w1th 2000 cps. current, a high gain ampllfier, and
f{yprov181ons for gain control, bridge balancing, and calibration.

:Whese are very useful instruments which can be used to analyze any

'"klnd of strain

.(JkZCathodgrgy:OSCiIOSCOPS is useful in another type of recording,

“TA'céthd@éyay;§s¢ilOSCope is an instrument which 1s sensetlve to

" voltage variations only.
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fi'Thus any quantity to be 1ndlcated on an oscllosc0pe should be»
' transfonmed into VOltage. Since strain gage bridge outpun is in the

tigform of voluage variations, its 1ndlcation is accomplished easily

:by an OSCilOSCOpeo\ Howeverfwrmanent recordlng of the 1ndlcatea

] jquantity from the osciloscope requires photographic means. 'Inv
':general most satlsfactory cathod-ray tube for photographic work is.

: _one having a medium or short oersistant llghtin actinlc light oute

| For the recordino of moderate frequencfes the Polarowé Land

. camera can be employed satlsfactorlly.

A shutterless motion plcture camera is.another type of record-?

‘ing instrument used in connection with the cathod-ray-oocilOBGOpe

’ Time,coordinate‘or the horizontal coordinate of the'osciloscopo

: can‘beoacc0mpiishéd by Speoial arrangements such as crankéaﬁple

B ‘indicator, piston—motion—lndicator which are going to be dlsouosed

'[1ater.
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;'4;_INDlCATORS°AND‘INDICATOR DIAGRANS:

| Several kinds of indicators have been developed to get the en-
; glne indicator cards and pressure variatlons in the engine cyllnder.
The pressure 1ndlcetors are generallf classified into two
A groups'_

' l Slngle pressure indicators,

2.‘Cyollcal pressure 1ndmcators;

- _Class (l) includes compression, explosion, and mean-pressure
?meesuring'devices, which are.usually comperatiﬁely simple.
‘ Class (2) 1ncludes more elaborate apparatus for actually Te-

gfcordlng the pressures throughout their cycles of changes.

S ';“The requirements of an effic1ent single pressure indicator
fiare that it must be strongly made, capable of ready attaehment to
ﬁithe englne, by the simple expedient of fitting into a sparklng-plug
‘Lor compression tap hole, must ‘be unaffected by the temperature of i

: the cylinder, ‘and uninfluenced by the rapidltv of cycllcal pressure

QVariations.“ (5)
. 1. SINGLE PRESSURE INDICATORS

This c1ass hsy be grouped into two:
: e)ThQSe‘thstfmake use of cylinder‘pressure in recording di-
rectly; | '
; b)Those that are using'the cylinder‘pressure to Operafe an
! auxiliary part of the recording apparatus. | |
The plston type 1ndlcators belong to the former class, wherees

;,balanced disc type, e.g, “Farn boro" indicatore comes into ‘the lat-
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ter class. _
| ‘Some of the 1mportant types of pressure 1ndlcators of this
‘class are 11sted below:
a)The Okill Indlcator.
" b)Research Type Okill Indlcator.
'"ec)Dlesel engine pressure Indicator.
"d)The (Dobbie~ 1c Inner) "Farn Boro" 1ndlcators.
7ve)The‘N.A.C.A. dise velve‘pressure indicator.
£)Bureau. of Standards Balanced Diaphragm Indicator. 1
~g)0ptical 5a1enced pressure indicator. ' e }
'h)B;P.OV(Beteoian Petrolium Compsny,*Hoiland) indibaﬁor._, :
ﬁ)The Bauer Indicetor; i | L | :
Oneratlons and detailed description of these 1nd1cators may be
vfound :
See Tig: 5, pp: 2?6-283 and
"Ref. 6, |

II. CYCLICAL PRESSURE INDICATORS:

The purpose ofythese indicators is to give a pressure'variaée
’fion diagram over the whole’part of a working cycle; in some ins-
"tances consecutive:- cycle dlegrams may be recorded.,
| For the purpose of obtaining mean 1ndlcated pressure and indl—
cated horse power, it is necessary to draw pressure-volume diagrams.
For observation purposes these diagrams are useful for notlng the
changes that occur as a result of varying the engine speed mlxture

strength, throttle oppenlng, ignltlon advence, etc. The displaced or
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v

;, "out-of-phase" pressure dlagrams are very useful. In all cases in-
:j dlcators consist of two prmnciple units:
| ‘1,Pressure element,

\2 A dlsnlacement unlt | |
‘»The pressure element in the test—rlg is a re51stance type straz
;~ gage transducer. Several forms of the disylacement unlt which glves
l the piston stroke for the pressure recorded by the former unlt are

designed 1n the following pages.
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. III | ,c’ATH_oDERAY INDICATORS:

Prev1ously described 1ndlcators have proved unsatisfactory,

;(jwith certaln exceptmons , at high speeds due to the 1nertla of the

; 5mov1ng parts of the indicators.’

The cathode ray 1ndicators, on the other hand, are very satis-

'rnfactory at hlgh englne speeds.

The principle is entirely different and somewhat complicated

'ffand may cause errors in the hands of the uninltlated.

The cathode ray indicator cons1sts of three units-
S b The cathode ray os01loscope.\

'7 2. The pressure transducer.

'f;a" 3. The time base or plston p031t10n unit.

'fThe,cathode TRy osciloscope may indicate any quantity which is

~'¥ransformed in to voltage. TherhoriZOhtal and vertical trace may
findlcate pressure and time or piston position respectlvely by apply-

771ng 1nduced voltages from the second and third units.

The primary dlsadvantage of this system is the high 1nstrumen-'

1Ptatlon cost

For the v1sual observations ordlnary zinc~-silicate coated tubes

”;whlch glve a yellowish-green spot of 11ght where the electronic

f‘stream strlkes it, are quite satlsfactory.

For the photographic purposes, however, another coating mate-

‘]irial 1s necessary. "Calcium Tungstate" coated tubes ‘are,suitable

f:for thls case. This substance flousesces with a deep blue 11ght

fhaving dbout 30 t1mes the photographlc activity of zinc sulfate.
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' The horizontal trace ‘plates, usually called "Time'Base’Plates"
fconnected to- the time-base unlt,kcrank-angle, or piston displacemen

llndicator, whatever the requlrement may be.

The vertlcal deflectlon plates, which are. usually called "pres
vfsure plates" are connected to the pressure trancducer of the englne.
From the specifications of a cathode ray tube %o the order of
-;hmagnitude of the induced voltages may be calculated. For a spe01flc
'qfexemple is given below: )
v‘Fiiqment current . . . O.?_- 1.1‘amps.
Filoment voltage . o o Oud = 1.0 voits.
* Anode voltage . . . . 300 = 3,000 volts.
Cathede to anode current 10 - 200 microamps.
éhied_voltage e e e .‘oto'(-QOO), relafiVe‘to flament;‘
‘SCfeen deflection , . 0.75 mm"per volt across'plates;
The pressure element may be one of the follow1ng types-‘
1. Capaclty type. | |
2. Hes13uance-type, strain'geges.
. 3{‘ihductance type.
‘ Ahother 61sssification mej be as fOllOWS:.
‘1, Thevmoving iron or magnetophone.,
2. Resistance Method
v3. Gap301tance.
 4. Plezc Electrlc system. v 7
WAll of the methods have certain advantages and dlsadvantages.
The variable onmpre331on unit in our 1aboramory is equipped with a'

re81stanceiuensducer, whlch is capable of detecting v1brat10ns of
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150,000 cps. |
' One of the 1nseperab1e units of most of ‘the indicators is. the
amplifler, whlch may be'requlred ta have an amplification of-as;highf
as 1,000 times, depending uponvthe method used. For éxample,;straini
gage pressﬁre pick-ups‘reQuire an amplification ih the order of i,OOd
“times, | | | » | |
>Typical Cathode rayfindicéfors‘inciude the Standard Sunbury Tn- -
dicator, The Cassor Indiéators;v The Dodds Indicétors ahd Photoe1eét¥

‘ric Cell indicators., For further information see: Ref:5 ﬁp:284-313{‘

APPLICATIONS'OF CATHODERAY INDICATORS:

- The Cathode ray indicators may be used, w1th sultable pick~np

units and accessories, for the following purposes: |

1, Pressurectlme, pressure-crank angle diagrams.

2, Pressuré-vdlume diagrams.

3. Cylinder rate of'pressuré‘diagrams.

4, Weak spring diagrams.of the suction and exhaust~pressﬁres,f

5. Weak sﬁfingvdiagrams}of inleﬁvpiﬁe pressures.

6. Exhaust pipe'préssure diegrams.

7. Compressioﬁ-ignitioh fuel injectidn pressures and ratésléf

pfessure diagrams. | A
8. Fuel 1ngect10n value 1lift dlagrams.
9, Engine vibration movements on a time base.

"lo. Cylinder strain diagrams,
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. .SOURCES OF ERROR IN CATHODERAY INDiCATORS:

The sources of error in cathode ray 0301loscope indicators may
be 1lsted as: o S o e

- 1, Inertia effeots. | | |
2. Indlcator passage effects,

3. Low resonance frequency;

4, Temperatﬁre effeets.e | | : : RN
Se Hysterisie.e | |

6. Flectrical efrors.

.Inertia effects are negllgible, indlcator passage,‘lf 1t is lon«

ger may dlctort the indicator dlagram, the calibretlon of the pressu~'

re element may change due to temperature, high_natural-frequency,'
_preSsure elements are desirabley hySterieis of the-deflecting part

‘may cause error,,electriéal errorsearevrelated:the circuit‘ofﬁthe in~

idicateirand can be minimized in the hands of one expert,

53y, INDICATOR DIAGRANS: |

| To draw an 1ndlcator dlagram based on the plston displacement
jit is neeessary to provzde means to represent,the piston motlon in
:the eylinder, A crank-arm mechanism or a cam meJ be de31gned if we .
‘know the crank-arm to ecnnecting—rod ratlo, to provide thls mecha— -
niem, | R el
| ”-The phase ef this‘meehahisﬁ feleted to the actuei'piefen:mofion )
jhas a certain effect on ‘the 1ndlcator diagram. If the phase of the
vlndlcator is’ in advance of that of the engine then the 1ndicator fn"-

fdlagramfls,_enlarged. However if the 1ndlcator is behlnd of that of
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;the englne, the 1nd10ator diagram will be smaller.
| To adgust the two phases, the spark is retarded and indicator
diagrams are taken while adgustlng the phase. I the indlcator be-
comes 1n phase w1th the englne then the last part of the compression
sline returns upon 1tself, '
;See F1g° 22.
k‘ When the indlcator diagrams are drawn upon a tlme or . crank—angle
jhase, it is necessary to convert them to plston-motlon basis as exp-
 1a1ned before.' '
| Another method to convert the crank—angle base dlagram to plston
vmotlon dlagram is as follows* ‘ |
‘ | 1.‘Take the Urank—angle dlagram and draw vertical llnes corfes~~
,pondlng certain crank-angles, Mark off the intersection
psintsiwith the‘curve. ‘_» ’
»'2. Take the length of this dlagram and draw this 1ength on a pie

ce of tracing naper and call it 2R¢.

‘ 3. Calculate I= 2 78R (Since crank radius / connecting rod
R

= 0,378 = or,

: R o ‘ s
L = 57378 © 2.78. This is measured on the engine.
See PFig: 23

4. Draw B = L+ R = 3.78R,
5, Draw a Cﬂrcle, center at O, with a radius R,
i5. DlVide the circle into angles corresponding to those ones on
B fhé'indicator diagram, o
1. Open the dividers L = 2.78 and mark-off pbintsil, 2,.3 ete. -

on ‘the horlzantal axis, between A and B.
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i I;‘\g';23 |

| C'pn‘vérs,’bn_'of‘ crank —omg/e (n‘o(/'cafo}* o/‘fagrarm».‘
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'Agefbraw vertical liuesvthrough-the'peints 1, 2, 3 afc.
‘{f9.'Place this tracing parer on the crank—angle base indicator
k ‘dlagram. o o 1 |
‘flo; Draw. horlzontal lines through 1ntersection p01nt of step (1),
| fto get ordinatee on the tra01ng paper correspondlng to res-_
5 pective angles. p - v | '
'upii;fDraw a smooth curve through these newly found p01nts to get
"the 1ndlcator dlagram on plston motlonrbase, that is P -V
‘K,dlagram. : | o | |
‘1é.fTake a plainlmeter and measure the 1nd1cator area o calcula- é

fte the values such as ihp, imep, indlcated efflciency etc.;

" fAPéLICATIoN or IND'I:CATOB‘ bIAGRAMS:'_

Ll "provmded 1t is satisfaetorily designed, adgusteé and - operated,
; the 1nd10ator is a most valuable asset for research ‘and ordinary
ytest purposes." (5) | | |

| . Indlcator 1s fundamentally a pressure recording 1nstrument thus,E
»1t can be applled to cycllcal pressure varlatlon.

"~ In internal combustion englnes the pressure varlatlons in the :
jcyiinder, 1n the 1n1et pipe,-exhaust pipe, and . in the crank—case,

can all be determihed.'

: Dlsplaced Dlagrams- .

To study the pressure variations durlng exp1081on, the mogt
rapldly ohanglng pressure, we use dlsplaced diagrams, In ordinary.

zind;cator,dlagrams the explosion takes_place at,topdead center where
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-%hsﬁpistdh issaimost statiinsry«and the‘prsssupe curve has the steep~-
1§ést?slcve. :Howéﬁer, if the explosion point is\transfered to a pointj
there the plston moves fastest the slope of the pressure curve is re-
‘duced and the dlagram is spread at this point, so that the pressure “

ivar;t;ons»dunlng sxp1031on is readlly studuled. See Pig: 24,

The net area of the indicator diagram is proportlonal to the

i
|
1
j S 1
?Measurement of Indlcator Diagramg: o ' !

:work done per cycle of the engine, that is, to the indicated hose~

;power of the englne.

s R
Indicator area in

Length of Stroke,in.- e

‘.:‘3';“;'>‘Thus. ! I, E. P M

~Wﬁére’- M = Pressure scale, J ‘ L

ek b

(l ir, (ordinate) —--5- )
in

‘ih&icator areas are usually measured by plainementers,
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5. DESIGN OF A DRUM-TYPE CRANK-ANGLE INDICATOR:

“For thé visual observation-or recérds 6f rapid prkessure'chang'e’s‘, namely,
ddring_ tﬂ_e aéti_tal combustion period, preésure diagrams on a crank-‘a'n'gle (or time=
b'a.se)“ are much better than those on piston-stroke base, although displaced or "'out—
o;f-ph‘a‘se“ pre‘ssure diagfams in the latter case are very useful.” (5) |
| 'vThe crank-angie diagré.ms can be‘converlted iﬁto a pressure volume diagrams
using a transparent scale, _gra.du,ated in degrees, and corresponding to the conneqting
rdd/'qrank ré.dius ratio of the engine under cénsideratidn. These are ‘t’a‘.bles calcu-
lat.:-éd‘ for varioué connecwﬁng-rod / crank radius ratios and crank aegrees. However

théi‘e’ is a simple relation between piston mation and crank-angle:

- Referring to Fig: 18,

R+ L (OC + CA)

_R+L-RCose-Lcoa7’.(1)'

~Where (L; and (R) are connecting rod length and crank-radius 'respectiveljf.

“

~-Also - L= BC 4 CA"

'R°Sin64 L®GsY

2 : AL
Or (L -R"Sin*¢ )2

. : —

: - ; , Y o o LIPS ] ]
Therefore (1) becomes: M= f[ - 6959 T (1 A )

: -.Wher'e‘ ¥ = Piston displacement measured from T.D.C,

o = Cr'ar{k-angle ;' q)'é
v there: - = 75 (EPM) N ol . Arme , se cond/:

o {Eﬁcpanding the expression under the square-root by the Binomial Theorem and

»i‘legié:c:t‘ing terms containing second or higher powers of the ratio { r ), we obtain ‘

3_ good approximation f ormula:
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Therefore it'is pbssible,to modify the abcis}sav of thg i.ndicatorb'diagram drawn on
cvran-k-angle bé.se, by calcuiating (*) vé-lues for each angle so as to devri've pressure-
volume indicé.tor diagram from th'e forrﬁer.‘ |
7 - There are two 'types of pfes'sure - (crank-angle)'qr pressure-time base indi-
cétm" diagfafné: |

1. Building up pressure dia;grafns.

Such as 1n Fig: 19 | |

Z.VZ‘Clvosed cycle diaglrams such as in Fig: 20,

-These caﬁ»._‘,b-c-:.based on crank-angle, or time, and can be convértﬁe‘ld to‘ pressur
cylir‘xid}-:r diéplacé;mgnt diagrams by the method g'xpla.‘ined above, _Thve' latter Ai’é‘gram‘s
'é.r’e“ui;u’ayl_ly'_'used‘tvo éalculatg: the ‘indicated h;)rse p>ower‘, indica.teci, mevan e’ffvectiﬁve, ‘
pressure, v'ir;di'cat‘ed spe‘ciﬁc fuel consurﬁption,' indicated éngine efficiency, etc.
whlchmake us,vebv of :the- indicated work cioﬁe by thé engine w.hi‘__ch is propéftional to thé
ar ea bpfir;dic'atog: dia gIA'a.mbo‘

‘ Ié;_l'f_h_vdugh!crank—anglé (_of time base) diagrams are usually employed for

v1sualobservat1on of the pressure variati‘ons due to various fa’ctorvs,v these can bé' :
convertedto érés‘sure-vomme, diagrams to .calculat'e the indicate;i quantities as ex- ‘
plalnedabo"e F‘A'or‘qﬁ’antitative results(‘calibrationf of the indicavxtor, diagram is
necessary ' 'ﬁze calibra,tion pfo_cedufe will bé explained later. This method h‘as,vrthne '
diéédvv‘alhta‘ge's',‘iovt'_‘ix-ivolvir»xg too many conversions which ayr‘e éll sources of errbr.‘
D‘esp.iitcav 't()fv‘~‘c';1;1is dféWbaék, the apparat?.s'is simple and ineprénsive‘, easily adoptable
f§1;' v_a.;'io'ul.épur‘bqs‘exs and, »undér carefdl convevisions, qu%\te‘ reliable.

L A éiinple crank-angle indicator may be designed as follows:
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an

" o  ,': 'Ta.ké a'cﬁrlindrical plastic drum .ofi6-8 cm, di‘amétgrs as shgwn in F1g25
Drxlltwo small ;hldlés. at "the. two ends of a diémeter line. ‘I"'la.ce avpiet.:'e .of 1 fam-~-
Adi>é’§.r4n‘_g?=..tér s‘ilve‘r \fzire‘in each hole as shov}n in the figure. Make a wobden hélibw;x/, _‘ '
sha.f‘ji:»gjafjgive‘n_ dimehs’ions and stick it to baék of the ‘drum. Cut an algminurh or
"c;oppér tube of 1 in diameter ifz to two rih'gs of 1 cm. width ami slié them into plva‘c‘e
as sthow_n.. Connect each of these ring.s to oné of the wvires‘ placéd diametrically.
Sealthe hoie'é with a Duco cement. Take (10) grams of tap vs.rater-, disolvé 2 grams
; oszCO3 in it and put the solution ‘into the drum up to the levél mark‘ ;predete;'mihed
' ‘as‘:" c’alélﬁlated in the figure, Méﬁnt the assembly on to the\sléeve shaft. Mount the
brushholder aﬂd the néedle shown 'inb Fig: >26. "Interconnekct one of the .bi‘usheé and
the nre'edlre.-‘ Cpnneét a 69 voit batter:y acros§ ‘the remaining brush a.nd the ge'f:‘c.lle;
the ‘n‘égat‘i"v‘e :pole;b_'eit’ig'connqu'ed to the néex;lle“ Tﬁrn' thé engine and bz;ing the ix;dil |
»‘;'p‘at_ioxy';‘int‘v..}phaée'a‘s. éxplained béfore, ,by turrﬁngi the needle rela.tive to the drum
v“.‘,'Ifhe__iﬁdi‘catd: d1agra.m should lqbkvliker Fig. 22 ‘a, while the ignitiop 'is ‘fully retarded
AdJust .the'igﬁition adva&xcé and obtain tize correct indicati.on diagram.

) The Ia\}gjfsical érinci'ples can be explained as fo‘llows; |
- ’I;ixe water ifx the drum, due to friction and centrifugal force will split
'v ‘al."ound the periphe'ry of fhe drum making a 1ayer 6£ uﬁiform thjcknéss, which is
xs’taib:iona.‘ryna.fter‘ é._'while. ‘with respect tot he container. ‘Therefore its fesiétance
is _éonsfant'thrbughout..' By the‘c}r‘dinabry Rotent_ibmete_r theory the voltage ldi'ffergnce
bé__tﬁivegﬁ the 'ﬂéedle and the positive éole is proportionalﬂto the leng'th‘of the wa;ter,
| ‘iia;,rv'ejrbetweeﬁ fhé two. But the leﬁgth- of the Water layer is = R© .‘ Since R is
‘co'rvz“stax.xt vfhe.v\r:olta.g’evdi.ffkeren‘ce is directly prép‘qrf,ional to the angle 9 » Which is,thé

| ‘c,r!'a?r‘lk anglé. ' By turning the drum at the same speed as the crank-shaft of the éngine
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" Tig: 26. /NQ;CATOI_ZD/AGEAM BASED oN

| CRANK ANGLE. |

| }7%/5‘ ys Fhe fﬁw/”é' a/ Hhe /&7/’0//% os seesns gn
| .-//6 ofC//o:coﬁe
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we’ cé.@ Vt)bfaiﬁkadirecv:t relatioﬁ between the cra;nk;angle and voltage difference
b{etw‘e‘en»’the needle and the. positive pole.

R¢fe??iﬁgl-t° FA‘i_g:Zé, we see that if fche. voltage varied fro‘r.n‘zerb to its
Vin_a:-:ir'nufn valuwe while the crank turns ;1200,  so that one cycle is combléte, then the
pressure diagr;fn won..ﬂdilook like a'preésure;buildfup diagram.‘ However, since
themdlcator 'turns with £he same speed as that of the éggine. the situation is dif-
fél,;?n_f?' " |

| A_séume fhat tﬁe positive pble visv, jus‘t in front of the\needle. then the voltage
vdifféx%ence béfweeﬁ the tﬁvq is minimum, since the .resistapce’ bef:ween them is
mm1mum .lTNow‘th:e container-turné and the pos:itivé pole goes awéy i'_;‘on; the needle
m’akiiig tile Qoifaéé difference bef\vee;n the two gr'eatei; and gfeater. “ .When the. drulfﬁ.
turns 1800,‘ .{:‘h\e xfclf'age difference be.comes ‘mtaximum'and the engine cOmplefé’s'l 1/4”
of 1tscyc1e If the indicétor is in phase then the .f.irst i:a,rt of fhe'pfessure ;:ﬁrvé is
dfawr;" on the osciloscope. |

. The iﬁdidator contiﬁues to turn so that the voltage differ,en'c-e» sta;rté c{le‘c:fe:as'-:E

1ng .ﬁvhi‘ch‘caus‘e.s the vh‘orizontal trace to move backwards so that the sec‘t‘)nd quaiter |
Aof the pre s_su;e -build-up diagram isv d;aWn which is symmei:rical_ é.round thé line .
B"Bo in; 1;he ‘%:hir»d dﬁarter revolﬁfibn of the indicato:, hoi"i‘zonfal tra(c'é of the osci}-
, lbségpe t:é.;kels' féi:ﬁ_vérd 'and third part 'of. the curve is 'drawn‘. .Ig thé fourtAh,and” 4the ‘
lastquarter rg‘{(c;!luiién Sf the indi’éa’coi', the cycle is completed whﬂe .thé. traqé '
moving backvazds. |
: Thereforewehave Obtéiﬁed a plose fcyclic in;dicator' diagré.tfn;of the engine’
drawnoncrank-angle base. Tlﬁ's_“dvia;gfarh' may bev‘.c‘onverted to p-v éiagra.m‘ é.s ex-.

‘plained before.
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] »AD&/’ANTAC‘}ES OF fI‘LﬂS“SYSTEM:

As i’t" _rna.‘y-beA seen, the éon‘sti‘ugtiqn is very sixﬁpie and cheap. There is no am-
'Aplifi‘e_r. no rectifier, né filter in the circuit.

Displla.ced"dia‘grams, »:;:an ‘be obtained very easily by simply turning the needle

‘ wrt‘fhe indicator drum.

Putting the silver wires close to each other, detailed study of the pressure

'vy‘a.r»iat»ion of a part of the cy(:le"is possible.

. The material and the procedure is simpler.
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"6, DESIGN OF A PISTON-DISPLACEMENT INDICATOR:

: V‘IrAz‘the previous section we have dis‘cu_sAsed ‘a crank-aﬁgle indicator, which.
;V}’iie.x.é_f;n;é‘a,ﬁyfvaéplications;; Thé P-V diagram of an engine, however, can re‘adilsr be
obtamed b)‘r“a. relvat'i‘vely simple instrumente. The conversionof crank-angle base
%c‘l‘il;é"rams’»t‘o P-V diagréﬁls have been discussed. The conversion process is not
féraéticai 't'for quick calculation of (imep) or other .en‘gine characteristics. ‘Thve pis- -
ton 'élisplaéémént indicator, on the %;ther hand is a very convenient iristrument f’or-
tlns qurp'ose.v | | | |
1 'Ajkc’AM DESIGN AND CALCULATION_S_?‘OR THE Ii\rDIcArfOR:

':7':: R'ef-,fe::‘rrin’g’ to F;‘ig_:v‘z.”’?,! we Wé.n% .to desi.gn'ys'uch a cam that ”Wheﬁ ii\turns;aro'\ind;
the »pwdifxt,o;_:i‘ts 'ibrflt'ell'se-‘ct_ionrw’ith the horizontal axig Al, will Asi'mulaté,the pism&;
motlon _in,;h"ﬁev qy}ii,ﬁd_em | :Itsij.g'eor‘netryic ‘g:.o_n'structi;m is svimple:‘v‘ we ;:livvid’ke‘_the 'p_eri{ -
pheryof vtl:i‘v‘e cucle into sn—n;aliarcs corrésponding to small érank’-#ngle 7 fWe':
mark off the pomts 1.,' 2, 3, ét; on the h‘orizorital ‘axisi corrééﬁdnding to thé reépeét-
‘ i}{e'ziqfank-a{ng'l{es;.l 'Dra#viné cir’clés'thrqugh these points we intersect the radial lir;e‘sl
: tH:oﬁgh thé”centéro, ;I‘he p‘oints thus found will naturally cut thve‘ fxorizontal 'axi;s.>f
| é.tithe proper pi_ace Qhere the ‘piévton wouid be if it turned through'f'thé'anglé with
; Whic.h‘,kthé ;‘a.ldi».avll iipe is drawn.

' Dz%awing‘ é‘émooth cur{re through the poinfs found as such, we generate the
profile of-thé ;écjuired cam The srﬁooth curve in this éase turned out to be a‘civr_cle
\.%Jith :adius L aﬁd. céni_:er 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.
Referring to Fig: 27:.‘

r=RGs6 + L (s (1)
By the cosine law:

RZ . 12 2 - 2Lr Cos (2)

R2 . 1,2 - y2

Or Cos § = 5
r

Substituting the last expression into (1), we obtain:
r? - L2 - R%Z 4 2Rr Cos (3)
maich is a circle in polar coordinates. Transferring, this into Cartezien Coordin-

tes:

u2+ v2 - L2 - R%4 ru

Or _ :
Cu - R4 VP - L2 (4)

here (‘u)uand {v) are coordinates of the point on the required profile of the cam, and
1easured from the point O,

Therefore the required profile is a circle with a radius (L) and center at

- R, !
Since = T = 0.358 for this engine:
L=z 2.78R,

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,

‘ x :
Therefore, /t(he)’displacement of the cylinder may be calculated as:

x -_(R+L)-r=R+L-R[ccse+_?‘L[1- AZSinZé\]
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 xsLiR(-Cosp oL 1. #sin?8 ) (9

. Or approximately: =

x =z R(1L~Cos § — L _sin’s ) (5)
G 24 D
It is deszrable for desxgn purposes to calculate *max and (r h) .
Where the dxstance between the center of rotation and the fa.rthest PO+

max =
»iigt of ‘the cam to this point. ‘Whereas rfnin‘ the minimum distance between the
" center of rota_.fion and the nearest point.

From equatmn (3)
*.__’——-———"—“—-—\ .

Al‘avRCOSQ'\' R\/ Sl - COSZQ)
r Tz R[COSG+-—;—%—- 1-{»;\2811129 ] e .
rnax R 1 1 ‘3,78 R
rmax =.r9=0: 7 -+ ] - ‘3. .
B S =R[1-__1. - 1.78R.
min T esr . - *

Knowing the profilé of the cam we can make use of it in various ‘V'viays.
-As it is stated beforé R can have any value as long as:

L - 2,.78R, is a reasonable numbéro :
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II. CANTILEVER-TYPE DISPLACEMENT INDICATOR:

The' &'sélac'em’ent of 'a,p'isto:n maf be expresse’d ‘mdstbconventio'na.lly by the
deflection .ofv /a'ca_ntilev:er beam.. Since the sfréins produced by small deflections
,are proportional »;:o the déflections yive c.a.n'_design a c‘antilevefbéam subjected to:
;d:efle;::tior'ls which a;re pi‘oduced by a cam v&hose pz'-ofil‘e is so deéigned that it simu-
fl‘a;tesi’:he piSfOn motion. ‘ |
'R‘gfevb:ring to Fig: 28, the ‘maxiinum' deﬂéctic;ri at ‘the‘end; of a cahtilever is
glven by' | |
"y,‘nvax - %—f— o [
Where (P) is the applied lcad

This equatzon is derived from'

5

- ' LURVE

whxch is the e:\.act d1fferent1a1 equatxon of the ela.-stxlcf1 under the as éumptmn that the
istra‘ms in the f1bers are hnearly proportlonal to the dzstance of the fiber from the‘
neutral axls. Thus ma:nmum strains are produced in the outerm;)st £1bers ‘of a.
iégtaﬁgﬁlar ‘crgss,—sectio.n beanﬁ.
f.‘qti\atifoh,(‘Z) is »simplified.by assﬁming that the deflection of the beam is
| s’iﬁal]‘;\sp that;:"\ B | |
4y 1 (5)
dx

| sotha.t it 1s negli’giﬁlé,‘ cbmpared with unity.  From the strength of materials, ‘itvis |

known' that.
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F/g 28 a. CANTI LEVtR T)’FE PS/ON
MOTION N D CA/oE

As iEs seen %A/s sys fem Causes o /%p/;e

| O///6F£/Y68 a, WA/CA q/x,ar/s 7//46 /ﬂ%cg’%ﬂ/‘ o/a//q/am

S

| Fig; 28 b. CORRECTION OoF THE ERROR,
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—g—}x;—] = ) ] z Slope of t;he. elastic curve at x,.  (4)
Therefore p«1 (5)

is ‘thelr‘ec‘;ui_feineht for correct app‘lic':'aktion of the e'qtiation (2) in the form of:
d_z_ . : : (6)

' whzchzs the basis for eq\iatidn (1)’,", above.

: -  ' . We a.lso_n‘oytice that

"

'dz -

| From (4) and (7)

tan & : . .(7)

. _tan®

e " (8)

| Therefore it is reasonable to assume that

-
-

o dZY M 1s correct ag iong as  tan 8 =6 .'
o ‘Froni» matﬁema’cical_faﬂes: "
tan (0.3 'fac;i)'-';_‘,(‘O.v3v rad). - (9)

-.Tha;:-ifsv 0.3rad - 17.20 is the ma.xzmum allowable deflection slope of the end
of the éantileiier beam., |

“ The étifains of the i})eami‘s measured or deflected most easily by a strain
vg?.g‘e." It}i? .’cor‘i’x‘mon practice to restrict the stresses iﬁ,the member to obtain cor-
i‘eét ;ea;ding bya strain gage. This restriction is: |
| 6~rﬁax =f 9.‘30‘ Gvy. ,. (10)

‘:w'he‘r‘eTgG-y' is the yieid strength of the material. This equation may be written in
terms of strains asr :

E - - Qf’i_(il_ (11)

maxoe E
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| ern these restrictions we ceh ’ea.lculate the dimensions. of the beam and the
From Fig: 28, e

M - IPL; o - T 12)
| ‘at the end of the beam;

From eq. (1):.

"_p‘:_. 3(ET) ymax ~ ' . (13) |

and from flexural formula:

h
¢ = _1\_45.. = MZ : :
I T : {14)°

. 2(E)) - 2(ED) )

. From (13) and (15)

max = a0 - Toq) e

L ()

| By v‘the definition of gage factor: ST
F oz ——éﬁ— . v | (17)
“ ’ A Rz & FR ‘where R res1stance of the gage.

' Multiplying by (Z allow) through the gage:

where Vg 2 the volta.ge accross the gage havmg 2 res1stance of (R) ohms.

Therefore from (16) and 118)

: 3 ,.Yma.x -~ h ey
v = 2,2 0 = . FVg. {19
Vmaxs TR LR EV 09
'Sinee Ypaax is»pi'oduc_ed by the cam and can be ex:pressed;vi;x“ter_mvs of the . -

T iCrar‘zklrang'le- @, as:
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Ymax= R[L-Cos9 - Z_sin®e] (20)
f‘t‘h‘e 'equa‘t:i"on.‘(l,c))' becomes:’ '

\w'hé::'e‘ (‘K) is a constant including all the symbols in equation (19).

‘j:Equa\.tion;(Zl) Stateé that the oﬁt"pu‘t»voltage of the gage is directiy proportional

‘to piston displacement.

" From the strain gage calculations page‘ ( ), eq.: 2, if the gages are arranged

f

For ‘ ‘

as.in Fig: 28:

(dEg) .. = EFE

T A ¥
. Therefore (dEg)max = 5~ EF(Ymaxl7z

To obtain 2 minimum bridge output of say »(dEg) = 10"“ " volts, when the ap-
»pvlie"d‘volt_;age' E = 30 ‘volts, using strain gages with a strain factor F 2 2, to defect -

deflections of ymax -10"2 mm = 10-3 em,

h 2  dE, 1

e

127 3 'EFy,.. (30)°

' Therefore if L « 15 cm. h should be:

ol “h > 2.5 mm.

" But the load on the cam limits the deflection of the cantilever beam:

' Yinax 3EI
L3

L=z 15¢m.

hT 0.25cm.
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E = 21x10° Kg/cm?

S bh” - 2.6::10‘3 cm4
- 12 . - 7

Pmax = 16.3ymay
Ymax €an \}ary 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 Bearingsz

= 2x1,54 cm.

4 ‘ Ymax
| Therefore - 2R = 2x1.54 cm.
= 1,54 cm.

R
Diameter of the ca1"n: L = 2;78R z 4,30 cm.

Therefore a cantilever of the following dimensions is appropriate:

]

.Length = 15 cm.
Tickness = 0.25 cm.
Width =

2 cm.
From é material of:
E = 33ksi
And a cam‘diamete;' of:
L = 4,3 cm.
' Witl; an. excentrircity of:
R‘ T 1'.54 cm.
See thé arrangemént in Fig: 29.
We see >that.i£ theA.cam. and the canti‘llevebr are arranged as in Fig: 29 a, the_;'

is an error as indicated in the figure. To eliminate this error, the arrangement

| should be as in Fig: 29 (b).
S I
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Tixe .eiéét;'ical arrangements are similar to thaf of the pregsu:e transducer.
Th1ssystem may enalv;)i“e us to obtain the P -V 'iﬁd_icator ;ordsAdir»ectlly, but it re-
guii'és and aﬁxpliﬁet “‘and wheatstone bridge .icircuit Which add expeﬁsés- to the highly
eylzja.btv;rate» cam afrangements vmakihgvt»he ove‘rall exi:enses too high for our p&:eserit

purposes.
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;_<»f111;, LIQUID-RESISTANCE-TYPE PISTON MOTION SIMULATOR:

' o " In the p'revio‘x‘ls,‘sections we have discussed érank-angie indicator and a ca;nf_
tile‘\‘r’ezj‘-typ.é‘ piston motion ‘indicatollz;. In this section a similar device to iudica‘t'e
piston motion by making use of the conductance of a liquid will be considered.

- Referring to Fig: 30, we see that the voltage difference between the needle ar

" one of the electrodes is proportional to the distance between them. - Therefore if the

xi‘e‘ec;lie is ¢onnect¢d to mechénis'm which simulates the pistoh fndtiqn in the cy‘rlind:er’
§ 'wé f:';can’obta.iﬁ volta“ges propozftional to thev pistqn diﬁspla..cement. By applying suffici-
,e':ntiy} hxgh vol.tag'esiwke- can ‘stimulate‘the horizontal beam of the ersclz‘il"os‘c‘ope ‘\s’o'ias ﬁd
' indicé,te the pistdn motion, Cbmbiné.tioﬁ ofythis‘ signal with that of the prl‘esépxé

: ‘tlra‘r‘x’sdtice‘r w111 result in an »indicato;r diagram. .The primé.ry a.dya)ntage: of thi.s éys-r
~‘tef# is ‘ité hxgh voltage ‘outrp‘ut so that there is no need for an ampiifiera However a.‘

‘ féétifie'r éixfcuit is réquired‘,.vwhic}; is essential for all the othei-ha.rA;'avngéi‘nen;:sA.‘
Theréforé the cheapest a.xr'riangement»to get.ehgiﬁe indicator airééﬁly, is this

method; however, it has a vibration isolation problem.
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7 THEBRUSH 3ﬁvcor;’DER;

The : brush ?ébg;o‘rldeirﬁis a very svensitivé:reléofc‘\li'ﬁg iqstfumeht whzch ca.n be : _V :’ 
used 'liz_o‘ ge;tx’* ér'e;s.s’\}r’e‘fbuild;-up indit‘:"é.tqrd“iag.gré.ms on ti‘me‘base.s' . Ther.e a;"e'ktw_.y‘é chax
nelswhzch can i)e _i;sed ‘sizlnulAt"’aneo‘usyly, ‘While oﬁe. qf them fe_cor-d,i.rig the“ p.resy‘si:vlrre -
‘yé‘fiéti\ons‘,_fhe other may indicate pisfén position. |
- _:The‘a;:x‘ﬁpli”tude of each éhannel is 40 mm ,. and the sensit‘ivity&of,the 'ins'ii;‘rume
130.01v01ts/chart line. Therefbrg é 6.4-y§1t potential difference-is sufficient fo |
obta1n £g11, défﬂection of the'reéorder point. |

o VThe épegd _of the recoréing paper ma& Be set a;‘. the foliowing m\agnitt_;..des: '

Vli, = 1mm/second B

Vy = 5 mm /second
~ V3 = 25 mm/second
V, = 125 mm/second

The ‘l‘ength' of one complete cycle on the paper for a given RPM can be calculk

| fted as follows:

B - RPM' 1 | cycle
X . 1 't . *
Np qf cyc‘eS/SeC ‘60 ) sec.

Since the engine is a four stroke-engine and there are two revolutions per

¢yc1é: g
P I A ib-‘-‘ The length of one cy¢le on the paper wrt Vy
| B S ...V . 120V, mm/cycle |
R - i7 (RPM (RPM) s
B 120 ;
A 120
i -. _—RPM mm/cycle
A . 600
2 . "RPM

ik 3000
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A 15000
- RPM

-.v.ll"f~iFor example. 1f the engme is runnmg at a speed of 600 v-P M* SRR

/-‘2 = 1 mm/cycle
: '63 = 5 'mm/cycle
A-4 =25 M/cycle.

) :The maxu'num length of the cycle corresponchng to the maximum engxne speed
(1800 RPM) and chart speed is:
15000 25

" f‘ 4)max: BT .___.3 mm‘.

61' 1/3 fof an inch which is too small for detailed stﬁdy of pressure variations . Be- |

s1des the \;1brat1on sens1t1v1ty of the recorder is not su1ta.b1e for detoz;atmn waves
vghi,(:im _have quite high freq‘uencies., See Fig: 21. The recorder can be used. h‘o_wever,i
to ‘a-x;;aiyiee,the p-res,sure va1~ia;ticns' qualitatively. Using slowef cha.r't speeds it 1s | "
p0531b1e "to"vccmpa}vre the peak pressuz;es at gnifczfm running conditione. ‘i‘his 1p;0"~' |
cedure may' ";ndicat‘e ﬁcw smoothly the enigine is i‘utming unde_r unif orm.eorrzlditions‘. ‘If.'
any vamatmn o.ccy.irs in the cﬁrlinder pressure even in a fraction of a s_econc't, it is.
ccficie’ie. 4 Thus the cause of abnccmal presSure variatien may be detectedf

o At siower engine speeds time-ﬁase indicator di-aér.am is quite‘ instfucﬁxreo :

Another apphcatmn of the recorder is the calculatlon of engme speed precise-

ly by coucﬁng ithe cycles and measurmg the cycle length in a certain eerloc. And

120 Vi
A,

1

V\’:ii:er‘e"‘ :V.i; = chart speed"v
o Al 1;-‘_‘.1Ve_rig"vthrof a cycle, mm.
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3. SUMMARY ON INDICATORS:

- The cheapest and most practical way of getting an indicator cord of the engine

with a pressure transducer we suggest to use:

1.

III,

L

Brush-;e;order arrangément foﬁ:, i'ime'-b‘a.se pressure variatiq;xs., (S»ee\
éection 7: Brush Réi:order.) |

Drumétypé Cranlg-angle indicator for crank-angle base ir‘xdic.atoi; ﬁia& .'
gramé. (See sectién 5 Drum -type cranlc;-angle ind'icato::f.) |

Liquid resistance type piston motion simulator. (See section 6.)
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TEST OUTLINES FOR THE VARIABLE COMPRESSION ENGINE' :
A PROCEDURE'

I Tests w1th the Brush Recorder'

1. Seteup~o£ the appa:etus and test proeedure. ’
‘a..’" Fcliow‘the in‘struetioné given in the sections "_l-IV:. Opefations
| Instructioes" for_prelirx;xina'ry preparation.
b. annect the transducer to form a :Wh‘ea.Atstone Brnge as _shovlr‘n m
' Fig: :11, where Rilis fhej'e.ctive gage, R, is the dummygage Cdn-u
: irlect agx,osci_lator in place of the battery in the figure,
c. Conne.ct the Bi‘idge outputs to a.zi audio f_r.‘ec';uenc’y-ainéll’ifie\r'.
d. Conﬁect Athe_ emplif:ierioutpu:t to a rectifier circuit.
€. Connecfv; the reetifier eutéuts to fﬁe _B:ush‘ 'rec'ortri‘er.‘
= 1. "Run;the engine, reguiate t‘he‘.srp'eed ét' 900 'rp’m. |
g’.; 'Operete the }.’;rﬁsh reeordef at vafibus speeds a.nd obtam -p’re's- "
sue'e ‘build,-iJ..'p‘ eﬁagfanis fo’r aboue 5 seconds at lZS;rr_ﬁnY/.sec,
' __E‘chva;rt'sp'eec.i.. | ‘ )
“ h .Change the speed and repe.at'the sfeé (g) at ‘h’igher anel 1¢>’w¢:— o
specds. B | B
i) _Y Cha.nge the compressmn ratl.o frorﬁ 7. 5 fo 9 5 then to 13 5 end set
: the speed a.t 9000 rpm each txme. | (See cahbra.tmn‘curve for‘cem
pressmn ratm settmg ) Do not change the settmg of ti1e electre-
- mc iegt‘tfument during_ these proc:edures. | :
U 3) Change the.fge;-aif.rat,io ena set the séeed at_}‘_)dO‘ eachv’btime. o )

; ;_..,“:llc}:f"fli{oa,d‘thie engine at a constant speed that is at 900 rpm. -

Y Chance the iaﬁition Himing 2t constant aneed 1. 6. at 900 rnm;"
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2. Calculations:
‘a, Coﬁnt Athe"number‘of cjrcles" fqr each case and 'calc\ul‘aﬁte the envgine ‘
| speed. Compare the result with engine speed’re‘ad by the tachbmé-
ter. : | :
b. COanrt the tlme scéle to crank-ahglé scale.
"c.‘ Convert press-ure build-up diagrams; to closed cycvlé‘ diagrams _
based on créhk-angle.‘
d. Convert the diagré.ms of s:tep (c) to piz;ton di’splacemer‘zt’-'pi'esysﬁre
'diagra.rl;xs-. ' | - |
' f"be'. 'Mea,si_zre the net area.wo'f each diagraﬁi by:aAplbanim\e'tei.:.; |
R SRTEER. ’CaliculAé;te indicatedhharacté;}‘isﬁts O‘.’fvﬂile engiﬁé usmg the ir‘_zid'ic’zx‘t—

" or areas and calibration of the transducer,

3. Results:
a. Compare the results ybf step 1-g, h, 1, js k.l

b. Corhpar_é the indicated characteristics of each step.

| YII.‘; 'i'e‘sfs \S)ivfzh"]jr{x‘xxiv-cfaﬁk-angie‘ bindicrator.: '
- a. Fail§w ihétrﬁ.’cﬁo_ns given iﬂ t}§e se‘ctio.n ﬁl—IV: 'Opeprétions
Inst,ructioxis*'v
' b Connect the £ransducer to forrn a Wheats'tone Brldge as shown m
Flg. 11, where Ri is the active ga.ge R4 is the dummy» :ga;ge. an-
, mect an osc1la.tor m place of the battery in the circuz.t. Adjust ét
B
| c. ‘Cohnect the dr;un indicator to a'12 vclolt.‘D;C battélf?,_

o d Rim the engine and follow the instructidns- given for the Brush'-
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. II. Tests with piston moticn simxiiat or:
" ay Follow mstructmns glven for the drum- crank-angle 1nd1ca.tor. g

Sk1p the steps 2-c and Z-d of the Brush recorder tests.

IV, General Comparisens:
Lh Compere the resAults‘ ofith'e previously de'scz;ibed experiments. Draw

the coﬁclusions ebout the test resulis. |

s, : TEST RESUL‘TS:

F1g 31, a, b, .c," d, e, fly"}ehows theyresvu.tlts of the pfoce;iure 'expiair}-ed iﬁ‘fﬁe B

j‘i;afi;ev:ic-)u's—se‘etidn.’ ' | s ‘ a |
In Fxg 31 a. we see some emall peaks vﬁth regular 1ntervals.: If we amphfy

these peaks the s/?a//DeS in F1g, 31-b, ¢, d, are obtamed Flg. 31-e and 31-f are the

| 'sam.e vpeaks taken at} a lower chari; speed.

} C. DISCUSSION OF THE RESULTS:

We s‘ee th'af the curves in ‘tiie Fig: 31. do not resemble ’the‘ekpecte.d pressSﬁre-
.Bi;.zfi;l"ci-up‘curves.. VThesmaller peaks were obtaiﬁed vyi?;hout amplifice.tiori{ The eet..
up be\bf‘tlAl’e;.én'gi’ne"cor'npleting f;he electric connections, »exhauist and Wetef circuits and
over-speed prefectiOn device circulates too much time. 'Besiides, the engine v:/'a.s
'-t‘xbeﬁv'bala:.nced‘and vibretion of the engine atv somewhat higher speeds was terrible-.’ )
ha.ve n_oti_ceel,thvat_‘the, eﬁgi‘ﬁe_ was not lined properly with the dinometer. Due to \thes
:‘eemplic‘atiens Va'.ctua.'ly .t‘es‘t of the traﬁsduce: Qas not possible. After cqmﬁletion of t
above items, tests’ a:f'e performe’d .and Fig: 31-a and 31—1; were ,obtained.'

Six‘ice»the pealgs w_ei;e regularl'y aépe'a.r_ing. we thought £het they were actual pres

;g:e'u.f;e%vari‘a;t’iohs of unsufficient intensity to induce the recorder. We changed the
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thg'fbrm that we expécfed. Thus we looked for a mistake and after ”seve'rall 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 , the trans--

ducer was disconnected and the engine run. The result was a proof of our suspicion,

Théféfore the transducer was not funcﬁoning; We éhécked the traﬁsduéef by the
methods exi:lained to check a strain gage. The resuit Shdwed*that; thé 'svtrain gage
im‘.ght be unbounded to the dia.phr'agm. Meanwhile 1¢§ters had been.written to the
Teéquipment Company for information. These héd not been any _ahswera

; -'V:Ve:t:ir‘iv'ed to open and sée ,t.he.gva.ges whether there were any damage’ caﬁsed due
f"é ';:te‘ihpe;ature or qtﬁer fa.c'tors‘. It was impossibklei*‘:o.(open the ‘ass'én_lbly, that con-
tamed tﬁ_é ' s!tréin gageé .
v‘»'il"he 'm;:“ritibned e‘ffect of the spark plug is then stucl_igd by the'récord’ero | ﬁ"ig: 31-d
é.nd 31"._'3 shc‘nx‘rsA l;hé results, In these-figufe's it is ‘clear’ that: -

1, Eith_»ebr the spark is not functior,z_iﬁg!ﬁni.formly
B 2, O'zf.'magnétiq waves are not tra‘:n'sférr.e:-d to‘the rec’ordei properly so as to
have ;niforﬁa peaks on the chart.

o The ksecornd 'cé.ée _is‘ more likely to be true since the waves travél’ir'x‘kthe air and

they ﬁ’x}ay be changéd by ithe surrounding Ob'jects.: However iinproper ignitio.n‘ of the

plug is also possible.
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. SUMMARY .AND CONCLUSION:

Weha,ve ’dis;iuSSed varviousvfofmé of iﬁdicafbrs and their a.pplic’atioh to our case,
ss1gnmgthe nfxost suitable ones for our purpose and compé.ring the expected results.
1s cleartha.tthe ri;bSt usefu'l‘ixidica.tof frqin the point of view_ of invéstigation of‘~A '

ressurevanauonsthroughout th‘e‘cyc;le is the, drum-type c;fé.nk-angle indicator, .
his type is also the cheapest one. |

To qu"alcﬁlia‘.te ;:'lche_ indibca'.téd engine ‘charactreristics. Liqu:i‘d.-re‘si‘stan'ce.” type éiéton— ’
notlonmmulator ’isv’ 'th.e.m.o_ét 5uitéble 6he'. This ir;s_trumént is,entirél& our d’esign’
ndno f:éke‘fe\iﬁCe fs»kconsul'.céd for its desi‘gn and 'cdnstrucitior;._ This is a C°n¥ibuti°.’; |

Srihyes’tiga.tibns‘_ in this field and the requirements of a thesis are fulfilled.

. RECOMMENDATIONS:

A, INSTRUMENTATION

1. Full advantages of the Varial.)le Compression-'En'gine' Test Rig can not be
cgbtained unless the following instruments are supplied:

1. A Cossor T’ype Indicator Osciloscope suitable for photographic investi-
~ gations, A ' '

2. Suitable D-C supply, i.e. 110 volts, 75 Amps.

37 An»Oscila_;'tpr.
: :4‘.‘ A Polbrqid_éam_era té) ;:ake pictﬁre_s from the osciloscope..
Ii, ) If é.rfangementé are >‘to be made by using the available standard instru-
ment, fhe,folrltox;vi'n‘g i‘nstrﬁment‘s. should be supplied:
: 1’.' 4An os'cilosc.ope with calcium tungstate coated tube or similar arrange=
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- 2 “ :Arux":,éfsﬁc'ilatpfvt;) suéplf voltages of kﬁown freéuency aﬁd‘magnitudé
3° Anaucho f;éque.ncy amplifi’érAcapable ‘of é.mplify:.‘.ng-‘l‘()oo tini‘es or sc
4l Avectifier S |
' 5; E '»'.’t"w'q'riési's\taﬁce »bo"xésy s‘enseti\fe: up\to 4 di'gilts_-

6 :’I‘WO':v:arivab_le reistances sensetive up to 4 digits.

'5‘<‘§'616rqid blcarm‘é‘fa.t
K ‘:the,-Byi'-d’Sh?ji'écqrde'r is to vbel utilized the folvl‘owing-in‘sfyruments s‘,houldvbe
o supplied. -

. 1, A strain analizer

2. Su.ff).cxentchart ‘iSa‘per for the rreclorder. .
s IV No add1t10na1 i‘t}_st‘:rﬁmentzli‘s} requirled ’fqr;the drurﬁ;type ci‘ar;k—anglé -indiéét(
) orhqmdresmtance—type piston, inotién s.irhulatof,- exlcept tllmé‘one‘.sj_'nlvec,:ess‘a
.A.f‘or? thetransducermrcult, i.e, the instrﬁmé’nt' recommended in i}trems‘-'II an
e Vo If acantxlever piston motion indicatpr is to be uséd:
| ':1.“ Two rewctif:‘g,e:r.s
2. Two audio frequency amplifiers -
3. .Or.xe“ oscilos‘c’:ope‘»
4. ‘Or;e‘ pblofgid cémez{a are the required instruménfs.
B. ‘“‘_I‘ESTS}‘%ND‘PROCEDURES:
: _I."; Th_e meagufable :varia;bles ‘and e>ng'ine characteristics of the Test-Rig.
1L RPM ’
,YZY.;. Load B . v “ - ‘ |

3. Fuel-air ratio i.e. mixture strength
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5. Igniﬁon fiining e S
6. Indiéated hor;éfpogrgr
' 7. Break hc‘;rs‘efppw,er -
8. P:essure _variations in the cyliﬁder
9. Compression rétio
10 . Friétion hbr'gé-péwer'
11, , Inlet water tgmperaturé
12. Outlet water fémperé.mre
13 Amc;)unt of coolant
14. Amount of hea.t‘ loss to the cool‘a‘gt‘
15. Eihaﬁst tempera.ture.
16‘. .Cqmbﬁsvtior; gas prbdu'ct'é‘
17. Inlet and exhaust p‘_’ress’su res.

'18. Amount of oil used and its pressure,.

S 'Ehginé characteristics against the variables.

The following characteristics of the engine can be plotted against éngine

speedf

1. The compression ratio is constant

a. Fuel rate, load as parametér

";b{ Tdrque and Bfaké mean ‘effgctive p:essufe
| :c_:'.’ Indica.ted“meén éfféétive pres'sxire.

d ‘Mechanical and >the:"r'r'n'ak.i efﬁ..c_i'ency‘

,._3: Mammum brak;;:'l:;d:v'se_-pbwevr. |

" {. Frictional norse-power.

,“"Steps‘ f:'.fom"_l‘tq'b c’ah be répeated for dif»ferentvc.ompression ratios.

(See Fig: |
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A‘fér"‘g‘raphical; ;'ep"resentatic’)n‘ of the engine cha.ré.ctéristics.)

2.. Engine characteristics against compression ratio variation

i o In-addition to the characteristics given above, engine speed may also be

plotted agaiﬁst'compi'ésaion ratio. (See Fig: 33; Data Sheet.)
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