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SULLERY

\
At the request of D.0,D, (letter dated 3lst

March, 1944,

Ref. GB.41310) an examinction has been made of German radio
components with a view to ascertaining technigues, materials,

processes, ebo,, about which information might be
the conclusion of the Buropean Var,

desired at

Components wers extracted {roi captured German equipment
and crashed aircraft. These were subjected to functional tests
in accordance with the relevant British specifications, and to

an exemination of their design and construction.

The conclusions reached as a result of this

investigation

are set out at the end of each section and the recommendations
made are underlined. They can be found on the followinz pages.
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1. INTRODUCTICN

At the request of D.C.D. (letter dated 3lst siarch, 1944,
Ref. GB.41310), an examination has been made of German radio
components with a view to ascertaining techniques, materials,
processes etc., about which information might be desiredsat the
conclusion of the European var.

The conclusions are set out at the end of cach section and the
reccmmendations are underlined

The co:nponehts investigated were extracted fromn German equip=-
nents obtained:=-

(1) From captured enemy stations and acroplanes on the fighting
fronts.

(2) From crashed cnemy aircraft in Britain.

As a consequence, it is impossible to state the history of
these equipments prior to their acquisitien. A4 crashed aircraft
may have been exposed to bad atmospheric and climatic conditions
for varying periods before removal of the radio appsratus and con-
sequently, electrical tests may be inconclusive if the results
indicate imperfections in perforuance, unless faulty construction
is obvious. However, any positive results, l.e. any results which
indicate very good perforuwance, niay be considered as conclusive. ‘
In general, therefore, favourable test results may be considered
more conclusive than the failures detecteds

In many instances it was inpossible to exailne ‘components elec-
trically because of mechanical damage,

2, CHASSIS AND ASSE:BLY PROCESSES

2.1. General

2e1s 1 General exaination of the construction of chassis and
asserblies shows that the chassis are extremely light and the
assemblies neat.

24142, The chemical composition of the chassis has been determined
(Ref. 2)s The waterial was found to be a magnesiwn alloy. It is
generally produced in the form of a die=casting (See FPlate by Ttems 1
and 2, Plate 7, item 7)e

These die=~castings are produced with extreme accuracy, and those
produced by diff'erent manufacturers and in different years are entirely :
interchengesable. However, this entalls several disadvantazes. The :
system, once employed lacks adaptability, and moreover makes it very
dirficult to service equipment of this type in view of the cramped
nature of the final assembly. 4 feature of the Gerwan production
system appears to be the extensive use of subassemblies. In the
event of breakdown, a couplete section of the apparatus may be re-
placed and could be returned to a maintenance unit for sklilled servieing:
This naturally entails the provision in the field of a fairly large
supply of replacement units instead of individual components.

2.1.3. It is interesting tc note that "tropicalisation" of
camponents is not consistently carried out in Germanye. This is borne
out by the fact that there appear to be two classes of finish - very
good. and very bad. In a particular set, while there are many componentd

-5 -




2

3

Unclassified

SEERET
T,N, No. RaD.228

with very desiravle "tropicsl" properties, associatsd coaponents
may be extremely poor in climatic periormances

214, Dvery component in a jive piece of equipnent is *
identifiatle by a trensfer wark, and clectrically identical points
are always marked with the same nunbers

4 ’
2s1e5¢ It is dinteresting to note also that every nut used in
assembly is locked with a hard lacquer which makes it difficult
to "unlock" the assewmbly. (3ee Plate 7, Item 8,2, Plate 10,
Ttem 3u1)s

2. 2. Coneclusions

A kmowledgze of the German mcthods of die-casting would be of
great interest.

The locking lacquer referred to in 2,1,5. cculd probably find
applicatiorsin British cquipuents and its composition and properties
might be usefully investigated.

CAPACITORS B

%. 1. Paper Dielectric Capacitors

3+1,1. General

The two main types are:=
(a) Rectangular capacitors (s.;. Plate 5, Items 5, 7, 8, 10)

(b) ’l\.lbular)ycapacitors, (e.z. Plate 5, Item 9, Plate 7, Items
-1, 2, e

Capacitors of type (o) are produced with many different capacities:
and for various voltages. The normal method of construction is to
spot weld a 1id’and a base to a tube of rcetangular cross-section and
finally to tin the whole assembly (Sce Plate 5, Items 5, 7).

The "rolled seam" method of construction is used occasionally for
. . .
units of large size,

In type (a) also, it is interesting to note that the mounting
holes are very often asymmetric to save mounting space (See Plate 5,
Item 7.1). On occasion, capacitors are retained by sliding a base
clamp over projections on the case (Plate L, Item 9.2). * No riveting
is used and the units, which are usually small, arc retained solely
by mechanical pressure. A further method is to rivet a base plate on
to the capacitor, and to drill and tap holes in it by mcans of which
the capacitor is then fixed to the chassis without any projecting lugs.
(See Plate 4, Iten 6.1). Yet mother type of retaining clip is shown
on Plate 5, Ttem 1ll,a spring steel clip drilled and tapped ot the base.

In type (b), the most common type of mounting for metal cased
tubular capacitors is the stud type (See Plate 10, Item 10)»  The
insulated tubuler type is normally mounted on a ceramic plate or a
bakelised paper tag-strip. The insulating material is either
bakelised paper (See Plate 10, Item 9), or glazed ceromic (See Plate 6,
Ttems 4 and 5).  One disadvaontoge in the construction of-the latter :
type is that whenever o number of these units is mounted side by side,
steps must be taken to prevent the énds from touching. This is done
by meoans of an insulating sleeve of lacquered fabric, cellulose acetate:
or volvvinvl chloride. :
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Couposite units have been noted on some occasions, consisting
of a paper tubular capacitor in series with & coiled up spaghetti

resistor.  These units are proobably used for spark guenching.

34 le 2. Experimental results

The electrical propertics of wricus types are tabulated below.
It will be scen that some types give cxcellent veriormances after
clinmatic conditioning. In the table of results the methods of
construction and the manufacturers of the components are indicated,

where knovn, Refercnces to the photographic plates are also

=

included,

The cabegories of tests corried out viz - "A", "B", "C", are
the categories prescribed in the Inter-Service Specifications
(BS/RC Series) and the climatic cycles are in accordance with these
specifications.,

The most satistactory types are the following:-

(i) Glass or glazed cerausic cased paper tubular capacitors with
metal end pieces, which satisfactorily passed as Cabegory A,
B and C components, (Plate 6, Items 4,5). . The working
voltages of these capacitors go up %o 600V, D.C.

(ii) The rectangular mctal cased type with glass or glazed ceramic
terminations. The sizes do not differ materially from similar
British capacitors. Voltages in this type go up to 1000V, D.C.

(iii) Varistion of (ii), (Plate 5, Items 5, 7) with ceramic block
end pieces and metal insets to take the leads o tihe unite
(Plate 5, Ttem 8).

{iv) The glass seeled tubular (motel cased) type (Plate 10, Ttem 6).

-

Sample
Noa

Description Manu= kg, Nominal Dimensions
facturer |Voltage | Capacitance Cilly
. uF —

o

par;
O OOV,

Ceramic cased paper) |Sieinens— 250 e 02 28 %X 0. 76d.
tubular capoacitors ) |Halske " f " '
| with metal ends 1 f 1" "

Glass cased peper " 500 Cal 2.29 x 1,524,
tubular with netal ’ :
- ends

»
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Sanple Foil No. of | Dielectric | Dieleotric|  Flabe
Nos Thickness papers Constant Thickness Reference
microns microns
2 16 2 3.1 18 Ttone
3 18 2 3e3 18 i
& 1 2 NN 16 4 end 5
Category "A' Tests
Power Factor % Capacitance MF
Sauple Ces ‘ . .
Now As. Recds After climatic As Recda After climatid
cycles cycles
1 040 Qe 50 e 019 0y 019
2 0u O 0. 50 0,020 0, 020
30105 030 0. 017 0,018

Insulation Resistances on all szmples > 105 megohns at all

astages of test,

Catesgory "B" Tests

Power Factor %

Capacjitance pF

Sample - X - -
No. As Recd., After climatic As Recd. After climatic
cycles cycles
4 Cet O 0 30 0, 019 0. 019
5 0.4 0 - 0. 01k . -
6 st O 0.30 0. 019 0, 020

Insulaticn Resistance on all samples

stages of test,

Pd

7105 megzohms at all

Catezory "C" Tests

_ Power Factor % Capacitance uF
Sample i . . o e
After climatic . After climatic
Noe As Recd, cyele AS Recd. oyole
ran Op 40 0s 30 Q. 018 0. 019
8’ (¢ ALe] © 0e33 Qs 020 0e 020
9 0643 - 0a37 0. 020 0. 020

Insulation Resistance on all sauples 7105 megohms at all

- stages of tests.

’ .
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Saripld Description lanu~ Wka. Nominal Dimen- ' Plate
No, Tacturer | Voltage |Capacitancd sions Reference
uzw (ams. ) :
11 | Rectangular Metal )| I.B. 1000 Ol 7.0xl.9x | Plate 5,
cased, paper, ) 3855 Item 7.
12 lterminations on ) " 500 1045 + Q5 | 5.7xl. 9%
ceranic bushes Ly
13 " 750 Q. 05 7+ 0xl.9x
‘ 152
1y ) " 1000 1 12 x 3.184.
15 Metal cased tubu= " 250 1 2. 8x1. 524, |Plate 5,
lar paper,ceracic Ttem 9,
4terminals,
16 " 250 1 2, 8x1.52d. "o
17 Siemens 500 0.5 3. 18x2. 544, | Plate 7 N
) Item 1,
18 ) " 500 a5 34 18x2, 544d. "oon
4
Foil Dielectric
Sample Thickness No. of Dielectric Thickness
No. " microns Papers Constant nicrons
17 12 4 bel 15
18 12 4 3o 7 17
Category "B" Tests
> . B
Power Factor % Capacitance @
Sampl N : . . ;
e 45 Reed, After Olimatic AS Reed. After Climatic ;
. Cycles Cycles .
1 0.5 0u 46" 0,116 0.118%
12 (0.5 0. 4. 5% 0. 552 0, 586%
(a5 0. 246 0576 0. 587
13 0448 0.41% 0. 056 . 0a059%
| Insulation Resistance Megolms
Sample i After 1st i R
NO. As Recd. After Drv H er 1s After L,T. and 2nd
o Dry Heat Hunidity Humidity
1’ 30000 50000 50000 50000%
12 40000 60000, 50000 25000%,
13 40000 1 70000 - 10°

¥ The ILow Temperature Test in this case was made at =600 .

-0 -
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Category "C" Test

Power IFactor ,. Capacitance UF
Sanple . . ' a . .
A Af'ter cliuatic Cw Tom After clinatic
No. |As Recd ! cyole a8 :e.uc-d. cycle
1 L 00 1,0 Ce 989 0s 992
15 0. 50 - 0s 093 -
16 R ele) 0. 80 G, 095 Qs 096
17 0s 50 : Oe b3 0, 516 G 522
18 0, 55 Qw42 0w 490 0u 496
Insulation Resistance ' egohms
Senple fter 1st i
. 5  Recd. Afte Hes After ls Efter L.T. and
No As  Recd. After Dry Heat Huridd ty Snd Humid by
14 L4000 2,000 1,600 1,100
15 7,000 12,000 8,000 10,000
16 7,000 8,000 75000 52
17 18,000 30, 000 20,000 20,000
18 20,000 20,000 1,200 18,000
. —_—
Sanple Description haufacturer [Wkg. Nowinal Dicensions
No. Volbage | Capacitance Cliia
L
19 lletal cased, paper V. T, T, (ilien) [150 & 350 1+ 4 Uy i 5xhe 45X
glass seal, 5e 35
20 )} V.T.T. (Wien)|150 « 350 1+ k Lo d Dy LB
5485
21 lietal cased, paper Hydra Werk 30 0s5 + 005 154 7%2, 8x
ceranic ends 2e 54
22 (uni‘t;s between Hydra Vierk 20 Qeb 4+ 045 [5e7x248x
terininals and 24 54
casc)
23 ) Siemens 350 L lLe 56x6, 85%
be
Foil
Semple | Thickness | No. of | Dielectric| Dielectric| Plate
No. wicrons papers Constant Thickness Ref,
19 20 4 Gols 2 Plate 5,
Item 5,
20 20 L 6.{,\. 25 " "
21 8 2 3.6 5 Plate 5,
Iten &,

- 10 -
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Sample Power Pactor ¥
No. Af'ter Dry After 1st After climatic
As Recd. Heat Huridity cycle
E 0. 60 0. 70 0,69 0,73
21
(] 059 072 0. 67 0. 51
Sample Capacitance pf
No. AS Recd. After Dry After lst Afber climatic
Heat Humidity cycle
(] 053 0.49 O k9 0. 59"
21
(| 049 0. 50 0. 50- 0,50
Semple Insulation Resistance Megohms
No. i | After Dry After lst After climatic
As Recds Heat Fwui & by cycle
(| 3600 5800 3600 *® 3800
21
g 3800 3900 3800 2800
Category "C" Test
Semple Power Factor Capacitance pF )
No. As Recd, After climatic 4is Recd. After climgtic
cycle cycle
19 1,80 1. 35" 0. 97 0. 97%
375 3e 79,!
20 L0 1.35% Qs 98 0s 98
3.85 375
23 - - 3435 30 W
Semple Power Factor
No. Af'ter D After 1st After climatic
As Recd. Hoat ! Hunidity cyele
%72 0. 68 072 0. 87
22 ’
Ce 68 G 89 1. 30
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Sample ~ Capacitonce pF
© No. " o After Dry Af'ter lst after climatic
48 Recds Heat Hunidity, cycle
( Ol 0 50 0s 50 0s 50
22 2
O. 49 Ou 15-7 Oo 1—#—7 O. Li-?
T
Sample Insulation Resistance iiegohis
No. . Lfter Dry Af'ter 1st Lfter climatic
4is Recd, Heat Hunidity cycle
19 1,500 5,500 1,800 : 1,100
1,000 34300 1,500 1,060
20 700 2,800 1,100 TOOH
120 2.0 ©110 90
22 7,100 5,800 1,900 ’ 1,800
8,300 5,800 5,800 5,800
23 2,600 2,000 3,100 2,800

® The Tow Terperature Test in this case waos made ab —5000.

3s1s 3. Construction

It is noticeable that Geraman manufacturers frequently use an
impregnant probably incorpcrating ehlorinated napthalene. The
impregnants in metal cased puper capacitors consist aluost invariably
of chlorinated napthalene wax, Tris is used very rerely in this
country due to its corrosive action, but it iz suspected that the
German compound of chloriasted napthelene is less injurious. Tids
statanent is based upon commcreial sxperience before the war,

Chlorinated napthelene of Bfitish manufocture is dangerous in

view of the liberation of free chlorine. Gerien waxes of this type
appear to be used with a reasonable degree of safety up to 1000V, D.C.

The advantzge to be gained in using chlorineted napthalene is that
the capacity may be increazsed by as wuch as 30 for a given size.

The paper used is oi extreaely fine quality possibly made from
wood-pulp, ond is extronely thin, viz:- 5 to 20 uicronse

The Llupregnating process is very efficient and considerable
difficulty was experienced in separating adjacent papcrs ond foils.

The foils used are also very thin and runge frowm about & to
30 nicrons.

- 12 -
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There are other interesting details of construction, The
units, in multi-unit types are almost invarisbly scrcened from one
another by a plate in the metal case. “herc neccssary the foil
is soldered to the case internally and each unit is screened, in
addition, by a covering of thicker foil which serves as = connection
and also as a protection to the unit.  (See Plate 5, Items 7,8,9).

In general the units are very neatly assembled internally and
. the finished units are fairly robust.

As described in 3.1.1. the method of sealing the metal cases .
is nonazlly by spot welding and solder dipping, The boxes or
cases are not noruzlly painted but are metal sprayed. There are
many different designs or ter.inaticas of which the following are
the most frequently encountercd.

(1) This type consists of a cylindrieal bushing of soue moulding
material similar to bakelite, nounted on a bakelised fabric
insulating plate. '

The soldering lug is mounted on the bushing and connected to
the capacitor plates by a wire. This type is very unsatis-
factory under climatic conditioning and is inferior to any
type in service in this country.

(i1)  On sowe paper dieleetric capacitors soldering Tugs (of tinned
steel) arc simply claaped on t0 a board of bakelised fabrice
or paper which forias the end plote of the unit, This construce
tion does not provide good insulation wnd is unsatisfactory,

(iii) This consists of s plazed ceromic bush bonded at its lower
end to the metal case. A soldering luz is solder:d to the
metallised upper end and the connecting vire passes through
‘a central hole in thebush, (Ses Diagram I). The only
possible weakness li¢s in the reaction of the ceramic-metal
combination to thermal stress, but clectrical tests do not
disclose any ,such tendency in the temperature range demanded
by British Specifications.

(iv)  The Purther type of glazed ceramic termination consists of Llat
end plates to the metal casing (Plute 6, Itew 8,1)s  This
entails soldering a bevelled silvered cerauic edge about 1/16Y
to 1/8" width and sbout 1/2" 4o 15" lenyth, In the end plate
a hole with silvered edses is provided into which n metal
terminal is inserted and soldered to the wetellised ceramic plate,

This process is used in Auerica by the Corning Glass Works,
New York, (Ref.3), althou i the process is coparatively new
in that country, while in Geruany the process aprears to be
widespread and coimmon. Exo sontal work on this type of
terminal is being carried out by British manufacturers,

The process of ceramic-metal bonding is also anplied to the
peper tubular type where a coramsic tube hss silvered ends, and
the metal end~pieces are soldered to it, providing an airtight
seal.

(v} The processes described above are similarly applied to glass,
An interesting feature of these terminals is an iron alloy
sleeve passing through and noulded into the glass, (see Diagram 2)e
The coeflficient of thermal expansion of the iron alloy is equal to
that of the glass., This elisinates the danger of rupture
1

- 1% =
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due to differential expansion. The capacitor leads pass
through this sleeve and are seldered to it outside the unit.
The climatic performance of the glass terminzsls is as good
as that of the ceramic terminals.

(vi) Insulated paper tubular capacitors are sometiiies constructed
in glass cases with silvered ends to which the terminations
are soldered. This is interesting owing to-the excellence
of the seal and the satisfactory electrical performance.

The &enperature range as marked on the components for
both ceramic =nd glass seal types is either =40 to +70°C. or
-60 to +80°C. and both limits are net satisfactorily. With
the exception of (i) and (ii), 11 types of termination with-
stand climatic conditioning without deterioration.

3eleb. ietallised Paper Types (3ce Plate Ly Tteos 6, 8, 9)

This type of capacitor does not utilisc the normal method of
interleaving paper dielectric and ictal foils In thiz iastance, the :
electrode consists of metal sprayed on to the paper as 2 thin filu sbout
4 microns thick, The metal norually used is aluminiume If the :
applied voltaze exceeds the roted voltage, the hedt generated at any
weak spot in the paper converts the aluminiwm to alusinium oxide which
is an ingulator and so prevents the unit becoming short circuited. The
metallised paper is usually subjected to voltoge stress prior to ’
assenbly and these weak points "blown out", aluminiuin oxide being
formed in their place, The brenkdown volbage is low. The type is
also constructed in this country (Ref.lL). It is noteworthy, however,
that units vith working voltages up to 750V. have boen found where an
extra layer of paper is interposed between the metallised papers.

The patent rights of this method of construction arc held by
Bosch, (a German manufacturer) and the Gersasn type of metallised
paper 1s superior to that used in this countrys

Test results ere given below,

Sample Description Manu=~ Kge Nominal Dinmensions  :
No. facturer Yoltage Cap. 5
' hay ci i
27 Metallised paper, {Bosch 120 (095 34 25% 10 0536 3
fabric insulation
25 Metallised paper, )|Bosch 250 1.0 3. 25%2, Bhx3. 3 t
29 Ceramic )iHydra erk 250 0.5 3¢ 2521 05%3, 3
30 Insulation }{ Bosch 250 Oel + Oul §3425%1052%3, 3
+ 0.1
Semple Foil No. of | Diclectric | Diclectric| Dlate
No. Thickness papers Cons tant Thickness Ref,
microns mlcrons
27 L 1 20 7 Plate 4.,
Item 6,
28 6 1 2.5 7 Plate 4,
Item 9.
29 6 1 2l 7 Plate &,
Ttem 8.
30 10 1 3. Q 12 -
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Power Factor . Capacitance P
Sample :
No. As Recds After climatic s Recd. TiTter climatic
cycle cycle
27 2,70 4e 00 O 497 - 0. 510
28 0. 70 0. 8L 1. 100 1.1390
29 0, 55 Ce 75 Qu 500 0. 517
30 0. 70 ( .50 { 0.100 (0,103
0 70 én. 7 0e 205 go. 103
0.75. 4 30 0.102 0. 099
Sazple Insulation Resistance iegohms
No. . After dry After 1st after LoT. and
45 Recd. Heat Humidity Znd Humidity
27 10 1 1 1
28 900 850 1,500 100
29 400 2590 200 200
30 |(7,000 12,000 12,000 1
7,000 12,000 16,000 1
74000 12,000 11,000 1

3. 1. 5. Comparison of Physical Dimensions

In general, capacitors of German origin

of* British manufacture,

For ingtance:-

IR

are sialler than th

German paper tubular capacitor in coramic casei=

Capacity =

Voﬁ.tage

Volume

0. 05uP

: 750V, D.C.

2,7 Cose 2PProx.

British waxed paper tubular capacitor:=

Capacity =

Voltage
Volume

or:-~

002 uF
s 750V.D, C,

: 7.5 ccs,

arproX.

German metallised paper capucitor (rectanjuler sase)i-

Capacity : Os5pPF
- Voltage @ 250V. D.C. .
Voluice

: 11.3 ces. approx.
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British paper-foil eapacitor (rectangular case):=
Capacity : O.2u7F

Voltage™ : 3507, D.OC.

Volume ¢ 20 ccs. approx.

The volumes stated do not include the terminations,

3. 1s 6¢ Qonclusions

(1) The most notable Feabure of capecitor comstruction is the use of
glazed cera.ic or glass insulated terminals sealed into the case,

In view of the great advantages of hermeticall gealed capa=
citors, and the fact that the production of zlass-to-metal ang
ceramic-to-metal sealed capacitors in this country is in its
infancy, it is - most desirable $hat all aspects of the German
technique should be explored directly the opportunity offerg,

(ii) The apparently improved form of chlorinated napthalenc wax merits
attention as it appears satisfactory during climatic tests in
accordance with British Specifications.

It aopears thot some means is adopted for inhibiting the re-
lease of free chlorine, This should certainly be investigated,

(iii) The paper used in capacitors is of a very high grade and appears
‘o be manufactured from wood-pulp. After extraction of the ime
pregnant it still possesses water-resisting properties charac—
teristic of well dricd and well impregnated papers of British
manuizcture,

(iv} The wetallised paper ftype of cepacitor is worthy of attention
ardeny improvements in metallisin: technique would be useful
for British lienuracturcrs,

32y Electrolytic Capacitors (See Plate 6, Ttems 1, 2, 3, Plate 9, Item5) 1

3424 1. General Types in Use

The tubular metal cascd electrolytics and rectangular metal cased
electrolytics as used in this country are also found in German equipments,
It is interesting to note that’ very faw high voltsge electrolytics have
been found,  3Jome of these were inspected, but were not aveilsble for
investigations,

i

The tubular type is not remarkaple in any way in physical dimensions
or physical properties. The capacitors have a base stud fitting and the
case 1s constructed of aluminium or an aluninium alloy, fThe terminal is
fixed by a ring of rubber or rubber-like material and the sealing is
excellent, . '

The rectangular cased electrolytics exanined have two peculiar
features. One is that the case is constructed of tinned steel. This
is discouraged in thig country because of the electrolytic action with~
in the component causing corrosion where dissimilar metals are in
contact, However, in this application the case does not form one of
the electrodes and 80, if the insulation between the units and the case
is sufficient the difriculty due to the corrosive effect of the con~ -
tents may be overcome. Otherwise it is difficult to understand vwhy '
the case is not constructed of aluminiwn, - The glass seals and ter-
minals axe interesting as they provide an excellent "tropical!
construction,
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3e 24 2, Experimental Results

The results of climatic tests (in accordance with I,3.C. Tech.C.
Spec. BS/RC.S/130.4) are shown below.  The performance of the rece
tangular cased type with glass seals is satisfactory and it will be
noticed that the sample tested was a reversible electrolytic, The
results of the tubular type were excellent and the low temperature
perforuiznce is remarkable,

Sample Description |llanufacturer | Wkg. Nom, | Dimen=— Plate
No. Volte jCap, | sions Refly
: [y Cllle
2 Tinned steel case, | Jaroslow 8 150 | hek5x149 -
glass seals, re= x 5.7
versible,
25 Aluminium case Siemens= 8 30 5.1 x Plate 6
Halske le 77da Item 2,
26 Rubber or ruboer Siemens- 8 25 ]38 x Plate 6
like secals ) Halske 1. 774 Item 3.
Sample Power Factor %
No. Aftcr 1st Af'ter climatic
As Recd. After dry heat Hunidity cycle
: 150 1543 15,0 .0
2l 16,5 17.1 170 15.0
25 5.0 5.3 - .60 8.5
26 &0 8.0 80 9.0
Semple Capacitance pR ;
Now As Recd. After dry Af'ter 1st |{After L,T. and |At L. T, | ATter Low :
S Rheo heat Humi dity ond Hunidity | =40°%¢ | Pressure |
167 6 150 153 80 158
2 170 155 154 155 122 156
25 Ly L3 4, 34 L2 Ll
26 31 32 32 26 30 33
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Sample Leakage current in mi.
No. As Recd, [after dry [After lst | After L.T. and]At LbT After Low |
* Neat Huinidity 2nd Humidity | =40°C Pressure
24 0..05 Ce 01 0, 01 C. 01 0, 01 G, 01
1,1 C 8 0.3 05 003 0e5
25 0,01 0. 0L 0. 01 0y OL 0, 01 0. 0L
26 0, 01 0. 01 0e 0L . 0,01 G, 01 0,01

3,2.3. Conclusions

In view of the undoubted superiority of Germon electrolytic
capacitors over those of 3rifish menufacture, a comprehensive
investigation of their wanufacturing technique. should be made,
In particular it is obvious that we have much to learn from them
about the composition of the electrolyte used, apout the degree
of purity of the foils and other ..aterials eﬁployed.

The British manufactm'ers consulted on this point are in

‘agreement with this view,

3.3. Ceramic Dielectric Capacitors

3.3+ 1. Fixed Capacitors

The subject of fixed ceramic capacitors is dealt with in detail
in Ref.(4).  (See Plates 1, 2; Plate L, Items 10,11, 15). No
further distinctive types are apparently in use, the only renarks
being that the disc type of ceramic capacitor has been found in
equipments. The practice of protecting capacitors by a cerasic
case is still common and the stacksd type of tubes are still in
evidence, The most notatle feature of asse.blies of cerasic
capacitors is the temperature canpensating assemblics described in
Refe (4) above. (See Flute 4, Item 11).

34 302 Trimmer Capacitors

This type of capacitor is also described in the report above
and the only development appsors to be the use of a high permittivity
('K') ceramic in this type of construction, The value of 'K' is
about 90,  (See Plate 3, Plate 4, Ihen 1li).

3¢ 3e3. Conclusicns

Details of the Gerusn methods of metallising, and of the use of
high-peruittivity ceranic would be useful.

3¢k Mica Dielectric Capacitors

3aebele. Type sindilor to British type (See Plate 10, Item 11)

This type of moulded case, stacked wica capacitor is not used
extensively but is similar to the type manufactured in this countrys.
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Salra 2o Mlica capacitors enclosed in ceraoic case (See Plate 7,
Ttem 5).

This type of capacitor is of the silvered mica construction
and is completely enclosed in o glazed ceramic case. A ceramic
end piece with metal insert for the lead is soldered on to the
previously silvered ceramic tube which encloses the capacitor
unit, The seal is very gcod end thiz type of cepacitor
suceessfully passed all the cliuatic tests applied to it.  The
one disadventage is that the capacitor is bulky but this may be
outweighed by its ability to withstand severe tropical conditions.
(For example. A rectangular cerauic case, dimensions 2e4 X belex

515, om conbained 2 units 0.006475 uF.  The working voltage is
not stated, The tolerance wmarked is +0.14).,  Test resulis
(on & different unit} are shown below,

Sample Description Manu- Wkg. Note Dimenions Plate
Now facture | Voltage | Cap. Ref,
up cm,
31 Ceramic cased, - 250 0.,00513,25 x 2,54 x {Plate 7 a
nica dielectric. 105 Item 5, 5

Category "A" Test

Semple Power Factor ¢ : ) Capacitance MF 7
No. o
As Recd, After Climatic Cycle As Reeds } After Climatic Cycle i
31 Q15 | 0. 37 . 0,005 0, 005
Semple v Insulation Resistance Megohms
Noo  |hs Recd. | After Dry Heat |After ist Soiling Agflgrbgﬁ;ngand
3 40,000 25,000 ; 2,500 2,000

3sbe 3. Unprotected kica Types

A third type, viz. an unprotected stacked mica capacitor was found
ond is probably used in low frequency circuids. This type is,
however, not very satisfactory snd has no 'tropical! proofing, (See

Plate 6, Item §)s An unprotected variable mica is illustrated in
Plate 10, Item 7.

3ednde Conclusions

Apart from the unusuasl methods of sealing employed, mica capacitors
&s _such show no features of special interest.
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The investigation yields no evidence as to a possible shortage
of mica in Germany.

345« Variavle Air Capacitors

3¢5,1. Tuning Capacitors (Plate 7, Items 7, 8, 9, Plate 9,
Items 1 and 2),

The typical German meke of tuning capacitor has several note-
worthy features, The Capacitors are extremely light and appear to
be made of magnesium alloy and ceramic material. The rotor is
normally constructed with a ccramic spindle and alloy Vanes, The
spindle traverses the whole length of the wnit. The various rotor
vanes or sets of rotor vanes are apparently a push fit on this rod,
the interior surface of the rotor bush being splined, presumably
to assist in the assembly operations The vanes all appear to be
die-cast and subsequently machined for obtaining the required dimen-
sions accuratelys The rotor vanes are apparently die-cast in one
piece with the bush, The vancs mey be of the order of 1/16" thick
and in some instances have a groove {depth 1/8") round the periphery
of the vanes. This allows for minor adjustments of capacitance
by bending the edge of the vanes,

Thq whole assembly is constructed so that each capacitor unit in
a multi-ganged capacitor, is screened from its neighbours The whole
housing assembly is diewcast and relatively few machiniBg operations
are in evidence, (Plate 7; Items 7 and 9).
.

The connections to the robtor emerge by way of spring contacts
through ceramic inserts in the metal housing of the capacitor and these
inserts are robustly sealed in the uni%, (Plate 7, Item 8). It is
possible that the method of construetion of the completely screened
unit might be adapted to provide a complete hermetic seal, :

The exact procedure for the assenbly of the rotors would be of
perticular interest and the type of ceramic insert in the base, which
allows for complete screening, is also worthy of attention. The
weak point in congstruction appears to be the neck of the ceramic
spindle as it emerges to the driving handle as several units were
broken at this point (Plate 7, Item 94k ).

34 5«24 Parallel Plate Trimmer Capacitors

There were several parallel plate trimmer capacitors consisting
of brass plates supported on a ceramic frame. The construction is
very rigid and strong although the total capacitance variation is
small,  (Plate 4, Ttem 13).

-
345430 Coneentric Trimmer Capacitors

A concentric type of air dielectric was found, of a similar type
of construction to the parallel plate type (3 5.2. 3. The advantage
in this is that the variation of capacitance would be linear with
angular rotation of the inner cylinder. (Plate &, Item 12).

34 Delts Coneclugions

Details of the processes of manufacture of tuning capacitors would
be useful and the methods employed in the production of completely sealed
units should be studieds
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RESISTORS AND POTENT IQMETERS

Lo 1. General

The notable feature of the German equipments at hand for
investigation was the absence of carbon rod resistors. Vitreous
types and carbonefilm {cylindrical as well as helical) resistors
ale used, On some occasions conpletely unprotected units
(resistance wire wound on a ceraiic former) have been noted and
lacquered wire-wound rcsistors are also encountered. Taking
the average of a random sclection, it can be seen from Plate II
that small units are, on the whole, used more extensively than
in this country. The largest carcon {fila) type observed is
13" long.

Lo 2, Carbon Film Types .

The units numbered 10-21 incl. are of this type. Visual
inspection does not indicate any features of great interest, They
differ from the common types of British manufacture by the absence
of colour coding, the numerical resistance values being inarked on
the units, Scuetimes the selection tolerance is also markeds
Some of the resistors are fitted with a varnished fabric (or less
frequently a Dy vVec. ) sleeve, so as to prevent resistors which are
not mounted on a terminal strip from coming into contact with other
component s, As a protection from the effects of high humnidity
the fabric is useless, if not actually harmiul. (See units 11,
12, 13, 14, 15), Three manufecturers were noted, namely Siemens-—
Halkse (e.g. unit 10), R.E.A.9.D. (e.g. unit 156) and Hoges.

4o 3. Vitreous fypes

Unit 1 shows a vitrocous resistor of somewhat peculiar designe
It has a comparatively large surfacc ares, which together with the
unusual method of mountinz should give this resistor a high wattage
rating. The method of mounting is as followz:=  The magnesium
alloy tube (Plate 11,Ttem 1) is permenently riveted to the ciassise
The cylindrical ceraaic foruer fits over this tube and the resistor
is clamp:sd by the spring (Plate 11, Item 1.2, ). This should prow
vide very good facilities beth ior heat conduction through the
metal and Yor air circulation. It may be of interest to nobe that
all ceraudc parts encountered are merked "Roscnthale", one of
Germany's best known firms for teole and artistic porcelaine

Units 2, 3, &, 7 aad 9 are sinilzr to types used in Britisn
eguipments and show no remarsable Teatures,

£l

4o hs Unprotected Types

Units 5 and 6 (Plate 1) consist of ceramic rods, wound with bare
Eureka wire. Unit 5 also has a tapping. In view oi this entire
lack of any form of protection from the effects of hizh humidity,. the
reaons f'or using a resistor oi thls type are not appreciated, These
resistors sometines occur side by side with protec Cypes. Plate 8,
Item 6, shows a completely cnclgsed assembly of mininbure resistors.
They are wire-wound and insulated with one lapping of silk,

4e 5. Potentiometers

Potenhtiometers are, on the whole, used less frequently in German
equipments thon in equipments cf British make. The design of those
encounter'ed is of no special interest and all the samples tested failed
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under clinatic conditions (Sce Plate 13, Ttewms 3, 4 and 5). It
is belleved .thot German potentiorceters have tho reputation of
being a frequent scurce of tailure,

L b2 Experiuentel Results

The results of wwssurc.ents (to Inter 3ervice Spee. 28/RC. 8/110.1)
carried out on some of the types herc described are given below:

bebels Tests o Vitrcous Resistors

Reting Type Tattage ™
T Plate 11 ~ Iten 1 . 15
Plate 11 - 2 5
Plaie 11 = 3 3
Plate 11 - 7 4

Assessed on the busis of a 180°C. tesperature rise for iull load,

Plate [Initial | /- Change v Change % Change due o Changs due ;
Ref, Res. due to - due to 15 i to cliuatic to second i
ohuas, 30 min, 100, overload conditioning loading
full load hJ
Plate
11-1 13400 +0s 15 - 0,0 +0, 07
11~7B | 13830 +De 0 - «10, 0 =0,61
11-24 | 18,%3 +0 45 -0y 37 +0. 16 +0, 10
1128 118,89 =0 16 . +0s 32 0, 0 +0e 10
1k=2C | 25,50 +0s 244 +ie O : Ce O +0e 12
11=2D | 26,05 +0¢ 38 - O 11 +0. 11
11-2E {4130 0.0 - ~0e 17 +27.6
11-3 45400 +0a Q. - -
Tolerances ) ;
allowed by +LA +17 +0. 5% +0. 5%
British i
Specs.,
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Ly 642, Carbon Film Types

Plate % Change due to ' Change dus
Ref, ! Unit - loadings QG4 watts to clinatic
for 24 hours conditioning
Plate 11 A Osls -0, 6
Item 12 B - 0.6 +L.0
c a3 #0005
D Oo O _lt O
B O 2 -1, 0
Plate 11 A =0 7 +17.5
Item 121 B 0 6 ¥ +5. 8
C +1.7 - +10. 4
D 0s 5 24 3
E =2 7 =35, 2
Tolerances allowed o s
by British Specs, 207 2657

446y 3. Lacquered Wire=Wound Resistors

Plate % Change due % Change due
Ref, Unit to loading to climatic
cond it ioning
Plate 11 A +0e 20 +1s 0
Item 19 B =0.50 +4e 3
¢ +04 25 +0e 8
Plate 11 A - +1, 8
Item 9 B +0 30 0. O
C - +Oll4- .
Plate 11 A +0, 42 +0, 0
Item 16 B - 01
c - Unstable

Tolerances allowed by
Britisk Specns. are the same
as for vitreous resistors,

* Assessed on the basis of a 60%%. temperature rise for full loads

It can De seen that with the exception of 2 units which wmay have
been slightly deunaged, all the vitreous resistors are well within the
limits alllowed by British Specifications. Nearly all the carbon
film types, however, suffer considerably during climatic conditioning
and are not satisfactory when loaded for prolonged periods, The load
characteristics of lacquered wire wound resistors sre satisfactory,
but these resistors are unsatisfactory after exposure to high humidity,
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44 7. Conclusions

Aongst the tymes of resistor investizated none show any
feature of special intercst, and it is thouglt that they are in
no wey superior to those used in British equipuents. An
interesting fact iz the relatively rarc occurrence of high wattege
carbon resistors (say 3-i watts) and the apparent total absence
of carbon rod types.

ELECTRICAL RELAYS

5.1, General

The electrical relays available for exauination fall into Tive
distinct types but it iz not supposed that these are the only types
in use in German equipment, ’

»
A general purposs type is shown in Plate 12, Items 6 and 7.
It is enclosed in a uetal can but no attenpt is made to make this
can watertight and it does not appear to serve any other purpose
than that of protection from dust. The particular model is
fitted with heavy duty contacts, The tersinals, both of the
relay coll and the contacts, are takea out through laminated poper

boards of a type which would not be approved for this purpose in

&

accordence with British specifications.

The coil bears the usual marling, e.g

e

I =630~ 9500 - 0, 11 Cul.
[ 4 .
which means that the coil consists of one winding whose resistance
is 630 olus consisting of 9,500 turns of O, 11 nu. dia., enamelled
copper wirec, lost coils, whether on relays or transformers, have
been found to bear markings of this type. If there is more than
one winding on any foruer each winding is specified in the saue
manner. The lettor I rofers to the lnsulation (eege lacquered
or enamelled in this case)s 5 irdleates 2 lapping of silk, S9
two lappings of silk, .0, denotes resistence wirc. The coil
is protected by a layer of (no rognated) peper covered by a
transparent cellulosce fil.. s particular unit works very satis-
factorily between 10 and 50 volts. It is “anufactured by Siemense—
Halske. . r

A more complicated relay unit (daweged) is shown on Plate 12,
Ttem 5. It is not at prescnt understcod for w purpose an assemnbly
of this kind could be usci. The relay is of polariscd type.

A 'make' contact is mounted on each side (5.1 and 502} and in addition,
two 'make~and-bresk' contacts (563 and 5.4) are coupled to the centre
link of the magnetic circuit (5.5)s One contact (5. 6) is so mounted
as to operate whenever the relay is energised independent of polarity, -
The unit is in no way protected fruw the efiects of humidity. It
bears no Maior's Trade Marl.

Plate 1y (Items 1 and 2) stows n couposite relay asseibly con-
sisting of two genersl purpose relays, tosother with countings for
components (3.1)s  The assenbly iz mounted in a metal case (magnesium
alloy moulding) and protected by a cover o the same material (Plate 14,
3.2 and 3. 3). The’ terwinals are taken out through lzuinated paper
boards. A thin sheet of imprognated fobric is mounted bebween thesc
boards and is designed to fit more or less tightly round the contact
terminals at the point where these pass through the lasinated paper
board, Plate 14 (3.4).  While this device probubly offers a cerbain
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amount of protection from dust it appears wholly inadequate as
protection from the effects of high humidity.

A special feature of Item 1, Plate 1y, is the ontimchattering
device, It appears frow the method of mounting as if this pro-
tection was added as an afterthought. It consists of a wimple
spring (l.1) which engages the movaole link (1.2) and prevents the
closing of the contacts {L.3) whea the unit is subjected to vi-
brations, When the relay coil is energised the forces induced
are sufficient to overcome the restraining action of the springs
The unit is menufactured by Siemens-Halske,

Plate 13, Item 1, shows a polarised relag-micro-switch notsble
for its flat shape and the attached plug. The gap between the
movable link of the magnetic circuit (1.1) and the contacts (1.2
and 1.3) can be adjusted by means of the knobs (1.4 and 1.5) on
either side,

The coils are marked in the mamner already described. — Bake-
lised fabric and leminated peper are ogein psed as insulators, The
coils are protected by means of impregnated paper.

Item 2 on Plate 13 shows a heavy duty circuit breaker mamu-
factured by Bosch. One assexbly consisted of a gensral purpose
unit, Plate 14, Itewm 2, with a pair of heavy duty contacts
completely enclosed in a metal can and worked by means of a con-
necting link, The can 1s presumably for screening purposes.

542, Indicating Devices

In addition to the electrical relays described, two types of
indicating devices were availavle for investigations They are
shown in Plate Uy, Item 4, and Plate 8, Ttems 2 and 5, These
units are used in complete equipments in much the same way in which
signal lamps are norwally useds-

The indicating device consists of a relay (Plate 1k, Item 4y 1)
meulded into a plastic case Fitted with a transparent windows = A
thin metal plate is fixed tc the movable link (4. 2) painted with
alternate strides of black and luminous paint, When the relay is
energised the luminous strips appear behind the transparent window,
The units are completely sealed and intended for operation on a 24
volt supply. Manufactured by Siemens,

5¢ 3. Experimental Results

The relay units were tested for

(i)  Their perforuance under vibration (as in Inter Service Specs
BS/RCS/130 clause 24143, ) (W.T. Board Spec. X, 101).

(i1) Thé effect of "buwsping's
(iii) The effect of humidity on the insulation resistance,

(Measurenent of insulation resjstance before snd after Climatic
test as detailed in W.T, Board Spec.Ke110),
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Test Resulbts on Relays

Insulation Res, Tests i.egohms

Plote Vibration at Effect of Con= | As After | After | [ttor | After

Ref, frequencies be- | 1 hrs.. tacts| Recd, |Dry 1st 2nd 24 hrs.
tween 10 and tbumping ! Heat | Humid< Hwaid< Recov-
100 Co s Se bunps/min. Cycle | ity | ity ery

Cycle | Cycle

Plate Iten

1 = 24 | Chattering 1.2 210°| 2107 ¥ 105 | 2800 ¥ 105
with some Coil E{ 63000 | 1091500 | 150 3800
spurious
contacting

between 2700
and 2910 c. ps s,

U - 2B | No chattering 1=2| 2109 7102|9750 | 120 | 15500
or spurious Coil B| 6000 | 710°| 130 L 1800
contacting
L - 1 | No chattering  |Satis- 2=3 1 9750 | 718 750 {20 6500
or spurious factory,no| 3 = E | 38000 | 7102] 65 |2.50 4850
contacting - deteriora~ | & = 5 | 2500 | 710°| 100 |18 4850
N tion Coil E| 2500 | 9750 2 10,80 1450
13 ~ 1A | Some chatbering 1-2 | w50 | »102{4.00 |9.00 19
with some : 3~F 26000 | 7107|040 |0.50 660 |
spurious cone 5 = E |26000 210510,30 | 6000 2450 ;
tacting at 7=8 | 710°| »105|0,25 |3.00 600 !
frequencies 5
between 2700
and 2850 ¢, p se
13 - 1B | No chattering 1-2 1006 [26000_ [4y 00 |4, QO 18
or spurious 3-E (32500 | #109| 160 |30 650
contacting 6 =-E 133500 | »105{1000 |78 2450
7-8 | 7105 -,100(2500 |14 600
. L] -
U = 4A | No chattering Coil E {38000 | 107 73 | 970 | 155000
. or spurious
contacting
U - 4B | No chattering Coil & {65000 | y10°| 19 16 7107
(damaged) | or spurious
contacting N
1 = 2 | Continuous ) 2 -3 710° | 7105|2600 | 230 2600
chattering 4= 6 " " 10,98 | 180 | 26000
and spuricus 7 -9 " " 600 195 26000
contacting Coil E [15000 " 110 9 28000
at fre-
quencies bee
tween 3450

and 3550 c.ps s.
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It will be seen that mechanically the relays stood up well to

the 'bumping! test (120 bumps per minute) but that types as shown
on Plate 13, Item 1; Plate 12, Item 6; Plate 1y, Itew 2, are
unsatisfactory under vibration.

All types show a very marked deterioration of insulation re=

sistance during climatic conditioning and particularly the type shown
in Plate 13, (Item 1) a slow recovery from the effects of high
hunidity,

.

Ssha Gonclusions

The points of interest noted on the relays under investigation

are;=

(1)

The anti~chatter device of the type shown on Plate 1y Ttem 1.

{ii) The compactnoss of the assemblies consisting of the relays of

the type siown on Plate 1k, (Items 1, 2, 3),

(iii) The flatness of the polarised relay-iicro-switch (Plate 13,

Ttem 1).

(iv) The method of coil marking.

The two types oi indicator unit are interesting on account of

thedr ynusual application and their amall size,

With the possible exce

stion of the indicator units (one of which

was dasaged when received) tlc relays are not 'tropical', No special

.processes and techniques requiring further study are in evidence,

COVERED WIRE AND INSUIATING SIEEVING

bele General

-

It was observed that in the German equipment available for

inspection covered wires are used almost exclusively in preference
to insulating sleeving, The use of insulating sleeving is in
most cases confined to very short lengths of wire, often on com-
ronent asseublies or as an additional protection for thin covered

wire,

In view of this fact the lengths of sleeving availsble were

insufficient for carrying out type approval tests.

(2)

(®)

(e)

(a)

The following types were observed,

Stranded wire, (42 strands approx. equive to 36 s.W.g. copper
wire), mv,c. covered, external diameter 3 mm. wall Ghickness
1 . Very {lexible, :

Sleeving with internal cotton braid covered by Pe Vo o sheath,
Internal diameter : O, 75 mm. Wall thickness : Ce75 mm,  Smooth
surface, probably maintaining good surface insulation.

Covered wire, single Core, approX. equive to 25 s.w.ge fabric base,
varnish:  lmpregnated, External diameter : 1,25 pim. Simooth
surf'ace, )

Same a3 (c), but 2pproX. equive to 19 s.w,g. and external diameter
M,
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(e) P.V.C. covercd wirc, X equive 0 25 s.vwegs, internal silk
lapping and one farker thread.  Bxberaal dicsetor Leb

—
+

~—
2]

anc as (e), out agorox. equive 0 19 s.wg. snd externel diadeter s
0 ¥
s D Lillle

\Q

(g) Braided cotton sleeving, varnish inpregnated, w:ll thickness
1/2 e various oismaeters

(h) Stranded wire, (42 s

01 36 5.%..e copper wire), covered
with a thin cellulos. iil., one lapping of silk and

one lapping of cotion i in tmrn is covered by a thin layer
of transparent varinish, It would appear that hizh insulation
resistance and dlolectric str wtﬂ could be achieved by simpler
neans, and that this type is mlllwl) to give a satisfactory
performence under itropical conditions.

(i) Cablefomi, consisting of 7 wires of type (h), covered with braided
fubric and a layer of peveecs 1 mme thick, with cxterngl sereen

of' finned covpsr wire (ox aided)s See Plate 10, Itew 3.

(3) Seume as tyoe (a), but using rubber instesd of % Ve Ce

(k) Stranded wire, (42 stranis of 36 s,weg copper wire), coversd
witi: thin CL]_J_ tlosa acetute iili, a layer of rubber and one

of Devecs rolniorced with an internal fabric braiding. Ext,
dizun. 346 e,

(1) idniature covered wire, 26 set , lacquered, covered viti. one
lapping of silk and o thii, translucont 1ayer of Devecs Ext.
diam. G 9

Only types, (), (o) and (d) werc availsble in swificient guan-
tities to enuzble tests to be carried outs

411 covered wires have an internal marker thresd, which is a
manufacturer's designation,

A11 covered wlres «,/ccifc type (a) are used ia the soru of cable-
form, held together with waxed string. Al.ost the entire wiring of
the FuG. 8 consists of this xind of cableiora and it appecrs that the
cable fora is wale up sepsrately, cubt bo the desired longtl and bent
to suit the couponents, before insertion in the sck and soldarin:
into position.

In general the wirin, occuni:cs vory little space, and in the casec
where cableforus of types (a) and (J) arc used the wiring should be
iungus and moisture resistant. In some instances 'air wires! arc ussed t
without insulation. Cableiorus are souetises protected by a form of :
transparent cellulose film, as shovn on Plates 11, Ite. 22,1,  The
purpose of this film is not quife clear, however, sinee it is nelther
wound tightly nor continuously, but it ,A.ay be usuu. as a neat form of
binding instecad of string.

Type (g) is verely uscd for the protoction of wiring, bub it is
used as protective cover for amsll resistors und capacitors,

Type (1) is used on the miniature asserbly shows on Plate 12 {Item 2)
and Plate 10 (Item 3) snd effecls a considerabls saving of space,
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6.2, Experimental Results

The experimental results are given below, i

Expérimental Results on Sleeving and Covered yire

The samples were tested to Specn. D.C.D. , #.Tw820, grade YE",

Initisl Dieléctric Strength Test

Type a Satisfactory : Breakdown : 6,000 volts.
[  Satisfactory : Breakdown : 2,000 volts,
4 Satisfactory : Breakdown : 5,000 volts,

Dielectric Test ifter Bend Test

Type a Satisfactory
¢ Not satisfactory : Breakdown : 500 volts |
a Satisfactory : Breakdown i 5,000 volts. E

" ‘Dielectric Test After Hunidity Conditioning

"I’ype a Not satisfactory : Breakdown : 500 volts.

c Not satisfactory

da Not satisfactory

Soldering Test Types a - I satisfactory. (Small external
dismeters ).

"Heat Crack Test" (1 hour at 130°C, covered wire wound on former
L g3 )
= Sa Je

Type a Unsatisfactory. *

Tt will be seen that these covered wires are all unsatisfactory
when tested in accordance with the appropriate British Specifications,
even for the lowest electrical grade, Their only sdvantage appears
to be the saving of space achieved by the use of these cable forms.

6s 3. Conclusions

-The types of covered wires and insulating sleeving available
for inspection withthe possible exception of type (1), show no
outstanding features and those tested are inferior in almost every
way to those used in British airborne equipments,

RECTIFIERS

7s s General

Seven types of metal rectificrs were available for investigation,
but only three types were undamaged or aveilable in sufficient
quantities to Justify experimental work.
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Selenium rectifier, consisting of 50 selenium discs in series,
contained in' a bakelised fabric tube, Each disc has a woriing -
area of 7 sq, millimetres and is rated at 5 milliamps in half=

~wave or 10 mA. in a bridge circuit, The complebe unit is 4"

long and has a diameter of 7/16", These rectifiers secem to

be extensively used, occasionally in banks of 10 or more, some=

times in place of a valye rectifier, As the experimental

results given below indicate, they are of hjgh quality and do

not deteriorate appreciably during climatic conditionming. 4

leading menufacturer was contacted with a view to examnining

the possibilities of manufacturing this type of rectifier in

this country. It is clailued that rectifiers .could be produced

which are electrically and mechanically superior to the German

types, but it will be' several uonths until the apparatus required

for the production of the discs is completed,
~

Seleniun (on aluminium) rectifier, illustrated on Plate 9, Item 7,

The unit consists of 23 discs in series. It is 5" long and the

diameter of the discs is 1', It is notable for its light weight.

Copper oxide rectifiers, illustrated on Plate 7, Item 6, It
‘consists of a ceramic tube (Ttem 6, 1) containing 6 discs (Item 6,2)
(copper oxide on copper) fitted with metal and caps (Item 6, 3)

and soldering tags {Item Gi4), The unit is hermetically sealed,
Lengh & 11"  Ext, diamy : 5/16"; diameter of disos 2 mm,

This rectifier is similar o the British "festector" type. It

is rated at 3 mi, 1/2=wzve rectification, - :

Copper oxide rectifier, jllustrated on Platé 12, (Item 2.1),

The rectifying discs are similar to those of type C, but they are
contained in a plastic tube, Brass end caps are screwed oh to
this tube which has been previougly threaded, This type is.

not hermetically sealed. : :

Selenium rectifier for use with instruments illustrated on Plate 9,
Item 6, No special feotures. :

Copper oxide rectifier for use with insbruments, No special
features,

Selenium on iron, heavy cuwrrent rectifying bridge. Diameter of
discs 5%  No. features of special interest.

Experinlental Results

The types on which measurements were carried out are : 4, b and o,

Climatic tests are as specified in W,T, Board Type K.110.

- 30 -




A

SEORTT

T,¥. No. R&D.228

Type a DiC.Current (in microamps) in reverse direction with 600V, applied

Sample| As Recd, After Dry After lst Hunidity |After 2nd Hunidity
. Heat Cycle cycle cycle
1 10 200 240 rapidly 10
decreasing to :
140
2 50 120 140 %40
3 400 rapidly 280 rapidly 400 repidly 80
decreasing decrcasing decreasing o
to 130 to 160 220
A 280 rapidly 200 150 100
’ décreasing
to 140
5 40
6 260 rapidly Not subjected to
decreasing Climatic
- {to 160 Test
7 180 repidly
decreasing
Jto 111

D,C, Volts drop in forward direction with 5 mA. flowing

Sample | As Recd, After dry After lst Humidity 1§Alter 2nd Humidity
Heat cylce .cycle cycle
1 95 95 95 95
2 82 82 82 82
3 66 63 68 69
& 82 82 82 82
5 80 .
é 82 Not subjected to climatic test
7 120

maintain their cheracteristics during climatic corditioning

o

It can be seen that these rectifiers arc of zood quality and

Type b
The results given are coapared with the velues applying to the

corresponding British type, nauely S.T. and C. type H25~23«1.
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_ . |
Volts Drop in Forward Direction (with 120 ni. Tlowing)

Sample Volts Drop

1 - 23,0
2 19.5
3 21.0

SeT. and C, maximum for
H,25-23-1 = 27,6 volts
with 120 mh, flowing.

N '

’
Reverse Current with 300V, applicd

Sample . Reverse Current mi.

1 50,0
2 48,0
3 2645

35, T, and C. maximun for
, H,25=23~1 with 15V, per

dise. (345V) applied

= 27 Miw

«Load Test

Rectifiers were connected in series and subjected to a load
test of 75 mA. in the foward direction for two hours (this being
the maximum load permissible for S.T. and C. Selenium-on-Iron

rectifiers), After this tiuwe the German rectifiers were only
slightly warm, -

.
¥

hverage weight of German rectifier = 12 ozs.

" " ", 25_25‘1 L

- 5% ozs, .

Apart frow their light weight these rectifiers show o intereating
properties, The small resistance in the reverse direction may be
due to damage o the units before being received for investigation,

Iype ¢

Yolts Drop in Forward Direchign {with 3 mA.

flowing) in volts

Sample As Recd. After dry After 1st After 2nd
Heat Humidity Humidity
cycle cycle
1 12,5 12,75 12,5 15, 0
2 12.5 14e 50 15, @ 22,0
3 0.5 875 8,0 110
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Reverse Gurrent (in microamps) with 60V. (6V, per 'dise) applied

Sample As Recd. after dry After 1st |after 2nd
Heat Humidity Humidity
cycle cycle
1 20 15 25 20
2 10 5 5 5
3 15 20 20 - 18

It can be seen that these rectifiers have a satisfactory
performance after expcsure to climatic conditions, In this respect
they are superior to the corresponding British type ("' Westector),

7e3. Conclusions

§ . R
Of the rectifiers examined types 'a! and 'c! are the uost
. interesting, 1t is thought that similer types with equally efficient ;
seals would find %z applications In British equipments and their i
production shou. e encouraged. .

L. F, TRANSFORMERS AND CHOKES -

8ils General

In the equipments inspected, eight types of transformers and
assemblies were found,

. An interesting transformer is shown on Plate 15, Ttem 4y Tt
is completely enclosed in a metal case, lined with impregnated psper.
Cne of the units is filled with chlorinated napthalene wax, The
windings are protected by cellulose acetate tape, The leads are

brought out through hermetically sealed gluass bushes {Plate 15,
Ttem 4, 1),

The filling of the metal case with chlorinated napthalene wax
and the hermetic sealing of the metal case should result in great
resistance to the effects of high humidity, but inferior load
characteristics may be expected due to the lack of ventilation, as
campared with a similar transformer not sealed in s metal case.,

This type of transformer is 'one of the two units encountered E
which show any sign of being intentionally "tropical®  The other i
is an audio transformer of the type shot on Dlate 15 (Ttem 5a), :
mounted in a metal box lined with bekelised paper. The electrical
contacts are taken out through the bakeiiscd paper top. The coi~
plete assembly is merked "tropical-proof™, and is onc oF the few
units sc marked, A remarkable feature in Cerman equipments is
the existence of Mropical' and evidently "non=tropical" components,
in adjacent positions,

This illustrated by Itew 2 on the sams plate vhere tiie windings
appear entirely unprotected apart from a thin coating of grey paint,
and the soldering tags are .ounted on laminated paper boards (non-
resistant to water) (2,1),

k

Some British manufacturers arc alresdy experimenting with‘types
similar to' 'a' and are planning theirp productions
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Item 3 on the samc plate is an "audio" transiormer and a
cholke. The two units were originally cncloscd in o metal case
which was in no way sealed against the penetration of moisture.
The insulating materials used are again lawinated paper (3,1)
and bakelised fabric (3,2) of a type which would not be approved
for this purpose in accordance with british Specifications.

The method of mounting scems very simple, but otherwise |
appears to have little to recoummend it, The brackets (Item 3.3)
have o tendency to slide *off under vibration, The laninations
are thus released, with undesirable effects on the slectrical
stability of the unit.

Itex 1, on Plate 15, is o choke taken from a power-supply
control unit.  Although tnis unit is for airborne equipment,
the materials used to provide protection for the windings and
insulation are particularly liable 4o absorb water, The »paper
us¢d is very superficially impregnated and the windings are not
protected by wex or any other impregnant, The unit has no
Teatures of special interest,

Itens 5a, 5b and 5¢ on Plate 15 are "audio" transformers of a
different type, They are of no special intérest.

8e2¢ Bxperiuental Results

The test results are shown below. Tre units which appeared to
be in an undamsged condition were subjected to climatic conditioning,
consisting of a dry heat cycle at 71°, a humidity cyele at 71° and
10Q relative hunidity lasting 6 hrs. » cold cycle at =40°C, lasting
2 hours, iollowed by a second hamidity cycle, Plate 15,

Tyep ke Insulation resistance measurensnts at 500V, D, 0

o (e

Conditions of Vindings megohms
leasurament T .18 T - 110 11 - 270
Initially 2041 3450 2270
Af'ter Dry rfeat 10000 10000 12500
After ist )
humidity cycle 9 62,5 3o ls
After 2nd N )
bunidity cycle 2 1
24 hrs., arter
climatic 22 5 5
conditioning
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Plate 15

Type 2 and 3 Insulation resistance weasure ents at 500V. 0,0,

between windinzs 1 and 2

Conditions of Type 2 Type &
Heasurement megorms megohms
Initially 6250 736 ;
After Dry Heat 5000 5000
Af'ter lst Humidity cycle 3560 3l.1
" . 2nd 11 n l l
24 hrs. after climatic L 1
conditioning
Plate 15
Iype 5 Insulotion Resistance Measurements (megohins ).

-

Conditions of o8 o >
Measurecment 4142 | B1B2 | Q102 Ala2 | B1BZ2 | clo? ATAZ2 | BIB2

Tnitially 1110 | w70 | 2150 695 | 2780 | 3170 | 3220 | 4160

After Dry reat 7150 | 7150 {16670 7700 {12500 |[11500 6250 14300
AFt 1st um,

7 9 15 Sheli | 45.5 | 55,5 172 152
aycle )
After 2nd Hum. 1 1 1 L 3 2 4 2
24 hrs. after .
climatic 1 1 L 71 9.2 171 25 8
conditioning -
. .

The transforier ratios were weasured before snd ofter climatic
conditioning and no change was detected.

It is thouuht that the hermetically sealed type (chlor.napia
filled) should hove stood up to the clinatic conditicning very auch
better than the results indicate, Since the 1id of the metal can
is soldered to the can, the corclusion driwn is that ihe Zlass secals
nust have been slightly damaged when the unit was recciveds Wiith
the means of protection employed mugh greater resistance to the effects
of climatic conditioning could be achieved,

Without exception all the units tested show o very marked deteriora-
tion of insulation resistance, amounting to complete breakdown, usually
after the second humidity cycle, 41l units show a slow recovery fram
the effects of high humidity,
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8¢ 3» Conclusions

The oxly type of special interest is the hemietically sealed
unit, fitted with glass insulators. In places where good insulation
is essential and the trunsformer is aot carrying a heavy load, a
unit of this type should work very sctisf actorily under conditions
of high hunidity. No speeial processes and techniques requiring
further study are in evidence.

HOVING CCIL INSTRUENTS

A1l instruments available had come from crashed sireraft and had
sustained considerable damage. 4 miniature type (11" dial) appears
to be in frequent use, The instrunents are of unknown manufacture
and are of no special interest,

One indicoting wnit (visual indientor) is illustrated on Plate
15, Item 6, It is manufactured by A.5.G. and is very sidilar to
the types used in British airerzft, It contains two 4O Llero=giap,
moveL.ents, The unit is notable for its light weight.
IIDUCTORS

1{1, Dust Tron Cores

The genoral use of dust iron cores is very interesting, par-
ticularly the very frequent recurrence of coil assewblies, tuning
assemblies ete., with extensive use of dust iron cores. .Another
use of dust iron is seen in the varicucter shown in Plate 5,

Ttem 1.3,

In some instances these cores are adjustable in such a manner
as to0 enable tuning to be carried out by a change of reluctance,
This {ype of assenmbly is shown in Plate 8y Item 3. The asseubly
in this instsnce is encased in o plastic frase, probably loaded
polystyrene., -

Measureients were cerried out on ong of these units (at
600 ko/s), couparing the inductance of the corc with and withoub
the dust iron core, The effective permesbility was found to be
5.5 approx. and the introduction of the core into the enpty
Tormer caused a reduction in '0' of 147,

The assemblies incorporating Gust iron corcs are extremely neat,
& frequent practice (Plate 8, Item 4) is to mount the dust iron
cored coil between tWo ceraiic end pieces and mount associated
capacitors cither on the end picces along the length of the dust
iron core. .

10, 2. Ceramic Formers "
Sl i, TOTROrS

For coils which are used in tuning assemblies the conductor,
in general, is wound on = ceramic former or electrolytically deposited
on it. These foniers are interesting in view of the neal metal
inserts found in the cermmic,  (Plate 4, Item ka 1) The process
appears to take two forms, In most cases the hole to combain the
insert is sprayed ond silvered snd the brass insert soldered in place,
Thus the insert is held to the ceraidc by a seal of comparatively
soft metal. The alternctive process is to glase the ceramic o
metal.: This process, if it is in co.mon use is worthy of investi-
gation, The ceramnic formers have cerm.ic end pieces on which are
generally mounted tewperature coumeus: ing capacitors used for accurate
tuning. .

-
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10a 3¢ Plastic Toraers

In a few instances, plastic foruers sre in svidence bub the
quality of these is invorior and the tropical perforrance is poor.
In all coses the plastic former is inferior to the ceroiic type
described in 10.2, ’

10. 4. iethods of lssembly

The asseiibly methods for dust iron cores is srentioned nbove. in
10,1 and as stated there, the whole technique of mapufacture and
asgembly erits attention,

For the ceramic type the following process is fairly comuon
snd interesting. Instead of winding a wire round the former,
grooves in the cerawic foruer are sprayed with metal, ‘silvered
and subsequently the copper 1oil is deposited in the grooves by
electrolytic action. (Plate 4, Ttew ke24). This process has
several advantages: The copper fil. deposited does not have the
same coefficient of therwal expansion as a solid cooper strip
but assu:es the coefficient of the ceramic former on which it is
depositeds |

It is vound that in several cases the ceramic end picces of
a coll farmer actuelly Tonn the basis of a variable capacitor with
ceramic dielectric, The surface of the end piece is silvered and
another cercuic disc mounted on it, the capacitance being
adjustable by rotating the disc over the silvered end piece and
varying the overlapping area of silvering. This asseubly is very
compacts

1045 Conclusions |

There are several points of interest relating to inductor
units, They arc as followssm

(a) It is thougrtthat » couprehensive investigation of the
properties of German dust iron cores, and a knowledze of the

process of manufecture would be very usefuls

(b) The formers constructed of Jlozed ceranic material, which
have several features about wnich information may be desired,

(1) The method of inserting the brass fixing nuts into the
ceraiic material, : ’

(ii) The process of spraying and silvering the grooves in the
former.

(iii) The process ol depositing the copper coil.

(iv) The genersl procedure of mounting components on the end
pieces of the foriers to constitute temperature conpensated
assemblies,

1l. LISCELLANEOUS OTHER COMPONENTS

1lele Plugs and Sockets

No distinctive pluys and sockets were Found, The coumon type
consisted of a bakclised fabric platc with pins and sockebs inserted, ;
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This type of plug and socket is used extensively due to the nature of
assembly of radio equipments in sections. The various assembled

sections are mounted in adjacent positions, lined up by locating

pins, and commected elecirically by this type of plug and socket (Plate 10,
item 3,2), It is perhape noteworthy that individual components suoh

as relays are, in some instances, mounted in cases, fitted with plugs

of this type. Thus the relay is completely wired upgy and produced with

a plug fitting, This is a good method of avoiding danger in thc process
of wiring wp of delicatc relays in service and affords 2 simplc method

of replacing faulty wnits.(Plate 13, item 1),

The only other noteworthy feature of plugs was in the German version
of the 'W' plug. The neck of the plug contained a hinged flap to
facilitate access to the connections to the plug (Plate 12, item 3). I%
was ovident that no precautions had becn taken to meke this type of plug
auifable for use in the tropics, Goneral purpose R,7, plugs snd sockets
{single and double pola) have been examined on previous occasions. (Ref.16)]

11,2  Switches

As in the case of plugs and sockets, no ex zptional features were ;
evident on the switches of Gemman origin examined, The normel types of i
change~over cna press=button switches were encountered and the design is
similar to that used in this country.

11.3  Terminal Boards

The type of terminal board used consists of bakelised fabric or paper
varnished or impre;snited witk a pavclin baezin® strip. Neither the
materials used nor the design would be approved for this purpose in
accordance with British specifications,

1.4 Qoramic Assembly Strips .

This type of mounting strip-is not in such common uge in this
country and the type of assembly is shown in Plate L, item 11,

The connections are usually of one of two types;-

(a) The terminals are inserted in the ceramic base by screw fittings
or soldered into holes the edges of which were previously
silvered.

{b) The comnection between is effected by filling connecting grooves
with solder, .

The former procedure is the most cammon and the seccond method is
described in Ref. (5).

11,5 Valve Holders and Retainers

In general valve holders and reteiners oppear robuat and neat, The
smaller valves are contained in insulated housings and the retainers are
an integral part of the housings, The lorger valves are retained by a
bayonst fype of base mounting, There ave scversl papers published on
eneny valves aud valve accessories and they are yeferred to in the appended !
Bibliography. Ref. 6, 7, 8, 9, 10, 11, 12, 13,
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11,6 Low Capacity Switch

4n unusual low capacity switch is shown in Plate L, item 3, The
switching is effected by rotating the chbonite rotor {gtom 341) containing
grooves in which the wire contacts ride. The base of the switch unit is a
solid ceramio strip in which the spring contacts sre mounted (item 3.3).
The whole construction is clearly indicated in the plate,

11.7 Ceramic Applications

The most umusuel application (Ref,15) of ceramic or porcelain is
shovn in plate 16, items 1 and 2, Platc &, item 1, obtained from Enemy
Alrcraft Section, The whole apparatus in the plates is mounted on a
ceramic chassis, The chassis is silvered and copper sprayed to provide
screening, The second noteworthy feature is the construction of the
tuned circuit, The air dielectric capacitor has silvered ceramic vanes.
The inductance of the circuit is provided by an adjustoble metal strip
which makes contact with the metallised corarmie,

This application of ceramic material is presumably intendsd to
achieve high stebility of the circuit, The copper spray on the chasgis
is interesting due to the rigid nature of its adherence to the silvered
ceramic, It was almost impossible to remove the coppor film without
lifting the silvered surface also.,

11,8
i

R,F. Cables

A low loss concentric R,F. cable of German origin has recently
been examined, together with its terminations and a balancing trans-
former of compact design, Por details see Refs17.

12, CLOSSARY

Angemeldet Registered as o Trade Mark
Arbeits~Spannung Operating Voltage
Betriebsspannung Operating Voltage
Betriebstemperatur Forking temperature
Bipolar Bipolar

Bis 709C, Nicht Auslaufend

Hermetically sealed up to 70°C.

Dampfungsam Low loss
Electroyt. Kondensator Electrolytic condenser
Hohenflest Altitude~proof
Induktionsarm 0f low inductance
Induktionsfrei Non-inductive
Kondensator Condenser
NegotivebPol am Golause Case negative
Nennspannung Nominal voltage
Prufspannung . Test voltage
Spannung Volbage
Spitzenspannung Peak voltage
Stabil Stable

Strom Current

Tropenfest (evbr. Trop, )

Tropical proof,
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