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VALVE TESTER TYPE 160

SUMMARY OF DATA

Purpose

A sinple-to-use, double purpose Valve Tester with two functions:—
(@) The rapid diagnosis of the condition of a valve under tt, the Instrument
operating as a simple “go ” or “ no go ” cevice.

(b) The production of sufficiatt data to enable an operator to plot static charac-
tenstacs, or similar information, using selected anode loads.

The nstrurent will check the mgjority of receiving valves, and some small
transmitting valhves.
Description

The nstrument, which has been constructed to conform with the appropriate clauses
of the U.K. Government Climatic Tests K114, B housed within a metal carrying cGa=e.
The case comprises two parts, the base containing the panel which carries the mgjority
of the cotaols, and the Id, within which s housed the test panel for the valve under t=tL
The 1nstrurent s supplied with a cable for connection to the mains.

The mgjority of the 20 valvwe bases provided, accommodate valves on standard
bases In common use, but N addrtion, discs=al, co-axial and wire-ended valves can also
be tested. A Nine Way Roller Slector Svitch s provided to enable any valve pin t©
be connected to any electirode ciraurt. This Selector Svitch s marked with figures and

lctias, the figures enabling code numbers t be st up from the “ AVO ” Valve Data
Manual , whilst the letars sigify the particular electrode connected to the selected pin.

The nstrument cottrol parel carries the following:—

The Heater Volts Selector Svitcn.
The Anode \Volts Selector Svitch.
The Screen \olts Selector Svitoh.
The Negative Grid Volts Cottrol.
The Mains Voltage Slector.

The Fuse Carriers.

The Visual Fault Indicator.

The Indicating Meter .

The Anode Current Controls.
The Set mA/ZV (slge) Control.
The Ciraurt Selector Svitch.

The Electrode Selector Svitcn.
The Mains ON/ZOFF Swvitch.

Performance

In addition 1 the cetailed description of the Instrument, contained In this Manual,
aboreviated working Instructions are given as a preface o the ““ AVO 7 Valve Data Manual .

3



The nstrument will—

(D Check heater cottinunty.

(2 Measure nsulation between electrodes with valve oold.

(3 Measure nsulation between electrodes with valve hot.

(4 Measure cathode/heater Insulation (for 1ndirectly heated valhes).

(B  Rapidly indicate whether a valve isgood or bad, use being made of a coloured
replace/good scale with mutual conductance as the operative parareter.

(60 Measure the mutual conductance (slge) of a valvwe, the aoplied Incremental
orid voltage being inversly proportional to the ““ slope ” of the valve.

(/) Measure anode current In sirgle and multi-anode valves.
(8 Produce aufficiatt data t enable static daracteristic curves 1t be plotted on

graph paper .
(© Check rectafias and diodes under load conditions.

(10) Measure gas curvent, Iimited to 100pA.

The Instrurent i fidsd with an automatic aural and visual warning device which
operates If cartain ciraurts within the Instrument are nadvertantly overloaded by the
operator, or Fa short occurs upon a valve under test

The use of specially designed ciraurts, virtally eliminate the possibility of the valwe
under test bursting 1Mo spurious oscillatam.

Power Requirements
The nstrurent will operate from the following 50— 500c/s ac suplies:—
105— 120V, 1/5- 250V. (Adjustment can be made at every 5V.)

Power Consumption
50 watts, maximum,

Physical Data

Weight: 24 ls. (11 kg.) (approx.)
Height: 10" (255;mm.)

Depth: \\\" (295 mm.)

Wiath: 15V° (370 mm.)

Joint Services Designation
AVO Valve Tester CT160.



CHAPTER 1

TECHNICAL DESCRIPTION

Introcuction

1. Whilst good/bad testing on a semi-production basis will undoubtedly be the major
use for this testar, It s certain that the Instrument willl find considerable use In laboratories
and service departments where egineers and s<alled personnel will be avarlable, and where
more precise cetalls of valve performance can be used to advantage. To this e,
aoditional faaliaess on the testar, enable l1a/Va, 1a/\Vs and la/Vg daracteristics to be
plotted over a wide range of wltages, these being readily avarlable from the calibrated
panel conaols.

Principles of Operation

2. The tester s besically designed t check the valve according t s statac charac-
tenistics which would normally require the provision of the requisite range of variaole
dc suplies. The diffiauity Iiess In the regullation problems nvolved In the supply of the
wide range of dc anode and screen wltages, on which the loading might vary from
a fraction of amA to over 100 mA, dependent on the type of valve being tested, and the
nature of the test being performed. Such a reguirement could of course be met by the
provision of a number of regulated power sumplies, which would render the Instrurment
cumbersome and exoansive, whilst a large amount of metering, would not only mean
acdrtional expense, but also make the Instrurent drffiault to use, and would not ettirely
overcome the probllem.

3. klcan be shown, however, that fFaltemating electiode voltages are applied In thelr
correct proportions, an anplifying valve can (by virtue of its property of s=H rectification)
be caused tO give dc anode and screen curratts which for all practical purposes bear a
constant relationship t those obtained from ms dc static daracteristics.

4. This 1mmediately sinmplfies the problems of power supply to the valve under t&L
The design of transformers 1o give negligible regulation errors over the range of secondary
currents 1Involved 5 comparatively sinple, whilst the range of electirooe wltages may be
simply provided by a predetermined secondary tappings selected by calibrated svitoes,
thus minimising to a very large extent problems of siz, weight and aost, and eliminating
1he necessity for sgparate metering.




5. A slhigtt diffiaulity occurs In the supply of the variable negative grid bias wltage,
which would normally consist of an altemating wltage of surtable magnitude aoplied’In
anti—-pnase t the anode wltage.  Since rectrfication occurs at the anode (and screen) and
the grid should pass no currett kwill be readily seen that during the half gcle where the
anode and screen are passing no aurrait, a positive half gcle of consicerable magnitude
1Isapplied to the grid with the reaulit trat the latter can pass damaging currett and In certain

ciraurt conditions phase changes can occur that disturb the 180° relationship between the
anode and grid wltages during the operative half gcle.

6. Since no current B taken from tre grid voltage supply honever, and the voltages
INnvolved are not very high, the Inclusion of a simple halfwave rectrfier without smoothing
between the transformer winding and the variable grid volts supply will suppress the
positive half gccle whrlst sall maintaining the sinusoidal form of the operative negative
half ocle.

K
/. Using the sinple expression for the anode current of a triode 1a=— (Ea4™EQ)

Ra
and transforming this for ac operation on the positive halt ccle of applied anode wits

we have:
K Awl=T [0 = T
la (nean) = — X-— < Ea sin i+ Eg sin wi
Ra m”™* " 0 1=0 Jot= o
8. Deriving this In terms of rms applied wltages and remembering that anode

current floas only on the positive half ocle and willl be read on a mean reading dc meter,
we have:—

K f |MS> 1 @0

la(nrean) = —— < Ea X ———=D X2
2Ra 7 11
Eg (a©) B the aoplied halt sine wave dc as read on a mean reading dc wltmeter,

K being a constant. The above relation holds equally well for screen grid or pentode
valves which would follow the gerneral form

i=f{ Ear mAHEs + um (/) Ea}
O. Thus with an aoplied rms anode (and or screen) wltage equal to 1-1 xVa

(dc) and a mean value of half wave rectified bias wltage equal t 0-5xVg (dc) then
the valve will read a mean dc anode current equal t one half of the dc anode current
taken from the static daracteristics IfVa (oc) and Vg (o) were the applied dc test
vits.  This relationsnip holds for all practical purposes over the full daracteristic and B
the basis of operation of the VT160 enabling accurate testing of valves, at any point on thelr
adaracteristic, with sinple and small gpoparatus. This accuracy s just as necessary on the
simple ““ go No go ”’ type of Instrurent as on a complete daracteristic mneter, as It
may be necessary to st the test point anywhere on the daracteristic to correspond to
required working conditions. FHurther In the absence of any printed or predetermined test

figure, limust be possible to detemine test conditions directly from manufacturers?publ ished
curves or data.

Basic Circurtry
10. The principles of operation of the main function of the tester— the comparative
testing of mutual conductance— le In the goplication of anode, screen, grid and heater
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voltages corresponding to the working point of the valve and backing off to zero the
standing anode current thus ootained. A small Incremental bias s aoplied t the valwe

and the change In anode current thus obtained i a measure of the mutual conductance

of the valve. The figure B then compared with the correct mutual conductance to giwe
comparative goodness on a coloured scale.

FIG. 1.
BASIC CIRCUIT FOR CHECKING OF MUTUAL CHARACTERISTICS

11. Figure 1 shows trhe fundamental ciraurt used In this measurement. With the
requisite electiooe wltages aoplied to the vahve, the half wave anode current causes a
voltage drop In the resistor RL, which s sufficiatdy low resistance not to influence the
daracteristics. This wltage B backed off by a wltage of similar form from the Control
Vb. The wltage difference across the two arms of the bridge thus formed isshown on the
dc millnvoltmeter M. When this difference s ze10, the wltage Vb 15 a measure of the
anode current NRL (la = V )and the control Vb isthus calibrated Inm A anode current.

RL

A small change In bias s then aoplied to the valve from cottrol dVg which causes an
Increased wltage drop In RL which unbalances the briage. This unbalance s shown on
M and s a measure of the mutual conductance of the valve. For a deflection on M of
RL milInolts then the mutual conductance of the valve N mA/ZV B 1 (W0Is). In practice

dVg
the fsd. of M 15130% RL milInolts and the scale s Zzoned In three colours— green from
130% t 70% ndicating a good valhve, white from 70% t 50% representing a failig
vahe, and red below 50% mndicative of a regect. Thus the operating procedure after backing

off the naal anode curratt s to s=t cottrol dVg (calibrated In mA/ZV to a maximum of

20) 1o the rated mutual conductance and note the deflection on the coloured scale of M,
10 determine valve goodness.



12. This arrangement, which gives an Incremental grid wltage inversely proportional
1o slge, avoids errors otherwise likely t occur on high slope valves which often exhibit
marked curvature of daracteristic.

13. The stopper diode D3 shown In the screen supply ciraurt In figure 1 s to prevent
erroneous redllits, and possibly valve overneating and damage, that can occur when testing
certain beam tetrode valves with altemating anode and screen Woltages.

14. As tre applied electrode woltages approach zero during a portion of the operative
gcle, the focusing of the electiroce beam B 1O some extant upset with the result that the
screen current decreases, and rapidly becomes negative, with conseguent rapid and
continuously Increasing anode curvent. The rectafiar, whilst presenting negligibly low
forward Impedance to normal screen aurrent, by virtte of s high reverse Impedance
successfully prevents the flov of reverse screen aurrent.

FIG. 2

BASIC CIRCUIT FOR THE TESTING OF RECTIFIERS AND SIGNAL DIODES

15. Figure 2 shows the besic ciraurt of the rectifier testt. The rectafier s loaded with
a resistor RS + RL, and a resenvoir capacitor C In paallel. Sinusoidal woltage Va s
applied of sufficiait magnitude t operate the recafier on the linear portion of s
daracteristic, so that the combination should pass a rectafied curratt equal t the max imum
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load current for the valhe. millivoltmeter M

a proportion of the load RL and isscaled by the appropriate range resistor RT so that the
rated current through the load will ceflect M 1t the middle of the ““ good >’ zone of the
ale. The proportionate deflection on the coloured scale denotes the state of the valwve as
before. Switching ofanode voltage meter range and load isganged so that rectrfied currants
of 1 mA, 5mA, 15mA, 30 mA, 60mA and 120 mA per anode are availavle, each anode

of a full wave rectafier being tested sgoarately. The I1mA and 5mA ranges are surtable for
sigal diode testag.

FIG. 3.

16. For the checking of Inter-electoooe Insulation (figure 3) the unidirectional grid
voltage Vg s aoplied through the meter M surtably loaded by a shunt(s) and high series
resistor (R) across the electiode groups, between which the 1nsulation 1s tO be measured.

Vg, S and R are such that the first meter 1ndication s at 25 M Q, full scale of course
represaiting a dead dort. The meter s sUItably scaled for direct reading between these
Iimis. This test senves for heatter continuity and 1nsulation measurements between anode
and all other electirooes strapped, and screen and all others with the valve oold. With
heater wolts goplied, the normal cathode/heater test smade, whilst a further test of cathode
and heater straoped/rest takes care of sagging grids or filaments of directly heated valves.
Since a short ciraurt ceflection K, In fact, a measure of the grid wltage, this B used In
checking the ssttiing of the mains woltage of the Instrument at position “ St ~ N\ In this
condition a short s put on the Insulation test ciraurt, and the mains selector s adjusted
uttal the meter reads full scale deflection, at which point the grid woltage and therefore dl
the other wltages working the Instrument are correctly proportioned.

17. The full ciraurt diagram shows how all the above combinations are Incorporated
In a single ciraurt, and selected by appropriate switch sstangs.  Despite the full range of
st wltages availlable and the comparative conplexity of the ciraurt, the discreet use of
ganged comtrols has reduced the operation to a simple and lagical seguence.
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18. Figure 4 shows In diagrammatic form the panel marking and kwill be seen there-
from that In addition t the controls supplying the appropriate electooe wltages, only
three cottaols are raally involved In a measurement. The CIRCUIT SELECTOR rotates
through the various Insulation checks to position TEST, at which point the ciraurt
operative for mutual conductance testing by backing off with the ANODE CURRENT
controls and by setting cottiol SET mA/V, at which point the meter shows the valwe
goodness. Separate electroce systems of dual or multiple valves are measured by ssttig
the ELECTRODE SELECTOR ™A1 or A2. With thisswitch to D1 or D2 the ciraurt s
ready for rectafier or sigal diode testarg, with the CIRCUIT SELECTOR aTEST. The
selection of load current s made by rotating the anode current conttol (also separately
scaled In rectafier load current) t the appropriate position, valve goodness belng
Inmediately shown on the same coloured meter sale.

FIG. 4.

19. The rotary conol SET mA/V 1 of the spring retum type, and once a test has
been made, automatically retums t Its start position at which point the measuring ciraurt
IS shunted to a safety condition. Thus 1fa subsequent test s carelessly attempted with
ciraurt wrongly sst or ffor Instance a ““ gassy ”’ valve istested, this il be shown up before
the ciraurt s put 1IN a sasitive condition for mutual conductance testing and no damage
will result 1 the Instrument.

20. The firal position of the CIRCUIT SELECTOR (marked GAS) places the meter
M, shunted as a microammeter, In series with a resistor In the grid ciraurt of the valwve
being tested and alloas the direct measurement of grid current n pA.
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21. RHurther examination of the ciraurt diagram will show the Inclusion of a safety
relay with windings RL2 and RL3 In the screen and anode ciraurts respectinvely. Overloads
(due to condrtions of valve farlure or misuse) associated with erther or both of these ciraurts
will trip the relay. This connects a high resistace lamp In series with the transformer
primary windings, assisted by a hold offwinding RL1 at the same time making a red warning
ligt visible through the meter scale. This places the whole Instrument In a safety condition.

Normal working cannot be restored utal the Instrument has been switched off, the fault
removed, and the Instrurent switched on again.

The Valve Holder Panel

22. The valve holder parel by means ofwhich the valve sconnected to the test ciraurt
comprises 20 valve bases covering all valves likely 1o be encountered innormal use, including
disc saal and wire ended valves. The holders are wired with thelr corresponding sockets
according to standard numbering, In paallel.

23. The wire connection loops thus formed are connected to the wiper rotors of the
multi-way selector smitth. Assocliated with these rotors are ten stators; nine of which are
each connected to an electiroce test ciraurt, the tatth one being open ciraurted. The rotors
are In the form of edge operated rollas each having the nine electirode denominations
marked In symbols round thelr peripnery, the operative selection appearing In a window.
Thus any valve holder with pins up t nine, can be st up t any electrode combination,
the open ciraurt connection serving for valves with intermallly connected pins.

24. The problem of ssH-oscillation that can occur with high slope valves at random
high frequency, due to the nter—~valve holder wiring, has been virtually eliminated by wiring
the panel 1IN connection loops of approximately similar length and cotfiguration, so that a
valve would tend t ocscillate at a freguency dependent on the lire thus formed. These

wiring loops are then closed on themselves via a connector loaded to giwve high loss, and
thus lower the Q of the I, so tat oscillation s virttally Inmpossible.

25. A manual s provided with a hire of data for each valve hlikely to be encountered
giving the mutual conductance and operating Wwltages. The data given comprises the pin
combinations In the order of thelr standard numbering and In the form N which they
appear In the roller selector svitch window ; top cap or side contact connection If any-
heater wlIts ; anode wlIts ; screen WwIts ; negative grid wlts ; operating anode current
and mutual conductance (or load current In the case of a rectafier). Where nmultiple electiroce
asserblies are concemed test figures for each assembly are given. In case a valve B en-
countered that does not appear IN the manual, the base connections and manufacturer’s

or other recommended test data can be directly st up on the controls without any
calculation or complexity.



DIAGRAM OF STANDARD PIN CONNECTIONS

BRITISH NINE PIN (B9) BRITISH SEVEN PIN (B7> BOG

INTERNATIONAL OCTAL (AOS) BRITISH 4/5 PIN (B5&B 4) MAZDACX:TALCI\/DS)

% AMERICAN SMALL SEVEN PIN (SM 7) AVMERICAN FOUR PIN (UX4) AMERICAN LOCTAL (B8B OK BSC) B9D
B/A

9B MINIATURESPIN (BED> 5 30

B/7C B9A

AMERICAN SEVEN PIN(UX7)

(D%ED
SKA A7AA o 234
e FIG. 5 85
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General Construction

20. The Instrument s designed In surtcase form for portability and ease of stonage.
it 1s of small sizz and constructed to comply with the requirements of the U.K. Govern-
ment Clhimatic Tests Soecification K. 114. When closed it sconpletely shoner-proof. All
components likely to require replacement or adjustiment In service are conveniently located
on sub-assembly boards on the outer framework of the asserbly, and are inmediately 1t
hand on removing the case, whilst the open framework construction used reduces weight
waminimum and ensures a maximum of acosssibilnty.

Mains Supply

21 . Soecial attention to design cetanls has rendered an Instrument surtable for
operation on ac mains from 50— 500 c¢/s+10% owver the following wltage ranges:—
105—- 120V, 175 250V.

i '
/" Vi 1/ |

l \

FIG. 6

DIAGRAM OF CONNECTIONS FOR SPECIAL VALVE HOLDERS
(Showing pin connections viewed from above).
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CHAPTER 2

THE VALVE PANEL AND CONTROL UNIT

The Valve Panel and Selector Svitch

28. The Valve Panel comprises 20 Valve Holders of the followving types:— Eglish
4/5 pin, Bglish 7 pin, Bglish 9 pin, Philips 8 pin side cottact, B/7G, B8A, B8G (Anerican
Loctal), B9G, B9A, Mazda Octal, Intermational Octal, B3G, American 4 pin UX,
American 5 pin UX, American 6 pin UX, American small 7 pin UX, American medium

/ pIn UX, two disc s=l and a special fiyig lead Valve Holoders. (See Figs. 5 and 6 for
diagram of standard pin conections.)

2. In the case of the fiyig lead and disc sl valves (sse Fig. §), the piIn
numbering sequence corresponding t the set-Wp Data B printed on the panel adjacent
10 the appropriate socket. Ht sassumed tat all fiying lead valves will be 1nserted 1nto the
appropriate Valve Holder with the envelope pointing downwards, and the wire connections

uppermost (corresponding t the normal method of designating valve pin numbers looking
1INto the valve pins).

30. All Valve Holders are wired with trelr corresponding pins iIn parallel 1e., all pins

numbered 1 are wired together, all pins numbered 2 and so on. This wiring combination
IS assoclated with the well-knomm “AVO” MULTI-WAY ROLLER SELECTOR

SWITCH which enables any one of the nine standard pin numbers to be connected to

any one of the electioce test ciraurts In the Instrurent, thus enabling any electrode
combination t be st up for all Valve Holoers.

3. it wmill be seen that the Selector Switch comprises nine thumb rollas,
numbered from kt t rngit - 9. This numbering appears on the moulded escutcheon
iImmediately behind the rollas, and corresponds to the valve pins In the order of thelr
standard pin numbering. Thus valves with any number of pin connections up 1 nire,
can be accommodated. To cater for Top Cap and other exteral valve connections,
a socket panel has been provided with nine sockets marked DI, D2, A2, Al, S. G., H-T,
H— ,& C. A short lead sprovided which sfrtasd with a plug for insertion 1nto tre parel,
whilst the remote end of the lead 15 11tdsd with a universal connection clip to cater for all

types of extermal valve conections. The socket panel s fitdsd with two Tinks marked A2
and Al, towhich reference ismade In section B.

3. Rotation of the rollars of the Selector Swvitch wvill reveal that each roller can be
=t In any one of ten positias, the appropriate sstting being 1Indicated In the window
opening at the front of the escutcheon. The ten positions of each roller are marked as
under =

1 2 3 4 5 6 /7 8 9 O
C H— H+ G S A A2 DI D2 -—

14



3. The numbers are provided In order that the switch can be rapidly sst up from the
code numbers given In tre Valve Data Manual , the corresponding electirode denominations
being shown by the letder which appears In the escutcheon window 1mmediately below
the number thus:=

@ Corresponds to Cathode, or any other earthy electtrooe normally connected to
cathode eg. G3.

Corresponds to Heater, normally earthy, or connected t negative Lt In the case
of a battery valve.

N Corresponds to the other Heater connections or cattre 1.
N Corresponds to Control Grid.

| Corresponds to Screen Grid, or G2.

* Corresponds t the normal Anode of sigle or multiple valhves. In the case of an
oscillator mixer valve, “A ™7 represents the oscillator Anode.

02 Corresponds to the second Anode of double valves, and In the case of cscillator mixer
valves, the mixer Anode.

£, Corresponds to the frst Diode Anode of halfand full wave Signal Diode and Rectafier
valves, Diode and RectifierZAmplirfier combinations.

Corresponds to the second Diode Anode of Signal Diode and Rectrfier valhves, Diode
and Rectrfier/7Amplifier corbinations.

Corresponds to a dis—connected valve pin or to a pin on which an ntermal electhode
iIsanchored. Such pins are marked ““ 1.C.” In Manufacturer’™ Iiteratlre. This switch
position leaves the particular valve pin dis-connected from any ciraurt.

*Some 1Instrurents will be found to be fittsd with rollas marked ““ e ” which can be
regarded as belng synonymous with 2.

Procedure for Setting up Valve Base Connections

HA. The procedure for ssttaing up a valvwe ready for test s as follows:— From some
surtaole source, 12 the “ AVO ” Valve Data Manual, Valve Manufacturer’s Data Leaflet,
or any other Manual of Valve Data, determine the pin basing connections for the valhe.
Rotate the roller of the SELECTOR SWITCH utal the code number or electirode letter
combination appears In the window, reading from kft t rigit In accordance with the
standard pin numbering sequence (see Fig. 5. When a valve has less than 9 pirs, the
free ollas on the rigit of the st up combination corresponds t non-existant valve
electrooes, and should be st at 9. Insart the valve 1nto 1ts appropriate holder (following
the sequence laid down In the general procedure for testing a valve, section %), and by
means of the lead provided, connect any top cap or side connection on the valve 1t Its
appropriate socket on the socket panel. Note that the Loctal Valve Holder which has only
8 normal electiodes, has s centre spigot connected t© the ninth roller (corresponding
Pin No. 9) tb accommodate valves which have a connection made 1o this Sigot.

H. The accompanying examples show how to correlate the pin basing data and the
equivalatt code number for various valves In common uUse.

15



Valve Type Roller selector Switch Code Base Diagram

Osram MH4 mdirectly 6 4 2 3
heated triocke. A G H H
British 5pin base.

Osram U50 full wave 0O 2 0 8 O 9 0 3 0
rectrfier directly heated H DI D2 H +
Intemational Octal Base

Mullard Pen A4 mm- 0 4 5 2 3 1 6 0 O
directly heated output G S H H+ C A

British 7 pin base.

Brimar 6K8 nwmdirectly 0 2 / 5 4 6 3 1 O
heated freguency H A2 S G A H+ C
changer . Top Cap GI.

Intermational Octal Base.

Mullard TDD2A battery 6 8 2 3 9 0 O 0 O
double diode triocke. A DI H H-f D2

British 5 pin base. Top Cap GI

Mullard EF50 mndirect 2 5 6 1 0 1 4 0 3
Iy heated HF pentode. H S A C C G H-T
BOG base.
Note
0. When the SELECTOR SWITCH settairg s derived from manufacturers’” Data,

and a pin connection Is shown as ““ 1.C.” (intemally connected), the roller appertaining
1o this pin should be sst to 2. Where a pin connection isan electrode normal ly connected

1o cathode eg., G3 the roller corresponding to this pin should be sstto L
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Provision for New Valve Bases

3/. Although the Valve Panel caters for all valves Incommon use, the possibility has
not been overlooked that new valves and corresponding new bases may appear on the
market from time to time. Should such a srtuation arnise, plug-In adaptors will become
avallable commercially which will enable thre new valve t be plugged Inmto an existing
socket on the Valve Parel. Blank adaptors are already available to accommodate non-
standard bases not Incorporated on the existing Valve Parel.

The Control Unit and mts Function

3. With the exception of the Roller Slector Switch and other features Incorporated
on the Valve Parel, all the contiols are situated on the Main Panel of the Instrument.

By the manipulation of these cottrols, and the use of the Valve Parel, the folloving tests
can be undertaken:—

(1) Heater cottinunty.

(2 The measurement of Insulation resistance between electrodes with the valve oold.

(3 The measurement of Insulation resistance between Heater/Cathode to all other
electrodes strapped together, with the valve heater at operating temperature.

(4 The direct Indication of cathode to heater insulation with the valve heater hot.

(B) The direct Indication of valve ““ goodness ”” on a coloured ““ good/replace ™
ale, for a complete range of applied h.tt and bias voltages.

(6) The direct indication of anode currett and mutual conductance (MmA/V) at
and pre-determined combination of h.t and bias voltages.

(/) The measurement of cottrol grid current on a scale directly calibrated In p\.

(8 The testug of half and full wave rectafiers under resenolr capacitor conditions,
with a range of dc loads which can be selected by means of a svitoh.

(O The t=sting of sigal diodes with surtable dc loads which can be selected by
the operator.

(10) The testing of the separate sections of nultiple valves, the non-operative
section of the valve under test being maintained at reasonable working electirooe
Voltaoes.

(11) The aninty to derive data from which the daracteristic curves la/\g, l1a/Va,
Vgi1/Vvgz2, ec., can be drawn with a range of applied electroce woltages cor-
responding 1t dc operating conditions.

(12) The testung of valves with surtable loads Included In the anode ciraurt, together
with the adility to read the required electioce currett on a separate extermal
meter. The Instrurent i, therefore, surtable for making tests on non-standard

and specialised types of valves, not catered for In normal ciraurt arrangements.
The function of the various contaols s as follons:—

The Mains Voltage Selector

0. The Instrument has been designed t operate from suplies of 50— 500c/s

over the followvming wltage ranges:— 105~ 120V, 175 190V, 195 210V, 215 230V,
235— 250V.

40. Access 1o te Voltage Selector Panel can be galned by tuming a thumb screw and

Ity the transparent cover. The Coarse Voltage Selector s marked 110, 180, 200, 220
and 240, whilst a Fine Voltage Selector Arm smarked— 5,0, + 5, + 10. The setting on
is Fine Voltage Selector must be added 1o the voltage marked under the socket 1mto which
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the selector piIn has been Isarted.  For example, 1f it s desired to gperate the Instrument

on a 230V ac suply, the Coarse Selector PiIn should be screned 1nto the 220V socket and
the Fine Selector Arm tumed t s + 10 position.

41. The Fine Voltage Selector also allows minor adjustments to be made to the

Input tappings on the mains transformer t compensate for wltage variations of the
mains. The Instrument should be switched off whilst adjustiments are made to the Coarse
MAINS VOLTAGE SELECTOR.

NOTE.—If the instrument Is intendedfor use on 110v., the red warning lamp (LP2) should
be replaced with a HOv. version.

The Crircurt Selector

42. This i an eigit position switch which determines the type of test to be undertaken
on the Instrumat. All the necessary 1ntermal ciraurt connections are made automatically
0 satasfy the test conditions required, whilst internal test ciraurts unnecessary t the
particular test In hand are removed from the valve

43. The switch position SET ~ enables fiml mains wltage adjustiment to be made.
At the H/CONT position, the meter 1dicates helater continuity. At the positios A/R
and S/R, and used IncongunctionwiththeELECTRODE SELECTOR Switch, tispossible
1o check leakage between electrodes with the valve heater oold.

44. At tre position CH/R again using the ELECTRODE SELECTOR Switch, the
valve s automatically checked for electirooe leakage between cathode and heater strapped,
and all other electiooes with heater woltage goplied.

45. At tre position C/H, the valve s automatically checked for cathode to heater

insulation with heater woltage aoplied. For this test, the ELECTRODE SELECTOR
ISt to C/H.

46. With the CIRCUIT SELECTOR switch sst to TEST, and In conjunction with the
ELECTRODE SELECTOR, ANODE CURRENT, and other relevait controls, the
valve istested for tsnormal daracteristics the majority of the Information being obtained
from the sstting of cotaols, the meter being used as a form of null 1INdicator .

47. At the position GAS, the meter i connected In series with the control grid
connection, and directly 1ndicates gas current Inp\.

The Electrode Selector

48. This svitch, used In conjunction with the CIRCUIT SELECTOR, enables the
meter 1o be associated with the anode ciraurt under test, with the exception of test position
C/H. This latter sstting s used only In congjunction with the CIRCUIT SELECTOR st
1 C/H for the measurement of cathode/heater mnsulation. Triodes, pentodes and multiple
grid valves are checked with the ELECTRODE SELECTOR st to A\ or A2 ,whilst diodes
and rectafias are checked at positions DI and D 2.

The Heater Voltage Swvitches

49. Heater wltages are selected by means of two svittches, the first being a sinple
toggle switch marked *62%- 117, and 14 8, the second being an 18 way switch Sur-
rounded by two sets of calibration figaes. The outer st of wltages on the latter can be
selected when the toggle switch s In its left-hand position (-625- 117), whilst the 1ner
=t of voltages can be selected when the toggle switen s In 1its right-hand position (1*4- 8)).
Table 1 gives cetanls of the 32 avallable heater wltages. Note:  Where given heater
voltages In parenthesis should be employed.
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Table 1

OUTER RING INNER RING
On-load heater wlts ap- On-load heater wlts ap-
pearing at valve base with pearing at valve base with
togle swvitch s=t to position toggle switch st to position

65— 117 1-4- 80
625
1-25 174
2
2-5 3
4 4-5
5 5-7
6"3 7-5
10
11 126
13 15
16 18
20 23
25 28
30 35
40 45
48 55
/70 80
117

The Anode and Screen Voltage Svitches

0. These switches enable the requisite electirooe wltages o be applied to screen
and anodes of valves for the purpose of carrying out mutual daracteristic measurements.
They are calibrated In the equivalatt dc wltage ssttings and, therefore, no account need
be taken of the actual value of ac woltage which appears at the electrodes of the valwve,

for as alreagy explained In Chapter 1, the actual voltage will differ from the equivalent
dc value marked at the switch position.

The Anode Current Controls

Bl. This isa dual control comprising two knobs, the first being continuously variable
and calibrated from 0- -10mA, the second having an Inner and outer set of calibration
figaes. Only the outer s=t of figures marked N steps of 10mA from O— 90mA apply when
anode currant sbeing measured. These cottrols enable the expected anode current from
the valve under test to be sst upon the Instrument and also sene as a means of fimal adjust-
ment prior t making slope measurement (MA/V) tests. These cottrols do, In effect, back
of f the anode current passed by the valve, and 1t prevent overloading they should be st
10 the expected figure before the CIRCUIT SELECTOR switch isset to the position TEST.
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2. When checking diodes and rectafias, the 1nner range of figures around the rigit
hand switch become operative, enabling the operator to s=lect the required load, which

iIs nomally 1mA per anode In the case of sigal diodes and from 5- 120mA per anode
for high vacuum power rectrfiers.

The Negative Grid \Volts Control
53. This isa continuously variable control calibrated O— 40 and marked NEG GRI1D

VOLTS, which enables the mnraal negative bias at which a test s made to be st at any
value between O and minus 40 \oIts.

The Set mA/V Control

. The mA/V control marked 1- 20mA/V enables the rapid checking of the operative

““goodness ”’ of a valve, on a “ replace/good ”” scale on the moving ooil Indicator, or
altermatnely, the direct measurement of mutual conductance In mAZV.



CHAPTER 3

OPERATING INSTRUCTIONS
GENERAL PROCEDURE FOR TESTING A VALVE

The connection of the Instrument to a supply woltage

55. Remove the mains supply lead from s storage position In the lid of the Instrument,
and connect the cable termination to the socket provided on the cottrol panel. Ascertain
the wltage of the mains supply (Wwhich must, of course, be 50- 500c/s) and set the
MAINS VOLTAGE SELECTOR panel as described In Chapter 2. Connect the malns
leed of the Instrument to the power suoply, ensuring that the red wire IS connected
1 “ e’ , the black or blue wire to “ neutral ” and the green wire to ““ earth ”’. Set the
MAINS Switch on the parel © ts““ON ” position, and observe tat the panel 1Indicator
lamp s 1Hluninated. The valve 1o be tested should NOT be Inserted at this stace.

Final ssttaing of Mains Voltage Selector Panel

56. Having alloned a few moments for the Instrument to warm up, sst the CIRCUIT
SELECTOR Switch to the position SET St the fire woltage adjustment control so
that the meter needle lies In the black zone. I this cannot be done, the coarse cottrol will
require adjustment, and should be moved to the next higher tapping If the needle s too
far 1o the rigit of the mailns adjustment zone, and N a similar manner, should be moved
1o the next lower tapping Fthe meter needle 510 the ket of the mains setting zone. Once

the mains voltage tapping has been correctly s=t, provided that extensive mains fluctuations
do not occur, test wltages are automatically correct throughout the Instrument.

Insulation checks with the valve oold

5/. (D The Valve Data Manual supplied with the Instrurent, or the Valve Manu-

facturer’ Data, should now be consulted, and the ROLLER SELECTOR Switch set up
as explained In Chapter 2, Section 3.

@ St the HEATER VOLTAGE Switches to the correct value for the valve

under test, and st the valve INto s appropriate holoer, making any necessary
connection to top or side caps.

Note : Where given heater voltages In parenthesis should be employed.

(3) Set the CIRCUIT SELECTOR Switch to H/CONT, and the ELECTRODE

SELECTOR Switch at C/H. The meter should now indicate a ““ short ”’, thus 1ndicating
heater comtinuity.

(4 Set the CIRCUIT SELECTOR Switch at A/R and S/R In tum, using each
of these s=ttings 1N conjunction with successive ssttings ofF the ELECTRODE SELECTOR

Switch at Aj, A2,Du and D 2. The meter vill now Indicate any Insulation breakdown
between electiooes.

58. (b) Table 2 ==ts out the manner Inwhich nsulation checks are made.
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Table 2

Ciraurt Selector Electrooe Selector
Switch Position. Switch Posrtion. Insulation Check.
A/R Al Checks 1mnsulation anode 1 to screen, filamat,
cathode, anode 2 and grid.
A/R a 2 Checks 1nsulation anode 2 to screen, filamatt,
cathode, anode 1and grid.
A/R D i Checks msulation D t sceen, filaatt,
T cathode, anode 1and grid.
A/R d 2 Checks 1msulation D2 t screen, filamet,
cathode, anode 1 and grid.
S/R A. Checks mnsulation screen, to filarent, cathode
and grid.

50. Study of the tBble st out above will show that all normally expected Insullation
breakdowns are covered with the exception of cathode t grid, which case s covered
Ina later deck. Thus, a readingon thremeter of 1M Q when the SELECTOR Switch 5
=t to A/R, and the ELECTRODE SELECTOR smitcn s ==t 1o A1 can only 1dicate
a breakdown from anode 1 to grid, provided that breakdowns are not Indicated In any
other Isulation test with heater erther hot or ocold. K 5, tharefore, apparent tat It s
possible t© deduce between which electirooes a breakdown s occurring, although tis
iInformation i normally never required, for In general, any appreciable Inter-electode
breakdown will rencer the valve useless.

Insulation checks with the valve hot

60. All the tests referred O 1IN section 58 were carried out with the valve heater oold.
The CIRCUIT SELECTOR Swrtch should now be s=t to CH/R, and a short time allowned
1 elapse o enable the valve to reach working temperature. With the ELECTRODE
SELECTOR Switch sst to Aj, DjJ and D 2 n tum, any deflection vill denote N M Q the
amount of Insulation breakdown which occurs with cathode and heater strapped together
10 any other electioce.

6l. Table 3 s=ts out below the manner I which these insulation checks are made.

Table 3

Ciraurt Selector Electrode Selector

Switch Position. Switch Position. Insulation Check.
CH/R Al Checks mnsulation cathode and heater to Al,
A2.Gi,S.
CH/R Dy Checks mnsulation cathode and heater to D*.
CH/R d 2 Checks 1nsulation cathode heater to D 2.
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Cathode to Heater mnsulation check

62. Turn the CIRCUIT SELECTOR Switch to C/H, and the ELECTRODE
SELECTOR Smitch to C/H. Any insulation breakdown which occurs between heater
(hot) and the cathode will be directly 1ndicated on the Insulation resistace scale of the
meter. K B not possible o state a rejection figure INM Q  for a valve under t&st, for such
a fault vill be of consicerable Importance In some ciraurts, Wailst In a few cases Its presence
has virttally no consequence at dll. The Instrument s capable of giving the 1nsulation
between cathode and heater, and the acceptance or rejection of the valve can only be
determined when the operator has cetails of the ciraurt In which the valve s 10 be used.
In those cases where these cetaills are not known, Itisalways better to reject a valve having
an Insulation resistance kesssthan 10MQ . Hcwill be appreciated that there are many ciraults
INn which an appreciable potential exasts between heater and cathode, dc amplfiars, .,
and the presence of heater to cathode Insulation breakdown, even of the order of many
M Q, can often give ne to quite serious troble. Heater to cathode 1insulation breakdown
erther permanent or Intemittatt can also give nie t noise In valve awplifier ciraunts.

Determination of Valve codition from Static Characteristic Data
63. Normally a valve, unless It s a diode or rectafier, Ischecked by a comparison of
Its actual mutual conductance with the rated figre. The broad procedure for ootaining
this figure cosists of -—
@ Applying t the valve the recommended electirooe woltages.

(i) Backing of f to zero the standing anode current thus produced.

) Applying a sall 1ncremental sigal to the grid of the valhe.

(v) Assessing the mutual conductance and conseguently the ““ goodness ”’ of the

valve from tre resultant nise In anode currant.

4. Provision ismade to test for mutual conductance under two conditions:—
(M Where the measurement s made at a predetermined fixed value of grid biss,
the resulting anode current being balanced aut.
() Where trhe measurement ismade at the predetermined optimum value of anode

curratt, the grid bias being adjusted 1o give a balance.

65. In erther of these cases, the determination of ““ goodness ”” can be made by:—
(a) A comparison of the mutual conductance of the valve on a percentage basis
with s rated figuae, the comparative ““ goodness ”’ factor being 1ndicated on
a coloured ““ good/replace ” sale.
(0O) A direct numerical determination of the valves mutual conductance in mA/ZV
which can then be compared with the rated figure.

66. In certain circunstances, where foi example the valve 5 Uused as an oscillator or
output valve working at peak emission, more useful Information than isgiven by the usual
mutual conductance figure can be gained from the anode current obtained for a given =t
of electiroce wltages.  Such conditions are catered for by calibrating the ““ backing off”
controls In terms of anode current (millianps). Thus, when the standing anode current
has been ““ backed off” 1O zero as shown by the meter 1ndication (nhot calibrated 1n anode
currat), the reading of the backing off controls gives the anode currantt for the valve under
=t, at a particular combination of electrode wltages.  This figure can be compared with
expected anode current for the conditions employed to determine the valves auraoility
for the function it has to perfom.
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6/. It B obvious that this arrangement also enables complete valve daracteristics
of anode current related to electrode wltages 1 be plotted, I merely belng necessary 1o
record the anode currant ootained at a saries of electroce wltage ssttangs (erther anode,

screen or gid), and plotting the mutual caracteristics 17avVg, 1a/Va ec., from the data
thus ootalned.

63. The cetarled Instructions for making the measurement outlined above, having
completed the IMter-electiode 1Insullation checks, are as follons:

. Sst ANODE VOLTS, SCREEN VOLTS, NEG GRID VOLTS, and ANODE

CURRENT cottrols to the value indicated 1n Valve Data, then s=stCIRCUIT SELECTOR
W TEST and ELECTRODE SELECTOR tA,.

Note 1

Should the protective relay operate, switch off and check for Incorrect setting of the
ROLLER SELECTOR Switch or electrode voltages. |If these are correct and the relay
continues to “* buzz ” when the Iinstrument Is switched on again, the valve Is probably ** soft
(gassy), and the test should proceed no further. |If upon removing the offending valve, the

relay continues to operate, the instrument should be switched off. When switched on again,
the Instrument shouldfunction normally.

To check relatme goodness of Valve In conjunction with Coloured Comparison Scale

/0. (@ Using recommended anode current

(M Do not alter ANODE CURRENT ootrols, but adjust NEG GRID VOLTS
control untal meter s balanced to zero.
() Slowly rotate SET mA/V control to SET ZERO position and make any firal
adjustiment to zero, using file ANODE CURRENT ocotrol. (See Note 3))
() Continue rotation of SET mA/V cottrol to expected value of mA/V (neter
needle should ).
(v) The comparative ““ goodness ” of the valve will now be shown by the position
of meter needle on coloured sale. This scale s divided 1to three zones, and
all valves coming within the green portion can be regarded as satisfectory.
Readings In the 1ntermediate zone between the red and green sections are not
entirely satisfectory, although the valve may be capable of working In some

ciraurts at lowered efficiaxy, whilst readings In the red zone 1dicate that the
valve should be rejected or replacad.

/1. (b) Using recommended negative grid woltage
(M Do not alter NEG GRID VOLTS coaol, but adjust ANODE CURRENT
cotrols utal meter s balanced o zero.

() Slowly rotate SET mA/V control to SET ZERO position and make any firal

adjustment t zero, using fime ANODE CURRENT ocottrol. (See Note 3.)

() Continue rotation of SET mA/V control to expected value of mA/V (neter

needle should n<e).

(v) The comparative ““ goodness ” of the valve wvill now be shown by the position
of meter needle on coloured sale. This scale isdivided 1Mo three zones, and
all valves coming within the green portion can be regarded as satisfactory.
Readings In the intermediate zone between the red and green sections denote
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that the valve s not etarely satisfectory, although itmay be capable ofworking
In some ciraurts at lonered efficiaxy, whilst readings In the red zone 1ndicate

that the valve should be rejected or replaced.

Note 2

Valves having a slope of less than |mA/V cannot be cheeked on the good)replace scale,
and must be checked In the manner set out In paragraph 74.

To check Valve by direct reading of Mutual Conductance (mA/ZV)

2. (@) Using recommended anode current

@M Do not alter ANODE CURRENT cottrols, but adjust NEG GRID VOLTS
cottrol unal meter s balanced t© zero.

() Slowly rotate SET mA/V cottrol to SET ZERO position and make any firal
adjustiment t zero, using file ANODE CURRENT control (See Note 3))

() Continue rotation of SET mA/V control utal meter needle reaches the
calibration lire In catae of “ good ” zone, marked ““ ImA/ZV

(v) Read actual value of mutual conductance from SET mA/ZV dial. This figure
can be compared with that given In Data Manual .

/3. (b) Using recommended negative grid voltage

(M Do not alter NEG GRID VOLTS cottol, but adjust ANODE CURRENT
cottrols utal meter s balanced 1o zero.

() Slowly rotate SET mA/V control to SET ZERO position and make any firel
adjustiment to zero, using file ANODE CURRENT ocotaol. (See Note 3))

) Continue rotation of SET mA/V ocottaol uttal meter needle reaches the
calibration Iine In centre of ““ good ” zone marked ““ ImA/ZV 7.

(v) Read actual value of mutual conductance from SET mA/V dial. This figure
can be compared with that given In the Data Manual.

To check Valves having a Mutual Conductance less than ImA/ZV

4. Since tre SET mA/ZV dial snot calibrated below ImA/ZV, Itisnot possible to check
on the coloured comparison sale, valves having an expected mutual conductance less than
ImMA/V. Such valves are checked by direct measurement of mutual conductance using
the procedure st out In paragraphs 72 or 73, with the exception that the mA/V dial
IS rotated to the ImMA/V position and the actual value for mutual conductance (being less
than ImA/ZV) s 1read on the meter scale calibrated 0-1—- ImA/ZV.

/5. For valves with more than one electroce assembly, having sst up for any difference
IN electirode woltages, repeat above testwWith ELECTRODE SELECTOR atA2. (See also
comments under Testing of Soecific Valve Types.)

Note 3

Certain valves require an exceptionally long period to reach working temperature,
the symptoms being a continual rise of anode current when the SET mA/V dial Is at the

SET ZERO (more sensitive) position. Slope measurements should not be taken until a
condition of stability has been reached.
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Note 4

When checking certain valves of the CK138 type, back emission sometimes oOccurs
between the anode and the suppressor grid which is normally connected to cathode. This
condition which Is caused by local overheating of the anode, would not affect the operation
of the valve under normal circuit conditions, although it could give rise to doubt as to the
““goodness ° of the valve wnen checked on a valve testing Instrument. The phenomenon
shows Itself as an apparent gradual fall in anode current as the valve heats up, and the only
manner IN which this effect can he overcome, Is to lower the power dissipation of the valve
by reducing the anode voltage. Note ““£  In the “A VO » Valve Data Manual relates to the
above conditions, and a note appears against those valve types concerned, together with an
alternative set of test data.

Note 5

In literature Issued by American Valve Manufacturers, the term *° transconductance ™
IS used In place of mutual “* conductance ™, Transconductance given In micromhos, divided
by 1,000 gives mAj V.
Transconductance (Micromhos)

Measurement of Grid Current

/6. The measurement of grid current at a desired st of electiroce woltages may be
made after having measured the mutual conductance ofa valve. This measurement should

not be made where an apparent fault In the valve has previously caused the protective
relay to operate (jossibly due 1O softness).

/(. The CIRCUIT SELECTOR switch should be st to GAS, thus Inserting the meter
1INto the grid ciraurt of the valve, where It recoras grid current directly InpA.  The meter
s limited to read a maximum of I100pA, but It s Nnot possible to state the value at which
a valve becomes useless due to the presence of ggs. The point at which gas current reaches
a value great enough to affect the suooessful employment of the valve depends very much
upon the ciraurtrty In conjunction with which 1t s to be employed, e.g. It s possible for
appreciable grid current t flov In the secondary of an rf. transformer connected between
grid and earth, but fFresistance/caoacity coupling s used In the ciraurt, the same magnitude
of grid curratt may produce appreciable wltage across the bias resistor, thus completely
upsetting the normal functions of the ciraurt.

Checking Power Rectufiars

/8. The testung of rectfying valves should 1deally be associated with the requirements
of the ciraurt In which they are to ooerate. In most cases throughout the ““AV0O ” Valve
Data Manual, the figure quoted denotes the standard emission per anode 1O be expected
from the type of valve under test

/9. The procedure for testang a rectifying valve s edactly the same as trat for a valve
with one or more grids, 1o the end of the Insulation checks.

8. From this point onwards, before sstting the CIRCUIT SELECTOR to te
position TEST, the rigit hand ANODE CURRENT control switch reading on the 1nner
=t of figaes, should be st to the load current given for the valve In the Valve Data
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Manual. Set CIRCUIT SELECTOR to TEST and the ELECTRODE SELECTOR
ertrer to DJ In the case of a halfwave rectafier, or DJ and D 2 for a full wave rectafier-

8l. Having correctly st up the controls as explained above, the ““ goodness factor ™
of tre valve under test il be shown on the coloured ““ replace/good *’ scale of the meter .

8. The mmer ring of figures on the ANODE CURRENT Control relate to load

currents and are marked ““ Diodes and Rectifiers ”’, the figures marked belng the emission
INn MA expected per anode of the valve under tesL

83. The sstting of this cottrol can erther be determined from the tabulated data
given, or can altematiely be related to the toal current trat a valve s required to celiner.
Thus, on a piece of equipment where the toal h.tt drain on the rectafier s 50MA, then a
rectrfiar load setting of 60 il be an adequate test of the valvesemissive state, assuming that
It sa halfwave recafier. Alttmatively, iFthe valve sa new one, the maker’™ rating for
max imum load curratt can be used as the besis for the sstting of the ANODE CURRENT

svitch.

3. In the case of full wave rectafies, each anode of the valve B rated Independently
and the setting of e ANODE CURRENT cotaol should indicate half the total value,
of the curratt which the valve would be expected to celnver In a full wave rectafier craurt,
e.g- a valvwe rated at a maximum of 120mA would be tested with each anode at the 60
position on the ANODE CURRENT ocorol. The load rating given In the Valve Data
Manual Bthe load per anode.

Checking Signal Diodes

8. Signal Diodes are checked In exactly the same manner as rectafiers, except tat
the right-hand ANODE CURRENT conrol salways st to 1 or 5 according to the anode
current figure given In the Data. (Where “AV 0O ” Valve Data does not give a curraett
figure for a diode, It s always checked with the rignit-hand ANODE CURRENT contol

£t 1 1is 1 mA positaon).

INSTRUCTIONS FOR TESTING
SPECIFIC VALVE TYPES

86. The functions of a valve, as distinct from the type number given t It by s
manufacturer, B Indicated by a symbol In the form of letters appearing at the rigit of the
st data given In ““AV O 7 pwlications, eg. a halfwave rectafier smarked “ R 77, whilst
a full wave rectoifier isdesignated by “ RR .  In a similar manner, diode valves are shown
by the letter ““ D 77, the number of diode elements being Indicated by the number of ““ Ds 7,
eg- “DDD ” refars to a triple dioce.

Multiple Diodes and Rectrfiars (D, DD, DDD, R, RR)

87. The testung of Multiple Diodes and Rectifiers scarried out In the manner alreagy
eplained, the ELECTRODE SELECTOR being used to slect the diode or rectafier
element, the emission of which i Indicated on the meter “‘ replace/good ” sale. When
deal 1ng with diodes or rectafias, the D and D 2positionsof heELECTRODE SELECTOR
represent diode or rectafier anodes 1 and 2 respectively, and correspond to figures 8 and 9
on the ROLLER SELECTOR SWITCH set-up number .
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83. In the case of Triple Diodes, since only two anode systems are normally catered
for, a soecial procedure isadopted In the set—up figre. At the position nthe SELECTOR
SWITCH number representing the third diode, the symbol T s Inclucbed. The fwst and
second diodes being Indicated by 8 and 9 respectively In the normal manner. The valwe
should now be tested normally, with the ROLLER SELECTOR SWITCH st t “07”
where the t appears In the set—up number. This procedure wvill give emission figures for
diodes 1and 2. Now rotate the ROLLER SELECTOR SWITCH rollars so that the two
ollars originally sst at 8 and 9 are now s=t 1 0, and st the pin marked T in the Valve
Data to8on the ROLLER SELECTOR SWITCH. A further estwiththeELECTRODE
SELECTOR Switcnh at Dj will then gnve the emission of trhe third diode, eg.-. EABL 5
Indicated In thre data as 023 11O 830. To testdiodes 1and 2 the set—-wp on the ROLLER
SELECTOR SWITCH will be 023 100 830, enabling these diodes to be tested In the normal
manner. To ootain the emission figure for the third diode the SELECTOR Switch should
be altered 10 read 023 180 000. and the ELECTRODE SELECTOR set to position Dj.

Diodes and Rectifiers combined with other Electrode Asserblies (DT, DDT, DP, DDP,
DTP)

89. Combined diode and anplifying valves are represented n the type column of the
Data by “DT ”and “DDT ” for diode triodes and double diode trioces, whilst ““ DP 7
and “DDP ” indicate diode pentodes and doublle diode pentodes.

0. The testung of the sgparate sectios of each valve B carried out In rotation, the
anpl1fying sectios being tested first, with the CIRCUIT SELECTOR at TEST, and the
ELECTRODE SELECTOR at position Aj.

91. The rotation of the ELECTRODE SELECTOR to the D1 or D 2 position will
automatically st the Instrument In readiness for testing one or both diodes with the rngit-
hand ANODE CURRENT control s=t to 1 on the 1nner sale.

Double Triodes and Double Pentodes (TT, PP)

2. Double Triodes or Double Pentodes are mndicated by the lettexs“ TT 7 or ““ PP
each section being tested In the nomal manner, the selection of each assembly being made
by the rotation of the ELECTRODE SELECTOR Switch to Aj and A 2 (corresponding
W te ROLLER SELECTOR SWITCH numbers 6 ana 7). When double valves are used

IN Class B or ““ balanced ”” ciraurts, a close match of the daracteristics of both halves 5
essentaal .

Frequency Changers (H, TH, O, TP)

XB. Freguency Changers of the Heptode and Hexode classes employing the normal
oscillator section as a phantom cathode for the mixer section, are not very satisfectorily
tested 1IN two sectias, since the nature of the valve construction s such that each section
IS dependent upon the other for s correct operation. For test purposes, therefore, this
valve 15 shown connected as a pentode or triocdke, for which, where possible, anode
current and/or mutual conductance figures are given. Such valves are Indicated by the
letter “ H 7 In the type column.

HA. An exception to this type of valve s the Octode, designated by “ 0 7 In the type
column, which, as will be seen from the Data, snomally tested as If ithad two separate
electirode assablies, separate data being given for each. In this case, the oscillator section
s tested with the ELECTRODE SELECTOR Switch at Ar, and the mixer section at A 2.

20



5. As a further test o ensure the probabi lity of such a valve oscillating satasfectorily,
an 1ndication of farling emission will probably give the most useful reulits. When a valwe
IS perfect, s cathode wvill develop s full emission at the rated heater wltage, and any
change In the cathode temperature will reallit, at the most, In a corresponding percentage
change I emission. [If, however, the emission of the cathode s failig, then an INcrease
or decrease In the cathode temperature will result In a higher percentage change in
emiIssiIon.

6. When avalve soillatang, ittenas t run 1nto the positive grid region, thus making
full use of the emissive cgeoilties of the cathode, and farling enission may well prevent
oscillation taking place. As a subseguent test, therefore, It s helpful 1 note the anode
current at the rated test figures with the normal heater voltage goplied, and then to decrease
the heater voltage by about 15% for a short period. (ftmay be necessary to operate the
HEATER VOLTAGE TOGGLE SWITCH to give the necessary decrease In Wltage.) In
the case of a valve with failing emission, the decrease In cathode temperature will result
IN an excessive decrease In the anode curratt, considerably greater than the percentage
decrease In heater wltage. Such a result would suggest that the valve wyill not oscillate
satasfectorily. Conversely, a negligible or stall decrease In anode current (or of the same
order as the percentage change In heater wlits) will show that the valve s developing s
full emission at the rated heater wltage, and, provided that the ciraurt conditions are
correct, It should cscillate nomal ly.

97. Freguency Changers Employing Separate Electrode Assemblies for oscillator
and mixer functions are designated by “ TH ” (mooe hexode) and ““ TP ” (tr'iode partodes).
The segparate sections of this type of valve are not Interdependent as In the case of the
phantom cathode types mentioned In the previous paragraph, and they must, therefore,
be tested INn two Separate sectians as a pentode or triode respectinely.

THE USE OF THE LINKS ON THE VALVE PANEL OF THE INSTRUMENT

B. These ks, In the Al and A 2 ciraurts respectinely, enable a load to be 1Inserted
1IMto the anode ciraurt of the valve under tsst. By removing the shorting lirks, and mnserting
the appropriate resistor (or other load) across the terminals which 1t s desired to Include
INn the araurt, It s possible t obtain certain dynamic figures for the valve or electirode
system under tesL

PO. The links also enable a surtable dc Moving Coil Ammeter with low milinolt
drop to be mnserted In series with the anode of the valve under tsst.  Variations In the
ssttings of the ANODE CURRENT cottrols wvill not material ly affect the readings of the
extermal meter, which wvill read 05 of the actual current floving, 1e the extermal meter
reading must be multiplied by 2 for true anode current.

Note 6

Beware of high voltages on shorting links.

Checking Tuning Indicators (17)

100. Tuning ndicators (Magic Eyes) are tested with the contiols st to the figures
INn the data table, the SCREEN SWITCH being used to obtain target \wlts, the appropriate
anode load being Inserted N accordance with the value shown In the remarks column.
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At the approximate bias given In the table the trioce section should be at ““ cut off’” and
the eye fully closed. Reducing the grid bias 1 zero, the eye should open fully and the
value of anode curratt should be approximately that appearing In the table (Where given).
In the case of double sasitavity 1Indicators giving multiple 1mages responding to differant

seIiavites, two s=ts of data (Where possible) are given, the first <=t referring to the more
sasitine 1ndication.

Checking Gas Filled Rectifiars (GR)

101. Gaseous rectafias are tested In conjunction with a load resistor of surtable
wattage connected across the lirk terminals, the value of resistance being given In K Q
IN the remarks column. This type of recafiar 5 not tested on the rectafier or diode test
craurts, but with the CIRCUIT SELECTOR st to TEST, the appropriate wvoltage and
representative anode current figures being given In the valve data columns. FRull wave
examples of this class of valve are, of course, tested at the ELECTRODE SELECTOR
positions A, and A 2,a surtable resistor beling connected across each of the two anode Tinks.

The maximum loading on these rectafias must be lIimited to 100mA per anode to avoid
damage to the Instrument.

Checking Cold Cathode Rectifiers (CCR)

102. Cold cathode rectafias designated by the symbol “CCR ™ can be tested In a

similar manner, the anode wltage, approximate anode currait, and load resistance being
given In the data columns.



APPENDIX |

THE "AVO”
VALVE TESTER TYPE 160

Schedule of Spare Parts



INTRODUCTION

Throughout the past decade the Avo Valve Tester Type 160 has proved el to be
unrivalled for varsatality and relibility. It 5, however, 1nevitable that this Instrument
will fail from time to time and, when does, we are anxious 1 ensure tat It s repalred
o the higest possible stancard. We have, therefore, produced this schedule of spares
which wvill form a ussful guide t© the trained engineer who has the task of servicing this
INstrument.

Procedure for orcering spare parts.

ITyou will kindly follow the procedure st out below, celays will not occur due to the
exchange of unnecessary correspondence.

1. State the part number of the 1ters required, also the quantity.

2. State the s=1al number of the Instrurent. This wyill be found on an
icentrfication el attached to the Instrument.

3. When ordering spare parts for the movement assembly, the movement srial
number must also be stated.

Overseas users of our Instrurents should send thelr requirements to our Agents
on telr tenmory.

H the spares are required for use In Great Britain, application should be made direct
1o our Spares Department.



MATIN ASSEMBLY 40508- C

I tem Part Circurt Qty.
NO . NO . Description Ref.
1 40508-B Complete Case Assembly 1
2 40508-B1 Case Top Assembly 1
3  40508-B2 Case Bottom Assembly . .
4  40462-A Chassis Assembly (s below for breakdown
cetanls) . - 1
5 147404  Metal Foot for 1tem 2 4
6 14740-3 Metal Foot for 1tem 3 . - 4
/ 13714-3  Spacing Washer for intens 5& 6 . it 8
8 40374-2 Gasket for Valve Panel Assembly 1
O 40510-A Valve Parel Assembly (see page 44 for breakdown
cetanls) . .
10 40507-1  Seal between 1tens 3. 4 . - 1
11 20970-A Hinge Assembly - . 2
12 2097/0-B Clasp Assembly * * 2
13 14635-3 Release Block for 1tem 12 2
14 14011-1 Mains Lead 1
15 11237-E  Top Cap Lead 2
16 14746 Identaty Label 1
17 11727-5 Handle Clamp 2
18 14555-1 Dust Excluder 1
19 11727-A Handle Assembly 1
20 11596-1 Rubber Foot 4
21 14773-2 Rubber Foot Support 4
CHASSIS ASSEMBLY 40462-A
Item Part Ciraurt  Qty.
NO . NO . Description Ref. off
1 Negative Grid \Volts Assembly (sse page 40 for
breakdown cetails) 1

2 15220-A Knob Assembly (s== page 45 for breakdown detaills) /
3 40650-B Movement Assembly (se page 41 for breakdown
cetanls)

4 40471-A Mains Adjuster

5 14627-2 Cover for 1tem 4
6

I

8

O

-

40465-A Mutual Conductance Control Assembly (see page
42 for breakdown details)

14663-2  Indicator Pillar

45330 5-way Connector Lead

13845-3 Handle

NpR R R



CHASSIS ASSEMBLY 40462-A (Contd.)

I'tem Part Circurt Qty.
NO. NO Description Ref. of T
10 13846-5 Handle Bush for 1tem 9 4
11 N.82 Saff Nut 4
12 20888-1 End Frame 2

13

20967-A Component Board Assembly (ss= page 42 for

breakdown cetails) 1
14 1427/4-1  “‘L” Shaped Mounting Bracket - 6
15 137019 Movement Mounting Pillar. 2
16 10266-1 2BA Tag for 1tem 15 - 2
17 14558-2 Anode Current Potentiometer RV4 1
18 40464-A Anode Current Switch (see page 43 for breakdown
cetails) . 89 1
19 20009-1  Electrode Selector Switch . £ S8 1
20 14822-3  Ciraurt Selector Switch - S7 1
21 122396  Fuse (2 amperes) . FI, F2 2
22 12049-89 Fuse Holder 2
23 12049-88 Fuse Holder Cap . 2
24  50010-14 Indicator Lamp 6.3V, 0.3A . LP1 1
25 13698-1 Indicator Lamp Assembly complete it 1
26 20911-1  Screen Volt Switch . S5 1
27 13657-1  Toggle Switch It SI, 2 2
28 14010-1 Input Plug i 1
29 14822-2  Heater Volt Switch It 4 1
30 20911-1 Anode Volt Switch tE SO 1
31  40468-2  Front Panel | i 1
32 11310-A Tag Board Assembly tT 2
3 20901B L.T. Transformer Assembly o T2 1
A 20892-1 Transformer Angle .. T 1
3B 20899-B H.T. Transformer Assembly A 1
36 20908-A Lamp Board Assembly 1
37 40466-A Relay Assembly (s=e page 43 for breakdown cbtalls) 1
39 14653-1 Lamp (200V red) for 1tem 36 * 1
NEGATIVE GRID VOLTAGE CONTROL

I tem Part Circurt  Qty.

No NO . Description Ref. off
1 1426/-1 Knob 1
2  S.745 Screw 6BA Tin—plated 1
3 W.39 Cotled Washer 6BA . .. . oo, .. 1
4 14670-2 Knob Carrier 1
5 20245-52 Spring Dowel . . 1
6 14711-2  Spindle 1
V4 142/5-2  Bush 1
8 13908-2  Hexagonal Locknut « T 1
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NEGATIVE GRID VOLTAGE CONTROL (Contd.

Part Ciraurt
NO. Description Ref.

14631-3  Friction Washer

W.3 Washer 4BA

14669-2  Collar - .

N.77 Hexagonal Locknut 4BA Tinplated

14630-1  Cover

S.867 Instrument Head Screw 8BA

14559-2  Negative Grid Volts Dial

13920-2 Dial Flange .

A. 1510 Cheesehead Screw 4BA Tinplated

14632-4  Hriction Disc

S.869 Countersunk Screw 8BA Tinplated

1391/-2 Clamp Plate ..

14560-1  Cursor..

S.740 Cheesehead Screw 6BA Tinplated

14710-2  Pillar .. .

13843-10 Pillar...........

1455/7-1  Potentiometer Strap ..

14558-1  Potentiometer RV?2

MOVEMENT ASSEMBLY 40650-B

Part Ciraurt
NO. Description Ref.

40537-2 Moulded Front Cover

40538-A Moulded Case Rear ..

127/30-2 Window Glass

30006-W Swamp Bobbin

14824-3  Scale-Plate -

21124-D Moving Coil Assembly complete
10194-B  Fixed Jewel Assembly

10184-B  Sprung Jenel Assembly

101914 Zero Adjuster

101584 Pivot

100/5-16 Halr Spring



MUTUAL CONDUCTANCE CONTROL ASSEMBLY 40465-A

Description

Cover .. - - *_ . .

Ma/ZV Dial * -
Dial Support *. »
Screw, 4BA (seaures 1tens 2 & 3) * . -
Dial Housing o - &
Drive Bracket « - ok
Drive PIn

Hexagonal Nut, S5BA Nickel-plated (for 1tem 7)
Switch Wafer . -
Potentiometer

Resistor Board (t20)

12049-381 Resistor 70Q = 1%
12049-382 Resistor 500Q -t 1%
12049-387 Resistor 22kQ + 2 %

Item Part
NO NO.
1 14630-1
2 20969-1
3 146662
4 S. 1512
5 20002-1
6 14660-2
4 146592
3 N_5
O 14652-1
10 14662-1
11 40465-34
12
13
14
15 45432
I tem Part
NO NO .
1 2096/7-29
2 12049-380
3 12049-398
4  12241-12
5 13731
6 13319-1
[/ 13062-2
8 14/09-A
O 12049400
10 12049401
11 120494904
12 13699-1
13 13659-6
14 12049439
15 12049-402
16 12049-3&4
17 12049403
18 12049-632
19 139351
20 107709
21 12049-237

Telephone Mechanism

COMPONENT BOARD ASSEMBLY 20967-A

Description

Board (tagoed)
Resistor 2.34kQ + 1 %

Resistor 1.32MQ + 1%

Valve Type D77 (CV140) ... ... ....

Valve Holder, B7G

Valve Can

Link

Resistor 200Q + 0.5% * 11
Resistor 8kQ + 5% ..

Resistor 500Q + 3.5%

Capacitor 8uF electolytic

Clip for 1tem 11

Insullond Clip

Resistor 700Q + 1% V.
Capacitor 0.04puP

Resistor 330kQ + 2 %

Capacitor 0.02uP

Resistor » Q +2 %

Spindle Lock

Potentiometer 500Q i "
Resistor 10kQ +1 0%

Ciraurt
Ref

RV1

R2

RS
R14

Ciraurt
Ref-

R3, R4
Vi, V2

RIO
RI 1
R12
C3

R6
Cl

R7
C2
R8

RV3
R36
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RELAY ASSEMBLY 40466-A

I tem Part Circurt  Qty.
NO . NO . Description Ref.
1 404066-24 Relay Board (tagoed) 1
2 146552 Nylock Anchor Plate (4BA) 1
3 14434  Contact i
4 14650-A  Contact Screw 1
5 104662 Contact 1
6 14647-2  Armature Spring 1
! 11832-5  Solrt PIn 2
8 14648-2  SPring e e e e e e e 1
9 14644-2  Spring Retainer 2
10 14643-2  Armature 1
11 14642-2  Pole Piece 1
12 14646-2  Contact Spring 1
13 20885-A Wound Bobbin 1
14 146452 Armature Retainer 1
15 20885-B Wound Bobbin 2
16 13658-2  Anchor Plate 1
ANODE CURRENT SWITCH ASSEMBLY 40464
Item Part Circurt Q.
NO . NO - Description Ref .
1 40464-1 Anode Current Switch 1
2 12049-29 Resistor 80Q + 2% .. R15-R23 9
3 12049-388 Resistor 240Q = 2% .. R24-R26 3
4  12049-389 Resistor 600Q + 2% .. R27 1
5 12049-390 Resistor 3kQ + 2% .-  R28 1
6 12049-391 Resistor 15kQ + 2 % ..  R29 1
[/ 12049-392 Resistor 814kQ + 2% .- R30 1
8 12049-393 Resistor 406kQ + 2% .. R31 1
O 12049-394 Resistor 202kQ + 2% .. R332 1
10 12049-395 Resistor 100kQ + 2 % .. R33 i
11 12049-396 Resistor 31.5kQ + 2% .. R34 1
12 12049-397 Resistor 4.35kQ + 2% .. R35 1



Item

NO.
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Part
NO.

40140-9
40140-4
40140-3
40140-20
40140-6
40140-7
40140-1
40140-14
40140-11
40140-10
40140-19
40140-16
40140-5
40140-8
10281-1
40140-2
10509-1
40166-3
14651-1
40157-C
20903-A
20968-1
30008-62
14714-A
14714-B
30008-63
142642
40506-3
147451
11310-B
14732-2
1427/3-1
14746
11673-3
14750-2
14747-1
13561-1
14739-2

14745-2
m

VALVE PANEL ASSEMBLY 40510

Valve Hollder, U X 6 - . . . . oo oo oo e e e e e e e e a -
Valve Holder,

Valve Holder,
Valve Holder, UX7 (small)
Valve Hollder, UX 5 ... .o e e e e e e -
Valve Holder, Mazda Octal

Valve Holder, Brmtash 9pin

Valve Holder, B7G

Valve Holoer, B8A

Valve Holder, 8-in side cottact

Valve Holder, BOA

Valve Holder, B8G

Valve Holder, Brmtash 4/5pin

Valve Holoer, Intemational Octal

Valve Holder, B9G

Valve Holder, British 7-piIn

Valve Holder, B3G

Escutcheon for 1tem 22

Grommet

Roller Selector Switch

Top Cap Escutcheon

Ceramic Valve Holder Segment

Bakel ite Washer for rtem 24

Valve Holder Spring Assembly for 1tem 24

Valve Holder Spring Assembly (sort) for 1tem 24)
Bakel1te Washer for 1tem 24

Collar for 1tem 24

Valve Holder Parel

Warning Label

Tag Board Assembly

Plug Block

Tool Chip

ldentity Label

Pillars for 1tem 32

Pillars adjacent to 1tem 22

Ferroxcube Bead

Insulating Plug for 1tem 37 ..

Soecial Screw for 1tem 37

Warning Label
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KNOB ASSEMBLY 15220-A

Item Part

NO . NO. Description
1 142671 IChob .. . .
2 14268-4 Knob Sirt, siher with marker lire
3 14266-6 Knob Carrier
4 142694  Retaining Nut
5 15066-2 Knob Washer, between 1tens 2 & 4
6 20245-52 Spring Dowel
/7 S.745 Screw, knob securing
8 W.39 Spring Washer 6BA double coil



R\ CIEEN

w/ % }

I HAERMVLIS

Hhe HEY W W i

MI _M1 32%

Circuit Diagram for Avo Valve Tester Type 160



Ciraurt

R31

R4}
R
RG
R/
R3S
RO
RIO
RU
R12
R14
R15
R16
R1/

Value

2.4K
0 Q

[2 riesSIstas
< Matched

11.32M Q
200 Q

o

—

-,

N\
eoleleoleleleololelele

2 RgNERRG

Tol

%

STETNSTNT ST e

NI NINININ) U

3

DODDPAO=HRDODODODODDY DD DT

Ciraurt
Ref. No.

R18
R19

R20

R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34

2
=

RLBRNN oo

814K
406K
202K
100K

31.K
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Type  CGiraurt

OPODODODDODDODDODDDD®DMDDD

FIG 10

Ref. No.

RV1
RV2
RV3
RV4

CI
C2

VI
V2
Hi
F2

LP1
P2

Value

4.3K
2. Q
10K Q

D77

D77

2 amp

2 amB
6.5/, 0.3A
15N, 200V

High Steoils
Fesistor. = 1%.

wyn Type A611.

Carbon

Wel -

As above but Wel

Type A3623 (/4 W.

Vitreas Wire \/Vound
Resistor. +5%.

Tyoe  AW3111
W)

AS ébove but +21%.
High Sl
g +'21%//0

wynTyp'eA361J_(vv )
V'trews Wire Wound

i)

Resistor. +21%.

Wel -

Wel -

Wel -

T AN3111
%E)/grvxound oy



