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AMEHDMENT MO, 1

Amend 'No. of Pages' to read '6!
Amend Specification Authority to read 'D.L.R.D.(T)/R.R.E.?
In 'Applic=tions Data' box amend 'Fage 7' to read 'P.ze 6!

Group E Vibration Noise (2) Amend 'Inspection Level! column
to read 'Code L!

Hote 12 Amend last sentence to read 'See pages 7 end 8 of CV4504!
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MINISTRY OF AVIATION - D.L.R.D.[T)

wrnema: CV 4502

2,21216.

cv4502/2/1

Specification MOA/CV4502 SECURITY
Issue 2 dated 12th April 1960. Specification Valve
To be read in conjunction with K.1001, B.S.448 and B.S.1409 UNCLASSIFIED UNCLASSIFIED !
I 3w IDdlcates a change
: TYPE OF VALVE - Reliable Sub-mniaturé Pentode with Flying Leads MARKING |
i
CATHODE - Indirectly - heated See K.1001/4 5
ENVELOPE - Glass BAE
% PROTOTYPE - Cvhss, VX7099, vx8122 Bee B.S.448/B8D/F/141 :
‘ RATINGS (Note A) ! CONNECTIONS i
! A miting values are absolute Note e ‘Electrode
! (A1l 1imiting val bsoluta) Lead 1 d.
H .- ~~1-
) Heater Voltage (v) 6e3 1 crid g
! Heater Current (ma) 200 2 Suppressor g3
| Max. Heater -~ Cathode Voltage, Cathode +ve v 100 3 Heater h
Cathode ~ve (V) 100 B 4 Anode a
Max. Anode Voltage (Ia = 0) ’ (v) 350 5 Screen g
Maxs Screen Voltage (1g2 = 0) ) 350 6 Heater h
Max. Negsative Grid Voltage (V) 100 7 Cathode k
Max. Positive Suppressor Voltage {v) o] 8 Anode BJ
Max, Negative Suppressor Voltage (v) 100
Maxe. Opersting Anode Voltage {paamax) (v) 190 i
Maxe ¢ derating Screen Voltage (pg2.maxe) (v) 190 DIMENSIONS !
Max. Anode Dissipation (W) 145 H
Max. S.reen Dissipation W) 1.0 See B.S.L48/B8D/F/2.1 !
Max, Total (Anode & Screen)Dissipation (W) 2,0 Size Refo NOW2 i
Max, Cathode Current (ma) 14 - " - :
Max. Grid Circuit Resistance (Fixed Bias) M) 0425 F Dimensions (mm) | Mine { MaXe {
. (Auto Bias) (M) 0.5 F AN 4
Max, Vibration (100 Hours duration Max,) (g) 5 c Ae Sseated helght | 29.0 | 32,0 !
. (10 Minutes duration Max,) (g) 20 b B, Overall length | ~ | 38.1
{ Maxe Shock (short duration) (g)j 500 Ce Diameter 93 | 1016
MaX, Bulb Temperature (°%c)! 165 D, Lead length 380 ;-
Min, Operating Pressure (mm. Rg) 55 (Note E) I
Max, Ambient Storage Temperature Range (%c) |~60/+85
Typical Operating Conditions MOUNTING POSITION
Measured at Va = V@2 = 100V; Vgl = -2v; vg3 =0 Any
Anode Current (ma) 7.0 —
Sereen Current (ma) | 2.4 TYPE APPROVAL
Mutual Conductance (mA/vV) ! 562 See K1001/15
Inner p 28 Minimum quantity for submission 225
See Note G.
CAPACITANCES (pF) APPLICATIONS DATA
. Issue 1, - See section following
C in (Nom) Shielded 540 Page 7.
cout (Nem,) Shielded L.8
cagl (Max,) Shielded 0415
I -
NOTES
See next page



CV 4502 e

Ae

Ce

De

Ee

Fe

Ge

NOTES

tion to Electronic Equi t Desi neers: Special attention should be given to the
temperature of valves to be operated in Guided Weapons and Aircraft, Reliability will be seriously
impaired if the maximum bulb temperature s exceeded, The life expectancy may be reduced if
conditions other than those specified for life test are imposed on the valve and will be reduced
appreciably if absolute maximm ratings are exceeded, DBoth reliability and performance will be
Jeopardized if heater voltage ratings are exceeded; life arnd reliability performance are directly
related to the degree that regulation of the heater voltage is maintained at 1ts centre-rated
value, Under no circumstances should the heater voltage supply be allomed to deviate more than
4 5% from the rated valus,. -

For greater reliability, the potential between heater arnd cathode, when cathode is negative with
regpect to heater, should not be allowed to exceed 10 volts,

The maximm peak acceleration under contimwous random vibration conditions specified assumes that
the vibration frequency components are varying contimously over the band 10 to 1,000cycles/sec.
in a rendom manner,

The maximum peak acceleration under short term random vibration conditions specified asaumes
that the vitration frequency components are varying contiruously over the band 10 to 1,000 cycles/
86Ce in a random manner,

Direct soldered connections to the leads must be at lsast 5 mm, from the seal and any bending of
the leads must be at least 1,5 mn, from the seal,

For greater reliabllity during use, the grid circuit resistance should be kept to a minimum,

when submitting samples for Type Approval the manufacturer must have drawn the samples from a lot which
has met the requirements of the specification, The marufacturer shall provide the test results for
that particular lot; together with detailed results on the samples, as required by the Type Approval
Authority,

cvise2/2/2




- e CV 4502
70 BE _PERFORMED IN TION TO C N Ke1001
gg's; AT ONE GROUP SHALL, FE| PERFORMED IN THE SPECIFIED ORDER
- -...,-_1.
TEST CONDITIONS = UNLESS OTHERWISE SPECIFIED
vh{V) va(Vv) v2(v) vgi(y) vei(v)
63 100 100 -2 0
=
AQL | INSP. | gyt LIMITS .
k1001 TEST TEST CONDITIONS % | LEVEL MINe | LAL [BOGEY | UAL! MAX. | ALD NITS
AIX/241|GROUP A
Visual Inspection |Notes: 1,2, 100% :
No voltages !
Sel4  jInoperatives 100%
insulation Va-all = =300V 100% R 200 - - -] = - M
V2-all = =300V (1008 f R |20 { - | - -l - |-l "
vgl-all = =100V 100% R 200 - - - - - M
Reverse Grid Rgt = 500k max, 100% | 1g1 - - - -103 | =] pA
Current (1)
Vibration Noise {(1)j Notess 2, 3. 100%
Acceleration = 15g peak min,
Frequency = 50 ¢/s
Rk = 220
Ck = 1000 MF min,
Rgl = 0
va(b) = 250v !
Ve2 = 100V (Note: L)
Ram22% Vout | -~ - - -] 120 - v
) ; Tolllg Se
Al/2.2 Note: 5 |
AIX/2.3
~ |oROUP B
543 Heater-Cathode Vhk = &+ 100V 04t 11 Thk | = - - -] 10 ] -}jHa
Leakage Current v2 Ihk - - 2 - -~ HA
Anode Current (1) 0.4 11 Ia 3.9 ~ | 740 - [10s1 | - | mA
ve Ia - 5.9 - 8,1} - 245] miA
Sereen Current 0l 1I 12 1.2 - | 244 - 13.6 -l m
; v2 12 - 1.% - 2.&‘ - 1,0} mA
Mutual Conductance O if 11 | |33 ~ |52 -1 71 - | mA/v
ve g | - LSl = [5.86] = 1.5 mA/V
GROUP_C
Heater Current 1s0] I Ih | t80 - 200 -} 220 - § mA
Anode Current (2) Vgl = ~10V 10 I la - - - - 20 ~ | HA
Ra = 1M max,
Change of Mitual |Vh = 5,7V 2,51 1 Agn | - - - -} 15}~ %
Conductance Vgt = 0, RK = 220 '
Ck = 2000 UF :
Note: 6 i
; i

Cvhs02/2/3



C V 4502 TESTS (Cont.) Page 4

S e § e remem s S lsaie omSivemeny awssesams s imbmes s AQI:I“—S—P.——— et e _-L'Iﬁ'l-i'sn T

H » ' T T T UNITS
f Ktoo1 TEST TEST CONDITIONS % LVl SO Ry AL TR, ALD | 175 ;
i.- B e e - e 4 F— RN S U U
: |GROUP D ! : i i :
i . ' i { 1 ! 1 }
: .Anode/Sereen | Note: 7. ! 2.5 :Code : ‘22 = e = !3.6 i . '
: icurrent Ratio | ; ‘e Lo : P '
H : i ' ! i g ! | H

¢ ! : R : : ! H i

, Reverse Orid  Vh = 6.W; Va =VE = 190V; | 2.5 Codeilgl |~ = - ‘= 10| = g |
5 ‘urrent (2) 18 = 7.9 mi; Velor Rk adjust; ! (G L LT

; ! i Rgl = 500 k max. Note: 8. ! : ; i

,. | ! [ L ! |
: iGrid 3 cut Off | Ia = O.1m4 : leo p -1 v !
i ! : : P i
: : ! : ' i i H
549 iCapacitances | Measured on & 1 Mc/s bridge, ] 1 61 | = ! pF \
‘ ( ! valve mounted in a fully i .56 ; = { pF ;
i i | soreened socket, Shielded. i {045 - . PF !
i i ‘ Note: 9. - ' '
IRURE ——e e e ' RN
Tcnoup E i ! v

! i ; Lo :
[AIX/  |Lead Fregility | No Voltages : i . :

:2.1&.2.3.!

larx/  {olass stratn | No Voltages D 2.5l code i i Eo :
12,4241, Note: 1k, { ie ! . ' | j
i } H i N i : ! |
i i { . !
: Vibration Nolse: Notes: 3, 10e ; Vi Veus, . - - - 130, - P l mw., !
1 . (2) 5 o ! ot . (| e
i . ! ; 1 : \ : . j :
! ’ ] ‘ i . 1
Vibration ' Acceleration = 5g peak min, ! ! Code i b Do i !
Fatigue | Time = 200 hours Note: 11 | C L . f ! ‘ i
. : i : i \ i :
; : | ! : . ‘ !' ' j ! P
! Vibration Noise| Note: 12, : '! ; P o
i (3) ! Acceleration = 20g peak mine; | i ‘ P : Co
‘ i \ Rk = 220; Ck = 1000 pF mine ! : A, i P
o | Rgt = 0; Ra = 22k; Va(b) = 250V : ‘ (I o P
! ! Vg2 = 100V (Note: &) i i P oo ;
i Frequency = (1) 60-120 c¢/s Vout : = ;. - = 11000: = = | mWpk-plk)
i i o ' Py
i ; (2) 120-250 ¢/s ‘ Vour ; -~ . ~, = 1300; = '~ i mV(pk=pl:j
; : ! . i ' ' ! : : .
i ; i i i H .
i ; (3) 250-500 ¢/s : Yout {= | =i - 1000f - - . EV(pkpt)
} : ! o i : :
{ ; (&) 500-1000 c/s Vour |- - - 1000 o . o¥(pkeph)
i i P ' ; :
i : (5) 1000-2000 c/s ! Voug © - : =. ~ 150C - .- mpkpk)
: ' : : : : i )
X Post Vibration {Combined AQL 2,5 i ! oo P !
i Notse (3) : % oo |
| 1Tests: . i ! ! ! !
; = i ' ' o
! ‘Heater=Cathode  Vhk = + 100V 1.0 | Ik i= = = . =% 10'~ [pa :
; : Leakage ! : i ‘ : ! i i . i
' current, ; | i oo ] i .
' : X i I : ! i ! ' :
H ! . : ! ¢ 1 i ! i
iReverse Orid , Rel = 500k Maxe 0,25 gl j= o= o= ‘ 0.5 ' - . HA |
i current (1) ; . ; ' : ! i ! : :
! N ¢ : 1 | } i i
; Mutusl i 1.0 o i3 - - =073 - lmy |
i Conductance | | ; ! f H !
i . | o oy :
: : : : i . {
' {Vibration | A8 1In Oroup A, Note: 3. 140 iVout | - = = (= 3001~ jav
; .Noise (1) i | . ! ) R N W-N
i : ! | i [ X . H
! H g . H
! ‘Catastrophics i Notes 13 0,25 t } . ! t i ! i i
; ! ‘ ! ! ! ; : ! !
{AlX/  ishock | Hammer Angle = 30° . ! : I Do :
i2.h.2. : i No Voltages ‘ ; by ' ; ;
3. - * (T/A. only) ! ; i o Eo
! : :
{ :Post_Shock i As for Post Vibration Noise | ' ' S i i '
i Tests: . (3) Tests . | i ; . : : ; ! :
- . - ————— i + : Jooe e
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TEST

TEST CONDITIONS

AQL | INSP. |
% ' LEVEL

SYMBOL

-

CV 4502

LM~

T
LAL ' BOGEY

| UAL

" MAX
i

— wiIrs
o ALD :

AVI/5.1

4V1/543

5.1&.

Se1h

GROUP F

Life

tabil: Life
Change in Mutual
Conductance

Intermittent Life

Test Point
200 hours

Inoperatives

Heater—Cathode
Leakage Current

Reverse Orid
Current (1)

Mutual Conductance

Average Change of
Mutual Conductance

Insulation

Test Point

{1000 hours

Inoperativesg

Heater—Cathode
Leakage Current

Reverse Grid
Current (1)

Mutual Conductance

Insulation

|
{
|
f

vgt = OV

'Vhk = 135V heater positive

Rgl = 470k
RK = 200

Combined AQL

Note: 15

Vhic = + 100V

Rgl = 500k maxe

Va =~ all = =300V
V2 = all = «300V
vgl -~ all = ~100V

Combined AQL

Vhk = + 100V

Rg! = 500K maxe

Va ~ all = «300V
vgl =~ all = ~100V

!

Code

Code

AIR/2.5

ls.14

GROUP G

Electrical Re~Test

after 28 days
holding period

Inoperatives

Reverse Orid
Current (1)

Mutual Conductance

3

!

Rgl = 500k max.

0.5

i
| 0u5

100%

Ihk

Igt

=~ =

Ihk

Igt

1gl

a3

100

100

i . e et e e 1+ e ,‘_t‘.___ —
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10
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NOTES

The valve shall be visually inspected for good workmanship, using & visual atd having a X10
magnifrication, Particuler attention shall be paid to the following:-

Structure quality, quality of welds, quality of lead tinning, extermal dimensions and shape,
and freedom from harmful loose particles,

This test may be done alternatively in Group G, at the discretion of the manufacturer

The valve shall be mounted so that the direction of vibration is parallel to the minor axis of the
electrode structure. The test shall be of sufficient duration to obtain a steady reading of noise
output,

Ve2 may be obtained from the 250 volt line via a resistor of 62 k decoupled by a 2uF capacitor.
At this stage the lot shall be formed, It shall be an identifiable lot not exceeding 5,000 valves,

manufactured in a perjod not exceeding 20 consecutive Working days, Normal Sampling (Single) shall
applye

The changs in mutual 1s expr d:
(8n at 6,3V)= (gn at 5.7V)
(am at 6.3¥)

x 100%

Calculated from the Anode Current (1) and Sereen Current as measured in Group B.

For this test, the valve shall be pre-heated for 5 minutes under the test comditions, Igt shall not be
rising or cut of limit after a total of 5 minutaes,

The capacitance Test Jig connections shall be as follows:-

rogy | Links Links Links |
83t to H.P. | t0 L.P, to E.
cin 1 2,3,5,6,7 4,8
sh.
Cout 4,8 2,3,5,6,7 1
sh.
Cagt 1 4,8 2,3,5,6,7
gh,

Test conditions as for Vibration Noise (1} in Group Ae

The valves shall be randomly mounted on the vibrator mount in such a8 manner that each valve
experiences an acceleration of at least 5g peak.

The frequency of vibration shall be swept contimiously over the rangs 60~1000 ¢/s at a rate ef change
of frequency not greater than 1 octave per mimute,

The heater supply shall be 6,6 V and switched approximately 8 mimites on 16 mimutes off throughout the
duration of the test,

No other voltages are to be applied,

This test to be applied to the total sample previouslyswbjectedto the Vibration Fatigue test, Each valve
shall be mounted. so that the direction of vibration is parallel to the minor axis of the electrode
structure ard shall be vibrated over the frequency range 60 ~ 2,000 ¢/s. swept once only at a rata of
change of frequency not greater than 1 octave per X secSs The voltages to ba recorded shall be the
values of noise eutput at the maximum resonance in each of the specified frequency bands, as measured

in terms of peak-to-peak voltage using &n approved equipment. See page 7,

A valve shall be deemed to be catastrophic if it is either an inoperative as defined in K100%
Section 5,14, or has either or both the following defects:

(1) Anode current outside the range + 75% of the bogey in Group B,
(11) vibration noise output, as measured in Group A, greater than 1000 IV.r,m,s.
This {8 a destructive test and valves usad for this test will not be accepted for delivery.

Accept lot if O Inoperatives in sample, rejecb'lot ir 2 or more inoperatives, If 1 inoperative, .
take further sample of 50 and accept 1f no further inoperatives.

©v. 4502/2/6
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Typical Operating Chardcteristic 5
Limiting Distributions of Major Characteristics 6
Maximum Range Distributions centred on Bogey T
Grid Characteristics.
Ia & Tg2 : Vgt Va=Vg2=50V, 100V, 150V 8
en : Vet Va=Vg2=50V, 100V, 150V 9
ra : Vgl Va=Vg2=50V, 100V, 150V 10
Anode and .Screen Characteristics.
Ta & Ig2 : Va Vg2=50V For nominal valve 11
Ja & Ig2 . Va Vg2=50V For bottom lmt. valve 12
Ia & Ig2 : Va Vg2=50V For top lmt. valve 13
Ja & Ig2 st Va Vg2=100V For nominal valve 14
Ta & Ig2 t Va Vg2=100V For bottom lmt. valve 15
Ia & Ig2 t Va Vg2=100V For top lmt. valve 16
Ja & Ig2 : Va Vg2=150V For nominsl valve 17
Ia & Ig2 t Va Vg2=150V For bottom lmt. valve 18
Ja & Ig2 t Va Vg2=150V For top 1mt. valve 19
Triode-connected Characteristics.
Ia : Vgt Va=50V, 100V, 150V ‘ 20
Ja : Va Vg1= =6V to +2V 21
n, gn, ra, Vg1' ¢ 1Ia Va=50V 22
n, gn, ra, Vgl s Ia Va=100V 23
un, gm, ra, Vg1 t Ia Va=150V 2k
Dynamic Characteristics.
Ia & Ig2 t Vgl Va(b)=250V, Vg2=10-45V, Ra=100K 25
JTa & Ig2 t Vgt Va(b)=250V, Vg2=10-45V, Ra=220K 26
Ia & Ig2 s Vgl Va(b)=250V, Vg2=10-45V, Ra=L4TOK 27
Ia & Ig2 : Vgl Va=100V, Vg2(b)=100V, Rg2=22K, 33K, 47K 28
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CV4502/d/June60/3



CV 4502

STATISTICAL ASPECTS OF CV4500 SEECIFICATIONS

Page 4

These test specifications have been drawn up on a statistical basis
involving the following considerations:-

1. The use of 100% testing on its own does not, with presently known
methods, and with reasonable econamy, result in 100% perfect items
reaching the customer, because reliability cannot be tested into a
product, '

2, To control the average and spread of the characteristics of a batch

of valves is a better guarantee that the product is under control,

than to accept all of a product solely on the basis that the characteristics
lie within certain limits. In general it is true to say that a valve which
is just inside a limit is neither better nor more reliable than one which is
Just outside that limit.

3o It may be demonstrated that the main characteristics of valvesfairly
closely follow normal or log-normal Gaussian distributions.

The inspection of these valves when submitted for acceptance is
therefore carried out in two complementary stages.

Acceptance Sampling by Attributes.

Each Attribute sampling test in the specification has two conditions
which define the inspection which must be made in order to ensure that the
corresponding characteristic meets the required standard., The conditions
are:—

a) The Inspection Level, which defines, directly or indirectly, the
2 2
size of the sample which must be taken,

(b) The Acceptance Quality Level (AQL), vwhich defines, indirectly, the
number of rejects which can be tolerated in the sample,

These conditions also define the Operating Characteristic of the
sampling scheme (Page 5), which gives the relationship between the quality of
the submitted lot and the probability of its acceptance. In general the
levels are so calculated that if lots containing a percentage of rejects equal
to the AQL were constantly submitted, then approximately 99% of the lots would
be accepted.

It can be seen that the above scheme only defines the permissible
percentage of valves outside the specified test limits, and not the distribution
of the values of the characteristic within those limits. Theoretically
therefore, it would be possible for all the values to lie just within a limit
and the product would still be accepted.

To ensure that this situation does not occur on the major electrical
characteristics, Variables sampling is introduced.

Acceptance Sampling by Variables

Bach Variables sampling test in the specification has one condition which
defines the inspection which must be made in order to ensure that the
corresponding characteristic meets the required standard. This condition is
the Inspection Level; which defines the size of the sample which must be taken,

The sample is divided into groups of five and the required characteristics
are recorded., From these results the average value of each characteristic for
the whole sample, and the average of the individual ranges for each group of
five, are calculated, These values define the location and the dispersion of
the characteristic distribution, respectively. The average must lie between
the Lower Acceptance Limit (LAL5 and the Upper Acceptance Limit (UAL), and the
average range must not exceed the Acceptance Limit for Dispersion (ALD)

N.17082 /Illustrations

CV4.502/3/ Tuneb60/L;
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Page 5

Illustrations of the limiting distributions for this valve, which would

be just accepted by the above controls, are given on Pages 6 and 7, These

show normal curves with the maximum permissible spread allowed by the ALD,
centered on the LAL and UAL, respectively, and the maximum spread distributions,
centered on the bogey value.

For further details of sampling inspection procedures for Attributes and
Variables, reference should be made to K1001, Appendix XI, and MIL Standard
105A, Sampling Procedures and Tables for Inspection by Attributes.

Typical Operating Characteristic

The following curve gives a typical Operating Characteristic for:-

Lot Size of between 1301 and 3200
Inspection Level II (Code Letter L, Sample size 150)
An AQL of 0.4% (Accept on 2, reject on 3).
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CW4502

PERCENTAGE OF FINAL ANODE CURRENT VALUE
VERSUS TIME FROM HEATER SWITCH-ON
FOR A TYPICAL VALVE
Vo= Vg2=I00V
Vgi=—2-0V
Vh= 63V
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MAXTMUM VAIUE OF GRID-TO-CATHOLE RESISTOR

The value of the external grid to cathode resistor which can be used
with a valve in circuit is limited by the negatvive grid current of the valve
and the D.C. effective mutual conductance of the valve in the circuit.

In simple circuits, the maximum safe value of grid to cathode resistor
can be obtained with the aid of the curves given on the next page, by taking
the vorking slope from characteristic curves and calculating the value of the
effective cathode resistor from the following equations:-

For Triodes:~ Rk effe = Rk 4 28
B

For Pentodes:~ Rk effe = Ik x Bk + Ig2 x Rg2
Ia Ia x u(gl - g2)

Example
CV4502 operating as a voltage amplifier wish Va(b)s250V, Re=100K,
Bg22330K, Ris560. Ias2.0mf, Ig220.67mA, gmworking=3.5mA/Ve

Then Rk eff. =-——-—2.—0-— +* 50 x—.—.22.8_

= l§.715 ohms.

From the curves for these values of Rk eff, and gm working:-

maximum — m (workin, 16
Rgl(mex) (Flxed biespublished) =~ m (published) ~
g

Therefore Rgt maximum = 16 x 0.25 x 106 x g—'% > 6Me

In more complex circuits, for example, those employing feedback additional
to that given by a cathode, anode or screen grid resistor, or those having
large signals and driven into positive grid current, the working slope and
effective cathode resistor are difficult to assess. For these cases the maximum
value of grid to cavhode resistor in circuit is given by the following relationship;—

- 1_(maximum) 2 gm (published
Rgl (mex) (fixed bles published) gn (ws eff,

where the effective working mutual conductance gm (w: eff:) is obtained by
measurement in the circuit end is the change of anode current that would
occur in that eircuit for unit change of grid voltage, where this change of
voltage is chat which would be caused by z change of negative grid current
within the valve,

Ne33255
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Rgl (qu“-num) M

Rgl (max) (fixed bias pubhshcd} gm (published)
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