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German Ground Radar Equipment
The Precise Range Measuring Unit Type 0K106
of the "Freya" and "Seectakt" installations
- by -

H.P. Bailey

SUMMARY ;

This note describes the electrical and mechanical fe

the unit 0K106, used in Seebakt and

range measurement, The unit comprises an adjustable del
indicating range directly by dial and counter, Only one

be dealt with at a time, and the operator must be

mate ran,g;c

Diserimin'

atures of

Freya installations, for accurate

ay network,
echo can

given the approxi-

of the desired signal from the main observation Unit "",
ion in range to 0,05 Km (sbout 55 yards) is possible and
the accuracy of any observation is said to be better than
the nominal P.R, 7., of 500 c. . s,
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1. Introduction

This unit has been operated in conjunction with other equimment,
in comnection with the reconstruction of Radar instellations, of the
Freya end Seetakt (or Coastwatcher) type. The mechanical and
clectrical features are described in thig note but the operational
performance is not discuszed.

The unit was in good condition, except for grit in the
nmechanical parts, It functioned satisfoctorily after cleaning,
and the replaceuent of two fzulty rosistors. Available inforiae
tion couprised a captured docunent describing the complete Freya
installation with cireuits and perts lists of 21l units, together
with two complete circuit diggrais of Scetakt installations.

« Where reference is made 4o other units, cesociated with the
one described, the Gerian type nu.bers will be quoted,. See
Reflerences 7.3 and 7.4

2. Burpose of Unit

This unit, in conjunction with its associated high spoed
display unit OB110, is used to give an accurate, direct reading
of runge of o selected echo. It is housed with unit 0OB110 in
a weatherproof box of cast light=-alloy, foriing a single unit
referred to as "Apparatus 0", A8 the fast tine-base shows only
20 kn of the total range, the opcrator is responsible iop giving
accurate {igures for an echo whose approxinate ranse has been
pessed to hin fro. the wedn observaticn wnit Mipparatus N",

3« Description of ynit

3.1 licthod of Ranme wvusure.ent

In general, range measureient in rador cquipnent Jepends on
neasurenent of tiwe deloy fro. endissicn of trensuitted pulse to
receipt of reflected pulse, In the equipient described, the
Tast tiue base on unit OBLLO is produced by the linecer part of
an anplified 500 c.pes. sinewave, fed fron the naster coseillater
2100, The unit OK106 is a tapped networl, inserted between the
master oscillator and the tiae base auplifier, The saie sine- .
wave is fed, through a variable rhase shiit in the lzster Oscillator
to the modulator unit and so cenbrols the tine of the transmitted
pulse, When setting up the apparatus the network is adjusted to
give zcro delay, and the phase of the uodulator sinewave adjusted,
until the ground ray coincides with the zerc line, provided on
unit OB110, By incrcasing the time Celay in unit OK106, any sclected
echo can be brought to the zers line, The delay introduced will be
a measure of the range (See Appendix 1). The unit is calibrated
and gives a direct reading of range on “dals and a counter up to the
maxinum of 200 ki, Provision is made in the Laster Oscillator to
adjust the PR, P, 0 values ranging frao 4ol capes. 10 506 copes.
to aveid mutual interference between adjacent stations. The unit
0K106 is designed to give readings of range accurate to better than
0:1% at the cxtrene P.R.F. 's even at ranzes over 100 k. At short
rongcs, this accuracy will be subJect t¢ the minimun step OF y0s 05 Kiite

342 Electrical Performonce of the Network

Plge6 shows a circuit disgram of the network,

' -3-
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In discussing the network it is convenient o refer to the actual
range, corresponding to the time delay in any section of the network
rather than the phase angle or time delsy itself. The network is
arranged in four main groups, which ars designated in the German
literature, as follows:=~

3o

B" group giving 19 steps o 0.05 ¥t each,

IIC H n 1" 9 n " 1 h:m n i
I?:DH ] n 9 Y " 10 lr{‘m "
“groow " 1step " 100 Km ¥

Thus the total range 0-200 K iu rroduced with a minimum step
of 0,05 Ku, which i3 equal to the visual discrimination at the tube
fuce,

Reforring now to fig.6, the 500 cipes. sincwave is fod from unit

Z100 througn terminal K14, o a switch controlling the B group. This
group iorms a single Lesection, whose series arm is a chain of 10
centie~tasped a2djustable inductances 100=109, with condenser 178 as
shunt ari, The tappings give a phose shift of 3.6' por tap which
corresponds to 0.05 Km. This section is followed by an attenuator
~pad 277, 278 presenting an dvpedance of 1000 ohis to the following

DQ E or C groups,

From the & groups tic sinevwave passes 10 the D and B Sroups.
The D group consists of 9 siwilsar scetions arranged in units of 1,
1, 2 and 5 sections giving a range o 0 $o 90 ke in steps or 10 ki,
These units are switched in or out of circuit aa required, “hen a
unit is out of circuit, it is renlacus by an attonuator consisting
of en appropriste nusber of L pads, one for each zection, thus |
keeping the totzl attenuation constiunt, irrespective of the switch :
setting, The phase changing sections ore constructed in pi forw,

a typical section having o series ¢ couprising inductance 126 with
adjusteble inductance 110 giving 0.5 variation. The slunt acias
provided by a double fixed condenser, 166, with triiuers 142, 143,

giving 0.3 variation in cuyacity. Rezistors 218, 219 in shunt

with the capocity, compensate for the resistsnce of the series ari,

to approach as neor os possitle to the condition for distortionless
transmdssion through the networks for o ranie of P.R.Fa ‘s, The alternative
attenuation pad 183, 205 gives an attenuation of the order oS

that of the corresponding reactive scotion, with zero phase shiit, and
has an iterative impedance of 1000 ching, equal to that of the reactive
sections, The phhse change per section is 120 corrcaponding to 10Kn
(See Appendices 1 and 2),

The E group is a single unit of 2 sections, sim: lar in formation
to those of the D group, with circuit slements bo give 50 Km per scotion,
end hence 100 Ku for the group. No provision is made for trimming the
shunt capncities, and the hase change pur section is 60°,

Tapping points are provided between the 2 sections of the E group
and alsc between the corresponding attenuator scotions. Sindlar
tepping points are provided between the Tirst twe sections of the 50 K
tnit in the D groups The purpose of such tapping points is not clear
though they way possibly be used in individual sections to their
correct values, ’
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Following the D and E groups comes the C group which consists
of a tapped ladder network of 5 scctions, terminated by a 1000 ohm
resistor equal to the iterative.impedance. his terminating re=-
sistor is a special multi-section wire-wound component, with a
stated tolerance of + O, Qhys, The phase change per section is 20
24 corresponding to 2 Km. Aeross the series arm of each section
are two precision resistors of 1000 ohms each, in series, The
centre point is brought out to the tapping switch,along with the
terminal points of the sections. As the centre point carries half
the attenuation and phase shift of the whole section, this arrangew-
ment provides the 9 steps of 1 Km cach, with only 5 sections. The
input end of the C group is conncoted permanently to the rest of
the circuit while the tapping point selected by the switch is
brought out to terminal K16, which is the output wint of the apparatus,
Perminal K15 is the common side of the network, The framework is
separately ecarthed at K13, 4L the network is properly terminated,
i1t is necessary that the unit feed into a high impedance of more
than 100,000 olms with low capacity, which is provided by the input
circuit of the time base amplifiers in unit OB110.

- The meximum voltage fed to the unit, is of the order of 1.5
volts R.IL S, :

The whole measuring network has been carefully designed so that
the calculated error when the P,R.F. is varied from 500 to 494 or 506 is
of the order of - or + Q. L% respectively. This agrees with German
claims in this respect. It is also claimed that the unit can be set
up to measure range with an accuracy better than + 0,1% and that it
will hold this performance over long periods.

3+3 Electrical Components

Fig.5 shows a selection of the components used, - The components
used in the network are of special interest because of the close
tolerances quoted. The fixed capacitors used in the shunt arms of the

network have a tolerance of + 0.1  They consist of silvered mica
elements enclosed in porcelain cells. Adjustable capacitors are of
the usual half silvered ceramic disc type. Presusebly the material
has a low temperature coefficient.

The fixed inductancesused, are toroidally wound on ring cores of
powdered magnetic material, and are mounted in rectangular cans
closed by a tag-board carrying tappings from the coil. Tolerances
quoted for these coils are from 4 Oukh to + 0.6/  Adjustable in-
ductances, which are provided for trimming purposes, consist of a
noulded base with a cup=shaped dust-core containing the coil. A
second similar dust=core is carried in a moulded Cap running on a
very fine thread on a central brass rod. This enables the air”gap
between the two core~halves and hence the inductance toc be adjusted,
All resistors forming part of any series impedences in the network
are of the precision type non=-inductively wound, (on small, moulded
bobbins with menganin wire),  They have a negligible temperature
coefficient. Toleranees quoted vary from + 05% tc + L, Ok Ald
individual components, and units such as switches ; are identified
by numbers, which are indicated by labels, fixed to each item,

The mmbers are quoted in the parts list, given in Para Gs

In gencral, the components are very suitable for their purpose,

and the production effort, which must be involved in making quantities
of such close-tolerance units, is notewortiy.

-5
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3¢4 General Construction -~

PMgs.1l, 2, 3 and 4 show the general construction and layout
of the unit which is mounted on a rectangular cast light alloy
'ramevwork. The electrical components ars disposed on panels ou
the sides of the framcwork. The lowest panel on each side carries
ad justable condenscrs and hinges outwards for accessibility when
getting up the unit in yactory or workshcop. A recess at the rear,
contains the nine inductances florming the B group.

On top of the frame is a cast light alloy box containing the
gears £or driving the switches which are mounted one on each side
of the box and one at the rear. The i.oin switch at the rear
consists of 10 cams operating 10 scts of transfer contacts, to
connect in sequence the D and E groups of the networks The
corresponding range is shown oa the main left hand dial. The
gwitch connectzd to the € group 1s mounted on the right side of
the gear box and is of the flat, commutator type with 10 brass
segments, The wiper arm carries spring loadcd brushes of
carbone=silver mixture. The corresponding range is shown on
the middle dials The third switch is similar and located on the
left side, but has 20 segments, It is connected to the B group,
and its setting is shownm on the third dial. -~ 4 sample cwitch of
the commmtater type is shown in Fige5. Thus the complete range
setting is obtained by adding the readings of the three dials.

In addition, however, a complete indication of range is given by

a counter mechanisma immediately below the dials (sce figs.1 ond

8)a The gearing for driving the indicatingwmechanisia ig carried
in a cust housing wounted on the front of the gear box. Pro-
vision is made for illuminating thc dials and counter by suall
lnps fed with 12V AC from unit 08110 vi~ terminal K7 ond X8,

Below the counter ig the direct driving knob giving coarsc
adjustment of range by operation of cam switch only, mnd hence

the D and F sroups only Below this again is the main drive =

a cast wheel with off'sct handle. This operates the gear box
through a roller chain tensioned by jockey pulley and so drives

all three switches, The driving hendles shown in figs.1l, 2 and

3 are normally mounted on the outer cover of the box, containing
the two units forwdsls Apparatus "O". s this cover is hinged, the
drive is teansferre d by disc ecouplinzs, which cngage as the cover
is «loseds The cover alsc carries a window of green tinted slass
through whichthe dials wnd counber are observeds The unit as a
whole is of sound construction, - The two conmutotor type switcres
are of puod desisn, but the cm: switch is not perhaps, the wost
suitable type, for theduty involved. It wags found, during a period
of operution, covering = fow weoks, that the contacts becane dirty,
and geve trouble on a nuiber of occasicns, This might be improved,
if the contacts had a gelf=cleanin, action, The wgption of the wswitch
is not very swmoothy which results in a certain auwount of jerkiness in
the drive, when the apparatus is operated,

At the rear alongside the cam switch (Figs.3 and &) is a unit not
described in the captured documents. This device was demaged but
seems to . congizts of a network brouzht into circuit by transfer con-
tacts operated by a push bubtton on the oubter covers This enables
the operator to rapidly check the zerc setting of the ground ray
© without resetting the uain phase-shifter to zero. Componento
' {279 %o 286 inclusivey) Iletln\ to this unit are included in the

parts list,
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3.5 Gearovox

A photograph, showing interior of gearcox is given in fig. 2,
while fig,7 shows a schematic diagran of the shafts and gearing, and
f£ig.8 the drive to dials and counter.

The Coarse Driving nob operates the cam” switch directly, and also
drives the main dial and the "Tens" part of the counter. The cam
switeh has a «pring loaded "click plate", so that it comes to rest

-in one of 13 definite switch settings corresponding to the different
combinations of the D and E groups.

~ Referring to [ig.7, the ~ain Driving Xnob handle drives the 20
segment switch direct through 1 to 1 bevel gears (1) Hence one,
regvolution of the handle gives 1 Km change in range. The driving
shaft also drives a Geneva mechanisii (2) through 5 to 1 reduction
spur gearing éig. A face cam (4) operatcd by the main shaft, enzages
a dog eluteh (5) once per revolubion so that the drive is transmitted
from the Geneva wheel through 5 to 2 reduction bevel gears (6) to the
10 segment switclha a8 the Geneva wheel turns throush 90° for ecach
revolution oi tne driving dise, the switeh rotates for 1/10 of a
revolution from one seguent to the noxt. The lever operabting the
dog clutch also unlocks the switch and relocks when the ..ovenent is
complete. Hence 10 revolutions of' (ke wain handle gives one revolu-
tion of the C group switch, The function of the 5 to 1 reduction, (3)
to the driving disc is to allow Ul Geneva mechanism four idle woves
ments while the drive is trensuitted on the fifth, Thisz cnsures
that each of the four slots in the Geneva wheel transmits the load
in furn sc distributing wear ecquallys

The shaft (7) driven by the Geneva mechaniss slso drives through
a geor train (8),0f 5 to 1 reduction, a dog clutch (9) which crgos
with the driving spindle connected to the camwswitoh, The motion
is intermittent as it depends on the Geneva mechanisme The wain
driving spindle carries two spur gecrs (10) of 24 and 28 teceth
engaging with two idle wheels (11) of 60 and 56 tecth rusmectively.
The idle wheels have exbended bosses with flats cub on their .
periphery. As the main shaft rotates it can be scen thot the itots
coincide after every 10 revolutions. I rocker arn beoars on the
two bosses and koeps the dog clutech open, excent when the ©'lats coin-
cide, when = spring pulls the clutch into cnzage.ent. This ~23lows
the Geneva mechanisn to turn the caz switch to the next position.

&

The Geneva mechanism is employed here to give a high velceity
at the instant of changeover, In the case of the C switch this
occurs only when the B switch is abt zcro position, and in the case of
the cam switch only:when the C switch resches zero. Thus the renge
reading is smoothly built up as the handle is rototed, The wotion
is fadrly smooth except when the cwa switch is operated, when the
additional loading is considerable, The unit involves careful design
and construction of the mechanism and the amount of work involved
in monufacture of mechanical parts is considerable,

4e Setbing-up and Test Procedurs

Tl'le unit is set up by edjusthent of inductance and capacitance to
give the correct reactances for the scries and shunt arms of each
section.  The correct phase shift wust be cbtained for each section
and impedaonce matcehing from scetion te section must be as near perfect
as possible so that accuwrate range indication.is given over the whole
scale, with minimum error at P,R,T.'s other than 500, The long period

-7 - ,
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stability of the unit is described as being of the order orf' O, 1.,
and in view of the care taken in rogard to component design this
is a reasonaple claim, The unit is set up by the manufacturer,
presumably by reference to a stendard of couparison for the con=
ditions at cacl tapping or section throughout the network. Theae
ad justments are then sealed before despatch by tne manufacturer,
As testing with D.C, type instruments wight permanently alter the
inductance values, a warning notice prohibiting sny such tests,

is fixed to the framework, Tests in the ficld are limited to
those possible with a source of 500 C.pss. supply, and an oscillo-
8CODE Such tests are sufficient to shew an actual breakdowm
in the unit but not to check accuracy of range observations made
with its It is assumed that a periodic test and replacenent
scheme is operated, vith the aid of = central test station carrying
facilities similor to those available to the manufacturers No
information is available at present regarding such test procedure.

Conclusions

The unit described demonstrates the German ability to develop comm
plex mechanical and electrical devices, which is in warked contrast to
thelr less ambitious e¢fforts in regard to Raudar problens as a whole.
But, having decided on the use of small tube displays, they have
carried out the clectrical end mechenical design oi the necessary
rarge ueasuring wnit in a competent wmanner, The perforsance, as
regards the measursuont of range of a given echo, is very zooda
It is difficult however to deal with a nurber of targets and the
general moethod of range reasureient suggests that the equiptent
may have first been developed Tor nuvoal gun renging. =

Considerable expenditure of lasuur and wmaterials is wpparent.
The mechanisim involves a great deal of wachining and both matsrials
and workuanship src of a high standard as arc the clectrical coiae
ponents used, It would seem that the designer has been free to
meet the perforumance requirements in any wsy he though fit, without
reference to possible production difficultiess This is in countrast
to usual British practice, In view of the <xpensive nature of the
design it is very unlikely that it would be adopted in this country
even for those applications for which it .iight be particulorly
suited,

Parts List

No., Component Description
100 to 109 inel, Chokes each 00632 mH + 27
110 to 118 incl. Chokes cach ls5

119 and 120 Chokes each 5.6

121 o 125 incls Chokes . each 0,2

126 to 13 incl. Chokes each 65.10

135 and 136 - Chokes each 274, 7

137 to 141 incl. Chokes each 1322 wH + O.k./:
%2 to 146 incl, Trimmer Condensers each 20-100 pF; 500V
U7 and 148 Trimmer Condensers each 20~100 + 100 p¥; 175V
149 and 150 Trimmer Condensers each 20-100 pF; 500V

151 to 156 inel. Trimmer Condensers each 20-100 + 100 pF; 175V
157 to 184 incl. Trimmer Condensers each 20-100 pF; bOOV

165 Trimmer Condenser 20~100 + 100 pP; 175V

166 to 174 inel. TFixed Condencers each 2 x 33120 pF + O, It 175V

-8 -



Now

175
176
178
183
192
104
0L
205 to 213 incle
21 and 215
(Nos. 216 and 217
not used),
218 to 235 incl.
236 to 239 inel.
240
24,1 to 244 incls
245
(Nos. 246 to 269
no¥ ysed),

and 177
to 182 incl,
to 191 incl.
and 193
to 203 incl,

270
270a
271
271a
272
272a
273
273a
27,
275
276
277
278
279 to 282 incle
283
285

286

Component

Fixed Condenser
Fixed Condensers
Fixed Condensers
Precision Resistances
Precision Resistances
Precision Resistances
Precision Resistances
Resistances
Resistances

Resistances
Resistances
Resistance
Resistances
Resistance

Incandescent Lemp
Holder for above
Incondescent Lamp
Holder for above
Incancescent Lamp
Holder for above
Incandescent Lamp
Holder for above
Rotury switch
Rotary switch

"Cam switch

Precision Resistance
Resistance

Procision Resistneces
Resistonce

Switch

Toroidal Inductance

7. Relcrences and Relevant Reports

Tel
Te2
703

Electrical Circuits and ‘‘ave Filters

instellations

Tl

Freye installations

7.5

7.6

Main Disploy Unit NB110O of Coast

Transmitter T,106 (Freya)

and Freya installations

7.7

Transmitber of G,E.Ji, A, Coast Watcher

installation

7.8
© Stations
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Deseription N
2% 6u65 W & Guli; 175V
each 2 x 13130 pF + Os Lwy 175V
cach Osl ul? + 10/n, 250V
each 16,4 + viatt
each 161,5 * watt
each 1l k * wabt
1k + watt
each 60 k x watt
each 5.2 k % watt
each 118 k + 27; 0.5 watt
_each 8600 £ 27 0.5 watt
700 k + 5% 0.5 wath
-each 300 k 4 575 Ou5 watt
700 k + 575 Oe5 watt
12 v; 5 watt
12 v; 5 watt
12 V; 5 watt '
12 V; 5 watt
20 steps'
10 steps
161.5  + 27 sl watt
5¢2 X + 245 005 wutt
each 5000 + ,7, O, 1 watt

500 k _-!-'_5,, 0. 5 watt

Spring loaded single pole
transfer contact

Technical Description of Freya Zquipment

Display Unit 0.3,110. Seetakt and Freya

Master Oscillator Unit ZPLOO. Seetakt and

Watcher

Receivers used in Fréya and Coast Watcher

935 mH.

fiw i Do Io SCo Report No. 26
AT, Starr

Technical Note No.

Rl Ee
RAD. 22
Refa Bd
R4aD.232

Technical Note Noe
Rohe B Technical Note Noe
RaD, 156

R.AE,
RAD. 204

Technical Note Noe
Ree B, Technical Note No.
RAD, 210

Re &0 B
RAD. 223

Technical Note Now
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APPENDIX 1

Range .ieasurcment

In general, range nessurement in madar equipnient depends on measurces
ment of’ the time deley frou trenswission of the pulse, to receipt of
the reflected signal. Then: -

Rst/2x0C

where R is range in Kus, t the total time in geecs. and € +the
veloelty oi propagetion of E, L. woves, The maximun range which
can be ueasured beforc the emission of the following pulse, is a
function of the P.R.F, (£) and can be stated thusse

R (maxe) = 1/2¢ x ¢

This corresponds to 1 cycle of pulse reecurrence, or 2% radians.
Hence any phase angle @ (( 27;) would represent o range:e

R

8/2xx 1/2f x 0

or R

8 x X/f
- N

where X = C/yxif 8 ‘is in Rodicns

or

C/720 i¥ 6 is in deprees

-1l -
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APPENDIX 2

Attonuation and Phase Chanse l
in a Typical Network

In general, the ratio of input current I, to output current I

for a section of a network, such as in Pig, 10(a) can be expressed

22 |
in the form (

I
ﬁi = ee

% B PN ¢ 5

\

0 is referred to as the Propagution Constant and is in general
complex, Then:~ ) :

8 = a + jp.

-.-..----vw.-c-.anocc(z)

Hence (1) can oe rewritten:=

I .

---.-.n-n-u-on-.----oo(3)

I,

The ratio of the currents therecrore consists of two factors @
and » The former represcnts a change in magnitude and the latter
a change in phase, a is known as the attenuation constant and P as
the phase constant, Hence in passing through n sections, as in .
Fig,10(a) the current will be abtenuoted by a factor na and will
experience a phasc retardation of 8  radians,

The application of Kirchoff's Laws to the network of Tig. 10(a)

gives the following result:=-

Cosh 0 = 14 Zl/zz2

--.o-:..-c-.co..-.navv(4)

The performance of a section of +%he network, os in Pig. 10(b) will f
depend on the naturc of the series and shunt impedances, Zl and 2o l

respectively, and cun be assessed by discussing the ratio between Shem,
A convenient form is Z1 Y This cuentity will be, in general, complex,
2

and can be stated thusi=

wovvooouut.u-oo.‘-oi-tu(5)
4z
2

- 12 -
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N

Now, combining (4) and (5), we got:=-

cosh (@ + B = (1L+20) +« jov

(AR AR NN AN Y RNNY (6)

and:=

cosh @ cos B + sinh Gsin B= (14 2U) + § 2V eversene(7)

Fquating real and imaginary parts:-

)

cosh @ cos =1 + 20 -0.--..-.3‘500(8)

sinh @ sin B = 2v

o--o.-c--ooc.-(g)

grom these equations, expressions can be obtained for a
and P:e

/ ;

a:sinh-l\/ 2 [{(U+U2‘+V2)+V2}E+ (U+U2+V2)-J‘

0B = sin™t j 2[ %(U+U2+V2) +v2}%- (U+U2+V2)’]
| i
where ¢ = 41 or =1,

These expressions were usedin calculating @ aond B for the
various sections of the network investigated, In the case of the
sections of the D group, Zo must be token as half the shunt

reactance as sach shunt arm is in parallel with ancther similer
arm, when it is in circuit.

In the case of a half section as in Fig.10(c) the propagation
constant can be found from the following expressiont=

e = %‘ COSh-l (l + ﬁj:_ ---ano-uonqq.-v(lo)
222

Hence @ and B can be caleulated as before,

-13 -
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APPENDIX 3

Operation of Geneva echanism

Fig.9 shows the Qeneva Mechanis.a as used in Unit 0K105.

The driving member /4 is & disc with an off set pin E.  The
driven member B is a disc with 4 slots at 90° intervals, . The
pin & 1s a running fit in the slot, and engages with each slot
in turn as A is rotated, Hence B rotates only through 900 for
sach revolution of A, The periphery of B between the slots is

cut away to form surface G which ig a running £it with the annular
surface C on the member f,

Starting Irom position as showm with A rotating with constant
veloeity Pin E moves towards the bobtom of the slot, reaching
maximum depth, when A and B have moved through 45°  In this posi-
tIon B has maximun angular velocity. - During the next 450 rotation
the angular velocity of B falls to zero, when the pin leaves the slot
at point w, The surface € in contact with surface G serves to
prevent further movement of B while the driving member idles through
270° to engage with the next slot and to repeat the cycle. The
surface C is recessed at D behind the driving pin to provide
clearance for the end of the slot arms, during the working cycle,
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