BENDING WAVEGUIDES

] Until quite recently, it was not considered advisable to use
dther than pattern article bends and twists in any waveguide run, but
It was realised that sooner or later, the time would come when it would
DE necessary to make a unit locally or have the Radar set inopcrative.
N consequence, several methods of bending and {wisting waveguides have
een tried and tested, both from a mechanical and an electrical point

f view and, if the Iollow1ng instructions are followed very carefully,
L 8 tisfaotony jor can be acccmplished by any competent coppersmith,
dways use "factory" bends, however, whenever possible,

| Before attempting this work, it is essential thet certain
Finciples chould be understood :-

:Ka) My change in waveguide runs tends to produce a power reflection
whether the change be a change of section or a change of direction.
A number of such changes in a run from set tc acrial may produce
reflections, which will render the set inefficient over some

parts of its frequency range, It is absolutely esscntial,
therefore, that no individual component introduccs a gtanding

wave ratio less than 0°95,

(b) Since the work involved in testing cvery component clectrically
would be prohibitive, the following limits and tolcrances must
be worked to :-

(i) A tolerance on the 3" dimensicn of + 30 thou, is acceptable,
(ii) A tolerance on the 1" dimension of + 20 thou, is acceptable.

{iii) The rate of change of dimensions of the section must not
exceed 10 thou, (0°010) per inch length of guide.

{iv) In a bend the standard radius to the surface ncarest the
centrec of the circle must be a minimum of 18",

(v) In a twist the standard rate of twist will be 90°
36" length.

Note : Gauges will be supplied as soon as possible,

"Gj The guide must be free from dents, The process of bending
causes a distortion of the cross section which is relatively
harmless if the change of shape along the length is very slow,
and which the gauges will pass. Rapid changes of cross section
in the form of dents or corrugations, even if they pass the
gauges will causc trouble, Such dents must be beaten out to
leave a smooth surface and, if this cannot be done, the
component must be rejected.

Ed) No more than two bends or two twists, or one bend and one twist
are allowed in a gingle 14 f£t. length of guide,

A component which fulfils thesc conditions should be satisfactory,
e which does not, will cause trouble which may show only when the
gnetron is changed.,

_ Thus, because a certain waveguide run appears to be satisfactory
th obvicusly defective tubing, the faulty section should be replaced
ediately,
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‘into the waveguide, and immediately chilled by immersion in cold watex,

METHOD NO, 1.

Tools required ;- (i Hydraulic or other suitable bending machine,
(ii) Hardwood formers.
(iii) Oxyacetylene torch.
(iv) Cleaning ete., baths, (boiling water, caustic
solution for de-greasing and dilute acid
solution for cleansing).

Materials required :-(i) "Cerrobend" a low temperature (about 75°)
melting point alloy (alloy of tin, lcad,
cadmium and antimony. Cbtainable from Messrs

4 I.C.I. Ltd., Thames House, Millbank, London),
(ii) Colloidal graphite grease.

(iii) "Basiflow" brazing alloy and flux for
attaching flanges.

PREPARATTON OF WAVEGUIDE,

The Waveguide to be bent is heated to a red heat (600/650°C) and
cooled in air, The heating can conveniently be donc with an oxyacetyle
torch, but must be thorough.

. The inside surfaces of the waveguide arc then lightly covered wit]
colloidal graphite and one end of the tube closcd with u wooden plug.

Milling,
Suificient "Cerrobend" is heated under water in a ladle and pour

This rapid cooling has been found esscntial as air cooled "Cerrobend"
will expand and distort the tube, and further, being brittle, may break
during bending, It may be of some advantage to support thce wide faces
of the tube by clamping between wooden planks during £illing,

Bending.

The machine is shown in the sketch Fig, 1. The hardwood former
"A" is slightly smaller than the inside radius required - viz, 172" for
18" bend. Pressure is applied by "A" and the formers "B" and "C" move
outwards as the bend progresses,

Cleaning.

The "Cerrobend" is removed by heating the tube in hot water.
The tube is then degreased in a caustic bath, rinsed and clcancd in an
acid bath prior to brazing on the flanges,

Notes,

It may be noted that the exact radius of the bends are not
important but the curvature must be uniform. For example, a uniform
bend of 17é” radius would be acceptable but the dimensions between the
flanges as shovm on the drawing, must be maintained by introducing a
short length (") of straight guide at each cnd of the bend.

It has generally been found at Devonport that guides bent as aboy
are satisfactory, nevertheless, in cases of failurc to pass the gauges,
it is possible, by careful beating with a coppcrsmith's hammer, to rcmo
any wrinkles that may appear on the imncr radius or bulging at cither en
of the 3" faces. This beating is preferably carried out with the tube
filled or on a slightly undersize mild steel mandrel,

TWISTING.
In making these components, anncaling, filling and finishing are
done as for bends, The twist is ideally made in a machinc (Fig,2 is a
sketch taken from an American publication) but satisfactory twists have
been made with hand tools only, It is very necessary that the wavegul

section shows no SUDDEN distortion, and it is desirable therefore, to
hold the tube in shaped clamps as sketched in Fig, 2A,
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o 52 METHOD OF TWISTING.

SEE DETAIL BELOW:
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METHOD NO. 2 BENDING WITH HAND TOOLS.

Tools required :- (1) Mila steel formers as sketched in Figs., 3
(assembly), 4, (detail for major bend) and
5, (detail for minor bend).
(ii) Cast or mild steel mendrels as sketched in
Figs, 6 and 7. |

(iii) Cleaning baths (iwater and acid).
(iv) Oxyacetylene torch etc,
Materials required ;~ (i) Resin for filling.
(ii) "Rasi-flow" brazing alloy and flux,

ANNEALING,

The waveguide is heated to a red hot heat on a coke forge and
air cooled,

Filling,

One end of the tube is plugged and the tube filled with molten
resin and closed with another plug.

Bending,
The tube is bent slowly in one sweep to an angle rather exce

90°, It is found that two men on an 8! lever can bend the waveguide
in the major axis.

Cleaning.

The plugs are removed and the resin is melted out. The tube
is again annealed and cleaned.

Finishing.

The tube is then out to 900, examined and slipped on to the
mandrel, Figs, 6 and 7 and beaten to remove imperfections,

The flanges are attached and the tube cleaned in an acid bath
and hot water rinse,

Twists are made as described under the previous method except
that resin filling is employed,



RADIO MAINTENANCE

The upkeep, maintcenance and scrvicing of radioc equipment has
- been cause for some concern over the past two or three ycars,

- Growing complexity has made the servicing of equipment by ratings who
. are comparatively unskilled a difficult problem, In addition to this,
it has beéen estimated that a great deal of cquipment has been working

at a very much rceduced efficiency over long periods in which uscrs
thought it to be working satisfactorily, With a view to overcoming
some of these difficultics, a number of improvements to W/T and Radar
handbooks and the introduction of other maintenance aids are now
- contemplated, Many of these arc taking shapc and will be issued to
the Flect shortly and the purposec of this article is to review the
purposes of cach onc and the usc to which it can be put.

The process by which cquipment is kept in good running order
comprises :-

1e Day to day upkecep or maintcnance,
2, Routinc check on performance,

3, Servicing.

The first two steps may be thought of as prevention and the
third cure. The aids which are to be introduced arc thus :-

1. Boutino Maintenance Directions.
2, Radio Equipment Log.

3, Scrvicing Manuals,
and thesc will now be described in that order.

Routine Maintcnance Dircctions,

These ingstructions cover daily, weckly and monthly routincs
which are to be carried out for cach item of equipment. All major
items of cquipment will have their owvn routinc maintcnance dircctions,
some of which can be carried out by comparatively unskilled perscnnel,
The points in them cover cleaning, grecasing, switching on and warming
through, inspection of aerials and various parts of the equipment
which arc liable to give trouble. They are intconded to be "lists of
things to do" rather than "Instructions of how to do them". In some
cases, simple daily tcsts are included which, if carried out by ratings
of little experience, should be followed closely,

Radio Equipment Log.

A Radio Equipment Log has been introduced vhich is analagous
in many ways to thc magazinc log of the Gunncry Department and will
requirc the Commending Officer's inspection and signaturc monthly.

It is a loosc lecaf log and will contain betwecen stout covers
lists of the ships equipment, with details as to where and when
fitted, of modifications ordercd and when carricd out, and rccord of
major defects and how remedicd, etc, But its most important feature,
from the "Maintenance" viewpoint, is its performancc record sheets.
Each major item of equipment will have its performance record shect,
On this sheet are contained instructions to carry out periodical tests
on the performance of the set. It is intonded as a goneral rule that
these tcsts will be such that no special cquipment is required, and
that the instrument provided with the equipment itself shall give all
the necessary information, In the majority of cascs, these tests will
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be carried out weekly and columns are provided for inscrting the
resulting readings, voltages, anode currents, acrial currents, and for
Radar, Aerial efficiency, Transmitter Power outfit, Receiver sensitivity
Display efficiency ectc, Provision is made in the case of V/T '
equipment for tests to be carried out on most ranges of the frequency
band.,

The first set of figures given on the performance record sheet
will be "typical figures". If not printed on thce shect they should
be inserted from the handbook, These will be derived eithor from
infermation given by the designer,or be an average of recadings
obtained from testing a number of equipments, The second sct of
figurcs will be those obtained by the ship fitting-out officer (or
working up party) on first fitting of that individual equipment and
will, at the same time, constitute his certificate to the Commanding
Officer of the ship that the equipment has been installed satisfactorily,
Thereafter, figures will be inserted by the ship's staff. Any large
variation from the second set of figures will be taken to indicate
possible falling off in efficiency, leading to a more dctailed
investigation, requiring, perhaps, use of the servicing monual,

Servicing Manuals.

These may be regerded as an appendix to, or an extension of, the
handbook, They are intended to bc kept with the equipment ond will
be plan-packed with it, Their function is to assist fault finding
when either the apparatus fails to work, or when inspection of the figure
on the performance rccord shect shows that its cfficicncy has fallen
off, The layout and make up of Servicing Manuals is described in
greater detail in a separate article on Page 57. -

Introduction,

Routine maintcnance directions are being introduced to cover
all new equipments and the more important of thosc alrcady in use.
These latter will in general be first issued as amendments to cxisting
handbooks,  Radio Equipment Logs (Form S1274) will be issucd to all
ships as soon as they arc printed, Performance Rccord Sheets for
ingertion in the log will be produced for all new equipment and for the
more important of those already in use, Servicing Manualg will be
produced for all new equipment and for the more important existing
radar equipment. It is not being found practicablc at present to
consider servicing manuals for existing W/T equipment.

( Editor's Note ;-

The above was submitted by the Staff of C,S.S.)



RADAR SERVICING MANUALS

(Submitted by the Staff of H,M.S. COLLINGWOOD)

We are plecased to be able to announce that a Servicing Manual and
t of Maintenance Dircctions for Types 276/7/293% have gone to print.
lar publications for Types 291, 253, 242 and 243 are under way; others
follow, This article describes the cvolution of Scrvicing Manuals
the layout of that for Types 276/7/293, which may be taken as typical
those to follow,

(a) The Servicing Manual originated from the principle adopted

by manufacturers of Radio sets of supplying their outside
Servicemen with Information Sheets, Aftcr considerable
thought had been given to the subject, it was decided that
this could be taken a stage further by supplying, in addition
to facts and figures for cach pancl, a few Block diagrams
showing simplce cxtcernal tcsts to lead the mechanic to a
faulty pancl, It is hopes that, for thc majority of faults,
the faulty pencl will bce located rapidly. Any cxternal faults
should alsc be discovercd by thesc simple tests.,

For each panel, a considerable amount of data is given and a
system has been devised whereby the kMcechanic is instructed to
make tests in a logical order; in other words, the order
which an experienced engincer would use,

The system of providing a list of possible faults and the
appropriatc remedies has becn discarded, It is quite
impossible to cater for all probable combinations except
for the simplest of cases, (This systoem is, however, of
some value for the initial approach, and is used, in a
modificd way, in the Block diagrams alrcady mentioned).

Instead, it seems preferable to supply all the testing
information a Mechanic is ever likely to nced and to guide
him through a short series of quick tecsts to localisec a
fault area, The full test data for that arca is then made
readily available, This is considcred to be tho best system
devised so far for rapid fault location,

A collection of details of individual components which may
be of assistance in the repair of, for example, coils and
transformers, is included under the heading "Repair Data",

(b) Layout of Book,

{i) A Block Diagram, This is self explanatory and shows a
number of c¢xternal tests in a "preferred" order,

{ii For a typical panel, information is prescnted as follows:
JP b s P

(a) Two lay-out Drawings showing top and undcernecath
viecws,

(b% Immediatcly adjacent is the circuit diagram,
"Hot" (or "Live") Data shoets, containing all
the voltages with "expeeted" Limits or "outside!
limits and Oscillograms for cach test point in

the pancl,

(d) "Cold" (or "Dead") Data sheets, giving component
values, tolerances, Patt, Nos, ctc.

(e) Repair Data.
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Page 62,

On the layout drawings are shown "Quick Test Points" in Red
squares, together with Test Information in Red circles, Each
quick test point has a number in the Red squarc which indicates
both the "preferred" order of testing and the instrumcent to be
used for making the test, This information is conveyed by
means of the following code:

(i) Pigures 1 - 20 indicate that Patt, 4\7A Avometer
is used and the preferable order of testing.

(ii) TFigures 21 - 30 indicate that Patt, W3332
Electrostatic Voltmeter is used and the preferable
order of testing,

(1ii) PFigures 31 - 50 indicate that Oscilloscope (Cossor
or G,86) is to be used and preferable order of
testing.

Inside the Red circle is given (a) A self-evident ccde for

the switch settings of Avometer, Oscilloscope and Monitor and
(b) The test information i.e. the voltage to be expccted

and the variation which may be accepted without suspecting
fault, Wherc oscilloscope information is given, the important
portion of the waveform is printed in red.

Example,

I-E
v D.2.

400 Volts
10

Test point < |

Both the square and circle above, as well as the arrow, will
be in red, The square [j] which is the quick test point A1
of the Indicator, wvill appear,

(a) In the Lay-out drawing,
b) On the circuit diagram,
¢) On the "Hot Data Sheet”.

The red circle with its sclf-evident test information contains:
(a) 1. (in reda) - E (in black), This indicates

(1) Avometer is used (the number does this)
(ii) Positive lead of Avometer on test point
1 and ncgative lead on chassis,
(Polarity indicated by colours of numbcr

and letter),

(b) V.D.2-Patt. 4L7A Avomcter is used on the sccond D.C.
Voltage range, counting from the high voltage end
of the switch i.,e, 4BOv. range,

(¢) Corrcct voltage rcading is LOOv, but anywhere between
290v, and 1M0v, can be accepted,




The calibrator pips in this example would appear in red.

Care is being taken to "tie-up" all the associated drawings, so
that the reader may refer from one to another, and to the pancl,
without losing his placc, To assisgt in this, certein compconents
are markcd with a small red triangle., Red triangles cccur both
on the circuit and on the loy-out drawvings, in placcs wherce there
may be doubt in the reader's mind ag to which particular cnd of a
ocmponent in the pancl is the relevant end con the circuit diagram,

The first Radar Manuals will not contain any Radio Frequency test
information, Sufficient data is included, however, to cstablish
the correctness or othcrwisc of ncarly all D,C, and low frequency
A.C, conditions so that the majority of the more common faults
should be much more specdily traced.

Limits.

The complexity of apparatus, combined with the wide tolerances on
components which arc an economic nccessity, has given rise to

some difficulty in stating the permissable variation in reading

at any given test point, Af'ter considcrable thought and dis-
cussion, 1t has been agrecd to cstablish two different types of
limits, which will be uscd as appropriatc in cach particular case :-

"Outside"” ILimits, These are limits outside which the successful
performance of the unit is impossible, They give however no
guarantec that the unit will work if the rcading is within the limits,

"Expected" Limits, These are limits within which it i1s expcected
that the rcading will lie, In general they will be stated after
measuring a number of samplcs. If a point is found vhere the
reading is just outside the cxpected limit, the unit will be
considered under suspicion, Unless the rcading is considcrably
outside the limit, it should not be considered as furnishing
sufficient evidence, without corroboration, to start pulling it to
Pieces. Some unusual distribution of wide tolcrance componcnts may
well have madc it give a reading outside the limits expccted, whilst
other variations in the unit may componsate for this departure from
normality and it may work perfectly wecll,

A1l the limits in the Types 276/7/293 Service Manual arce "expected™
Limits.

4s "expected" limits can gencrally not be determined until after
measurcement of a numbcer of production samples, it follows that it
will not usually be practicablc to issuc Servicing Manuals with the
first few models, To mect this difficulty it has becn agrecd to
issue provisional information with preliminary handbooks, These
will take the form of circuit diagrams, on vwhich have been inserted
the rcadings for a number of test points, These readings will be
thosc obtained by test on a single develorment model,  They must
therefore be treated with the appropriate discretion as the produc-
tion models, apart from embodying changes in design, may embody
differcent types of components, e.ge a standard transformer in licu of
a hand-made one,




