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FOREWORD

‘_ihé”impo;tance of accurgﬁe observations in any
experimental work needs no emphasis. Vhile testing
design features‘ih hydraulic models'with mobile beds,
changes in bed configurafions are of great importance.
The p?esent method of ﬁoint'to point measurement by
depth rod leaves much t2 be desired ahd experimenters
had always felt the need for precise instrumentation.
In view of this need, a béd profile rgcorder described

in’ this brochure, was developed at the Research Station.

Beéides outlining the principles.of working,
the memorandum covers other details of the equipment
such as mechanical design of the recofde;, principles
Bf elecﬁronic circuit for servomotor control, detailed
specifications ofAspeciaITCOmpgnepys etc. with a:view
to make it useful to other researcﬁ institutions,

desiring to manufacture similar units.

The.develqpmenp work on th;s recorder was
carried out by thelétaff of ﬁhe'Insf;pmgn§ation‘Section
of the Research Station. Shri 35.Y.Phatak, Research
Officer, was responsible for development of electronic
part. Mention must bg made of Shri P.V.Gokhale, |
Electrician, who 4id experimental work and made useful

suggestions in improving the equipment.



SYNOPRSIS

The néceésity of an equipmént td ﬁeasuré bed
'c:ossf§eptions in mo?ile_ﬂéd hy@raglig.models is
explained. Bed srofile recorder is developed to mest
this neea. The princinle of change-qf resistance
of an electric probe with roximity to bed is used
in this unit‘and the maechanical arrangement and
electronic circdit.;s outlined to describe the working
"of the unit. The aceuracy. attained in recording of
bed prdfilé, aé we}l as speed'at which such reéofd
'éan be mede, is given. The appendix gives gcomarenensive
informgtian,_gseful for @egiggihg and manufacturing
the unit. Details of mechanical design of trolley
and its horizonﬁa;'d;ive, arobe raising arrangement,
recording drum etc. are included. The basiﬁ inforéatioﬁ
for design of probe and gleqtrieal:bridge is outlined
and conside#atipns for §e1ectiqn of tyve of circuit
and component values =re fully dealt with.
‘Sﬁecifiqatioqs_qf_special pgrts, such as synchronous
and servo-motor, relay etc., their éource_and cqst‘
are recorded for guidance. -Lineéton which improvements

' can be made in future design, are also indicated.



BED PROFILE RECORDER FOR HYDRAULIC MODELS

1 - INTRODUCTION - '~

ih‘seyeral hydraulic model ihreetigations,
varistions in bed configurations with different
experimental conditions;are of great lmportance;
scour pattern at the toe of a dam, downstream of
eﬂberrage, around a _bridge pier, changes in bed
cross-sections due:'to training works in a river
modelrbeing some of.the examplesf_ Efficacy of a
sarticular deeigu evolved to so}vevthese prob;ems,
is judged by comparison of bed contours with and
w1thout the varlous alternatlves tested 1n the model
Accurate observatlon of bed proflles 1n a model is,
therefore?“very v}tel for-velld compermsonsf
Experimenters have - all along been ayare.of the-shortcomings
of the familiar depth-:rod_ and- taut string method used
for porht to poiht_observatione of bed cross-sections
dn’hydreu}ic‘mode}s:'“A_ueed had always existed for.
a better method of measurement ' The bed profile
recorder was, therefore, developed to meet thls.
rSQulrement Work done on the development of the
recorder was reported!" )03 trop tine o tize.
?hde“techhical memorandum describes the finally developed

equipment.



2 WORKING OF THE BED PROFILES RECORDER

Figure 1 shows block diagram of the equipmént
giving éésentials of mechanical arrangement and
electronic circuit. >Fig.2 is a view of the trolley
and recording drum'while fig.3 shows the unit in

operation on a model.

| The recorder consists of a trolley(Fig.1),
qqyiqg on a ga?r of horizontal ;ails, gn_wh?pb is
mounted a recording éﬁ?m-_ﬁﬂ.§¢%%¥s%ns}e.Phaééﬁﬂ-Cr_
motor fitted on the trolley drives it on the rails at
a constant speed through a sprocket wheel and chain.
This motor also rotates the recording drum through

a reduction gearing of such a ratio tha?_one fooﬁ N

moygmgnt of the drum which represents movement along

X axis, i.e. across the cross-section.

| For delinesting vertical depths of a cross-section
to be measured, that is Y axis, an electrical probe is
?Se§_§5 §“§§n§;pg.element. The probe consi;t;_pf a
silver wire, which is well insulated from surrounding
water except af the lower tip which is éxposed.
Electrical resistance between the silver tip of thié
probe_aq@_anothgr_e;ectroﬁe pe;mgngq#ly immersed in
water, rap;d;y qbgngggwhgn“the.p;obe_appréaches

within 2 mmn of bed and becomes very large when the tip



‘touches'%he bed. ‘hdvantégé is taken of this particular
property for controlling the distance of the probe

tip' from the bed of a mddef._

This prdbgmis mounted on a nut thch is moved
vertically up and down by a screw rotaﬁed”by a split-field
D.C.servo-motor, Tﬁe D.C.Servo-motor hés two fields
énd by energizing eithér one or the other, the‘direction

of rotation of the motor can be very quickly altered.

.?_‘ihe electrical probe and the permanently
fggpmg{ggghflectrOQe form oﬁg leg of gn.electrical |
P;;dgg'qiyquit(Fig,l). This bridge ciréuit is fe& from
an @scillator with an output of 12 volts at 6 Ke. -
_ﬁ%egggpqg{_”qualgqudbutput of the bridge is fed to
an amplifier and then to a detector to convert the
H:E@gﬁnggﬁPuﬁ tngfQ:_ ?his D.C.output-is fed fﬁrther to
a pplariséq ;eiéywith a three position armatgre. Ih;s
relay\ngt;qlsﬁthe D:C.supply tolth&_ﬁ:ﬁ ?ields_of the

‘D.C.servo-motor responsible for moving the probe.

Initial balancing of the bridge circuit and - -
qoqnegtiqnsrto the relay are so made ﬁhat wheﬁ_thelgrobe
t;p”isiaway-frqm ped and immgrsed in mass.of.water,fthe
servo;ﬁotqr éqptinuog;iy rotateS'in.g.dirgptﬁon so. as’
to'mové the.probg downf thgs,bringing_it nearer the bed.
When the probe comes within a distance of 1 mm frea
bed, the relay_takg§ a ngutral position and the servo:potor

stops lowering the probe further down. If the distance



between'the.probe tip and bed beoomes smeller than 1 om
due £§ rising bed, the bridge output increases further,
the relay switches over contact and energizes the other
field of the D.C,servo; thle_al;ere.rhe dlreotion of
rotation.of the servo end probe_is maoved uyp, away from
the bed. The motor again stops, when the distance is

about 1 mm |

The ferﬁical probe movement le_transferred_to a -
pen moving_parellel to the axis of the recordiné drum
through gearing eﬁ ]%l”ratlo.”_Ihe‘oeo.registers the
changing probe posifion,'ln.ink, on_Peper_wrepped round
the drum. The object of the electronic circult is to
adjust'fhe probe'position through servo;motor;-ih”suoh

-

a manner that the t1p of the probe remalns always within

1 mm from the bed Th1s makes 1t p0551b1e for the probe
to follow all undulatlons of the bed olosely, when the

'probe 1% traversed by the trolley ‘across a section.

| The entire unit is thus capsble of recording,
in ink, directly on the drum a bed cross-section, when
?@?'F?9%1?¥“l5 traversed across it at & uniform speed,
ﬁhe'horizootal distance being reoorded es X axis to a
reduoed scale due to rotatlon of drum and bed depth, as
Y ax1s due to movement of probe and pen-caused by

servo-motor oontrolled.by eleotronlc cireuit.

The horlzontal speed of the trolley with whlch

a oartlcular section can be recorded depends on two



factors;
(i)  the rgte”§f‘acce;g;§t;on of servo-motor
gp@ the mg#imqg”rgﬁg gy_whigh_probe can be
raised up. With the present circuit, the._

maximum vertical speed of probe is 10 cm/min.

(ii) the steepest slope to be recorded in a

cross-section.

The horizontal speed of the trolley should be such
that the probe is able to adjust itself to the steepest
slope. It will be clear that the horizontal trolley

speeds for different maximum bed slopes would be as follows;-

Maximum Bed@ Slope. Horizontal Trolley
\ speed. Cm/min
1:1 - 10
1:2 20
1:4

40

_ As slopes in & model 1aid in sand can rarely be
steeper than 1:3, a speed of 30 om/min for trolley is
considered satisfactory, in order to match maxious
vertica}ﬂg?ggg pf-pygbg.m The trplleﬁ-speeds provided
in the present design are 10,20 and 40 cm/min to enable
ﬁeasurements on steeper or flatter slopes
2 PERFORMANCE

The main advantage of the unit lies in the scourscy
with which a bed configuration can be plotted. This is
made possible firstly by the very small diameter of the
probe tip viz. 1 mm and secondly due to the high sensitivity

of the entire mechanism and circuit with which its position



is controlled. The probe, whilé‘traversing a cross-section,
practically remains within a nérrow zone of 0.5 to 1 mm
from bed without ever toﬁching it, thus resbonding even
ﬁo‘gmall depressions and ripple patterns. It woul& be
appreciated that this accuracy could hardly be matched -

by conventional depth-rod méhhod.

Tests were done to find out whether the bridge

circq;t_gnq probe design ﬁas suitable for different

-bed materials. The equipment operated satisfactofily

with bed laid in sand, crushed coal as well as concrete

pgdt_ No difficulty was also encountered with either

watepfunning in the model or with water, stagnant. .
... .¥ith a view to check repetitive accuracy of the
unit, an irregular bed profile was recorded several
tines on the same peper with trolley moving. in both
directions. The closeness with which even small
singularities in the previous plot were followed in the

successive runs was remarkable.

_The same unit can also be used for recording
progressive increase in depth of scour at a fixed point
in a model against time, e.g., rate of scour around
bridge piers. The probe in such a case can follow the

bed closely as progressive scour takes place.



3 IMPROVEMENTS IN PRESENT DESIGN

Electronic circuit

- Electronic circuit underwent many changes(11(2)(3)
in design as experience was gained and better components
became avajlable. The circuit which is shown in Fig.10
'apd_ﬁisqussed in defail in Appendix 1 hgs prpvgd | .
entirely satisfactory. The only modification comtemplated
in future is the use of an 5:9:????0;99t9? in place
qf_quisgyv§.§§_;his would simplify the circuit in

certain respects,

Mechanical design

___iygumebhanical deéign is also discuséed:in detgil
in Appendix 1. Though the present desigh is basically
sound,’ there is still scope for streamlining it in

following respects:-.

(1) | Reduction gearings for drum rotation

gﬁthgpigoppal‘;;oiley“movemgpt could be .
‘made more compact. More speed ratios,giving
different_ho;}zgppgl‘trg}}ey'speeds apd scale
;e@ggpiqns for drum rotation, - would be
advantageous.

'(ii) " The probe assembly can be made lighter so
that faster ratgsiof vertical travel could
be attained. This would engb}glthe.sgrygﬁ

motor to negotiate steeper slopes with greater



horizontal specds.

{iii;}

REFERENCES

(1)

(2)

(3)

The projection of proBe assemﬁly

bracket below rails could be reduced.
This would obviate the necessity,qf

high stands below the rails, as required;

at‘present(Fig,B).
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Central Water and Power Research
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"Bed Profile Recorder for model studies",
Annual Research Memoirs 196l;
Central Water and Power Research

Station, Poona. Page 332.334.

"Bed Profile Recorder™

Annual Research Memoirs 1962 (N>t

printed), Central Water and Power
Research Station, Poona.



APPENDIX 1

.

1.  MECHANICAL DETAILS(FIG.4).

Thé-unit consists of five sub-assemblies.
:;(i) Gi;dé; with3machineé tradk.for moviné the
- unit.éc;béé the croés-sgcfion to be gauged.
(ii) | Trolléy, carrying dfum and;probe.
(iii) Motor drive for horizontallmoyement of
N .trolley_ph;qugﬁ sprocket and roller chain.
(3v)  D.C.Servo-motor.and probe.
(v) Recording drum with writing-peﬁ.
2. GIRDER AND TRACK
The track for Qéﬁéménﬁiéf trolley must be machined
to have smooth movement cfvyhg:trQllgy as well as to serve
as & correct datum line with reference to which depths
are.m§a§upeq.4_yi¢tbs éf cross-sections in a model
ordinari}g range ?gﬁwegn_g ;'g_m. When tbe length of
cross-section is spall,_i}efi below 2.5 m, girder made
of two, 2 inm, x 2in x ¥in. or 3in. x 3in. x iiv.
angle-irpns o;:sg;?aplg t??sx_?f available, is considered
desirable. The top edge of angle;;rong should be machined
to serve as track for tfolley. For spens longer then 2.5 u ,
heavier section becomes necessary. Pacilities for machining
lengths of this pr@er( 6 mw ) are nét easy to obtain. This

channels of required strength to carry the trolley load
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of 30 Kg.with defle%tion limited to 1 mm‘ On the top
of the 301sts or channels, angle-irons with edges
machined should be mounted to serve as trolley’track.
These angle-irons can be in smaller.lengths of 1.5 to

2 w for the convenience of machining aﬁd should bhe -fixed
on joists with adjustable bolts and nuts for facilitating.

initial adjustment of track level. A suitable design is

shown in fig.5.

Where cross-sections longer than 6 m are to be
measured, it is found difficult to design a sufficiently
light and rigid girder.which_dan be handled by two men.
It would be more convenient, in such cases, to measure
lqng sections in two portions instead of making an
qu;e;Qy girder unless it is employed at one section

only and is stationary.

3.  TROLLEY

The trolley, carrying recording drum and probe
 elong with drive, is made from aluminium angles and
sheet and moves on four, ball bearing mounted vheels.
Tuo wheels on one side are double flanged to prevent
lateral trolley wovement, while the remaining two wheels
on the other side are plain. |

4. TROLLEY DRIVE.

An A C. motor mounted on the . trolley is ‘used for

moving the trolley horizontally along the track. The
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motor(Synohronous in the particular unit, 50 o/s,

230 volts, 12 watts, RPM 3000) drives through & worm
and worm wheel reduction, a horizontal shaft on which
.a'sprocket wheel is mounted. Along the track is
eﬁ;eoohed & cycle roller choin“whioh is supported.et
;qfevpeﬂ}ate peints to_prevent sagging.' Tension on
"yhelopain_iS'éq;qetable.‘ The.eﬁrocket‘wheel fotated
by.;he motor _engages this chain and thus provides the

power for movlng the trolley along the track.

e - - - -y - - .-

The Speed of horlzontal trolley movement can be

varied by change gears. In the present desesn;“19’2?
and 40 cm/min speeds are provided.' The sprocket wheel

can be dlsengaged from the dreve shaft by means of a

- e - - -~

d1sengag1ng p1n S0 that the trolley can be moved without

rotetlon of the ‘motor. This faellltoﬁegmgo;cg_}n}ﬁlal

et Bk

positioning of the trolley. The motor drive ean be

brought in operation by engaging the pin again.

P e W mmam s m r ogmt B b R L B ) e

Chain drive for horizontal movement was preferred

.-

to rack and pxnlon arrangement on following con51derations=

- - - -~ y N e ram . -

(i)' Rigid e;lgnment_;s‘pot”gegp;red for chain
drive as for rack and pinion.

(ii) Relative cheapness and ease of assembly.
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5 - PROBE ASSEMBLY

A rigid frame of cast aluminium mounted on the
trolley holds a vertical screw of 3/4 in.dia. with
16 TPI, in ball bearings at its extfemiﬁies. A pipe
with a short nut at one end and guide bush at the other
engages the screw. The length oflnut is purposely kept
small so as to minimize friction as far as possible.
A square pipe, vertically adjustable, is mounted on the

p;Qe wiﬁh“nut. The probe is mounted at the lower end of

-t e ——r s Fme im e oee — .

the square pipe. A scale is provided on the main frame
fgr_?g@fig}wan@stment of probe position. The nut assembly

is prevented from rotating with screw by a pin moving in

— - = s

a vertical slot.

._AEAtyg_gppgr end of the screw-rod, is fitted a -

— = - e emmes mmegas - - arE o ww orma a.

worm wheel which engages a worm mounted on a D.C.split-

gig;q_ﬁgfvp-mptor. The reduction ratio is 45;1. ?pe_

servo-motor is thus able to raise or.lower the probe by

rotating the screw.

- 6 'RECORDING DRUM

P B L T L - wan - e

min } T
.. ....The recording drum, 100.4/dia. and 271 ma long

is made from a brass pipe. In future, it would be made
in aluminium casting. The outside diameter of drum has

to be so adjusted as to get the desired ratio or ratios

between distance travelled by trolley and circumferential

drum movement. The drum is mounted on a shaft which is
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supported by two brackets at ends with ball bearings.
The_same_synchronous motor nsed.for_tro}ley.drive
rotstes_the drnm“through'a rednotion.worm”and_worm wheel.
?he gearing for‘trolley drtve_end”drum‘is so adjusted
that for 12 cm horizontal movement -of trolley, the drum

rece1ves l cm 01roumferent1al rotatlon, 1 e. 12 1 ratio

for ?}ottlngrh_Eor a specific model, this ratio can bé
'chosen to give easy oonversion torprototype soale
oireot}yi _?eger ts_ettecned to the drum by an easily

removable spring clip,arrangement.

.As already descrlbed vert10al probe movement is

caused by the worm mounted on D C Servo-motor. The same

worm rotates another worm wheel 1ndent1cal to the probe

dr1v1ng wheel. The second worm . wheel rotates a horizontal
vscrew(3/4 in, dla., 16 TPI), which is supported at its
ends in ball bearlngs. A half nut.rests on the upper half

of the screv rod ané 1s prevented from turnlng by a pin and

slot arrangement. The wr1t1ng pen for recordlng probe

movement on paper in ink is ‘mounted on this haif nut.

'The _pen p031t10n can be eas1ly snrfted for 1n1t1a1
adjustment by 1ifting the half mit. In short, the pen
and probe sssemblics are similar systems, both moved by
the D.C.Servo-motor. The ratio of probe to pen movement
is_1§! ;n.the present design but can be altered, if

necessary.
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The pen is mounted between two pivots and has a
balancing weight on the other side so that writing
pressure on paper 9a?ﬂ?9 gqsily gdjpgtea._ A sﬁring
oberatgd-f;iction clutch_;glincorpprated between one
drum f%ange and d:iviqg shaftf_ ?he'drum can be easily
rota}ed by hand pressure, relativelto the driving shaft;
this adjustment being necessary for initial positioning
of the pen correctly, relative to the tréiley location

along the cross-section.
7 PROBE (FIG.6)

| ?he_probg_fgr detept}gg_tbg presence of be@ boundary
below, is made of a silver wire'of 1 mm dia. placed
coaxially in & copper tubing of § m dia., which essentially
provides meqhag%ga% rigidiﬁy.ﬁ’The_s}}yef_wirg projecﬁs
about 15 mm. from the copper tubing and is sealed by means
of an Argl@;ﬁg plug at both endsf‘nihguplgg_gt the bottom
end is tepered so that only the flat circular end face of
the silver yi;gnyemain§.e;po§e@7fg;;cgn@aqt with water.
Electrical connection is made at the top of the wire.
Another‘e}e¢§;9q§‘is immersed permanently in water
at a qensiqgrablg‘distgpge”frgm thg‘p;ope_an@ electrical
circuit between these two is completed through water.
‘The electrical resistance of such a system is a function
gf.thg_distanqe of_the probé tip from_gny obstruction to
current flow such as bed;"A theoretical study of variation
of resistance of this system was made. There was a close

agreement between the values given by theory and those
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experimentally observed. The experimental resistance
variation is shown in Fig.Q. This property of the
probe is used to detect bed in the vicinity of the

probe.

8. ELECTRONIC CIRCUIT(FIG.10 AND 11 )

Electronic circuit controlling the D.C.split
field servo-motor, underwent several modifications

since 1961(2). Two circuits were finally evolved.

(1) Fig.(11)

In thls 01rcu1t the motor fields were fed

by electronic valves with output Curggpﬁ lim;ﬁg@-:
to 15 wA. Secondly, theére was no -neutral position
for the probe, the motor moving it up or down all

the time. This constant hun;;ng was not desirable

- e me

as it caused considerable wear and tear on gears,

P

screw etc.

A very high sen51t1v1ty was attalned with

. - .-

this clrcult' _even 0 2% varlatlon in probe o

. —— P

resistance(one arm of brldgezﬂygs sufficient to
?evers?“91F¢9P199"°f_??rY9TP??P?’_}'?:JUVh¢n.t??”
prébe was near fhé'Bedi";§v§fs§}'9f'direction took
place with 6 5 mm movement of probe.

_(ié) Flg (10)

_This 01rcu1t is 1dentlca1 to .that in Fig. (9),

L PO

as regards, brldge, oscillator, D.C,supyly design.
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The amplified:butfut after the bridge in this circuit
operates a polarised, three position relay which
cohtfols'thé éérvdFmotof'fields. VThis gives a
neutral position for the probe; thus the motor
remains idle when the probe is within 0.5 to 1.0 mm
from bed. This reduces motor hunting practically
to pil. |
9. BRIDGE'(FIG.7)
‘ As.ﬁeep“fyom fig.9, the resistance of a probe
varies by gbgutm40%:whgn;}t_approaghes.wiﬁhfn 1 mm of
bed. However, the resistance of the probe far from the
'pedl igniyﬁgif_potugqhé§any\qver a period of time but
is a fgngt;og_qf'ﬁrppe geomgtry, temperature and salinity
-of watg;,_al?ppugh tpe rat;b_ R. . due to proximity of
‘bed remains same. Inib%def_to gli@ina;e effect of change
in R, an electrical bridge is employed. -The probe
tmpedance consisting of resistance Rp and associated
cablg bapgc@tapce.qp in parallel_yiﬁh_?t are connected
gs_éne'grm of a bridge. Cp is constant but Rp is

changing.

A parallel combination By, C, is comnected as
another arm of the bridge, where C), serves to give the
rggq?égce\ba}ance. Other two arms of the bridge are
provided by a potgntiometer, the a@jpgtable arm providing

the amptitude balance. Measured value of Cp is 300 pP
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while Rp is nominally about 18 K ohm and is expected
to vary from about 10 K ohm to 27 K ohm, over the

usual ambient température range. One of the bridge
balance conditions is Rp CP.= Rbe agd.henca C
should be adjustable between 167 to 420 pF. A

b

variable capacitorupf 500 pF is, therefore, used.
An 18 K ohms resistance is used as a fixed value for
Rb.

potentiometer of about 40 K ohms is needed. However,
due to theﬁlimipedlr§§91ptioﬁ‘o§_an ordinary
potentiome@e; and'bgcagﬁe very_high bridge_arm ratios .
are not necessary, a ﬁixgquresigtance of 10 K ohnm

is wired in eagh of_th.qtper pwo arms together with

g common 25.K-ohp-gqﬁgnﬁéqqeygr. This bridge circuit

gave very satisfactory results.

16 - - OSCILLATOR
Aﬁ A.C.supoly to the bridge p;?cgit is necessary
ﬁs D;C.;éﬁld cause polarizatigg”at_the:probg. The probe
imp;dance whiph'depepds“upon the supply frequency Was,
therefore, measured ay a‘nupber of'f;QQQencies apd is
shown in Fig.8. The resistance decreases notipegbly'
Qifﬁ,éfééuency and rate of change of rgéistahce with

freguency is much higher at low frequencies than at
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highlvalue§. Thus, if a low audio freguency is
'employed, a drift in theé oscillator frequency will
cause a permanent shift in prébe resistance and thus
disturb the stability of_édjustments. A frequency

of 6 Kc. was, therefore, chosen where the slope of
the curve is.guitezﬁmall and the frequency:is not
too high to cause unwanted effects in the bridge and

the amplifier due to stray reactances.

‘ Iheelectrical bridge described ébéve, is
ggngitive to the source impedance, i.e. the output
‘impedance of.the oscillator driving the bridge. Higher
EF?“QQF?ut“?mP?Q??Qe’WQ??e is the sensitivity of the
bridge. The output impedance of the oscillator
ghpg}@adthgrefqre, ?e_;oy compared tp thg i¢p§dapp§
presented by the bridge(gbgpt 18 K ohms); i.e.,vaximum
#bout 2 K ohm. Secondly, the'load presented by the
bridge to the oscillator is varying and also has
reactive component and if connected directly to the
oscillator,'can cause changes in the oscillator voltage
and frequency. In order to overcome these difficulties,
a cathode follower stage is introduced between the

-

oscillator and the bridge.

The Oscillator_is'a normal Wien bridge type,using
a high gain, low noise pentode(EF 86) as the first
amplifier and one section of a double triode(12 AV 7)

as the second stage. By the proper choise of the
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thermister STC type AlS5 working on the most sensitive
region-of its negative incremental resistance characteristic
and just_below the maximum rated voltage,-a really well
stabilised voltage of about 12 volts is obtained in this
circuit. No change in Oscillator voltage was seen for
an H.T.variation from 220 to 290 volts(nomical value 250V)
and a simultaneous filament voltage variation from +10%
to -15%. For the same H.T. and filament voltage range,
oscillator frequency wasingO'founé'to be stable within

0.0735%. The effective source‘impedance offered to bridge
is only 400 ohms,
11, AMPLIFIER AND DETECTOR .

The output of the bridge circuit is fed to an
amplifier with a 1l:1 interstage transformer coupling.
The second stage of the amplifier is a cathode follower/so
as to reduce the source impedance of the detector as a
high source imbedance céuses a loss of efficiency of the
detector circuit. The aﬁplifier stage gives'a gaiﬁ of
approximately 15 and a signal voltage of abcut 6 mV from
the bridge is suflicient to revers the servo-motor,
driving the probe. | | _

A single diode OA 81 detects the signal fed by
the cathode follower stage of the amplifier. A potentiometer
is provided in the detector circuit to control the overall

gain of the system, A meter with
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O to 1 mA full-sdale'éeflection is also connected in
se?ies w;th the poteﬁiiometer to monitor the signal
level at this pq@ntAand alsg serve as a npll indicator
useful for balsucing the bridge cireuit, a zero meter

reading indicating balanced condition.
12 SERVOMOTOR CONTROL

The amplified and detected signal from the bridge
is fed to a relay which in turn controls the senSe of

rotation of the servo-motor and thus the probe position.

The servo-motor is a D.C.motor with two fields
(EVERSHED VIGNOLES, type TA/3A/B); the direction of
rotation of which can be altersd by exciting one or the -
other figl@? gr@gﬁu%g gurfgnf_;gmg;ning qonstgnt. Though
the_motgr is_rggggmendgdnﬁg yg;k_gt¥229 Yg;ts, D.C.supply
( ripple less than 2%), the armature voltage vas limited
to 45 volts D.C., in order o keep the bulk and cost of
rectifying unit low. The D.C.supply to the motor
armature is obtained from a 31 volts step down transformer
by a full b;idge_qf-giligqpirggtifigy'djodes oY 5664.
These were used in the interest of compactness; a metal
reqtifigr spagk_should“bg as adequape. The rectified
qgtput is smoothed by a resigpancg.papacitor filter as
chokes for high D.C.current are difficult to make.
Transign§ switching aqd_charg}pgmqﬁrrents are liﬁited.to
safe values by a 4 ohm resistance, while an additional

dropping resistance of 24 ohm is used to limit motor
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armature current to 0;§2'Amp;-;The ripple content with
the cirbuitﬁgiven,‘is 1.54, Which~is satisfactory.
Tne"reiay tnrougn_whicn the two‘servo-uotbf fields
are controlled is a‘polafized? three position re&ay with
t¥o. windings of 9000, ohm. each, and a’changs over contact
with a central neutral position.h.The;relay armature
can be made to establish contact_onifither Slde by
choosing proper magnitudes and dlrect;ons of currents
in t$heitwo o01ls.. *The. two™ fields of ihe motor are
conhected onein eachiside of the relay contact with
proper spark suppression cirbuits. One relay coil is
put in serles w1th ‘the detector load and thus has zero
D.C. current through 1t, when the brldge 1s balanced and o
the probe 1s 1n the maln body cf water ;nntn;s condition,
the relay is given a biss, bo,one side by feeding 2
current of spproximately 330 micro A from the H.T. to
the other. coil through,s. dropping resistor. This causes.
the_notof_to'%ske the probe downwards. When the probe comes
close enough to fed, the change of resistance causes a
brtdge QQtPut:??d*¢9@§?queFt1¥_a flow. of current in the
first relay winding,..the direction. of this current- being
chosen to oppose the magnet1c flux, aue to the constant
b1as1ng current through the other w1nd1ng This
neutralises: the ‘effect of biasing current in the other
w1n§tn§ian?;tne;§e}a§’aﬁsumes 'Off"p051tlon, hav1ng
no magnetlc ex01t§tlon.,&1f the d1stance between the bed
and probe’furthérideéreasds, the detector coil current

becomes higher than biasing current and the relay contact



changes over, thus energizing the other field of the
servo-motor.. Thié reverses the motor and pulls the -
probe ‘away from the bed, till the relay is in neutral

position again. -

With this circuit, the orobe follows bed variations
‘with no hunting of the servo-motor. -

13 COST AND SPECIAL COMPONENTS

)

It is belleved that add1t1onal inforpation about

iy .- . e

approxlmate cost and spec1al components would be useful

LT

in building bed profile recorder.

(a) Approximate cost: -_; . o RSQ/”j_-
(1) Trolley and Recorder T
Unib . L B500/-

(2) Electronlc‘ciggu1t ‘.f i ?99/-
(3) D.G.Servommotor .- 700/-

{4) A.C.Induction motor - ":“"300};‘

- gy —

- eaw e - e o e - -

Total cost 4 300/-

() Pover requirement: - 100 Vatts. (Totai).

_(c). ‘Drawings.of mechanical unit,.. ...

Dg-No. of CWPRS.  .Particulars. .......
280/63 ‘Assembly - bed profile
o . recorder. -

: 276/63 _Probe.assemhly.....'
279/63. . Drum.mounting details.
277/63 Pen. operatlng arrangement.
275/63 """ Reilidetails... .

278/63 Comnonent details,.
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(d) Specifications.
(1) Servo-<motor,.Split-field D.C.motor.
(i) Specification:
Output 25 V; minimum starting torque
220 ozZ.inches. Evershed and
Vignoles Ltd., London.

Type FA 3A/B,/B, vertical drive
(Imported)

(ii) Source.

M/s Jost's Englneerlng Co.,
- Great Social Building,

Sir P.Mehta Road,

Bombay.

(iii) Cost  ~ Rs.700/-
(2) Synchronous Motor.
(i) Spe01f1cqt10n.

220 V, "0 ¢/s, Break down torque,
25 gm.cm 2t 1500 RPM.

(ii) Source.

M/s Adept Laboratories Ltd., .-
Karve ROJd Poona-4.

(1) Cost - . Re.300/-
(3) Polarized relay.
(i) bpec1flcat10n.

Siemens Trls 65 V, TBY 3502/5 T
grpl 40T 101 and sprlng TBF 85 T5
(Imported)

(ii) Source.

M/s Siemeus Engineering Mfg.Co. of -
India Ltd., Veer Narlﬁﬁn Road,

(iii)  Cost - Rs,1oo/-



- 24 -

(4) Diodes OA 81 .
(1) Sﬁecification.
Diodes OA 81.
(ii) Source:

Generally avaliable with all

_ dealers.
| (iii) Cost - Rs.4/-
(5) OY 5064.

(1) bpec1flcat10n.

oY 5064, Make, M/s Intermetall
wWeot Gerwany. _ .
(ii) Source.
M/s Hind Industrial and Mercant1¢e
Corporaticn Ltd.,
Bombay . .

(111) Cost. - Rs.13/-
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Fig 4: Unit-in use on a model
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