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Hﬁlglg {Restricted) Handbook for 40 wom. Bofors Twin R.P. 50
Mark 44 Mounting, 1930, having been approved by My Lords
Commissioners of the Admiralty, is hereby promulgaled for information
and guidance.

B R 1240 (Restricted) Preliminayy Pamphies for the 40 mm. Bofors
Tiin R.P. 50 Mark § Mounting, 1045, and B R.1278—lustruction and
Matnienance Book Type MDJAC for Metvopolitan-Vickers Electrical
Company's System of Metadyne Power Control, 40 svm. Bofors Twin
R.P. 50 Mark 5 Mouwnking, 1945, are herchy superseded and enpies
should be disposed of in accordance with the instructivns in B.R.1.

Attention s spectally divected fo the nolice printed belomw.
By Command of Thesr Lovdships,

95152
fia

" To Flag Officers, and
Commanding Officers
of H.M. Ships and
Vessels concerned.

NOTICE

Suggestions for improvement of the text or illustrations, which can
be incorporated by way of emendment or in any fature revision of the
boalk, w1l hewelcomed and will receive careful consideration ; they should
be fnrwardad tothe Seeretary of the Admiralty through the usual channels,
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NOMENCLATURE

In accordance with current instructions regarding the nomenclature '
for 40 mm. guns and mountings, the following revised terms or their
equivalents are to be taken as read throughout this handhook :— '

* 40/60 guns * i lew of ** 40 mm. Bofors guns ",
* 40 mm. mounting " n liew of " Bofors mounting .

(Amendment No. 12.)
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INTRODU C;];ICI'N

The Mark 5 mounting carries two 40 mm. Mark # water-cooled Bofors guns which fire H.E.
shell with direct action fuzes at a rate of 120 rounds/min. per gun at 60 degrees elevatiom, and
140 rounds/min. per gun at 0 degrees elevation. These rates of fire shonld be maintained as near
as possible on mountings in service. The shells are self-destroying at approximately 3500 yards.

CAPABILITIES ArD TacTical Use oF THE MounTiNG

The capabilities of the mounting vary, according to the type of director controlling it @ either
a Close Range Blind Fire Directer (C R BF.D.) or a Simple Tachometric Director (S.T.D.) may be
fitted. With the former, the mounting is auto-operated and can be used for hath * blind * and
“ yisual " fire since the C.R.B.F.D. is fitted with radar Type 262. There is very little difference in
accuracy between these two methods and both show a considerable improvement on previous
cquipments. :

The maximum effective range of the mounting when controlled by the C.R.B.F.D. 15 2,500 yards
but firc against aireraft should be opened at 4,000 yards to allow for the rapid closing rate during the
time of fight. .

Withgt]ll:ae S.T.D., the mounting is again anto-operated but only visual fire is possible as radar
is not fitted. Due to the limitations of the sight in the 5T.D. the maximum effective range is
reduced to 1,200 yards and fire should be opencd when the rangs is 3,000 yards.

Continuous fire 1s maintained, so long as the supply of ammunition to the loader is maintained.

A present day aircraft will be destroyed by two direct hits and quite possibly one, although the
neulralisation of a suicide bomber by disintegration before it can rcach own ship would almost
certainly require more.

The mounling should be effective by day or night with the CR.B.F.D. and by day only with the
S.T.D. against *— :

aireraft ;

guided missiles, flying bombs, etc. ;

E-boats ;

light superstructures of small ships. 4

The limits of elevation and training of the mounting are 45 degrees depression to 90 degrees
elevation and 360 degrees training.

There are three method of operation :—
auto—Dby director ;
joystick—using the type 6 sight ;
hand—following receivers or using eyeshooting sights.

HIsTORICAL

Early in 1944 it becarne clear that the ensuing months were likely to see a serious deficiency
of 40 mm. close range weapons due to the large increase in requirements for re-arming the fleet and
also to production difficulties being encountered with such complex mountings as the Bofors Mark 4
and 5.T.A.A.G.

To expedite manufacture, it was decided to design a simple twin Bofors mounting based on
the orthodox principles already in service, embodying the training base and sections of the elevating
and training power drives on the 2 pdr. R.P. 50 Mark 7 mounting. This mounting became known
as the 40 wun. Bolors twin BLP. 50 Mark 5 mounling,

GENERAL

The mounting is equippad with the all-electric K.P. 50 metadyne system of auto so that
movernent in clevation and training are normally automatically controlled from the director.

A Type 6 Mark 2 gyro gun sight is fitted for use of the jovstick operator on the mounting and
300 knot eyeshooting sights for the layer and trainer. Elevation and training receivers type C.M
Mark | * or 1 *#* are fitted, which receive magslip indicator transmissions from the director,

The firing of the guns may be electrically operated from either the director or joystick, or may
be manually operated by a firing pedal convenient to the layer.

The gons may be fired as a pair or separately, provision being made to allow a rendering of
the associated firing gear when a gun is set to IRIGGER HELD.

A ready-use supply of ammunition of six clips per gun is carried in trays at the rear of the
mounting,

A protective shield is built aronnd the mounting, the front thickness being 4 inch and side
thickness } inch. Doors are provided for quick and easy access to the mounting.

The cxposed steel surfaces on this mounting have been * parkerised "' during manufacture.
This process provides a rust-proof surface, and cvery care should be taken to see that no abrasives
are used for cleaning exposed steel surfaces, as such trearment will remove the rust proofing.

e e o S5 N N W e e e S P, e
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The Mounting
Twa guns, with jackets filled (64 galls.)

Fixed base plate, including training rack and rallers ...
Carriage, including elevating and lra:lmng gears. ﬂrmg and ~afets. ﬁnng geaﬁ and

receiver drives
Sighting gear

Shields, phﬁmmslﬁjlld u:n:u]mg s:,.rstem flled {21} Balls

Ready-use ammunition Tacks and chutes
Miscellaneous electrical fittings and cables
Ready-use ammunition (sixteen clips) ..

" Qff Mounting ' Grear
Amplifier ..,
Metadyne f_erlamm—n
Brilisl: (MII75,74a) .
Canadian [:xMD?ﬂl'Z}l
Conlactor Control Panel ..
Starter el

Other Nietails
Shield i

Dieck Forees—

Uipward lift ..

Dowmnward hlow
Maximmm fores of recoil ..
Workdng radins ... L
Maximum platform radins
Maximum clovation
Maximum depression
Waximur raining
Training speeds

Elevating speeds ...

Training arul vlevaling eftorts in hand |
Position of trunmons—Hedght (.
Distance from vertical through centre pn--::t

Meladyne System,

Finz (rid Transformer Ratin (522 page 4]_‘1

Coarse Grid Transformer Ratio

Coarse/Fine Change-over Winding

Standing Current in Milliamps

M imum Current in Milliamps

Maximum Metadyne Current

Maximom Limit Current .

Metadyns Current per 6 minutes mssahgmnfn'r

Coarse to Fine Change-over Voltage (N.B —not
fine 1 coarse)

Approximate initial setting for fine sensitivities . .

Approximate initial setling for fine pre-retarda fion

Approximate initial setting fur coarse sensitivity

Approximate initial setting for coarse pre-retarda-
tinn

loms cwt. gr. b,
1 0 3 23
i 11 1 1]
i 2 11 3 3
| 0 3 s}
Lrainjng balance wf;ight 1 13 0 13
i e R R N T 0 3 3 20
i ] 4 1] 0
i U 3 0 0
ToTAL (] 8 3 9
loms el q¥ Ib.
o 0 1 3 17
o 0 3 i 8
+s i 10 3 8
- 0 L1 3 G
" 0 L 3 G

- o,

Torrar off muu.ntm% weighl—

Britisl £ 1 8 L 9
Canadian 0 14 1 a

4 in. thick protective plate at front.
}in. thick protective plate at sides.

16 tons.
4 -4 tons.
4 tons,

7 it Gin.
54t

907,

147

360°,

Power: 35%sec. Max. Acceleration 15%/sec®.

Hand : 3-72° per turn of handle,
Power : British Migs.

ZBFFSEC. 3 L - o, a
Cenadlan Hips. Max, Acceleration 15 -‘.,SEC'
35%aac,

Hand : 3-72° per torn of handle.

10 to 12 b,

665 in. from Lase of wouling,

4 1in, to the rear.

{When fitted with Mark 15M Amplifier.)

Mtz A

i Elevation)
35/16 or 32735
3514
45/160
P
55
65 amps
16 amps
&4 amps
1-2 walis

75

Pos, 2
100

1 mfd,

Molion 12
{Training)
35/16 or 32/35
35714
35/160
35
70
5 amps
20 amps
37 amps
1-2 volis

75

Pos. 2
ik}

-1 mid.

Nrte— Some cases may be found where Motion A is training and Motion B is elevation due

to Ship witing erTurs,



Photograph |. 40 mm. R.P. 50 Mark 5 Mounting
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RESTRICTED

CHAPTER |
GENERAL DESCRIPTION OF EQUIPMENT (Pluies 1, 2, 3)

SECTION 1. THE MOUNTING

1. The two gun casings sre bolted togetbizn, amd Le ouler sides of the gun casings Gy the trunnion
ping ; there iz no cradle. Tronnion bearings are fitted o the pins, and hovsings are formed at the
top of e carriage Lo osecoive the (runnion assembly. There 1= one elevating arg secured Leneath
the left pam.  The carringe i2 holted to the upper base plate of the meunting.  The gyro sight and
syeshooting sights are supported by Brackets, speured directly to th:: [ETIER

2. The upywer base plate of the mounring, which rotates for training, carries, in additien to the carriage,
two loading platforms, a protective shicld, the training and elevating drivin g motors, gearboxes and
cofncidence transmittess, equipment for gun cooling, lidog, HU. amounilivn, ete,

On its under surface it carries the upper roller p._»t]'_ which is supperted on the training rollers,
mounied on axis ping screwed into a live roller ring, The lower roller path is a swiace machined
in the lower fixed base plate. Lateral throst is taken by a centre piwot bearing and the monnting
is prevented from ™ juteping ' by olip rollers which engage under a flange on the lower fixed base plate,
Grmard plates ure [tted to the lixed bass plale and give prodection to the internal parts of (he training
Dase.

Clevation ane tﬂmmg zeru alis

Arecdeninoe side gl e inourtting and an elevarion locking

ptively, mment indieators are firted 4 BUL arc ami mountin. baseplat e
& L =
DUIEE[S [!:r. ri’ﬂgjlfj? __,a[ ﬂ;miw Nﬁl‘ g}

,} The grms may he fired cloctrically from 1']]4 ﬂu':;r'h-r or erat ick and me r‘h&mcally DY TOE Ly s—— ————.

fring pedal.

f. Safety fiving gear is fitted for interrupting fire on dangerens hearings.  Por this pirpose & cam rail
iz fitted round the base of the mennting and is secured t6 the deck, Its contour is cut to suit the
ship and positivn of the mounring.
7. Barrel cooling fresh water s circulated through he gun jackets by a centrifugal pump driven by
an electric meder,  The water is tuken from a 20 gadlon tank situated at the front rght hand of the
mounting, The tank is fitted with an immersion heater to prevent the warter freezing under low
lemperature conditicns.
8. Ready use ammunition racks for six clips per gun are fitted to the rear of each loading platform.
4 The wvaricus swilvches and instuments associpted with the uperation of the mounting are
comyeriently grovped together in two growns, and are seemred to the side shield plating.
Securead 1o the side shield beside (he layer are 1w following .—
(@) Jowstickjauto C.O5.;
() mmeladyne set starting switch ;
() OmOff pozh hox for applying power to both motions |
Noie : Tt 15 not possible to have mixed operations, ¢.., both moiions must be opeerated
in either hund vr power.
(d] indicating lamp box showing A.C. Ow, Power ON and Meravyse REuneme ;
fe) liring isolating switch lor interrupting the Aring crewir ;
(fi power firing motor onfoff switch ;
(2] gvro sight type 6 Mark 2 range wnil (Mo, 40, Mark 1) ;
(%) gyro sight type 6 Mark 2 dimmer unit {No. 4, Mark 1) ;
() check fire bel ;
{1 check fire lanp ;
(A) lmrmination switch ;
[Il bridge communication call up ;
() training sector control switch.
10, Secured to the side shield abaft the joystick operator’s position are the fellbwing —
) cooling pump moter onfef switch ;
b loading light divnmwer wnil |
(&) gyro sight type A Mark 2 regulater anit. (No. 10, Mark 1) ;
[d} telephone stowage box.
The switch for the Immersicn heater is locared on the right-hand side of the mounting near the
water tank. Telephone plugs are located under the laver's seal.  An armamert broadeast speaker
may be fitted to the mounting on e rear shield on the lraines’s side.




2 40 ww. BOFORS TWIN R.P. 50 MARK 5 MOUNTING
SECTION 2. SUMMARY OF R.P. 50 METADYNE SYSTEM

EQUIFMENT

11. In the R.P. 50 metadyne system, two separately excited D.C. motors are required to train and
elevate the mounting.  These motars are situated on the mounting itself, and drive through suitable
gears and clutches.  Magnetically-released spring-applied drum brakes are built into the motors to
hold the mounting firmly when power is switched off the mounting. These brakes are necessary
as the power drive is reversible, 1.¢., the mounting can drive back through the gear drive and tend
to rotate the armature of the driving motor,

12, Arrangemerts for hand elevating and training are provided to enable the mounting to be moved
for maintenarice work, and for use in the event of failure of the power drive. Hand-operated clutches
are therefore fitred, which enable the mounting Lo be clutched either to the power-drive motors or
o the handles, the cluteh levers being areanged to operate electrival interlock switches that prevent
the application of power to both the training and elevating motors nnless both clutches are Lo PowgE.
It additior, local operation of the puwer drives is provided by the fitting of a joystick. A simple
two-position electrical change-over switch enables an instantaneous change to be made from auto
operation to joystick uperation, or vice versa,

13. On the mounting are -—
{a) an onfoff switch for starting the metadyne set, situated between decks ;

(6] pushes for applying power to or removing power from the monnting, when the metadyne
set is runming |

{¢) indicator lamps to show when the metadyne is running (“ metadyne running " lamp), when
power is appled to the training and elevating driving motors (* power on ™ larnp), and A.C. supply
is made to the amplifier {“ A.C. on'' lamp). A " power on' lamp is also provided at the director.’

14 Coarse and fine magslip coincidence transmitters are permanently geared to hoth the training
and elevating motions, and in conjunction with eorresponding transiitiers in the director, provide

+ha airmngls which ermde st 8 3 . :
Inorder that :'m;&mx systern may be accurately aligned in elevalion and training, zero align- it::;]ri
ment indicatnrs ard Afredas follows — e
(@) For elevation alignment, a pointer plate and associaled indication plate a.rle fitted to the rear of ector

+hy carriage on the laver's side and on the inner face of the eltvating 41c, respectively. tmg'
(5} For training alignment, a pointer plate and an indication ]_Jljltﬂ are fitted to the upper racer T:l;e;i
cariage plale and the guard plate, respectively, on the traners side of the mounting. _ nged
Tn both instances the indication plate is required to he scribed after the mounting is installed in e

a aip. 1g to

(G. 354157 —Amendment No. 9.

e e e

“ﬁgwafgn'tming Being Eruugil:'rtﬁﬁi;i‘la;.rﬂti- by the limit stops in power operation, limil

switches have been provided on the mounting for both training and elevalion. Each limit switch is
operated by o cam a lew degrees before the mounting reaches one of the mechanical stops ; contacts
in the switch cauze a braking torque to be applied to the driving motor so that the mounting is reduced
to a low speed before it reaches the stop. Other contacts in the switch are arranged to limit the
enrrent that can flow through the anmzture of Le stalled motor to a value that will not overheat it,
and yet will be sufficient to hold the mounting firmly against the slop if the position of the director
requires (his. The limit switches are a special guick-reserting type to ensure that the mounting
follows the direetor with the least pussible delay when the director returns to the monnting ascs.

16. The main power supply and cperational apparatus is situated in a compartment bLetween decks.
Lach gun-driving motor on the mounting is supplied with power [tom a separate metadyne generator.
In mounlings of British manufacture the two generators are driven by a common driving motor,
which is supplied from the ship’s 220 volt D.C. supply. These are started hy means of an gulomatic
starter, which may be operated either remotely by an onjoff swilch at the mounting or locally by
a4 switch contained in the auto starter itself, In mountings of Canadian manulaclure, two separate
metadyne sets are uaod, one for training, the oiher fur elevating. The two metadyne generators
(training and elevation) are driven by individual driving motors supplivd from the ship’s D.C. supply.
The two metadyne sets, which are identical, are started simultanenuzly by means of a common
automatic starter, which can be remotely operated from the mounting, or locally operated by a
starling switch in the starter itself. L

The field or main variator windings of the metadynes are fed from a thermionic valve amplifier,
also situated between decks.  This amplifier modifies and amplifies the signals irom the high frequency
magslips into a suitable lorm {or use in the varator windings on the poles of the meladyne generators.

17. Ik high frequency (I1.I7.) power supply for the amplifier is obtained fiom a central source betwern
decks. The HUF. supply fur the magslip transmitters is obtained from the amplifier.

The ather apparatus between decks consist of a contactor control and output relay panel, which
eontains a double-pule contactor, the training and elevating output relays, resistors, luses and links.
The double-pole comtactar serves to energise the gun motor field and brake coils, the jowystick controllers
and (he limit relays in the amplifier. The output relays, when energised, switch over the amplifier
entpit from the dummy luad rTesistor in the amplifier to the metadyne main variator windings, at
the same time disconnecting the latter from the joystick controllers.




A B BBt ) et e it e ot e o e T ar

OPERATION OF THE EQUIFMENT (Diagram 3)
18. The mounting may be power operated by {wo methods - —

(@) Auio Operation—By director, moving the mounting in elevation and training using the magslip
controlled metadyne systom,

(B Jopstick Operation—By operalion of lhe joystick on the left side of the mounting controlling
the elevating and training driving motors of the metadyne system, and using type 6 Mark 2 gyro gun
sight.

AtTo OPERATION

19 Auto operation is the normal method of vperating the mounting. Two sets of apparatus are
required, one for training and one for clevating, As the construction and operation of the two sets
are zimilar, only the system used for the training metion iz shown in simple disgrammatic loro i
Diagram 3 and discussed in the following paragraphs.
20, A magslip transmitter is geared to the director and electrically eonnected to a magslip enincidence
transmitter geared to the mounting. The magslips are adjusted so that when the director and mounting
are lined up, the magslips are also in alipnment. With A.C. supply switched on, any subscquent
misalignment between transmitter and eoincidence transmitter will cause a voltage signal, generated
in the rotor of the coincidence transimitter, to be fed to the amplifier.

Here it passes through the various stages of the amplifier and this signal is modified and amplified,
anid then applied to the main variator windings of the metadyne generalor,
21. The signal from the amplifier is in turn amplified by the generator and is used to energise the
gun driving motor armature in such a manner that the monnting and the coincidence transmitters are
driven until the coincidence transmilfers and transmitiers line up.  In this position the mizalignment
gignal fades out and the mounting is driven into line with the director,
23, Ttisscenin Diagram 3 that there are actually two magslips at the director and two at the mounting ;
one coarse magslip al the director and one at the mounting, providing the signals when the
misalignment is large, the other pair of finc magslips being employed to give greater arcuracy when
the mizalignment is small. Only one pair is used at a time,.a relay in the amplifier automatically
selecting the signal depending on the size of misalignment,

Jovstics OPERATION

23. Joystick operation is provided to enable the mounting te be power operated without the director,
magslips or amplifier. Tt iz therefore vseful as an emergency method of operation in the event of
damage Lo these units and enables the mounting to be power driven using either a type 6 sight or an
eyeshooting sight under the control of & single operator.

24. When in joystick operation the metadyne generalor main varialor windings are fed from the
ship’s D.C. supply through rheostatic controllers.  These controllers, for the training and the elevation
metadynes, are conpled to a single joystick. A turning motion of the central spindle of 1his jovstick
operates the traning controller and a twisting motion of the handles operates the elevating controller.
When the joystick is moved the currents fed to the main variator windings of the metadyne generators
cause output current to flow throngh the gun driving motor armalures to move the mounting in the
direction indicated by the juystick movement

25. There are a few mountings in commission with only the “ joystick aperation '’ system. Such
mountings will be found in ships not fitted with a director system and hence local operation is the
only requirenent,

In cases like these, however, & second training receiver is fitted on the layer's side, and connected
ta the training receiver diive Ly a llexible drive. This receiver is used for target indication to the
joystick opetator and it is not intended that the operator should attempt to follow the pointer, becanse
the flexible drive does not provide any degree of accuracy.

CAPABILITIES OF THE SYSTEM
26, The design requircrnents of this equiprment are briefly as follows —

The monnting shouid be capable of [ullowing the transmitting position when in auto operation,
0 that the imsahgnment shall not exceed 3' of arc {except as may he otherwise stated) under any
of the following conditions —

(a) At all speeds of Lraining and elevation transmission in the range, from creep speeds of 4°-8°
per min, up to speeds of 20° per sce. and 4 of arc up to A0° per sec. In mountings of British
manufacture the elevation performance will be 4° of arc up to 25° per sec.  In mountings of Canadian
manufacture, the elevation performance is the same as for training, ;

(&) With an acceleration or deceleration of 15%sec.® aver the specified speed range.

¢) Under eonditions of simple harmenic motion, with an amplitude in training or elevation of
+ 30° of are und a periodic time of 9 seconds (maximum velocity 20-9° per sec., maximum acceleration
14-6ifzcc.®). A maximum misalignment of 6 may occur momentarily al {he end of the roll.

{d) Test schedules are shown in Appendix IT1.

Nole . For lage values of misalignment, which may occur wher power is first applied, speeds up tn
357 per sec. may be reached for the training motion, 28° for the elevating motion.
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SECTION 3. STARTING UP INSTRUCTIONS

STARTING UP FOR AUTO OPERATION

NORMAL STAND-BY STATE (I EQUIPMENT

27. Diagram 1 shows the disposition of the various switches mentioned and Thiagram 2 the positions
of the apparatus. See that the A.C. on lamp on the mounting is burning. This indicates that =—

{@) the H.F. supply is available ;
(b the amplifier main switch is to O :
(¢) the test switch on the amplifier is to Rux.
98, See that the clutches situated on the mounting are in the position for power operation.
0, See that the change-over switch situated on the mounting is in position I, the auto position.

TO START UP
30. (i) Start the metadyne set or sets by means of the starting enfoff switch on the mounting.
The Metadyne Running lamp should now burn.

(i) Press the on push button on the mounting until the power cn lamp burns.  The mounting
is then operative in both motions,

(iii) If necessary, operate the training seclor conirol switch on the mounting to hring the latter
approximately into alignment with the director, and then release the sector control switch.

MRECTOR

TRANSMITTER MAGSLIP
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Disgram 2. Position of Apparatus
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3l. The mounting will then pull into line as indicated by the receiver mechanical and electrical
indicator pointers lining np, and will antomatically train and/or elevate as required by the director.

TO SHUT DOWN

32. (i) To remove power from the gun driving motors press the off push button on the mounting.
The mounting will quickly come to rest and will be held there. It will become fully operative again
immediately the on push button is pressed.

{ii} To shut down completely, switch off the metadyne starting switch at the mounting.

(iii) The A.C. on lamp on the mounting will still be buming indicating that the amplifier valve
heaters are energised. '

STARTING UFP FOR JOYSIICK OPERATION
PRELIMINARY PREPARATION
33. (i) Ses that the clutches sitnated on the monnting are in the posirion for power operation.
(i) See that the change-over switch on the mounting is in position 2, the joystick position.
(ili) See that the joystick handles are in the operative (horizontal) position.
{iv) Ignore the A.C. on lamp.

TO START UP

34. (i) Start the metadyne set or sets by means of the starting onfoff switch on the mounting.
The metadvne running lamp should now burn.

(ii) Iress the on push button on the mounting until the power on lamp burns, The mounting
will now respond to movements of the joystick.

TO CHANGE OVER FROM AUTO TO JOYSTICK OR VICE VERSA

35. To change over from auto to joystick it is only necessary to mowve the change-over switch on the
mounting from position | to position 2 and the mounting will be instantly under the control of the
joystick  So long as the amplifier has not heen disturhed the change-over in the reverse direction,
i.e., from joystick to auto, can be accomplished with equal simplicity, by returning the change-over
switch from position 2 to position 1 although operation of the sector switch may be necessary to secure
alignment of the training motion.
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NoTE.—Where the part is named in a Plate, it 15 printed
ite bold type the fivst time it appears in (he description,
the operation and the stripping of the ECh@iiST.,

CHAPTER 2

TRAINING BASE AND CARRIAGE, AND THE
TRAINING AND ELEVATING GEARS

SECTION 1. TRAINING BASE AND CARRIAGE (Plaie 4)

|. The training Lase consiste of two prineipel parts, the lower fixed hase plate, which carries the
lower roller path, and ths rotaling upper base plate, which carrics the upper roller path.

The lower base plate iz mounted cn a machined decle ring, and securod by twenrtv-four holding-down
balts.

The upper base plate, to which Lhe carriage is attached, is supported on 36 training rollers,
otating betwwen the upper and lower roller paths. These rollers ars meunled on roller axles,
which are equally spaced around and screwed rodially into a live roller ring. The reller axles
are prevented from rotating by spevlacle plates, which locle the square outer ends of cach pair ol
ixles.

Two gaps are provided in the upper roller path to facilitale withdrawing any of the rullers without
the mecessily of lifting the carriage aud upper base plate, and are siluated directly helow the
horizontal cenire line of the trunnions each side.

2. The centre pivot, throrgh which pass the electric cables from the fixed structure to the revolving
portion of the mounting, is seeured to the upper base plate, and rotates in a roller bearing which
is housed in the fixed base plate and secured by A retaining ring.

The cenire pivot can be removed by lifling upwards, and the tuller bearing by lowering after
removing the retaining ring.

Holding down ip bolts are provided, eight =t the fromt and six around the rear of the upper
hase plate. The clip belts are fitted with belleville spring washers, and carry clip rollers which
engage with a cireular (lange on the fixed Dase plate, and oppese vertical movement of the carriage
when Lhe guns are fired.

3. The training rack, in which engages the training pinion, is secured tot he fixed use plate.  Guard
plates are fitted to the fixed base plate, and give pratectivn lo the internal parts of the training
hase. :

4 The carriage iz a fabricated sleel structure which provides support for the guns and various gear
hoxes and brackets,

Plate 4 shows the carriage bolted on to the upper base plate. Trunnion bearing housings are
formed at the top of the left and right carriage side plates which support the roller hearings for
the gun trunnions. Lach bearing is coversd by a trunnion hearing cap.

SECTION 2. TRAINING GEAR (Disgram 4, Plates 4,4, 6, 8]
5. The D.C.lelectric motor is conpleil to the truining gear drive through a friction dise coupling.
The lattor limits the tosgue Lhat the motor can transmit tw 24 lbeyit. to keep the stresses sel up within
{lie safe limit. The power drive is [ully reversible, and the friction coupling acts as a safety device
by slipping and (hus limiting the stresscs set up in Lhe drive when the mounling and motor are in
opposition,
6. To change from “ hand " to “ power ' operation, or vice versa, the clutches are operated by the
clutch lever, which is vonveniently sitnated in front of the Liatner below his handles,

A weight is carried abreast the training moter to give halance Jor training at any angle of heel.

THE PUOWER DRIVE ({Diagram 4, Plaie 5)
7. The power drive is used for either auto or joystick operation, and comprises a bevel reduction gear
and a reversible worm gear.

The motar shaft is connected to the power drive shaft by a friction disc coupling. This
coupling consistz of an outer casing splined <o the motor =haft, und has four cut-away portions into
which enter projections on the periphery of a friction dise. Between the inside face of the outer
casing and the friction disc is the flange of a hub keyed to the power drive shaft. The Irigtion disc
iz luaded by a set of belleville spring washers and a distance picee, the compression on the washers
being apphed by a bush screwing into the onter casing, The setting of this s 1s adinsted so that

the maximum torque transimilled is limited to 24 Ib#ft. nsing clutch setting gear shown on drawing D.N.O. 89¢

Carried on the other end of the power drive shaft, and contained in the main gear box, is a bevel
pinion which meshes wilh a large bevel gear carried freely i the power clutch shaft. The hub of
the large bevel gear has internally-cut iavolute tezth, which farm part ol the power clutch.

Splined to Lhe power clutch shaft iz the shiding member of the power clutch, cut externally with
involute teeth so that Llese teeth may engage in the internal teeth cut in the hub ol the large bevel
[T

Note: For the sake of clarity these are shown as ordinary dog clutches in Diagrams 4 and 5.

7
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Precaation

The maotunting showld be at resé before the cluich lsuer is opevaled and alignment of the
appropriaie clidch for engagement should be attammed only by means of the Pratiing handles |
press Toff " frash before changtag from ' power " o hand ", awd do dot press Con " push
unt

i " power ™,

RESETTER ROX ([Hagram d, Plate 5

14. The resetter box contains two magshp eoitcidence transmitrers {2 **fine ™ and a * coarse )

with gearing, the wheels and pinions of which are akernately of fabric composition and steel,
resetter hoves on the training and elevating pears are interchangeable as a whole.

The complete resetter box is bolted horizontally to the outside of the reduction gear box attached
to the main gear box.  The drive to the magslips iz transmitted by a tram of gears, the first pindon
of which is attached Lo the power cliteh shaft, and the ultimate pinion, the resetter driving pinion,
which enters the resetter hox.  The resetter driving pinion meshes direct with a pinion on the fine
coincidence transmitter and also with the larger wheel of a compound idler, the smaller wheel of
which meshes with a pinion on the coarse coincldence transmitter,

15. The ratio of the fine colncidence transmitter to the momting iz 9 to 1, ¢.e., the magslip makes
nine revolutions for one revobation of the mounting, and thus registers the position of the mounting
aver an arc of 40 degrees of rraining.

The ratio of the coarse coincidence transmitter to the mounting is 1 to 1, 4., the magslip males
ene revolution for one revolution of the mounting, and its scctor value is 360 degrees.  With this value
the mounting will always try and pull into line by the shortest route, This is not poszibla, since the
rounting has a limit stop which will prevent alignment by the shortest route in given circumstances.
A cector switeh is, therefore, provided to enable the aperator to take the cormrect rontes when & mis-
alignment of more than 180 degrees exists.

EE) €

TRAINING HOUSING STOF (Pl )

16. A T-shaped handle projecting above the platform on the trainer’s side actuates a stop plunger,
which slides vertically in 4 goide bracker secured o the upper baes plate.  In the houszed position the
battom of the plunger engages into a hole in & bloek secured to the lower base plate.

THAINING BUFFER (Plads 6]

17, The training buffer is of the commeon oilretarding spring recovery Type, and is carried in a casting
fixed to the upper base plate at the rear of the meunting. The two projecting cnds of the piston
rods are linked by a clamp frame which passes under the buffer cylinder, a downward wojecting
stop block being securcd to the clamp frame,  ‘The extremilies of the piston rods slide in bushes in
the supporting casting.

Within the buffer cylinder are two opposed pistons kept wpurt by 2 spring.  The piston rods
project cutwards thromgh glands in the refaining nuts which keep lhe pistoms in their normal
Josition against the srtward action of the spring.

The space within the tmffer eylinder is fillad with oil, the medium which produess the resistanee
when the muunting trains on to the training lmit stop, The resistance ol the spring is merely
incidental as its primary function 1= to cause erther piston Lo reassert itself after training off the stop.
Above the cylinder barrel is an oil reservolr which is permanently connected to the cylinder by a
srall hols, and also by a latger port which ie fitted with an adjusting valve tor varying the size of
the opening through which the oil passes. The normal setting of this valve i 1% turns open.  An
oil level plug is fitted on the side of the 1eservoir and an oll filling cap is provided at the top. This
cap is screwed down on-a washer and lucked with a lacking plate and the syzlem i then totally enclosed.
An air vent plug is provided at the same level as the adjusting valve to allow air to escape from the
eylinder when Glling up the svstem.

Each piston incorporates a spring Ioaded ball valve which clozes a port connecting one side af
the piston with the other. It will be observed from the part section of the buffer that the port clnzed
byt the ball valve is drilled uxially towards the piston rod to meet four smaller holes drilled radially
inwards from the opposite side ol the pistomn,

Action oF TRaNmG BUFFER

18. When the mounting approsches the end of its permissible arc of training the stop block comes
into contact with the training limit stop, and the piston rod and the piston is forced inwards, Lhis
inward displacement of the piston forces cil into the reserveir thiough the small hole and also through
whichever orifice the adjusting valve has been ser togive ; other vil escapes to the vpposite side of the
piston via the clearance between the piston and cylinder bore, The spring loaded ball valve seats
itself mure Grmly under the rising pressure of of] and closes the port opening.  Each buffer pihion is
allowed a travel of 1:5inch after which metal tn metal eontact takes place hetween the stop block
and training stop. z

- ‘When the mounting is trained off the training stop, the spring forces the piston outwards, and the
oil trapped between the piston and retaining nut fows iuwards throngh the four holes in the piston
rod and lifts the ball valve off its seat, thus returning to the centre again with a minimum deldy. - °

(S0 5185) ui
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A pimden on the left end of the power cluich shaft engages another pinion on the right end of the
training output shaft, nsed in both the power and hand drive, and which iz connected, through the
side plate of the carriage, by a flanged coupling, to the training worm shaft in the worm gear box.
. The training worm is solid with its sheft, and is supperted in the gear box at cach end by a
toller bearing. A duplex ball bearing is fitted to the left end of the warm shaft to take the lateral
thrust on the worm, the adjustment being mads by the screwed end cap, the cuter rim of which is
serrated to receive the testh of a locking plate.  This end cap should abwaws he hammered up tight,
the working clearances necestary being allowed for in the design: of the duplex bearing. The right
gland mut through which the worm shaft passes is similarly locked, but ferves no purpose as an
adjustment.

The worm engages the training worm wheel, which is splined to the training pinion shaft and
seenred by a nut screwed on to the letter, The shaft is carried in roller bearings, one being housed
in the spigoted worm gear box cover plate, and two in the lower spigot of the gear box. A duplex
ball bearing iz located between the two lower roller bearings, spacing rings being fitted above and
below. Adjustment of the duplex bearing is provided by a castellated serewed bush mside the
geer box ; the bush is locked by a plate, the tongue of which eogages in one of the caztellations,
The bush should slways be hammered np tight, the working clearances necessary being allowed
for in the design of the duplex bearing,

The training pinion is solid with the pinicn shaft, and engages the training rack secured to
the lower hase plate,

0. The worm gear box is filled with oil, and oil seals are therefore provided in the right gland nut
and in the training pinion shaft thrust adjusting serewed bush to prevent vil leakage.

Twa diametrically opposed tapped lifting holes are provided in the worm whedd to facilitate its
removal,

Grease lubrication from remote grease nipples on the side of the carriage is provided to the upper
and lower roller bearings of the training pinion shaft.

The vverall gear ratio from metor to mounting is 254 to 1.

HAND DRIVE (Ddagram 4, Plats §)

10, The hand operation is carried cut by the two training handles, which arc unsupported at their
middle paint. The inner boss of the handles is supported in a ball journal thrust Leating carried
in the cide cover af the hand drive gear box, and iz splined internally to receive the bevel gear spindle,
the other end of which Is supported in 2 ball journal bearing housed in the gear box.

A buvel gear is splined to this spindle, and 1z securcd by a nut, with washer and split pin. The
bevel pear meshes with 2 bevel pinion carried on splines on a shorl vertical shaft, the latter being
supported in two ball journal bearings carried in a lower projecting boss of the gear box.  The bewvel
gear is secured to the shalt by a nut with washer and split pin.

The lower end of this shaft forms half of a universal coupling ; the olber half is carried on an
intermediate shaft, similarly conneeted Lo o bevel gaar shaft emerging from the main gear box. Carried
on the hevsl zear ehaft iz a bevel gear which meshes with 2 bevel pinion carried on the end of the hand
drive worm shaft.

1. The hand drive worm which i¢ splined Lo this shaft iz carried in two ball bearings, one of which
is a duplex bearing, in the main gear box, and meshes with the hand drive worm wheel. This is
fricticunally connected threugh the hand drive friction disc coupling toa clutch hub free o rotate
on the training output shafe.  The frietional connectivn is obtained by means of a friction dise loaded
inte contact with the lower surface of the worm wheel by a set of bellawville washers and compression
bush, the eompression on the washers being applied by a nut screwing an to the chatch hub, The
compling renders &t an efforl of abont 90 1%, applied to the training handles

The left end of the cluteh lub has internally cot invelute teeth, which form part of the hand
clutch. Carried on splines on the training cutput shaft is the sliding member of the hand clutch,
which is et externally with involute teelh so that they may engage in the internal teeth cut in the
hand chitch hab.

The diive from the iraining cutput shaft drives the worm, worm wheel and training pinion, as
described for the power drive, the power clutch shaft also being rotated.

The hand drive worm gear is irreversible, and consequently the friction disc coupling described
ahove prevents undue loads being transmitred to the wonn gear teeth, which might ceeur if the
memting took charge and atlempted to drive the gear train in reversc.

The overall ratio from handles Lo mounting is 968 to 1.

HAKD ANT} POWER CLUTCHES AND POWER INTERLOCK SWITCH (Plue &)

12, The hand and power clutches which are, as already described, of the involute teeth type, are
simmltancously operated by a single clutch lever mounted convenient to the trainer, The clutch
lever operates in & guadrant, an extension of the hand grip engaging in either of two notehes cut in the
quadzant to retain the cluteh lever in the desired position '

The clutch lever is pivoted on the axis of the hand clutch fork, and is connected by a link to

the axic of the power clutch fork. The linkage is arranged so that es one clutch is engaged the
uther is disengaged, but both clurches arc never completely disengaged together this is necessary to
prevent the mounting from taking cherge during the changsover.
13, Mounted adjacent to the clutch lever is the power interlock switch, the purpase of which is
to isolate power to both driving motors when the drive is chitched to * hand ", The switch is
spring-operated to break the circuit, but is made by the action of 2 hooked Iug on the dutch lever ;
this hooked shape also assists the internal spring to break the switch.
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A pinicn on the left end of the power clutch shaft engages another pinion on the nght end of the
training output shaft, used in both the power and hand drive, and which is connected, through the
side plate of the carriage, by a flanged coupling, to the training worm shaft in the worm gear Do,
. The training worm is solid with its shaflt, and is supported in the gear box at cach end by a
roller bearing. A duplex ball bearing is fitted to the left end of the worm shaft to take the lateral
thrust on the worm, the adjustment being made by Uhe screwed end cap, the outer rim of which is
serrated lo recelve the teeth of a locking plate.  This end eap should always be hammered up tight,
the working clearances necessary being allowed for in the design of the duplex bearing. The right
gland mut through which the worm shaft passes is similarly locked, but serves no purpose as an
adjustment.

The worm engages the training worm wheel, which is splined fo the training pinion shaft and
secnred By a mut screwed on to the lutter,  The shaft is carried in roller bearings, onc being housed
in the spignted worm gear box cover plate, and two in the lower spigot of the gear box. A duplex
ball bearing is located between the two lower roller bearings, spacing rings being fitted above and
below. Adjustment of the duplex bearing is provided by a castellated serewed bush inzide the
gear box; the bush is locked hy 2 plate, the tongue of which cagages in one of the castellations,
The bush should salways be hammered up tight, the working clearances necessary being allowed
for in the design of the duplex bearing,

The tralning pinion is sclid with the pinien shaft, and engages the training rack secured to
the lower hase plate.

0. The worm gear box is filled with oil, and oil seals are therefore provided in the right gland nut
and in the training pimon shaft throst adjusting serewed bush to prevent vil leakage.

Twa diametrically opposed tapped lifting Loles are provided in the worm whel to facilitate its
removal,

Grease lubrication from remote grease nipples o the side of the carriage is provided to the upper
and lower roller bearings of the training pinion shaft.

The vverall gear ratio from metor to mounting is 254 to 1.

HARD DRIVE (Dragram 4, Plate )

101, The hand operation is carried cul by the two training handles, which arc unsupported at their
middle point.  The inner boss of the handles is supported in a ball journal thrust bearing carried
in the <ide cover of the hand drive gear box , and is splined internally to receive the bevel geat spindle,
the other end of which is supported in & ball journal bearing housed in the gear box. .

A bevel gear is splined to this spindle, and 1s secured by @ nut, with washer and split pin. The
bevel gear meshes with a hevel pinion carried on splines o a shorl vertical shaft, the latter being
supported in two ball journal bearings carried in a lower projecting boss of the gear box.  Lhe bewel
gear is secured to the shaft by a not with washer and split pi.

The lower end of this shaft forms half of a universal coupling ; the olher half is carried on an
intermediate shaft, similarly connected Lo a bevel gear shaft emerging from the main gear box, Carried
on Lhe bevel zear shaft is a bevel gear which meshes with 2 hevel pinion carried on the end of the hand
drive worm shaft.

11. The hand drive worm which is splined to this shaft is carried in two ball bearings, one of which
is a duplex hearing, in the main gear box, ard meshes with the hand drive worm wheel. This is
Irict.im-.ullg connecred through the hand drive friction disc coupling to a clutch hub free to rotate
on the training output shafr.  The frictional connection is obtained by means of a friction disc loaded
into contact with ile lower snrface of the worm wheel by a set of bellaville washers and compression
Bush, the compression on the washers being applied by a nut screwing on to the chatch hub.  The
compling renders =t an effort of about 90 |5, applied to the training handles

The left end of the chuteh ub has internally oot invelute teeth, which form part of the hand
clutch, Carried on splines vn the training output shaft is the sliding member of the hand clutch,
which is ent externally with involute teeth so that they may engage in the internal teeth cot in the
hand clutch hub.

The drive from the training cutput shaft drives the worm, worm wheel and training pirdon, as
described [or the power drive, the power clutch sheft also being rotated.

The hand drive wormt gar is irreversible, and consequently the friction dise coupling described
ahove prevents undue loads being transmitred to the wonn geur teeth, which might oecur if the
momting took charge and attempted to drive the gear train in reverse.

The overall ratio from handles 1o mounting is 968 to 1.

HAXD AN} POWER CLUICHES AND POWER INTERLOCKE SWITCH (Pl 4)
12, The hand and pawsr clutches which are, as already described, of the invelute teeth type, are
sinvaltaneously operated by a single clutch lever mounted convenient to the trainer, The clutch
lever operates in & yuadranl, an extension of the hand grip engeging in either of two notehes cut in the
quadrant to retain the chutch lever in the desired position. i

The chiutch lever is pivoted on the axis of the hand clutch fork, and is connected by a link to
Lhe axic of the power clutch fork. The linkage is arranged so that &5 one clutch is engaged the
ulher is disengaged, but both clutches are never completely disengaged together | this is necessary to
prevent the monmting from taking charge during the changeover.
13, Mounted adjacent to the cluteh lever is the power interlock switch, the purpose of which is
to isolate power to both driving motors when the drive is chitched to “hand . The switch is
spring-operated to hreak the circuit, but is made by the action of 2 hooked Iug on the clutch lever ;
this hooked shape also assists the internal spring to break the switch.
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TRAINING LIMIT SWITCH (Plate 6)

19, One corner of the training buffer supporting casting is bored to receive a plunger, in the bottom
of which is carried a roller. Mounted directly in front of this plunger is the training limit switch,
Mark 1°, the operating arm of which carries a roller which engages the top of the plunger.

30, A double incline cam is fixed to the lower base plate so that, when the mounting reaches a position
10 degrees from its training limit in either direction, the plunger roller strikes one or the other of the
cam glopes ; after the mounting has moved about | degree, the roller rises sufficiently to operate
the limit switch which applies a braking torque to the driving motor to bring the mounting slowly
to rest on the training buffer. A slipping chutch inside the limit switch box renders for the remaining
0 degrees. When training away from the stop, the first one degree of gun travel restores the contacts
to normal, thus remaving the braking tarque ; the slipping clutch renders for the next 9 degrees travel
after which the roller rides clear of the cam.

TRAINING RECEIVER DRIVE (Plate &)

21, The hearing of the mounting is transmitted mechanically to its training receiver and is recorded
by a split spur pinion which engages the training rack.

The split spur pinion is shown meshing with its rack. The top fixed half of the pinion is keyed
to the vertical shaft projecting from the hevel gear box, which is secured to the carriage below the
trainer's platform ; the bottom half of the pinion has a limited rotational movemnent, The anti-
backlash device embodied in the split spur pinion consists of a strong © C " spring acting on both
halves and tending to force the teeth of the two halves out of alignment, thus taking up any wear or
clearance on the teeth of the pinion or the training rack.

24 From the recording pinion, the operating gear for the receiver drives through a pair of bevel
wheels in the bevel gear box to the inclined shaft, connected by a flexible coupling to another shaft,
the upper extremity of which carries a vernier coupling. From the upper side of the vernier

ing a short shaft is connected by another flexible coupling to the shaft carried in the training
i —T T} ¥ Y12 _heaeleat mm{i oo dhe oarriaoe in frand A A | i .u__"'_.;_g

To prevent the ingress of water into the training receiver su bracket, alq.ﬁ.ﬂ.ﬂ. “ Hat
king is fitted into the hale of the support bracket, through which the receiver driving shaft passes. g

the rim of the packing being * nipped ™ between the peceiver and its bracket, To ensure satistactory o,
contact a liner ring may be fitted underneath the rim of the packing.
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SECTION 3. ELEVATING GEAR. (Diagrans 5, Plates 4,7, 8)

23, The elevating gear has the same characteristics as the training gear, inasmuch that the complete
equipment for the training gear is repeated for the elevating gear. The worm gear box is, however,
made opposite hand, as are the hand drive gear box and the main gear box. The main gear box is
mounted on the left side of the carriage so that the output chaft rises vertically from the box, and is
connected by a similar coupling to the worm shaft of the worm gear box, the latter being sitnated
just below the left trunnion. The elevating pinion meshes with an glevating arc attached to the
underside of the left gun casing.

The main gear box casing is sub-divided by an oil seal fitted in the output shaft lower bearing
housing. Thus, there is an upper and a lower gil bath, and each is provided with an oil filling plog,
The various other oil filling and drain plugs are resited as necessary to provide suitable positions for

ﬁll.in%::bd draining.
elevating driving motor is situated to the rear on the left side of the upper base plate.

24, The resetter box is secured to the top of the reduction gear box, which lies horizontally in the
elevating gear. The gear ratios for the coarse and fine coincidence sransmitters are the same as for
{he training gear, viz., 1 to | and & to | respectively. However_ as the maximum permissible relative
arc of movement between the guns and director in elevation is less than 180 degrees, they are unahle
to lose alignment by getting out of sectar. A sector control switch is not, therefare, fitted for the
elevating motion,

95. The bevel gear box transmitting the drive from the lower universal coupling to the hand
drive worm is turned through 90 degrees in relation to the main gear box, 50 that its input shaft
rises vertically as before.

The action of the power drive, hand drive, clutches and interlock switch is identical with that
deseribed for the training gear (paras. 5-13).

The bearings in the worm gear box are ibricated directly by nipples on the box, and not by
remate connections as in the training gear.

To reduce muzzle preponderance in order 10 provide balanced elevating efforts, balance weights
hgslr% been fitted. They are secured to the rear of the breech casing of each gun, and weigh about
65 1b, each.

The overall gear ratio from motor to guns is 253-210 1.

The overall gear ratio from elevating handles to guns is 95-8 to 1.

ELEVATION AND DEPRESSLON BUFFER AND LIMIT STOPS (Plate 4)
2. The elevation and depression buffer is secured to the carriage on the trainer’s side af the elevatin

ire and is of the common double-ended oil-retarding spring recovery type. The projecting ends

the piston rod engage with the elevation and depression limit stops fitied to the extremities of

the elevating arc, in order to bring the gul::l?t ientl}r to rest at 90 degrees elevation and 15 degrees
i IFA.

depression respectively. =¥ Ausa PALA
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ELEVATION LOCKING BOLT (Plal 4)

27, An elevation locking bolt is fitted to enable the gun casxr¥s to be locked in elevation for safety
during such operations as the exchange of barrels. The bolt passes through the left side of the
cariage and en a hale drilled in the elevating arc. It is operated by a hand lever situated
convenient to yer's right hand, the hand lever being locked by a pin.

ELEVATION AND DEPRESSION LIMIT SWITCH (Plate &)

28, This switch is a Mark 15 and is secured to the front of the carriage above the fﬂ It is
ed by a small cam rotated through a 5 to 1 stepup gear connected to th s shaft of the
_._ slevating component of the safety firing gear. When the guns reach a positiod, 7 degrees from the
:’m In <hi R R b i A Al e e w i B s and 1 dagres nf s,
=5a.  In some ehips, dee to pendant obstructions to the ki f i ecessary to restric
:%amﬁng amﬂgi?gz?n to elevations below the standard Qanga;rg “TI:::E?E j:h.ts tha sttgp on u-.:
: i n repasitioned a5 TIeCESEArY and the cam operating the limit switch has been

bling modified cams on these menntings as the cams

T (Amendment No. 12.)
29, The elevation of w is transmitted mechanically T8 16 FRCANION TECEIVEr T 15 T ams v -
a split spur pinfon which engages with the main elevating pinion. From the split spur pinion, the
operating gear for the receiver drives into the bevel gear box secured to the carriage, where a cross
connected by flexible couplings and incorporating a saw foothed vernier coupling, drives

into the elevation receiver support bracket secured to the left side of the carriage in front of the
elevating handles. The elevation recerver (type CM mark 1 * or 1*#) is mounted on a prepared surface
on this support bracket.

The vernier eoupling is fitted to enable adjustment of the mechanical pointer of the elevation
receiver. To prevent damage to the receiver drive coupling dogs when fitting the elevation receiver,
a sliding coupling is fitted to the receiver driving smél

To prevent the ingress of water into the elevation receiver bracket, a G.ALC.O. " Hat "
packing is fitted into the hole of the support bracket, through which the receiver driving shaft passes,
the rim of the packing being * nipped * between the receiver and its bracket. To ensure satisfactory
contact & liner ring may be fitted undemneath the rim of the packing.

{Amendment No. 11.)
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Note : For clutch setting gear see Diagram 4A.

Diagram 5. Elevating Gear




Motion Coupling should be coloured pink (in Hen of brown),
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The extension of the Intermediate Firing Shaft beyond the Fixed Cluteh Member to the Lost

(A meendument No. 11.)
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Diagram 6. Firing and Safety Firing Gear




CHAPTER 3
FIRING AND SAFETY FIRING GEAR (Diagram 6, Plates 9. 10)

1. The gear has heen designed to provide :—

(@) pedal firing, in which the firing gear is pedal operated by the gunlayer ;

{#) joystick firing, in which the firing gear is power-operated, the power source being controlled
hy & firing trigger on the joystick ;

{e) director firing, in which the firing gear is power-operated, the power source being controlled
by a firing trigger at the director ;

{d) the firing of both guns is interrupted whenever the line of fire approaches an obstruction on
the ship's structure.

These features are provided as described in the following paragraphs.

PEDAL FIRING (Diagram 6, Plaie §)

2. In this form of firing the operation of the gun firing mechanisms is initiated by a firing pedal
carried en a bar, pivoted on a link, which in tum is pivoted on the platform. The other end of the
bar is connected to a lever, the boss of which forms one half of a lost motion coupling. The motion
of the firing pedal is thus a combined vertical and lateral movement, and requires to be moved
sufficiently to provide about 90 degrees rotation of the Intermediate firing shaft to ensure the
guns will fire.

The other half of the lost motion coupling is carried on a short shaft carried in a bracket on the
front of the carriage, and the shaft is joined to the intermediate firing shaft by a muff coupling. A
lever axtension of the muff carries a double link, which is connectad ta one end of a return spring,
the other end of which is connected to the platform,

Carried on the intermediate firing shaft is the sliding clutch member of the safety firing clutch,
which is free to shide on the shaft but unable to turn independently of the shaft. Normally, the
sliding clutch member under the influence of the clutch spring engages the fixed clutch member,
which is unable to slide but fres to rotate on the shaft. A lever extension of the fixed clutch
member is connected by & link to a similar lever pinned to the firing shafe. .

The firing chaft projects in both directions across the front of the carriage, and carries a small
lever at each end; from here onwards the gear iz duplicated, one set being fitted each side of the
carriage. A horizental spring coupling rod connects each of these small levers to one arm of a bell
crank lever.

3. The vertical firing rod is connected to the other arm of the bell crank lever, the rod being
supported in a bearing block which iz part of the firing arm bracket. The lower end of the rod is
fitted with a length adjustment eye, ar E'[SE;ME is fitted between the bearing block and a collar on
the rod to restrain the rod downwards. rod terminates above the bearing block in a wedge
niara whirh clides unider a roller carried in the voke end of a firing arm, pivoted in a braclket secured

*There should be a clearance of 0-01 in. between the adjustable tappets and the firing plungers of
B s whon fn the % ok ™ gosttlan, and the tappeis shuld depreas the pllmgas S08F 0179 11 dn
g position. These values should be obtained when the intermediate firing shaft rotates about

—— g G, 03750160 —A F0.

4. On moving the fring pedal, the MErMELELTE Dy s { s
return spring and through the safety firing clutch, and the link will rotate the firing shaft. The
firing shaft, through its end levers, will operate the rods and bell cranks, and push up on the vertical
firing rods against the action of their return springs.  The wedges at the top of the rods will be forced
between the roller on the firing arm and the roller pivoted in the bracket, and will thus rotate the
firing arm about its pivot, and through the tappet, will push in on the gun firing phlingers and so
fire the guns.

JOYSTICK AND DIRECTOR FIRING (Diagram 6, Plats 9)

5. Depending upon the position of the autofjoystick change-over switch, either the ﬁpistul at the

director or the trigger on the joystick energises a solenoid, which engages a power firing clutch,
The firing clutch relays to the intermediate firing shaft, through a lost motion conpling,

part of the movement imparted to the chitch by a constantly-rotating electric motor, the total

movement amounting to approximately 103 degrees rotation of the intermediate firing shaft. The

remainder of the gear used, and its action in these two forms of firing, is then the same as in pedal

(SO 3153 13 B4
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POWER FIRING MOTOR AND CLUTCH (Diagram 6, Plate )

6. The power firing motor isa }h.p. 220 V. D.C, totally enclosed maotor, which rotates at 1,750 rp.m.,
and is secured in a vertical position to o bracket on the front of the carriage. It is connected to the

S SRS M W RN T Rt | x

“ 8A. The power firing motar for the Mark 5° mounting is & 4 h.p. 440 volt, 3 phase, 60 cycle g
squirrel cage induction motor running at 1,700 r.pm, It has a * direct on ' 3 pole switch for starting, g
Full load is 0-6 amps.”

(6. 4041)55.—Amendment No, 8) "

1. The left-hand section contains the two start lefi-hand worm reduction gear, driven through the
muff coupling by the motor. The worm shaft is supported in two ball bearings, ane in the casing, the
other in the cover plate, the latter also containing an oil seal, The worm wheel is carried on
splines on the running shaft, to which it is secured by a nut and locking washer

The running clutch member of a ratchet-tooth clutch is formed solid with the runningshaft,
the whole being supported in two ball bearings, one in the left end cover and the other in the casing
mid-section. The minning member projects into the right-hand section of the casing, and is recessed
internally ta carry a ball bearing,

8. In the right-hand section, and suwrrounding the running member but secured to the mid-section
of the casing, is the fixed cam plate, which has two raised eams apposite cach other on its right-hand
surface.

A clurch shaft carried in two ball bearings is contained in the right-hand section of the casing.
A spigot on the left end of the shaft is located in the ball bearing in the recess of the running clutch
memnber, the other bearing being in the right end plate. The right end plate also contains anoil
seal, which bears on a sleeve fitted on the shaft,

The clutch shaft is splined for part of its length, each spline having a raised projection near
its roat end.  The shaft extends through the end cover, and carries in the normal position a stop
on the end plate,

Bt ow dha plaadt il crlines i f v afdles sadal
“f the sliding olnteh meniber i a-scrbled Telitive to Uhe cluloh shatl 5o 5% Thee waly Sbont 45
degrees angular rotation, adjustment to obtain the correct angular rotation can be made by re-
o i mmmﬂmﬁm dise by moving the elotch shaft back (i.e. against the direction
af the firing movement) one spline relative to the coupling disc.*”
(G. 03750150 —A. F.0. P.303/51.)
LCLALID, L LAl SUALL Laieties SRR wdlu WAL LT LLABLL Lal DEELE. LT TOe normal pumtion the two raised
cams are about 80 degrees clockwize behind those on the fixed cam plate. A step of larger diameter
is provided to the right of the sliding chitch member, and the right-hand face of the latter is cut with
two dogs similar 1o a dog cluteh.

Mounted on the plain portion of the clutch shail is the holding clutch, which is free to slide on the
shait, and inzide of which the shaft is free to rotate. Two keys on the outside of the holding clutch
slide in two keyways in the casing, and so prevent the holding clutch from rotating. The inside of
the clutch is recessed to accommodate a strong spring B, the other end of which bears agzainst a washer
which, in tum, bears against the projections on the splines of the clutch shaft, and so tends to keep
the clutch to the right vnder normal conditions. The outside of the clutch i reduced in diameter
to the right, and is grooved circumferentially, o engage the pins of a clutch fork, keved to a clutch
operating shaft carried in plain bearings in the casing. An oil seal iz fitted at the lower bearing,

Acrion or Crurcn  (Diagrams 6, 7, Plate 8)

+ BR HED
ety

Diagram 7. Operation of Pawer Firing Clutch

10. The left face of the holding cluteh is ent with two dogs of smaller angular dimensions, but similar
to those on the sliding clutch member, and normally in line with those on the latter. The ontside of
the clutch is reduced in diameter, and threaded to receive the retaining sleeve, which iz screwed on
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and located by a set-screw. The retaining sleeve 15 reduced in diameter internally at its Jeft end,
and takes over the large dinmeter of the sliding clutch member. This makes one assembly with
the holding chatch, but with such a clearance that the dogs of both clutches can be in line and just
clear of each other, in the normal position.

11. With the motor runming, the worm and wormwheel will be driven through the muff coupling,
and will therefore rotate the running clutch member continuously, in a clockwize direction (viewed
from the right end of casing) ; the rest of the gear remaing in its normal position, as described above
and as shown in Fig. 1.

Tf the clutch operating shaft iz now retated anti-clockwise (viewed from above), the h
clutch will be moved to the left (X) against the action of spring B, As the dogs of the sliding
cluteh member are in line with those of the holding clutch, as soon as the clearance is taken up, the
sliding clutch member will be moved to the left also, against the action of spring A,

This will engage the ratchet teeth of both cluteh members and the shiding clutch member will
then rotate with the running clutch member, and, in doing 50, will tutn the clutch shaft, and operate
the firing gear (z2¢ Fig. I).

As the angle of rotation reaches 90 degrees, the dogs of the sliding clutch member will come
inta line with the larper recesses in the holding clutch. At the zame time the raised cams on the
sliding clutch member will ride up the similarly raised cams on the fixed cam plate, and before
reaching 105 degrees the sliding clutch member will be forced to the right, assisted by spring A (ses
Fig. 3.

< .qs_}q the ratchet tooth cluteh is disengaged, the return action of the firing gear would tend to rotate
the cimtch shaft, and hence the sliding clutch member, in the reverse direction back to normal  This
iz prevented by the dogs of the sliding clutch member entering the recesses in the holding clutch, which
are naw in alignment, and thes keeping the gear in the firing position, although the shaft does rotate
about 110 degrees until the sides of the dogs are in engagement (see Fig. 4.

12. If the solencid iz now de-energised, spring B will assert itself and force the holding clutch to the
right, resetting the chitch operating shaft, and withdrawing the recesses ofi the dogs of the sliding
clutch member, 2o leaving the latter free to rotate. The firing gear return action will then cause
the clutch shaft and sliding clutch member to rotate back to their original positien, the projecting
stop on the coupling disc coming against the stop on the right end plate,

The dogs on the sliding cluteh member will again be in line with those on the holding clutch,
and the whole gear will be in readiness for a repetition of the same cycle of evemts whenever the
golenoid iz enargised.

The clutch shaft, through a projection on the outside of the coupling disc engaging a similar
projection on another dise carried on the intermediate ficing shaft, rotates the latter.

This shaft enters the differential box, and from thence onwards the action is the same as in pedal
firing wherein the pedal shaft similarly operates the intermediate firing shaft.

13. lost motion couplings are fitted so that in joystick or director firing the pedal does not
depress and, when in pedal firing, the clutch shaft of the power firing chitch is not rotated. .

TE'n.*_l:we; In some mountings, particularly those fitted in aireraft-carriers, it has been necessary to
provide alternative firing arcs. In these cases the %;dal firing gear has been disconnected,
as, in the alternative ares, safety firing is achieved by electrical means only and would not

ing in a 08 arc. ine

g oy {Amendment No. 12.) e,

e B P e R 7 o e e B WL LR UL ETCER R L PO T,
before firing can be rewmdonrﬂumingtuaﬁringmm. it is mecessary to release the foot pedal,
whereas in director or joystick firing the pistol or trigger may remain pressed and fire will be
automatically resumed.

Interruption of the firing is achieved by disengaging the safety firing clutch. In any form
of firing, the connection between the intermediate firing shaft and the firing shaft will be broken,
the operation of the clutch being comtrofled by a differential mechanism which, together with the
gafety firing clutch, is contained within the differential o,

To define the fring zone, it is necessary to provide inputs to the safety firing gear from both the
elevation and training motions.

15. The elevation component is obtained by link connected to the elevating arc (this link is
shown connected to the gun casing in Diagram 6 which is only diagrammatic), the last lever of the
gear being splined to a shaft emerging from the differential box.
18, The traiming component is obtaired from a cam roller attached to the lower end of a spring
lenger mounted at the front of the mounting. This roller trains round with the mounting, and is
ifted when necessary against the action of the spring by a cam rail secured to the deck. This
cam rail is ent to suit the situation of the meounting in the individual ship, and itz contour i poverned
by the height and width of the obstruction produced to & plane at right angles to the right or left
un bore.
: A roller guide arm is connected at one end to the lower end of the spring plunger, and its other
end is pivoted on the upper base plate. It is fitted to take the side thrust i on the roller when
it iz ngmg up an inclined serface of the cam rail. The tap of the spring plunger is connected to a
lever which is splined to a shaft emerging from the differential box.

DieFERENTIAL Box  (Ddagram 6, Plates 8, 10)
17. A bevel gear type differential is contained within the box, and its outer elements are driven by
two quadrants splined to the two shafts previously mentioned,
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The input from the elevating arc is connected to the elevation component quadrant, the testh
of which engage with a pinion cut solid with the left outer element of the differential.

‘The input from the spring carrying the cam roller is connected to the training component
glﬂﬁ!mldﬂﬂ.tbeteﬂhtfw engage with a pinion cut solid with the right outer element of the

i tial.

The sum or difference of the two inputs is thus driven to the centre element of the differential,
which is connected by a shaft passing freely through the centre of the right outer element to a clutch
operating cam.

The clutch nperldng:urk. which disengages the sliding clutch member of the safety firing
clutch, is pivoted in the differential box, and carries a roller on its lower extension. This roller travels
around the periphery of the clutch cperating cam, being made to follow its contour by the restraining
action of the clatch spring.

The contour of the cam is circular on twe diameters, the larger diameter disengaging the clutch
and the smaller diameter permitting the clutch spring to engage the clutch.

18. An extension of the pivot of the chatch operating fork carries a tappet lever, which operates a
vertical tappet rod, which in furn operates a re-aet&ng switch. This switch is so arranged that
when the clutch is engaged, the circuit through the switch is complete, and when the clutch is
disengaged the circuit is interrupted. The switch, which is single pole and spring constrained to
“ make *, 1s in series n the circuit energising the solenoid.

19. A small lubrication pump cam is fitted on the same shaft as the clutch operating cam, and it
oscillates a small oil pump which supplies vil to the gravity feed box for lubricating the gear inside

ACTION OF SAFETY FIRING GEAR

20. Components of the elevating and training motions driving into the differential praduce a positive
or negative result in the centre element of the differential. When pasitive, the cluteh operating
cam is rotated so that the roller is in line with its lesser diameter, and the safety firing clutch
is engaged by its spring ; at the same time the solenoid circuit is completed through the resetting
switch.

When negative, the cam is rotated so that the roller is in line with its larger diameter, and the
safety firing clutch is disengaged by the clutch operating fork against the action of its spring, and
at the same time the solenoid circuit is broken, in the resetting switch.

When the line of fire is in the firing zone, the output of the differential will be positive. If the gun

enters a non-firing zone, the output of the differential will become negative, the clutch will be
dizengaged, and the firing gear from the fixed clutch member onwards to the firing arms will be
returned by the combined action af the vertical firing red springs and the retum action of the gun
firing plungers.
21. At the same time, the resetting switch will interrupt the cirenit to the solenoid. If the firing
pear is being controlled by either the director pistol or joystick trigger, the solenoid will be
de-energised and the power firing clutch disengaged. The intermediate firing shaft and the sliding
clutch member of thesgawrr firing clutch will be returned to the normal position by the action of the
return spring on the shaft, until stop on the coupling disc engages the stop on the right end plate
of the power firing clutch. The entire gear has now been reset to the normal position, except that
the safety firing clotch is disengaged and the solenoid circuit broken.

Ii the guns are elevated or the mounting is trained to return the line of fire to a firing zone, the

roller will leave the larger diameter of the clutch operating cam, the cluteh will engage under the
action of the clutch spring, and the resetting switch will complete the circuit to the solencid, under
the action of its own epring. Thus, if sither the director pistol ar the jovstick trigger has been kept
pressed, the complete cycle of the firing operation will commence as soon as the solencid circuit is
completed through the resetting switch.
22. In pedal firing, however, until the pedal is released the dogs on the sliding chatch member of the
safety firing clutch will remain out of line with the recesses on the fixed clutch member. When the
cam has rotated te enable the clutch to be engaged, the spring will only bring the dogs of one half of
the cloteh into contact with the dogs on the other half.

In pedal firing it is therefore necessary to release the pedal and then operate it again before firing
can be resumed.

Notes (a) The return action of this gear is entirely dependent on the action of certain springs.
It is therefore essential in the interests of safety that a high standard of maintenance
be achieved to provent stiffncss of the working parts overcoming the force exerted
by the springs.

{8} To ensure safety and to release the breech closing spring tension, the breech should
normally always be kept closed, otherwise at depression, or with a list on the ship, a
round may slide clear of the rammer claws into the breech—even with the safety lever
at the * trigger held * position—with sufficient impetus to close the breech and fire
the gun.

Details of the gun will be found in B.R. 1057,

(c) When checking safety firing arcs it is most important that the clearance distance (see
BER, 22, Appendix 17) from cach obstruction should be checked for pedal firing as
well as electrical firing a5 mal-adjustment of the resetting switch in relation to the safety
firing clutch could lead to a safe clearance distance established by an electrical firing check

being unsafe in pedal firing. (Amendment No, 11)
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23 In some mountings, particalarly in aireraft carriers, it has been necessary to provide alternative
firing arcs becanse of the existence of portable obstructions.

The additional safety firing géar necessary to achieve this is called supplementary safely firing
gear. Tn suth cases, the pedal firing gear has been disconneeted, as, in the alternative arce, safety is
achieved by electrical means only, which would not prevent pedal firing in a prohibited zone.

SUPPLEMENTARY SAFETY FIRING GEAR

24. In mountings fitted with supplementary safety firing gear, the normal safety firing gear cam is
cut to obtain firing arce with the usual safeguards, as laid down in B.R.292, Appendix 17, withont
reference to the partable obstruction,

An additional safety firing gear training cam rail is provided to operate a switch on the mounting,
the contaets of which are in the firing solenoid circuit, and the circuit is thereby opened when the
mounting is trained on bearings dangerous to the portable ohstruction.

Where desirable, this feature may be supplemented by a similar device in the elevation mation,

A cam fitted to a convenient shaft in the elevating safety firing gear drive, operates a microswitch,
the contacts of which are in the firing solenoid sreuit.

The two switches, when both are fitted, are wired in parallel, so that when the mounting is at
angles of training and elevation which would en the portable obstruction, the electrical firing
arrangements are rendered inoperative. Variations of this supplementary safety firing gear have been
developed to seit particular applications and are described below.

Prruissive Figg Across THE FLIGHT DECK

25, Introduction of the angled #Hlight deck on certain aircraft carriers, necessitated the removal of
part of the armament, resulting in an unprotected sector on the port side.

In order that armament on the starboard side of the ship cowld provide cover for that sector, it
became necessary, under certain circumstances, to permit firing acrass the fight deck at low angles of
sight. The normal safety firing gear cam is cut to permit firing across the fight deck at low angles of
sight with the usual structural safeguards laid down in B.R. 202, Appendix 17, Table 1, Paragraph (a)
i) to (i) only.

The supplementary safety firing gear, consisting of both the training and elevating portions, is
- arranged to ensure that, when operating aircraft, the guns cannot fire over the flight deck at angles of
clevation below that which is necessary to provide a deck clearance of 17 ft. 6 in. at 10 ft. 9 in. radius
from the mounting. The arrangements are such that the normal state of the mounting iz with the

aupplementary safety firing gear in operation,
' A foot operated spring loaded switch at the aimer's position, short eircuits the supplementary
safety firing gear when permission to fire across the flight deck is granted by the Gunnery Direction
Officer, this permission being given by means of a permissive order lamp at the aimer's position,

An additional switch, fitted with a Castell type lock and special key, and wired in series with the
foot operated switch 1s fitted at the traimer’s position. This s%ecial key cannot be withdrawn when
the switch is closed, and is normally kept on the Officer of the Watch's keyboard,

Under action conditions, and during permissive firing across the flight deck, the trainer is able to
open the switch by means of this key, and thus interrupt firing at his discretion,

Periscore PROTECTION

28, In ships fitted with an operations room periscope, which would, when erected, obstruct pact of
the firing arc, supplementary safety firing gear is fitted to open a switch in the firing circuit at all
angles of elevation over the training arc which extends 12 degrees from the nearer gun to each side of
the periscope, during the time that the periscope is raised.

The mounting is fitted with the training portion only of the supplementary safety firing gear,

In parallel with the ﬁ'npp]&tﬂ&ﬂtarﬁ safety firing switch on the mounting, is a switch at the periscope
position which is normally closed when the periscope is lowered, Thus the firing circnit remains
intact through this arc until the periscope is raised, when both switches will be open and the firing
circuit interrapted.

The periscope is arranged to break its switch, not less than half a second before rising into the
danger zone,

WHIF AERIAL PROTECTION

27, Where a whip aerial for an emergency transmitter is sited in such a position that when rigged it
is endangered by gun fire or gun blast, supplementary safety firing gear is essential to provide protection
for this important aerial,

The mounting is fitted with both the training and elevating portions of the supplementary safety
firing gear as described in paragraph 24, and this gear is adjusted to safegnard the aerial within the
limits laid down in B.R. 292, Appendix 17.

AF.0, P.506/58 Amendment No, 12
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When the aerial is not rigged, the supplementary safety firing gear on the mounting is overridden
by a patent keylock switch on the mounting, which is in parallel with the ntary safery fring
gear switches, . This special key cannot be extracted when the switch is closed, and a tally plate
adjacent to the switch on the mounting warns that the switch must be kept on the Hazards board
when the aeral is rigged.

A prominent tally on the whip aetial mount, draws attention to the fact that care must be taken
0 ensure that the key of the overriding switch on the mounting is on the Hazards board before the
aerial is rgged.

28. In some ships, due to pendant obstructions to the line of fire, and becanse of the inability of the
 existing safety firing gear to deal with such obstructions, it has been neceseary to restrict the maximum
" elevation to elevations below the standard 90 degrees. To achieve this, the stop on the elevating arc

has been repositionsd as necessary, and the cam operating the limit switch has been modified to suit.

Care should be taken in reassembling modified cams on these mountings as they are not symmetrical,

RockeT FLARE LAURCHERS h
20, Mountings fitted with Rocket Flare Launchers need additional safety firing gear for the launchers,

An additional cam rail is fitted around the base of the mounting, and this cam tail, in conjunction
with a roller on the mounting, breaks at dangerous bearings a switch which is inserted in the current
squly to the firing gear of the launchers. The lannchers being at fixed angles of elevation, no elevating

safety firing gear is reguired,

A F.O, PS8 Amendment No. 12




CHAPTER 4
OTHER DETAILS

SECTION 1. JOYSTICK AND CONTROLLERS (Diggram 8, Plates 11, 128~ Iﬁ} .

1. Joystick operation is provided to enable the mounting to be power operated in the event of damage
to the amplifier, the director or the sensitive magslip chains. The equipment in use is the joystick
with associated controllers, the gun driving motors, the metadyne set, its starter and control panel,

THE JOYSTICK

2, The joystick is fitted on the left hand side of the mounting directly behind the elevating handles.
It iz =0 arranged that the joystick handles may be rotated about the vertical axis and twisted about
their horizantal axis simultaneously, mounting speed being dependent on the angular movement of
the joystick handles in either or both planes. The maximum movement of the handles about either
axis is limited by stops, those for elevation being on the casting carrving the handles and those for
training on the columm,

TRAINING OPERATION

3. The training motor is operated by rotating the joystick handlesup to 20 degress right or left about
the vertical axis of the column. The joystick handles are connected through a bracket to a training
tube, which rotates in a supporting pedestal. To the training tube is attached a quadrant which
moves the pinion of the training controller, The handles are returned to the centre position by a
return spring.

Evrevarion OrERATION

4. The elevating motor is operated by twisting the joystick handles up to 30 degrees in either direction
about their horizontal axie. The handles are connected by means of sliding rods and 2 quadrant
and pinion to the elevation controller. The handles are retumed to the centre position by a
return spring. A balance weight is fitted to the quadrant of the elevation controller to balance
the weight of the vertical rods, ete., and thus provide balanced efforts at the handles for elevation
and depression motions.

5. Provision is made to house the joystick handles in a vertical position when it is desired to operate
the mounting by hand using the elevating handles. A locking catch is also provided to lock the
elevating handles when the joystick is in use.

6. A firing switch is fitted to the right handle of the joystick, and the trigger is pressed by the
first and second fingers of the right hand.

THE CONTROLLERS (Diagram &, Plate 12)

7. The conirollers are identical for training and elevating and are interchangeable. Each contraller
has two sections of resistance which are not electrically connected. These two sections will be referred
to as the main and anxiliary controllers becanse of thei iation with the main and anxiliary
variator windings of the metadyne generator. From & it will be seen that with the
changeover switch to Jovstick position, the output relay coil is de-energised. The metadyne
main variator winding is thus connected in series with the main controller across the ship’s D.C.
supply. The joystick position of the change-over switch also comnects the metadyne auxiliary
i winding in series with the axiliary controller across the metadyne output terminats,
Operation of the on push button on the mounting closes the supply contactor, thus exciting the
training and elevathww fields and the joystick main controller circuits, Maovement of the joystick
in the training or elevating direction operates the corresponding main and auxiliary controllers
simuoltancously.
8. The pinions of the controllers, which are moved by the quadrants of the jovstick, are each keyed
to the end of & spindle protruding from their respective controller casing.  On the epposite end of this
spindle is keyed the contact finger carrier arm, o which are secored at each end a pair of finger
contacts for the main resistance and a pair of contacts for the auxiliary resistance. At
the cemtre of the carrier arm are two short arms, each of which carries an insulated pin for operating
the snap switch for opening the auxiliary control circuit. Direction of rotation of the spi
decides which pin operates the switch. The spindle rotates through 83} degrees either side of the
central position to obtain full speed in either direction. A centring register and stops at full
displacement are provided in the controller,

OFERATION

Main Condroller—" Off " Position to " Half-dvsplacemerd

9. On moving the spindle through approximately 4 degrees either side of the central position, the

miin control circuit is completed mwﬁ?m;ghm.bymm guter finger contact ' making "'
17
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with ihe first fixed coutact, and the main inner finger contact with the inner segment.  Further move-
ment of the spindle reduces this resistance in steps. Each step is equal to 1-8 degrees, there being
18 steps.  When the spindle has rotated approximately 38 degrees, therefore, all the variable resistance
in the main control circuit is cut out, The first Lalf of the joystick movement thus gradually increases
the main variator current, resulting in gradually increasing metadyne output current and conseguently
in gradually inereasing torque from the gun drving motor.

SHIPS DC. SUFPPLY
.

LisIT
IWITCH

CHAMCE OVER
SWITCH

BRAKE FIELD AUTO

JOYETICK

QUTPUT

RELAY
fonTALTS

F2

MAIN VARIATOR
WINDING

AUNILIARY
VARIATOR
WINDING

:! E r |
LIMIT EWITCH !
R2 b ouTRPUT
RELAY
EanTALTS
AUXILIARY MAIN
CONTROLLER CONTROLLER

Diagram 8. Jaystick Controlier Circuls

Auxiliary Controller—" Off ** Position to * Half-displacement '

10. Whilst the main variator winding current is increasing, the auxiliary controller maintains a
constant resistance in the metadyne auxiliary variator circoit, and as this winding is connected to
oppose the main variator winding, the resulting metadyne output current voltage characteristics all
have approximately the same vahlie. The number of turns and the resistance of the auxiliary variater
windings are so designed that these output current voltage characteristics are high between the * off "'
position and stud 20 for either backward or forward motion. Consequently, if the mounting friction,
out of balance, recoil or windage torques vary whilst the joystick remains stationary in a given position,
the necessary torque is coming from the motor with very little variation in mounting speed. This
feature leads to easy control of the mounting at creep speeds.

L1} Hw’ll fﬂ L1} Fﬂ'l! m’ﬁmﬂ

11. For further movement of the joystick and hence the spindle, the finger contact for the main
variator circuit leaves the last fived contact. The finger contacts for the auxiliary control cireuit
“ make " the auxiliary control circuit, the outer finger contact on stud 20, and the inner finger contact
with the inner segment. This resistance is gradually increased in 16 steps, each step equal to 1-B
degrees, reducing the effect of the winding, the main variator current remaining unchanged at its
maximum value. The excitation of the auxiliary variator winding is gradually cancelled wntil the
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spindle has rotated through ag?wximmely 69 degrees, when all the resistance has been imserted.
A further 12 degree movement of the spindle and the snap switch is operated by the pin on the carrier
arm opening the anxiliary variator eirenit.  The maximum inherent metadyne output current-voltage
characteristic is then obtained. This results in the mounting attaining maximum speed.

12, On returning the joystick to the central position, the reverse sequence of operations take place,
the main variator circuit being opened when the joystick is central.

SECTION 2. SIGHTING GEAR (Diagram §, Plaie 1)

13. The mounting is equipped with 300 knot eyeshooting sights for use of the layer and trainer
when the mounting is being operated in hand control.

In addition, a gyro gunsight, type 6, Mark 2, iz fitted on a special bracket on the layer's side,
for the use of the joystick operator, when the mounting is being operated by the joystick. The
regulator box for the gfro sight, which is calibrated for Bofars gun hallistics, is mounted on the shield

* “The Bolts WHEE decnre Tha . And tt]l_'lg g?tné'e_mand dimmer units are mounted on the shield plate

i Lgs on ight bracket t i longe

t;]T{nth-e‘ dea@;:d length, as shumlon Drawing Gﬂ;{ﬁﬁa Th'; hth:niunltr ﬁ gqlsu*irzﬂigﬂh: ita: E

temﬂlm-" a;inscg:ﬁ 'lmm ru:]?;nkqg a ttmti;ll unxr 111131: head of 1-in.) and the wvertical Ju :r:qru:l:m
plain o -if1., g a total under the head of #-in)). Cara

assembling that the correct bolts are used, and that the Grover ﬁi';nhirs {imsﬁu::g i]:fse?wdn w#ﬁl;

fitting of longer bolts, that penctrate into the inside of the gun casing will cause g jam

1,500 yards. =L (. 051154, —Amendment No. 5.)

ADJUSTMENTS
14. () The eyeshooting sights are adjustahble for line by elongated holes in the plate supporting the
rear bead sight.

{8) The eveshooting sights are adjustable for elevation by the screwed posts carrying the rear
beads. After alignment of the sights has been obtained, the cap carrying the should be rotated
approx. one turn so as to raise the beads to provide tangent elevation adjustment, a stop being
provided to limit the movement of the cap. A spring is fitted under the cap to prevent it moving by
vibration,

{¢) The gvro sight is adjusted for line and elevation by eccentric bolts in its supporting and
mounting brackets.

Note: A zet of special adaptors is provided for use in the gun for sight-testing purposes.

Where these have not already been received, they may be obtained from G.E.D., Coventry.

SIGHT TESTING (Diagram )

15. Sight testing should normally be carried out on a distant object of not less than 1,000 yards range,

but where this is not possible the sight testing disgram gives the dimensions between the axes of the
bores and the axes of the three =ights, from which & suitable board may be constructed for

Board testing of the sights. _ e : ;

- AiETs | D —

L OF MT WA LPRS
OF REFLECTOA Bt & of FRRsHE

AL oF LSETE

[ G BT A TGO ST,
S ATH DTN § Loe (Lo
L L - Hnﬁ:l_‘-'w‘ ;‘ﬁl-
FRON THE CONTRC DR = wh J L

—A.F

05t
ProCEDURE FOR ALGNING T¥PE 6 GYRO SIGHT
16. (§) Check that the left hand t{q;ve 7 sockel of the sight {see “ 7" on the end of moulding) is
connected to the corresponding type 7 junction unit (see "' type 7 ' on the end moulding also *“ type 7 "'
cast on the junction unit).
(%) Unplug the right hand type 6 socket of the sight from the junction unit type 6, thus dis-
connecting the tangent elevation circuit of the sight.
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(39} See that the range switch is et to 1,200 yards.
(¢v) Switch on main supply, and set the temperature of the day (switches on the tegulator unit),

(v) Switch en the gyro motor and spot lamp switches, leaving the cirels lamp switch to “ off
The gyro sheuld run to speed immediately and the spot appear.

Note : The * cirele " may be used, instead of the * gpat ', when conditions are unfavourahle
{such as when the ship rolls sufficiently to move the * spot " relative to the gun).

{vi) Ship the bore sighting telescope in the gun and lay and train the gun bore on to the object.
the  spat " when the mounting is steady and adjust it to the object, using the adjustments
provided an the sight supporting bracket.

Nofe : When using the sight testing board, at a distance of 30 feet or under, the field of
view stop (to be found in the transit case) should be fitted over the lenses before making
final adjnstments of the sight,

SECTION 3. COOLING SYSTEM (Pl 1d)

GENERAL DESCRIPTION

I7. The guns are water-cooled, the barrele being enclosed by jackets thr which a constant
flow of water is circulated bv means of a m-,nlngza‘ | pump, The pump is driven bv a 0-6 h.n.

" 1A, The water circulating pump mator for the Mark 5% mounting is a § h.p. 440 volt, 3 phase
60 cycle squirrel cage induction motar running at 1,715 cpm. [t has 2 ' direet on* 3 pole switch
for starting.  Full load 0-85 amps.

The immersion heater for the Mark 5* mounting is controlled by a 2 heat switch with 2 off positions.
The switch iz wired to connect the heater elements in delta or star, the first position giving 3 kW,
gutput and the second 1 kW, output."

2 (€, 4041155, —Amendment No. 8.
1B. A strainer is fitted hetween the tank and pump, and a non-return valve is fitted to the pamp
discharge, as it is essential to prevent reversal of rotation when switching off the motor, such reversal
would tend to unserew the impeller from the mator spindle.  When filling the system the guns should
be elevated to 5 degrees and the front drain plugs on the gun should be removed so that all air can
be eliminated from the system.

Care should be taken to ensure that the immersion heater is covered with water before switehing
on the pump motor. Exeept in emergency, only fresh water should be used for filling the system.
Should other water be used, it should be drained off at the very first opportunity, and the whole
system thoroughly fiushed with fresh water before final filling with fresh water,

19. It is of great importance to ensure that the supply lead from the pump is connected to the rear
connection on the gun jacket. Failure to ensure this may incur inefficient cooling and the formation
of an air lock.

THE PUMP (Plate 14)

20. The pump impeller is screwed on to an extension of the motor armature shaft, and a square
recess is provided in the impeller to facilitate assembly, The pump cover is made watertight
by a sealing ring, against which & rotating carbon ring is pressed by a spring loaded rubber
washer. The supply to the guns is taken from the top of the pump casing, and the casing is
provided with an air cock and a drain plug. The suction from the tank is cantral in the casing,
and farms an outer bearing for the impeller,

A drain plug is also fitted in the bottom of the end cover of the pump meter, and this should

be removed peri y to check the efficiency of the gland and to prevent an accumulation of water
seaping into the motor itself.



CHAPTER 5

THE R.P. 50 METADYNE SYSTEM

SECTION 1. THE SENSITIVE CONTROL

FUNCTION OF SENSITIVE CONTROL

1. The sensitive control provides a means by which the power unit on the mounting i= made to align
the mounting with the director. High frequency magslip elements are used to measure the
misalignment of gun and director in magnitude and direction in terms of an alternating EEM.F. The
mounting is operated from the director as a normal operation.

MAGSLIPS: GENERAL

2. Two transmitter magslipu ire provided at the director and two coincidence transmitters ag t

ing for each motion, t.e., training and elevation ; one coarse magslip at each position, providing
the signals when the misalignment is large and the other pair of fine magslips giving greater accuracy
when the misalignment is small. The misalignment signal i= only taken from ome pair atr a time
for each motion, a relay in the amplifier automatically changing coarse to fine and vice versa
at the appropriate {ime.

3. The magslips used for auto operation have a single phase rotor winding and a three-phase delta
connected stator winding, the stator of each transmitter magslip at the director being connected
by three wires to the corresponding coincidence magslip stator winding at the mounting. With
the mounting and director set in the same direction each pair of magslips is lined up so that with
A.C. excitation of the transmitter rotor winding no voltage is induced in the rotor winding of the
coincidence transmitter. As soon as any misalignment ocours & voltage appears at the coincidence
transmitter rotor terminals and this is compared in magnitude and phase with the exciting voltage
of the transmitter magslip. The error measuring stage of the amplifier produces a D0.C. signal which 15
amplified and phase-advanced, and finally applied to the variator winding of the metadyne generator.

The are 3-inch type of special high frequency construction. The nominal working
frequency is 1,100 cyclesfsec. The transmitters are Admiralty pattern 10428 and the coincidence
transmitters, Admiralty pattern 10429,

MAGSLIP VOLTAGE
4. For 20 V. A.C. rotor excitation applied to a transmitter magslip the voltage appearing at the
corresponding magzlip coincidence transmitter rotor terminals is given by i—
V1 = 35 sin ;.
where V1 = coincidence transmitter rotor voltage
and ¢ = sngular misalignment of magslip in degrees.

The maximum voltage at the coincidence transmitter will occur when the misahignment between

the two magslips is 90° and according to this formula the maximum voltage will be 35 V.
Note : This 1s only true for the case of | transmitter connected to | coincidence transmitter.
For other combinations, the maximum voltage will be less than 35 V.

For small anaﬂa.r {msa]lgllﬂiﬂut of @ pair of magslips, sin # can be taken approximately as
proportional to B aking into account the magslip gear ratios and also expressing the voltages
in terms of misahgnment between director and mounting the following relationships lim:plu:l for small
ntsalipmments —

(4) for 40° fine magslips : Vil = 5-58¢
i¥) for 360° coarse magship : V1 = 0-61 fg

where V1 = coincidence transmitter rotor vol for 20 V. at the transmitter and 8g = angular
migalignment between mounting and director in ees.

5. This voltage is either in phase or 180° out of phase with the supply depending on the direction of
misalignment. The amplifier design makes usa of this fact to produce a rectified signal the polarity of
which depends on the direction of misalignment. This is how the system discriminates between left
and right training or elevation and depression.

11
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MAGSLIP GEARING
. The magslips are geared to give the following shaft values :—
TRAINING— ]
Coarse transmizzion 360¢
Fine transmission 4@ X Angle of rotation of the director or mounting for one revelation
ELEVATION— ol i
Coarsze transmission 360°
Fine transmission 400

With the mg!.]ipajeared to give the above sector values, no loss of sector will occur in elevation as
the maximnm are of movement is within one-half of the coarse sector value, But in training, reversal
of direction will occur, should misalignment between director and mounting exceed 180°. The
mounting always endeavours 1o in alignment the shortest way round.

A training sector control switch is provided to facilitate reversal of direction of training of the
mounting, %0 that when the director passes the mounting limit ¢top bearing, and continues on the
target, alignment can be regained the other side of the stop by operation of the sector control switch,
to drive the mounting the long way round.

RESETTER BOXES

7. The coincidence transmitters on the mounting are assembled in resetter boxes of waterti
construction, one box being provided for each motion. A resetter box contains a coarse and a fine
coincidence transmitter, coupled through suitable spur gearing with means for adjusting and clamping
the stators. The drive to the coincidence transmitters from the outside of the box runs at fine
magslip speed, and is geared to the power drive of the mounting,

RESETTER BACELASH

B. Backlash in the gearing between the motor and the fine coincidence transmitter magslip must be
kept small to prevent hunting of the system. For this reason the resstter gears have been accurately
cut and assembled. Whilst it is difficult to fix a permissible value of backlash, and backlash should
always be kept as small as possible, it can be said that if the total backlach at the fine coincidence
transmitter with the motor locked exceeds about 1 minute when referred to the mounting, d.e., about
O minutes at the magslip, hunting is liable to occur.

SECTION 2. AMPLIFIER MARK 15M TYPE MD. 31 (Photographs 3, 4, Plate 15)

9. This amplifier is of the single tray type now almost universally used in the Service. Two separate
amplifier circuits referred to as Motions “ A " and B ", together with a common power supply pack,
are built on the one chassis. Motion ' A * iz used to cperate the elevation metadyne, while Motion
“B " operates the training metadyne.

CONSTRUCTION OF AMPLIFTER

10. The amplifier unit consists of a chaseis and a steel case. This case houses a cradle carrying a
plug-board and two sets of rallers. The chassis is fitted with a socket-board and runners that rest on
the rollers in the case. The socket-board and plug-board are accurately aligned so that when the
chassis is pushed into the case the two sets of contacts engage smoothly. * Hair pin " type spring
contacts are used on the plugs and the movement in the spring is sufficient to allow for slight inaccuracies
in the alignment {see Photograph 4 for view of plugs).

11. The chassis is made up of a front panel welded to two side members forming the runners. A sheet
steel plete is carried on top of the runners and accommodates the transformers, valves, condensers,
resistances, ete. On the front panel are mounted the instruments and mest of the contral
potentiometers and switches, the functions of which are described in Section 3.

Locking clips are provided at the front for clamping the chassis when it is firmly pushed home
and safety catches are provided to prevent accident when the chassis is being removed. The catches
check the chassis when sufficiently withdrawn to enable a firm grip to be taken inside the chassis.
The catches must be releasad by hand before the chassis can be fully withdrawn.

FUNCTION OF AMPLIFIER
12. The main functions af the thermionic amplifier are (—
(a) to convert the A.C. sipnal woltape from the magslip coincidence transmitters into a D.C
output current depending upon misalignment in magnitude and direction ;
(4} toamplify the A.C. signal so that the D.C. owtput current is sufficient to control the metadyme ;
{¢) to provide pre-retardation of the mounting which will operate ;
to oppose overshoot when running into alignment, and
to prevent hunting or ozeillation abeut the alignment position ;




Fhotograph 3. Amplifier Type M.D.31
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(d) to provide awtomatic limitation of the maximum value of D.C. output current so that
excessive metadyne output current, and thus motor torque, is not obtained ;

{¢) to provide coarse/fine change-over,

WOREKING OF AMFLIFIER

13. The amplifier has four stages. The first stage rectifies the A.C. magslip signal to a D.C. voltage
proportional to the signal and adds to this D.C. voltage a pre-retardation component, i.e., a component
depending upon the rate at which the misalignment is changing. The second stage amplifies the
first stage output voltage and adds a forther rate of change component. The third stage is a further
stage of amplification. The output stage converts the voltage signal received from the previous
stage into an output enrrent depending upon misalignment in magnitude and direction and depending
also upon the rate at which misalignment is changing.

ﬁd‘ln the deseription only one motion is given as the second motion is identical apart from the
lead numbers,

PRE-RETARDATION

14. Fundamentally the torque of the motor driving the mounting must operate to reduce misali
but if there iz to be no overshoot or undue oscillation around the point of alignment the torque must
in addition be reduced and reversed when alignment is being approached.

15. Consider the mounting approaching alignment at maximum speed. The misalignment will be
decreasing, but, without pre-retardation, a driving torque will be applied by the motor until misalign-
ment is zern. As the equipment must be very sensitive to give accurate following a very small
misalignment will give full motor torque, the amplifier then saturating to prevent excessive torque.
Without pre-retardation the mounting would therefore run right throngh alignment with considerable
overshoot. The reversed misalignment would then drive the unit back towards alipnment with
further overshoot in the other direction and the mounting would continue to oscillate about the
alignment position until brought to rest by friction.

16. Now if a signal is obtained due to the decreasing misalignment and arranged to oppose the
misalignment signal and reverse the torque before alignment is reached, the overshoot will be reduced.
If too much pre-retardation is applied the unit will be checked before lining up so that it crawls into
line. It will also be seen that if decreasing misalignment is arranged to oppose the misalignment signal,
increasing misalignment will assist the signal. us, if the mounting moves right through alignment,
i.z., overthoots, the tarque to re-align it will be quickly built up.

17. Pre-retardation is derived in this amplifier by means of a resistance-capacitor network, If the
misalignment is steady, the capacitor passes no current, but whenever the misalignment is changing
(providing the amplifier stage is not saturated and the rectified D.C. current is changing) the capacitor
will absorb or give out current to provide the pre-retardation component,

PRE - RETARDATI
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Approaching alignment at maximum speed is not the only condition which has to be taken into
account in determining the condenser value, Lining up from low specds and imtermediate speeds
mist be considered. Also, the capacitor value must be chosen to give sufficient phase advance to
damp oscillations at the frequency at which the whaole system would tend to hunt. Too zmall a value
results in low frequency hunting and too high a value in high frequency dither,

18. The coarse pre-retardation capacitor provides separate adjustment of the amount of pre-retardation
applied when coming in from large misalignments.

AMPLIFTER CIRCUITS
First Stace: Phase Consctous Rectifier, and Partial Phase- Advance

19. This stzge contains a double triode CV. 1285 valve, the anodes of which are supplied with 180 V.
1,100 cyclessecond A.C. from the same source as the magslips transmission systenn  In the absence
of any misalignment signal the prids simply receive a steady megative bias sufficient to cause each
valve half to conduct half its maximum catput. This bias is derived from the voltage drop across
the hias resistor in the valve cathode circnit which receives half-wave rectified A.C. from the valve
glllﬂd.t supplies. This is smoothed by the capacitor in parallel to give a reasonably steady D.C.
ias,

20. An incoming A.C. misalisnment si from the magslip coincidence transmitter is split by the
push-pult centrg-tappe‘i iﬁmnﬂfﬂr&‘ﬁ into two amia;fﬂﬁai components which are Sup;?iihﬂdtg the
two grids of the valve. conductanee of that anode circoit receiving grid signal in phase with
anode voltage will increase while that of the other anode circuit receiving the anti-phase grid signal
will diminish. If the misalignment is reversed the polarity of the magslip signal will be reversed
and the effect upon the conductances of the two valve circuits will be reversed also. This provides
diseriminate reetification. The D.C. bias will remain constant since the combined conductance
of the complete valve, and thus the cathode current, remaing sensibly constant under all sigmal
21. The current in each of the two anode circuits consiste of half-wave rectified A.C. and the
magnitude in either circuit depends upon the conductance of that walve half. The transformer
gecondary windings in the anode leads provide the alternating H.T. supplies and both anodes are
supplied in phase so that they rectify the same half wave, The anode cirenits are completed through
& centre-tapped loading resistance fo the cathode. Current, therefore, flows from the centre tap
to each anode, and in the absence of magskip signal, will produce the same voliage drop in each half
s0 that no potential difference normally appears across the complete loading resistance. A magslip
signal will produce a net potential difference and the polarity will be according to the direction of
misalignment.

TEE purpose of the capacitor C4 is to insulate point M from the centre top of the potentiometer
P3 to D.C. voltages whilst providing a return path to earth for alternating potentials for the negative
return cirenits of F1, If this capacitor were not fitted and M was connected directly to P3, the
D.C. potential between the centre top of P3 and say BI would cause current to flow in the circuit
Bl AD returning via M to the centre top of P3. This would build up a potential across DM and
a corresponding potential across EM sufficient to bias V2 negatively o cut off, thus preventing
operation of the amplifier,
22, Any such potential difference, in the form of half-wave rectified A.C., is passed through a
capacitor-choke smoothing network to appear as a reasonably pure D.C. across a further centre-tapped
resistance chain, each half 'of which is tapped to feed the two grids of the second stage.
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Phase advance is obtained by conpling the first stage smoothed output to the second stage gride
throegh selected capacitors in addition to the resistance network.

SECOND STAGE : D.C. Amgplifier and further Phase- Adrance

23. This stage contains a double triode CV. 1285 valve, similar to that in the first stage. Tts high
tension supply, however, is derived from the main D.C. H.T. supply.

The grids, as in the first stage, are normally bizsed so that each anode conducts half its maximum
owtput. This bias, negative relative to the cathode, is derived as in the first stage from the voltage
drop across the cathode bizs resistor which, since the valve receives D.C. H.T. needs no smoothing
capacitor. The cathode hias resistor is connected to the previous stage output network at the
mid-paint M. A signal from the previous stage, causing a voltage drop across DE, unbalances the
grid potentials and, as in the first stage, increases the conductance of one anode cirenit and reduess
that of the other, the direction of the unbalance depending upon the signal polarity.

24. The anodes derive their H.T. from corresponding tapping points F and & on two similar resistanee
chaing PF HM and PG KM across the H.T. supply. 1%: conductances of the two anode circuits are
connected respectively in parallel with the portions FM and M of the chains, so that the petential
draps across these are varied from initial equality by a magslip signal. The H.T. line resistance R
serves to dml:i:th-e H.T. potential of the valve to a suitable value which, since the total cathode current
remains sensibly constant, will be unafiected by signal. The imtermediate tapping points H and K
will experience the same relative potential change as F and G, but reduced in magnitude and will
have, in addition, a further phase advance component due to the capacitors, The points H and K
feed the next stage.

THIRD STAGE

25, The maximum phase-advance provided by a resistance-capacity netwerk is dependent upon
the ratio of the potential divider circuit. The greater this ratio the greater the maximum phase
advance of the network, but smaller is the proportion of the steady signal passed an to the succeeding
stage. It is necessary to provide a large phase-advance, together with high sensitivity, To achieve
this a high ratio is used in the two phase-advance circuits, and an extra stage of amplification is
provided to compensate for the sacrifice in sensitivity.

The third s functions in a similar manner to the second stage already described, the only
difference being that the output of the third stage is not phase-advanced. A simplified diagram of
the third stage is not included as it is similar to that for the second stage, with the exception that the
capacitors are omitted.

OUTPUT STAGE
26. This stage includes a pair of CV 1180 pentode valves aperating in push-pull to amplify the signals
received from the previous stage. The magslip signal in this way causes a difference in the current
in the output stage anode load circoits,

As the grid ta‘F]Ping points are on resistance chains across the H.T. supply the grids are at fairly
high potentials. This 1s counteracted by providing a higher potential drop than is normal along the
cathode resistor carrying the joint cathode currents of the two valves.

5K 5L EACH IOKR
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FROM THIRD STAGE OF AMPLIFIER

Dilagram 12. " Output Stage Circuit
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27. The H.T. supply reaches the valve anodes through the external load circuits which consist of
the two opposed halves of the metadyne variator winding, so that provided the standing anode currents
are equal no effective ampere-turns can be produced on the metadyne. Incoming magshp signals
will result in ampere-tuins corresponding in direction and magnitede to misalignment.

28. Metrosil discharge resistors are fitted to prevent the valve and highly inductive load circuits
being subjected to excessive voltages. The discharge resistors may be mounted in the amplifier or
on the contral panel.

OrERATION FROM LARGE MISALIGNMENTS

29. During normal operation the mounting follaws the director very closely, the misalignment being
of the order of a few minutes of are.  To achieve this accuracy it is necessary for the controlling
magslips to amplify the misalignment by making several revolutions for ane revolution of the mounting.
In these cireumstances there will be oceasions when the misalignment between the director and the
mounting is very large, e.g., when first commencing operation. It is then necessary to override the
fine control to obtain approximate alignment with the director, otherwise the mounting would follow
the director with a constant misalignment equal to a multiple of the fine sector value. Two possible
methods of bringing the equipment into correct sector are “ Sector Control ™ and * Coarse/Fine
C q}-IJ

" SEcToR CONTROL »

30, Approximate alignment can be achieved manually by applying a fixed signal to the amplifier by
operation of a sector cantrol switch, thus moving the contzolled unit until it is brought within the
correct sector.

* CoArsE/FINE CoNTROL "

31. Alternatively, approximate alignment can be obtained automatically by fitting a * coarse ™
magslip with a large sector value so that the coarse transmitter and coincidence magslips cannot
grt out of sector ; and arranging a relay to change over the amplifier connections from the " fine ”
to the * coarse " magslip at a pre-determined misalignment.

Coarse/Five AmpLiFier FEATURES  (D¥agram 13)

32. With either method of control, the mounting, in lining up, will reach its maximum speed, and,
unless effective preretardation is provided, will overshoat the point of coincidence and oscillate
about thiz point before lining up. The phase advance network will provide the necessary pre-
retardation if the value of the capacitor is inereased considerably, compared with that required to
give stable follawing under conditions of small misalignment.

FOLLOW-UP RELAY

MAGSLIP SIGMAL

o e

Diagram |3. Cearse/Fine Change Over Circuits
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3. For pre-retardation to be effective from maximnm speed it must commence several degrees before
alignment is reached. The amplifier is normally saturated before the misalignment approachss one
degree (refer to the curve “ Test Signal voltsfanode current ** for the output stage cireuit in the
section  Amplifier Test Data, etc.”) and the pre-retardation condenser cannot be effective unless
the amplifier current, in the stage concerned, changes as the misalignment changes. To obtain
pre-retardation from meximum speed it is therefore n&mg, as “5 as changing the capacitor
value, to change the input grid transformer ratio so that relatively large misalignment signals do
not saturate the amgplifier. These are termed coarse capacitors and grid transformer values. The
capacitor value and grid transformer ratio must also be changed back to the correct value for normal
ia]]nwing, f.e., the " fine " settings, as soon as the misalignment falls to a small value. These changes
are carried out antomatically by a valve operated relay in the following manner.

34, The misalignment signal from the coarse coincidence transmitter magslip is applied to the grid
of a valve type CV 1189, through a transformer. This A.C. signal is amplifisd by the valve
and fed into the primary of a transformer. The output from the secondary winding is rectifisd by
a bridge-connected metal rectifier and the rectified current, propertional to the signal up to the point
of saturation of the valve, circulates through the coil of a pilot relay. This pilot relay is arranged
to pick up when the misalignment exceeds a predetermined value. The pilot relay, when operated,
energises a multi-contact change-over relay which changes the amplifier sensitivity and pre-retardation
settings from fine to coarse.  When the misalignment falls slightly below pick-up value the pilot relay
drops out and de-energises the change-over relay thus restoring the fine settings.

Power SUPPLY TO THE AMPLIFIER

35. The amplifier is supplied with single phase 200 V. A.C. at a frequency of 1,100 cycles/second.
This supply is taken to the L.T. and H.T. transformers in the amplifier through a double pole supply
switch. valves fake approximately twenty seconds to warm up and the amplifier is ready
for use in about thirty seconds, although a slight drift in the amplifier balance may oceur up to
15 minutes after switching on.

HT SUPPLY
e 2z N
c2
_I 1 CHI
FF ]-Hr
o - I CHOKE
I
LB
(M
TEST 15T STAGE | VALVE HEATER
SUPPLY ANODE SUPPLIES SUPPLI|ES
T, —— —_———
LJ L_uj IHJ St i U u lﬂj

_———————— e -
HT ~ T —h "
1 1 ;_!' 1I—‘ i
TRMﬂ_lri-IFtlH'MER 1 I TRAMSFORMER
TE

l’ oo ¥

Diagram 14. Power Supply Circuit

36. The ifier power supply unit feeds two amplifier motions incorporating the crenits already
described. ese are known as Motion “ A " and Motion “ B .
The secondary windings on the H.T. transformer provide :—
(e} A.C. voltage for the anode circuits of the first stage valves ;
{#) A.C.input to the rectifier which provides the D.C. H.T. supply ;
() 20V, AC. to provide :—
a signal for testing the amplifier,
the sector signal for the sector control,
excitation of the transmitter magslips,
sapply to the * follow-up " relays for the coarse/fine circuits,

37. The winding which feeds the rectifier circuit is cemtre-tapped and feeds the anodes of the type
CV 1264 full wave rectifier valve in antiphase. The cathode current, which is thus unidirectional
and pulsating, is smoothed by the capacitor-choke filter and supplied as D.C. to the amplifiers at
400 volts, .

: The secendary windings on the L.T. transformer feed the valve heaters and the coarse-fine signal
amp circuits.

- A test cable is provided to enable the chassis to be operated when withdrawn from the case,
This facilitates the location of faults, because the various voltages which should exist between different
points of the circuit may be checked immediately with a voltmeter.

(50 3188) o8
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SECTION 3. ADJUSTMENTS PROVIDED ON AMPLIFIER M. j&8 i,
Phatograph 4 TTPE Mb 3]

BALANCING POTENTIOMETER—MOTIONS “A"™ AND “B"

38. M the amplifier is to satisfy the condition that sero misalignment signal shall produce zerc output
current from the metadyne that it controls, it is clear that provision must be made to compensate for
inequalities of the pairs of components of the push-pull amplifier and also the two halves of the main
variator winding of the metadyne generator push-pull control winding, This is achieved by including
a balancing potentiometer in the anode resistance circuit of the first stage valve. The ratio of the
resistance in the two anode circuits is adjusted by varying the position of the slider as much as required
to give zero metadyne output eurrent for zero amplifier input signal,

The procedure to be adopted when halancing the amplifier is described in the section “ Testing
the Amplifier."

FINE SENSITIVITY POTENTIOMETER

39, This is a twin ganged potentiometer connected acrossthe secondary windings of the fine input grid
transformer. The function of this potentiometer is to give smooth adjustment of the effective
transformer ratio. Rough adjustment is provided by tappings on the transformer windings. With
these adjustments the sensitivity of the amplifier may be varied smoothly over a wide range. This
potentiometer is set when the equipment is first installed and should normally remain at this setting
in servics, unlese changed amplifier or mounting (friction or backlash) characteristics make re-adjustment
NECEsEATY.

Note: In some cases it has been found that the stiffiness of the system is not sufficient to
drive the mounting with the specified degree of accuracy, In such cases the ratio of the
fine input grid transformer has been increased by reversing the connection so that the
transformer is, in effect, turned completely round. In these cases the relevant settings will
be recorded on the data card supplied with the amplifier.

COARSE SENSITIVITY POTENTIOMETER

40. This is a twin ganged potentiometer connected across the secondary windings of the coarse input
grid transformer, The function of this potentiometer is similar to that described for the
sensitivity potentiometer, The coarse sensitivity potentiometer is set when the equipment is first
installed and requires no further adjustment in service unless changed amplifier or mounting charac-
teristics make adjustment essential.

PRE-RETARDATION (or PHASE-ADVANCE) SWITCH

41. The functivn of the pre-retardation for phase-advance) circuits has already been explained.
As there are two stages of phase advance it is advantageous to make one of them adjustable so that
the dynamic characteristics of the amplifier may be readily modified. The pre-retardation switch,
in the first stage phase-advance circunits, has four positions enabling one of four different capacitor
values to be selected. The most suitable setting is determined when the equipment is first installed
and no further adjustment should normally required in service unless changed amplifier or
mounting (friction or backlash) characteristics make a re-adjustment necessary.

COARSE PRE-RETARDATION ADJUSTMENT

42, In order that one type of amplifier shoeld be standard for several applications where the maximum
speed and inertia of the controlled umits differ greatly, it is necessary to provide adjustment of the
coarse phase-advance capacitor, This is done by providing three capacitors and arranging the
connecting links between them so that the value in circuit can be adjusted. The citors are
mounted an top of a choke immediately behind the instroments. They are easily accessible with the
amplifier chassis removed from the case. The capacitor valse will be set when the equipment is
installed and no re-adjustment will be required 1n service unless changed amplifier or mounting
characteristics make re-adjustment necessary.

OUTPUT STAGE BIAS RESISTANCE LINK

43, In the o t stage the bias resistors are arranged so that one, or two in parallel, may be I
selacbadbyanEuForﬂwwmctposiﬁunlugnﬁhisﬁnkmB.R.lm,mﬁml,m-ﬂangﬂl i

(G. 18157 —Amendment No. 9.)
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OUTPUT CONTROL POTENTIOMETER

4. This is a potentiometer in the output stage screen grid circuit to give fine adjustment of the
maximum owtpot of the amplifier with the linut relay energised or the push button pressed. A coarse
adjustment is provided on the resistance board in the form of a floating lead which can be connected
to several alternative tappings. The potentiometer spindle is provided with a locking clamp which
sheuld be loosened before adjustment and retightened afterwards,

REDUCED OUTPUT POTENTIOMETER

43. This is also a potentiometer in the output stage screen circuit. It provides a fine control of the
amount of resistance that is switched into the sereen cirenit when the limit relay is de-cnergised and
therefore controls the reduced output from the amplifier. Coarse adjustment is provided on the
resistance board in the form of a floating lead wg.ich may be conmected to several alternative
tappings.

46, In some applications it is not necessary to reduce the amplifier cutput as much as usual, and
another lead is therefore provided so that the fixed resistance in series with the limit output control
potentiometer may be short-circuited. In such cases great care should be taken to see that the
amplifier output current under limit conditions does not exceed 70 milliamperes. A greater value
may burn cut the potentiometer.

LIMIT OUTPUT RELAY

47. A limit relay is fitted in each motion to reduce the amplifier output when the limit switch
operates.  With the mounting against the stop, i, the gun driving motor stalled, the armature
current must be limited or the armature will overheat, Sufficient corrent, however, must faw to
vide the necessary torque to hold the mounting against the stop or to move the mounting awa
om the stop when the transmission signal is reversed. To achieve this the amplifier output is
reduced.

48. To reduce the main variator excitation when the limit switch operates, a normally closed contact
in the limit switch is connected in series with the limit relay codl, Eﬁﬁng normal operation, therefare,
the relay is energised and the amplifier is adjusted to deliver 2 cerfain maximum output. When the
limit switch operates, the relay circuit is interrupted and the relay de-energised. This introduces
exira resistance into the screén cirenit of the output stage and reduces the maximum output from
the amplifier.

49. When the test switch is to TEsT the limit relay is de-energised and the reduced output is obtained
from the amplifier. A push button is provided on the fromt panel marked PrEss 10 Test Outeur
which enables the limit relay contacts to be short-cireuited and full output obtained.

The maximum and limited armature currents are adjusted with the amplifier connected to the
metadyne windings and a large test signal applied to the amplifier,

80, The adjustments are carried out as follows :—
{s) Maximum armature curremt is adjusted by means of the output contral potentiometer
with :—
the limit switch not operated ;
the push button pressed.
m{b} Limited armature current is adjusted by means of the reduced output potentiometer
with :—
the limit switch operated ;
the push button not pressed.

51. It is necessary to operate the limit switch as called for when making the adjustments referred to,
50 as to connect the auxiliary variator winding in circuit. Although the motor is stalled when the
. equipment is agninst a stop, sufficient veltage drop is present in the motor armature, motor brughes

and cables, to send a definite current through the auxiliary variator winding with conzequent reduction
in cirrent.

TEST SWITCH
52. This is an 18-pole switch with two positions referred to as Ruy and Tes.

Run position. In this position the input of each motion of the amplifier is connected to the
retor of the corresponding magslip coincidence transmitter and the test switch contacts in the control
contactor circuit are closed,

Test pasition.  With the switch in the TesT position, the input grid transformers of both motions
are discomnected from the coincidence magslips and reconnected to the 20 volts test circnit through
the coarse/fine selector switch. Also, when 1n auto, the control contactor circuit is interrupted in

~order to ensure that the motor fields are de-energised and brakes applied. This is necessary as during
the testing of the amplifier, with output stage connected to the metadyne control windings, metadyne
output current flows, and if the motor fields were not de-energised the mounting would move.
(S0 3185 cd
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53. In joystick operation, the amplifier can be balaneed against the dummy load resistance (in the
amplifier) without using the metadyne windings, Whenever possible, testing should be carried out
using the metadyne main variator windings.

Warning
When applying a test signal it should be borne in mind that the armature current produced
is pasying throwgh a stalled driving motor armature, and Figh oulput currents from the
meladyne, if maintained for any lengih of time, cause darmage.

TEST VOLTMETER SWITCH

54. The voltmeter has two effective ranges :—
{&) O—1 volt ;
(8) 0—5 volts.

These are obtained by connecting a potentiometer across the voltmeter and arranging, by means of
a two position switch, to pass on to the input grid transformers either :(—

a predetermined porticn of the test signal measored, or

the full test signal.

In {a) one-fifth of the voltage measured is passed on to the input grid transformers, so that it is
necessary to divide the voltmeter reading by five {or multiply by 0-2). In (5 the voltmeter readings
give the test signal voltage direct.

53, The potentiometer is pre-set and requires no adjustment in service. If it should be necessary to
replace the potentiometer for any reason the following procedure should be adopted in setting it.
Remove the tally plate covering the potentiometer spindle after noting the Dimrct READING
and Murtiery By 0.2 positions of the switch. Put the test voltmeter switch to the Dirgct
Reapive position and apply & 1 volt test signal. Observe the currents in F7 and F2 output stage
circuit, then put the voltmeter switch to the MvLtipLy By 0.2 position and apply 5 volts test signal.
Adjust the potentiometer to obtain the same currents in the output stage as before. Clamp the
potentiometer spindle and replace the tally plate. :

INSTRUMENT SWITCH
56. This is a 2-pole, 6-way switch by means of which it is possible to measure the current in any one
of six circuits. These currents are as follows :—
Amplifier cutput eurrent in FI circuit,
Amplifier cutput current in F2 eircuit,
Metadyne output current,
for both motions, 4 and B.

The variator current is measured in milliamperes and the instrument gives direct reading. The
motor armature eurrent is measured in amperes and the multiplying factor to give true values is
given on the amplifier case. Milliameter shunts are located in the amplifier while the ammeter shunts
are 1n the metadyne terminal box.

The instrument switch can be used with the test switch to Rux or TEsT.

TEST COARSETEST FINE SELECTOR SWITCH

87. With the test switch to Test the test signal is applied to the input grid transformers of both
motians via a double-pole selsctor switch.  With this switch to TesT FINE the signal is applied to the
fine grid transformers, and with the switch to TeST CoARSE to the coarse grid transformers.

TESTING THE AMFPLIFTER

58. The test signal is provided by means of a centre tapped potentiometer supplied from the 20 wolts
winding on the H.T. transformer. Clockwise rotation of the potentiometer from the centre position
provides a voltage of the same phase as that abtained from the magslip coincidence transmitter when
the mounting rotates clockwise or elevates. The test signal is applied to the primary windings of
the input grid transformers (coarse or fine depending upon the selector switch position) of
moetions and currents are set up in the various stages of the amplifier in exactly the same way as by
a miselignment of the same magnitude and phase from the resetter. The unequal anode currents
thus set up in the output stage circulate in each half of the main variator winding and cause a
metadyne cutput enrrent to flow, The magnitinde of the current iz measored on the ammeter while
that of the test signal is measured on the test voltmeter, This voltmeter has a dual range scale as
described under * Test voltmeter switch.”
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59, By observing the metadyne MAXIMUM H.T. TRANSFORMER TAPPING
current for a number of test signal
voltages, it is possible to check the
performance of the equipment.
An overall sensitivity cirve of the
" armature current-test s po

2
volts * (Diagram 13) is given — ELEVATION
showing the approximate per-
y

formance to be expected. Also, S
by measuring the current in each
half of the me::dd}m main mth;
tor winding COMparin
results obtained with the nEJ.tput
stage ' anode current—test signal
volts " curve, given in the section
o lifier test data, etc.” it is
possible to check the amplifier
performance.
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Diagram 15, Armature Current—Test Signal Curve

60. To test either motions of the amplifier proceed as follows :—
(i) switch off the H.F. supply switch and adjust the zeros of the meters mounted on the fromt

STALLED GUM MOTOR INPUT AMPS,

(i) turn the H.F. supply switch to the On position and allow at least 15 minutes for the valves
to warm up ;

. (iti) make sure that the limit switch on the equipment is not operated, ie., that the equipment
15 NUt NSAT & 5top ;
{iv) tumn the instroment switch to the ARMATURE CURRENT position for the motion to be tested ;
{v)} put the test voltmeter switch to the DirecT READING position ;
{vi} turn zelector switch to TesT FivE and test awitch to TEsT ;

{vii) see that the test signal potentiometer is set to zero.  This potentiometer has asms!.ll dead zone
at its zero setting which can be by observing where the test signal voltmeter needle is stationary
as the potentiometer is moved through the centre position ;

{viii} turn the test voltmeter switch to the MurTirLy By 0+ 2 position and check ;

(ix) wsing the trimumner for the motion onder test, adjust to obtain zero metadyne cutput current ;

{x) apply clockwise and then anti-clockwise test signals, changing over to DizkcT READING on
the test signal voltmeter at the appropriate vultage aJ‘,;'.a., 1-0) and meagure the metadyne output
current. If the amplifier performance is suspected also measure the amplifier output current
turning the instrument switch to the required position. The figures obtained should be fairly close
to those given on the output stage ' anode current—test signal volts ™ curve in the section
* Amplifier test data, etc.”

Note : The Push Button must be pressed during tests (1) and (5] ;

(xi) at the end of the test check the balance of the amplifier. This should still be correct ;
(xii) turn test switch to Run.

The amplifier is now ready for use.

TEST OF COARSE/FINE CHANGE-OVER

61. The coarse/fine features of the amplifier should be tested as follows :—
(i) balance the amplifier as already described with the selector switch to Five |
(i) put the selector switch to CoARsE ;

L
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{iil) pradually inereace the test signal and note the vohtage at which the signal lamps change
from green to red,  Apply maximum test signal in order to saturate the relay valve and then gradually
decrease the signal and note the voltage at which the lamps change from red to green. ;

The voltage at which the light should change from green to red, an indication that the amplifier
changes from fine to coarse, is given on the data card provided with the amplifier. If test results
do not agree with the data card figures, the pilot relay, mounted underneath the chassis, can be adjusted
by means of the knurled knob on the reluy. The voltage at which the lamips change from red to
green should be at least 50 per cent. of the voltage at which they change from green to red. If a fault
is suspected the voltage acrass the pilot relay coil should be checked for a number of test signal voltages.
A curve is given under " Amplifier test data, ete.” showing the characteristics to be expected ;

{iw) repeat test (i) but with reverse test signal.

SECTION 3A. STANDARD AMPLIFIER ASSEMBLY
E.C.178 (MARK 29AA) ,

Later 40-mm., Mark 5 and Mark 5* mountings will use the Standard Amplifier Assembly E.C.178 |
{Mark 20AA) consisting of the following cubicle layout :— '

M | 8D | 17TU 8D M
— TRG ——— ' ELEV—
BLANK SMA ;. 23P | SMA BLANK |
SPARE (i | SPARE SPARE
27 BLANK | 29p BLANJ:L \ an
RELAY PANEL MARK 38CP
(MET. VICK. No. C.P.38)
2IM—Amplifier i 5 s o o L. P.B208
BD—Coarse/Fine Change-over Unit o . 1.7 6858
SMA—Misalignment Amplifier e : o I'm course of publication
2P Power Unit. .. e e it o o DEBETS
SBCP—Control Panel .. o 3 o o —
17 T.U,—Test Unit . v s i v DPESES

Detailz of the above Units will be found in the relevant B.K's. which are now in course of pub-
lication, In the meantime, ships fitted with standard amplifier assemblies are issned with the maker's
handbook or COLLINGWOOD publications topether with test instroctions, The COLLINGWOOD
Publication numbers ars shown above in the right hand column.

Meuntings fitted with the standard amplifier assembly have an additional lamp indication which

will burn if the amplifier eubicle fan fails, being contralled by an air pressure switch.
(e, 404155, —Amendment No, 8.)

“@6A. In the Mark 5* mounting the 220 volt D.C. supplies are normally taken from a
transformerjrectifier, situated locally at each mounting.

The control circuits are fundamentally the same as those for the D.C. mounting and are shown
on Plate 17A. A metrosil is fitted across the training limit switch to limit the maximum training speed
to 35°(5ec,

In addition to starting the driving motor of the metadyne set, the starter has a contactor which
energises relay 1R.1 {se¢ Plate 174), which connects the 220 volt D.C. supply to the control panel.
The control circuits are thus only energised when the metadyne set 15 rnnng,

The D.P. contactor quoted in paragraph 63 is contactor C.C.1 (Plate 17A) for the Mark 5%

e (G. 404156, —Amendment No, 8.)

A lamp on the mounting labelled A.C. Ox indicates whether the amplifier is ready for use. It
burns only when the following three conditions are fulfilled :—

(&) central HF. supply is available ;

(5} main switch on the amplifier is closed ;

{c) test switch on the amplifier is to Rumn.

Under these conditions the LT. transformer in the amplifier is energised and thus the valve
filaments are heated so that when the On push butten is pressed the amplifier will be cperative
immediately.

“G7A. The H.F. power supply for the amplifier in the Mark 5* mounting is taken from 3

alternator fed from the s main system.” 1
= e g (G. 404155, — Amend i
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SECTION 5. THE METADYNE SET

GENERAL PHYSICAL ARRANGEMENT FOR ERITISH EQUIPMENT (MD 75(744)
68, The metadyne set driving motor and the iraining and elevation metadyne generators are
constructed as ong unit with spigot location between machines. The two metadynes are built as
a twin machine having a commen yoke barrel and two armatures mounted on a common shaft, The
metadynes are driven from the motor shait through a Renold cruciform rubber insert type coupling.
On the top of the set are two terminal boxes. The smaller of these houses the terminal for the
driving motor whilst the larger carries the terminals for the elevation and training (driving end and
non-driving end) metadyne generators. The latter box also contains the auxiliary control resistance
units, the two shunts for the metadyne output current ammeter and the compensator diverter resistor
for the training metadyne. i
Nofe : Diagrams 16 and 17 show the internal windings of the metadyne set, together with the
connections in the terminal box,

VENTILATION

69. The set is self-ventilated by means of a double bladed fan mounted on the metadyne shaft. This
fan draws air through twe paths, one through the metadyne and one through the meotor exhausting
at the centre of the machine set. Temperature rises above Clags 2 will be obtained if the set is run
with either the removable coupling inspection cover or driving and metadyne commutator inspection
cover out of pasition, as this will result in air being drawn in by the fan without passing through the
whole of the ventilating circuit.  Warning notices are affixed to the covers in question.

Nate ; Class 2 temperature rises are as follows \—

Insnlated windings .. < 40P E,
Commutators .. . .. 45%C. | Parmissible temperature rise over the tempera-
Bare windings such as commu- ture of cooling air or environment. Tem-

tating poles wound strip on HED‘C perature measured by thermometer.

RS i s

Power RaTivgs
T0. The power required to operate this set is taken from the ship’s 220 V. D.C.'supply and the normal
running speed is 2,800 r.p.m. on no Inad with the machines cold and the line voltage at the nominal
vahue, ese machines have been designed for Class 2 temperature rise with a continuous power
output of 1-2 kW, from the training metadyne and 0-7 kW, from the elevation metadyne. With this
total output the motor will take approximately 15 amps. from the 220 volt zupply, and with both
; ATy T P LB b arerdonimataly o Aamns,

" 70A. The power required to operate the metadyne set in the Mark 5 mounting is taken from
the ship's 440 volt, 3 phase, 80 cycle supply. The motor is a 3-5 h.p. squirrel cage induction motar
munning at 3,500 rpom.  Full load 56 ampe."
(G. 4041{55.—Amendment No. 8.)

LuBrICATION

71. Four grease nipples are provided on the metadyne set. These are all readily accessible from
outside the machine. For the amount and frequency of lubrication see Chapter 6.

GENERAL PHYSICAL ARRANGEMENT FOR CANADIAN EQUIPMENT (2x MD/70CZ)

T4, Each metadyne set comprises a driving motor and a metadyne generator, constructed as a
Z-bearing machine, with the motor and metadyne armatures mounted on a common shaft, The motor
and metadyne field systems are sitwated at opposite ends of a continuous yoke barrel. On the top
of the set is the terminal box which hounses both motor and metadyne terminals, a compensator divert
resistance and a limit braking auxiliary control resistor.

VEsTILATION

73. The set is ventilated by means of a radial bladed fan en the metadyne shaft end. Air is drawn
into the set through the louvred commutator chamber covers at the motor end of the yoke, over the
motor commutator, the motor and metadyne armatures and the metadyne commutator, and is then
forced radially out of the machine through mesh openings in the lower half of the fan guard.
Temperature rises exceeding Class 2 values would be obtained if the set were Tun, even on no-lead,
with the metadyne commutator chamber covers removed, as this would result in the normal air
paths through the machine being short-circuited. Wamning notices are fitted to the covers in

question.

Power RaTivcs

74. The power required to operate the pair of training and elevation metadyne sets is taken via the

gommon starter, from the ship's 220 V. D.C. supply. When running light the current input to the
~ starter will be about 8 amps.  This current will rise to a maximum of approximately 38 amps., with

both metadynes giving peak output simultaneously.

LuBRICATION

75. Two grease nipples are provided on each metadyne set ; both are readily accessible from outside
the machine. For details of the frequency and amount of lubrication see Chapter 6.
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Diagram 15, Windings and Terminals of the Metadyne Set

SECTION 6. ASSOCIATED ELECTRICAL EQUIPMENT

AUTOMATIC STARTER (used on British Equipment) {by Mefropolitan-Vickers Elecirical Co. Lid.)

T6. An awtomatic starter is provided to enable the metadyne set to be remotely started up from a
control switch situated on the mounting. A rotary starting switch is also provided on the starter
panel so that the metadyne set may be started up locally if required. This local starting switch must
normally be left in the OFF position so that the metadyne may be started and shut down by the
switch on the mounting.

T7. As will be seen in Plate 16, starting is effected b)ftgperaﬁnn of either of the starting switches, the
closing of which puts into circuit the operating eoils of a pair of main contactors, one of which is in
each hne. The closing of both these contactors inserts an economy resistance in series with their
operating coils, and an auxiliary contact, on the contactor in the positive line, closes to complete
the circuit of the accelerating contactor coil. Under these conditions the aceelerating contactor coil
is, in effect, shunted across the metadyne driving motor armature, so that the current passing through
the coil is pr ional to the back E.M.F. of the armature. When this back E M.F. has risen to a
pre-determined value, the accelerating contactor picks up and cuts out of circuit the single step of
starting resistance, Immediately afterwards a pair of normally closed auxiliary contacts on the
same contactor open to insert economy resistance in the accelerating contactor operating coil circuit.

78 The supply to the control panel is taken from the starter through a second auxiliary contact on
the accelerating contactor, thus ensuring that the metadyne sets cannot be loaded during the starting
period. A pair of METanyye Rutiive famp fuses, an ammeter and the links and terminals,
etc., are also provided in the starter whilst the metadyne driving motor shunt field regulating resistance
is housed on top in & drip-proof box.

AUTOMATIC STARTER (used on Canadian Bquipment) (Plate 17) (by Meiropolitan-Vickers
Eiecirical Co. Lid.)

79. An automatic starter is provided so that the metadynes may be started up from a control switch
situated on the mounting. A rotary starting switch is also provided on the starter panel so that
the metadyne sets may be started up locally if required. is Incal switch must normally be left
in the Ort position 0 that the metadynes may be started and shut down by the switch on the
mounting.
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CONNECTIONS FOR CLOCKWISE MOTOR TERMINALS
ROTATION oy

LOOCKMG ON THE COMMUTATOR END OF MOTOR

Lx
*ti“':tt L] Mlﬂo ]
A b ———
CONNECTIONS FOR CLOCKWISE P
ROTATION
A Al BA

“'::; EL »

[ ——— el 4

VIEW LOOKMG AT COMMUTATOR END DiAGRAM
OF CONNDCTIONS

Diagram 17, ¥indings and Terminals of the Metadyne Set

The metadyne sets are started up simultaneously by the automatic starter, which is of the back
EM.F. type. The motors are connected in parallel and a common starting resistance is used. Each
motor, however, is provided with a separate everload relay.

80. There are two line contactors which pick up when the contral switch is closed. The commen
starting resistance limits the peak starting current and is short-circuited by a third contactor which
picks up when the voltage across the motor armatures reaches a pre-determined value. All three
contactors are fitted with normally closed auxiliary contacts Wh'ri 0 when the contactors are
energized and inzert economy resistances in series with the operating ‘

81. The supply to the control panel is taken from the starter throngh a farther auxiliary contact on
the accelerating contactor, thus ensuring that the metadyne set cannot be loaded during the starting
period. Two MeTADYNE RUNNING lamp fuses, an ammeter and the necessary terminals are also
provided in the starter. In addition, the control resistances for the shunt fields of the metadyne
driving motors are housed on top of the starter in a drip-proof besx.

220 VOLT AUTOMATIC STARTER
(b Watford Elecivic and Manwfacturing Co. Lid.)
Fuxcriox

B2. An amtomatic starter is provided so that the metadyne set may be started up from a control
switch situated on the mounting.

GENERAL DESCRIFTION

83. The starter switchgear consists, of a single pole main contactor with etic hlow-cut cail, 2
hand reset overload relay, an eddy current geared retarder controlling a i-contact accelerating
rheostat and a field weakening resistance, fuses for the control and MeTapyxE RunsmiG lamp circuits,
an ammeter shunt and armature current ammeter and the necessary terminals and links.
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OPERATION

Bd. When the starting switch is turned to the O position, the main contactor coil, the rhenstat arm
operating coil and the retarder coil are energised. The main contactor closes and the accelerating
arm commences o move towsrds the spring-loaded carbon contacts. Immediately the rheostat
arm makes contact with the first carbon contact the motor field is energised and current flows through
the motor armature which begins to rotate, speeding up as the sections of starting resistance are cut
out, When the rheostat arm has completed its travel an auxiliary contact on the arm opens and
inserts an economy resistance in series with the contactor and rheostat operating coils,
85, The mate of travel of the rhecstat arm is controlled by an eddy current geared retarder.  The rate
of acceleration of the metadyne set can be varled by adjustment of the front pole of the retarder
magnet. This is accomplished by slackening the nut at the front end of the core and moving the
front pols slightly to one side.  When the pole is vertical, the retarder ¢xerts its maximum retardation
and moving it to the left gradually speeds up the operation of the rheostat arm.
BB, Should it be necessary to re-adjust the starter, the retarder should be initially set at its maximum
retardation position and the front pole gradually moved over to the left until the set accelerates to
top speed without undue current increments | the nut should then be securely tightened.

supply to the control panel is taken from the starter through the last comtact on the starting
resistance, thereby ensuring that the metadyne set cannot be loaded during the starting period.

“440 VOLT, 3 PHASE, 60 CYCLE, AUTOMATIC STARTER

864, An antomatic starter is provided to emable the metadyne set to be ated remotely
from the mounting by push button. A push button is also provided on the starter so that the metadyne
may be started locally if desired. The starteris a 3 pole * direct on * type, operated by a line contactor
fed a 440/113 volt transformer situated in the starter, (Plate 17A.) This transformer is supplied
from phasa of the ship’s main supply through fuzes situated in the starter.

F_:hla]f LR.1 (Plate 17A) is energised when the starter is made, bot is fitted with a time delay
mechanism which ensures the metadyne set is run up before the control cirenits are energised.”
(G. 401/ 55 —~Amendment No. 8.)

= l"l:li.lﬂ LalL.
88. The speed regulation of this machine is affected by brush position, the correct setting of which
is indicated by 2 pointer on the frame and an indexing mark on the brush rocker, Deviation from
TES marked position may lead to either poor commutation or undue speed variation or instability of
the set.

METADYNE DRIVING MOTOR {for Canadian Equipment)

89. The driving motors of the training and elevation metadyne sets are identical shant wound machines
of standard construction, Their sﬂea:ls may be adjusted by means of tubular resistances which are
housed in a louvred box on top of the common starter, These resistances shonld be set to give spesds
of approximately 2,800 r.p.m. with the machine cold, on ne load running from the nominal line veltage.
With this setting the maximum speed under normal operating conditions will not exceed 3,000 r.p.m
and the minimum value will not be less than 2,450 r.p.m. as long as the line voltage does not vary
by more than < T4 per cent.

90. The speed regulation of this machine is affected by change of brush poeition, the correct setting

of which 15 indicated bv g pointer on the brush rocker and an indexine sark on the frame.  Deviation
“METADYNE DRIVING MOTOR MARK 5* MOUNTING

O0A. This is a 440 volt, 3 phase, 60 evele squirrel cage induction motor of 3-3 h.p. running at
3,500 r.p.m. Power factor at half load 0-5. Power factor at full Joad 0-75."

(G. ditd1{56 —Amendment No. 8.}
1. Sj‘fmte mators are fitted on the mounting for elevation and training. They are separately
excited shunt wound motors the armatures of which are supplied with current from their respective
metadyne generators.  The field coils are excited by the ship's D.C. supply.

In series with the field coils are brake coils ; thus, if ]‘Ilwcl' supplies are broken the brakes will
be applied and the mounting held still. The connection of the brake coils to the field coils is made
in the terminal box of the motor and this connection must be undone before removing the brake
shoes for adjustreent or repair,

The terminal box also carries the motor field and brake discharge rectifier unit.

All removable covers have either mefal to metal joints which are made watertight by the
application of a contiruous layer of luting, or have langite jointing gaskets.

METROSIL RESISTANCE UNIT FOR METADYNE OUTPUT CONTROL
92, These units are fitted across the main variator windings of the metadyne generators in British
and Canadian equipment, elevation and training motions,

There is an additional metrosil fitted in the auxiliary variator winding cireuit for elevation. This'
18 only incorporated when a Canadian manufactured metadyne is used. Tts use is to limit the outpot
of the metadyne and consequently the speed of the driving motor to a safe value (see Plate 17).

Current ‘= ('%E)'
or Voltage = & » {current)t
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The constant & of these equations is controlled by the dimensions of the materizl. The material
can be worked at temperatures similar to those obtaining on normal wire-wound resistances on
micanite formers and its properties are quite permanent,

83, From the above it will be seen that the metrosil resistance passes comparatively little corrent
at lower metadyne voltages but as much as one ampere when the voltage acrozs the disc reaches a
vahie equal to & In this particular application the constant % for a unit comprising two discs in
parallel is approximately equal to 80. This “ Metrosil * unit is permanently connected in series
with the metadyne auxiliary variator winding acrass the metadyne cotput terminals and the auxiliary
variator excitation is arranged to oppose the main variator excitation. The main variator excitation
will be completely cancelled by about 1-3 amperes flowing through the auxiliary variator winding.
Under these conditions the total drop across the metrosil unit will be approximately 85 volts whilst
the voltage drop across the auxiliary varator winding amounts to about 13 volts, making a total
terminal voltage of about 98 wolts, This voltage corresponds to a maximum mounting speed of
approximately 33%/second. Therefore it sets a safe limit to the maximum mounting speed.

04. The metrosil material is in the form of thin discs sprayed on each face with brass to improve the
contact sorface, These discs are clamped between tinned copper plates. The particular unit in
question consists of two discs connected in parallel and fitted with contact plates, metal spacing
washers and eooling fins,

SECTOR CONTROL SWITCH
05, A training sector switch is provided, on the mounting, to enable the mounting to be brought into
line :

when the mounting attempts to line up through the permanent stops |

when the trapsmission carries the mounting on to permanent stop and then trains on through
the * dead "' arc. The mounting can be sectored round to line up with the transmission as it enters
the " free " arc at the other side of the permanent stops.

Once the misalignment is reduced to less than 180° the sector switch can be released and the
mounting will antomatically pall into alignment.
§5. The switch has three positions and is spring-controlled so that when the handle is released the
switch always returns to the control (normal running) pesition.  In this position the coincidence magslip
is comnected to the amplifier. In the other two positions the magslip signal is disconnected from
the amplifier and a 20 V. A.C. signal substituted. This signal is derived from the power pack of
the amplifier and is directional. Clockwise movement of the handle will cause the mounting to train
left. Under sector control the mounting will have the same maximum velocity and acceleration as
in auto operation,

GUN DRIVING MOTOR BRAKES

INITIAL ADJUSTMENT
87. The hrake is adjusted before leaving the works so that with the coils encrgised the shoes clear
the drum and allew it to rotate freely. The spring is also set to the length reguired to give the torque
stated on the brake nameplate.

The clearance between each shoe and the drum is the same when both lever arms are vertical
and any balance necessary may be made by means of the locked adjusting bolts behind the brake

ADJUSTMENT TO COMPENSATE FOR BrARE Linmic Wear
08, When the fabric lining of the shoes wears away, the airgap between the two magnet pole faces
when the brake coils are de-energised gradually increases. 1ft were no restrictions 1o this travel
the airgap wounld reach such a value that the strength of the magnet when energised would be
insufficient to overcome the force of the main spring, and the brake would fail to release.

1t ie desirable to maimtain this airgap at the minimom possible setting necessary o free the drm
when the magnet is energised. This will ensure maximum use of the lining and less frequent
adjustment. The minimum gap is approximately +02-in.
89, When adjustment is required (this can be checked by measuring the airgap with a feeler gauge
and ohserving whether it approaches the masximum value given on the brake nameplate) the procedure
is to slacken off the shee adjusting bolt locknut and adjust the bolts by turning each an equal amount
in a clockwise direction until the airgﬂ.lpis reduced 1o the minimuam valee, After adjustment, care should
be taken to ensure that the shoe bolt locking nuts are securely tightened The brake should be adjusted
in thig way shortly after installation, ¢, as soon as the linings have had time to become bedded
and thereafter they should be readjusted at regular intervals.

EguaLising SHOE CLEARANCES

100. Release the brake by operating the hand release lever and measure the claarance hetween the
lining and the drum on each side of the drum when the magnet pole faces arein line.  Any adjustments
here can be carried out by centralising the brake shoe position by means of the shoe adjusting
bolts, On completing adjustments and before putting the brake back into service, make sure that
the hand release lever is returned to its original position so that the shoes grip the brake drum.
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inserted. Remove the pegging tool, and, taking great care to move the rotor pinion no more than
iz absolutely necessary, remesh the pinion. It will now be necessary to cary out the Pegging a5
described above, taking care that the clamping serews are finally securely tightened.

CHECKING COINCIDENCE TRANSMITTER ROTOR YOLTAGE

116, Put mounting to power with change over switch to Jowstick. Ensure that director is at #ero
elevation and zero or 180° bearing according to whether it is a forward or after director. Train the
mﬂuntinﬁlilow]y over 40} degrees and measure the signal volts on motion ** B " in fine at the amplifier.
Eecord voltage. Similarly, elevate the mounting slowly over 40 degrees and measure the fine
magslip volts on motion * A " at the amplifier. Record the coincidence transmitter volts on motions
“A" and “B " in coarse in a similar manner except that the mounting can be trained and layed at
a much faster pace, and also the mounting should be trained a full 360 degrees and elevated to the
top stop.

‘IS}"?ast recorded magelip voltages should show a sine wave with a maximum of approximately
32 volts to 35 volts. As a farther check for the magslip system the above can be repeated by
keeping the mounting stationary and operating the director.

DIRECTION OF ROTATION

117. Before lining-up the magslips it is necessary to ensure that the electrical connections in the ship's
wiring are correct, 2o that the mounting lines up approximately with the directar, and follows in the
correct direction. Mechanical conditions governing the direction of the magslip rotation may
necessitate changes in the electrical connections, although the ship's wiring is correct,

[18. The following changes only are to be made in the magslip connections when necessary, doe to
the mechanical conditions governing the direction of rotation of the magelip when in coarse or in fine
contral . —

{a) When the muunting}éiue& up approximately correct, but moves in the opposite direction to
the transmission : change and 5%, and change | and 2 at the coincidence transmitter of the
motion under test, 4.e., coarse coincidence transmitter when testing in coarse control and fine coincidence
transmitter when testing in fine control.

{B) When the mounting lines up approximately 180° oot with the director, and moves in the
opposite direction to the transmission when in coarse contrel ; change | and 2 at the coarse coincidence
transmitter

Nuote : In elevation, the mounting will not line up 180° out, but will run to the stop.

(¢} When the mounting lines up mroﬂmate!y 20° out with the director, and moves in the
opposite direction to the transmission n in fine control ; change 1 and 2 at the fine coincidence
transmitter.

(@) When the mounting lines up agpruxjmatel}r 180" ont with the director, but follows correctly
when in coarse control | change SX and 5Y at the coarse coincidence transmitter,

Neote 1 In elevation, the mounting will not line up 180" out, but will mun to the stop.

{¢) When the mounting lines approximately 20° out with the director, but follow: correctly
when in fine control : change SX and 5Y at the fine coincidence transmitter.

The phase lines 1, 2 and 3 should not be stepped vound in any circomslances.

FINAL LINING-UP OF MOUNTING AND DIRECTOR

119, (&) Insert pieces of paper to make a wedge in the coarseffine change over relays in both motions
of the amplifier 3o that both moticns are kept to coarse control.

&) Switch on the 20 volt supply to the director receivers, and the central motor altermator

supply.

{c) Switch to auto operation of the mounting. By means of the adjustment pinion, carefully
adjust the coarse coincidence transmitter for the training contrel at the mounting, and that
the amount of lag of the mechanical pointer behind the indicator electrical pointer in the receiver at
the mounting for slow left training is equal to the amount of lag for slow right training. Similarly,
adjust the elevating coarse transmission.

e (@) Switch to joystick operation. Remave the pieces of paper from the coarseffine change over
relays.

() Switch to atto operation. By meane of the adjustment pinion, adjust the fine training
coincidence transmitter in the mounting, so that the amount of lag of the mechanical painter behind
the electrical pointer in the receiver at the mounting for glow left training equals the amount of lag
for slow right training. Similarly, adjust the fine elevating coincidence transmitter at the mounting,
but in this case arrange that the mechanical and electrical pointers in the receiver are in line during
slow elevating of the director, lag only occurring whilst depressing.

SETTING UP STIFFNESS OF MOUNTING

120, Determine the test signal eqﬁivalenr to 6 minutes misalignment. This is the maximum fine
coingidence transmitter volts multiplied by the sine of 54 minutes. With the mounting change over
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switch to AuTo, amplifier to Test Five, apply a signal representing 6 minutes misalignment. Adjust |
the fine sensitivity potentiometers until a reading of 37 amps is registered for training, and 54 amps |
for elevation is recorded. Try test signal in direction.

Note: 1f it is not possible to obtain these fizures with a senitivity of 100 per cent. the grid
transformer connections can be altered as shown in Diagram 18. Fig. 1 shows the normal

grid transformer tappings used, while Fig. 2 shows connections when extra sensitivity is
required to obtain the above figures.

TO M STAGE
&
44
50K GANGED
SEMSITIVITY
POTENTIOMETER
TO GRIDS OF
st STAGE
VALVE VIA.CIF
CHANGE COVER
RELAY

Motes (i} Lead numbers apply te motion A, Thoae In brackets apply to mation B.
(i} Maximum sensitivity 35/16,

Fig- |.—Fime grid translormer connecthons (simplified) as used a8 pressnt,

(B4) 15 plarace
= TRIMMER

fergaee

TO 'GRIDS OF
Ist STAGE WALVE
ViA CIF CHAMGE

cﬁ:&;&e OVER RELAY

Nﬂe.—ﬁmﬂtlvltr now 12/35 {F.t... 35,‘3‘.1!.
Fig. 2.—Fing grid transformer connecticne (simalified) giving. etra sensitivity stauind=ter
bttt e b e S R

Diagram |B. Fine Grid Transformer Connection—Increased Sensitivity

121. With meunting in power, change over switch to AuTo, amplifier to Rux. Offset training by
sector ewitch in each direetion about 90 degrees from alignment with director. Release the sector
switch, and the meunting should run into line with no hestitation and with minimum overshoot.
Adjust for satisfactory running by altering the coarse sensitivity setting on training and if necessary
altering the coarse pre-retardation capacitor value,

ELEVATION
122 Put the mounting change over switch to Jovsrick, offset the mounting approximately 40 degrees
from director in either direction, put change over switch back to AuTo, note performance of run into
alignment and correct as for training.
Note : In general, a high sensitivity and low value of coarse pre-retardation produces a large
overshoot with attendant large number of oscillations to settle. A low coarse sensitivity
and a high coarse pre-retardation value tend to make the mounting drag bhefore reaching
{50 3183) o2
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alignment, and can result in the mounting sticking in coarse control. The fine pre-retardation

can be varied from a setting of 2 according to the stiffness of the fallawing of the mounting.

It should wot be adjusted to vary the running into alignment. Too high a fine pre-retardation
setting can produce a jerky following movement of the mounting, while too low a setting can
produce an apparent “ sloppy * follow up.

Complete following tests af the directar can now be carried out by using a type 6 sight in the

directar and a bore telescope in the barrels of the mounting.  Any appreciable error of the mounting
to the director will be indicated.

SECTION 8. AMPLIFIER TEST DATA AND LOCATION OF FAULTS AS
REVEALED BY AMPLIFIER TESTS

123, Section 2 includes schematic diagrams of the amplifier circuite. A separate diagram is provided
for each stage and for the coarseffine change-over cirenits. The diagrame show the values of phase
advance capacitors and resistors actually fitted and the grid transformer ratic which it is expected
will be nsed. Average characteristic performance curves using the average transformer ratio and
for 100 per cent. sensitivity setting are given in Diagram 19,
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Diagram 15. Awverage Characteristic Performance Curves

USING THE AMPLIFIER PERFORMANCE CURVES

124. For a particular equipment the sensitivity setting adopted on the final trials will most probably
b lower than 100 per cent, and a simple adjustment must be made when using the curves ; the ** Test
signal valts ¢ 100 seale ™ must be divided by the sensitivity setting used.

Example : Tf the sensitivity setting is 75 then the reading 75 on the “ Test signal volts x 100"
indicates the carrents which will be obtained with | volt test signal.
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Note: If the input grid transformer ratio is changed, further correction to the amplifier
characteristic curves will be required, multiply the * Test signal x 100" scale by the
rato —
New transformer ratio
Transformer ratio given an curve

A space is provided on the curves for inserting the new scale figures obtained and the sensitivity

correction required can be carried out as before using the new scale,

The final settings adopted on & particular equipment will be recorded on the Data Carn supplied
with the amplifier,

LOCATION OF FAULTS

125. If the output current for a specified test signal ic widely different from that obtained from the
cutwe, or the amplifier is behaving abnormally, such ss giving no output, or cannot be balanced in
any position of the trimmer, it is evident that one of the components has developed a fault,

126, It is supgested that the best method of locating the fault is to check each stage, methodically
starting with the test circuit, then the power pack, the output stage, third, second and first stages
in turn. To do this the chassis should be pulled oat of the case and placed somewhere near the case
0 that it can be reached with the test lead, which consists of a socket board and 2 plug hoard, the
eorresponding contacts on each being conmected together with abowt nine ft. of lead. One end is
plugged into the case and the other into the chassis.

127, The wvalue of each component, the current and variation of eurrent with signal in each circuit and
the transformer voltages are marked in the schematic diagram, Plate 15. With the help of this diagram
and using & high resistance voltmeter it should be possible to check each cirenit ; by measuring the
voltage across two points in the circuit, caleulating the current and comparing 1t with the figure
obtained from the “ anode current-test signal volts "' characteristic shown,

128. A hgh impedance voltmeter is necessary for checking the various stages since using a voltmeter
of low impedance will load the circuit under test, giving a lower reading than otherwise,

The potential divider circuits in the first, second and third stages cannot be included in the
‘general instruction abave due to the extremely small currents involved and it may be advisable to
disconnect the resistors concerned to check ir ohimde values. Faults oceurring in these circuits,
however, will most likely be doe to open circuit caused by wire breakages.

The current in the common portions of the push-pull circuits, ie., bias resistors and screen

esistors in the output stage, will be sensibly constant, since diminishing corrent in one-half of the
cireuit will be balanced by increasing current in the other half.
120, Asstated earlier the " anode current-test signal volts " characteristics shown are for 100 per cent.-
sensitivity and the expected grid transformer ratio. For greater transformer ratios the initial slope
or steepriess of the curve will be increased and for lower transformer ratios andfor sensitivities the
slope will be decreased, directly in the ratio of the transformer ratio andjor sensitivity setting.

If a high resistance voltmeter is not available the eurrents in the various circuits can be measured
by the use of a milliammeter. This method is actually more accurate but requires valve adaptors
ard may necessitate unsaldering some connections.

130, It should be borne in mind that the actual values of the components and the emission of the valves
may vary by £ 10 per cent. from the theoretical figures. When an abnormal reading is obtained,
-a study of the circuit should enable the origin of the fault to be traced and the defective component
replaced.

131, To facilitate the checking of wiring every wire is numbered and the numbers are shown in the
Amplifier Schematic Diagram, Plate 15, A compenent can be loeated in the chassis by abtaining
from the schematic diagram the reference numbers of the wires connected to it,  If reference is then
made to the Amplifier ail Wiring Diagram in the ships officers’ drawings, and the wires bearing
these numbers be found on i, the exact position of the component in the chassis will be indicated ;
the detail wiring diagram shows the correct relative pesitions of the components.

IMPORTANT

Showld it be necessary to replace any amplifier component or to disturd the amplifier wiving
Sor any veason, preat cave suusl be taken to ensuve that the wiving is replaced exactly as found,
or disashvous vesults dus fo sivay coupling effects may oceur,

See Appendix 11 for Fault Finding Table.

{50 3183) Da




CHAPTER 6
MAINTENANCE {(Plates 18-21)

1. Experience gained with the 40 mm, Bofors Mark 5 Mounting has shown that a regular maintenance
routine is essential.  The gear sitnated beneath the platforms is exposed to the weather and care must
be taken to ensurc that the watertightness of resetter boxes, junction boxes, ete., is maintained.
Particular attention must be paid to those parts of the mounting which are spring-vperated in order
tor stiffness of the working parts overcoming the foree exerted by the springs.

o facilitate access to items sitiated below the platforms, aceess holes covered by plates are
provided in the platforms. A door is fitted in the front of the shield for ease of access to the front
of the mounting.

All external steel surfaces have been ** parkerised ' during manufacture, This process provides
a rust-proof surface, which should not be removed by the use of abrasive materials, only oil such as
paraffin being used for cleaning. ;
B.R. 292 ]
doravpes-ok belecanesto-dee el ORBMA

TRAINING BASE
2. The training rollers and Jtheir axles are lubricated by means of oil cups, mounted in groups around
ha rarraomo med rimmedad de dle s Lo | . s & o}
;-_MJ]'JSTHENT or CLIP ROLLERS ;
8. The clearance between the clip rollers and the flange on the fixed box plates is to be between
' (1-003-in. and 0-00&-in. This clearance is NOT adjustable in service, being achieved during manufac-
ture by depth of machined counterbore in upper racer plate. For this reason it is most im that
roller assemblics should ALWAYS be replaced in their original position. When replacing roller
| ecemblies after exzmination the following check should be made to ensure the correct pre-load is being
- obtained :(— :
{@) Tighten clip bolt nut until the spring washers will just not tum. Mote rotary position of nut,
&) Tight t with a spanner until it is seated hard aguinst shoulder on bolt, This should occur
meL E]»ﬂg!l:;drg]’ rutatinnpni nut in the case of the rear clip bolts, and between 100F and 1207 for the
forward bolts. . 5 i

{¢) 1 rotation is either side of the above limits the spring washers should be checked wing
'!T:R.ngi!l as they have probably taken a get in which case they should be replaced.
Nofe ; The designed preload is 0-015-in. per washer, i.e. 0-030-in. front clips and 0+015-in. rear

clips. This also is not adjugtable and can only be maintained by unze of replacement

R MAN VAL,

gaca] (hrdpanoo
MCE EMNGIME

T The firing gear, although protected by the shield, is liable to be subjected to sea sprey and washing
down. As freedom of the gear is essential for reasons of safety as well as correct functioning, it is
_ most important that this gear should receive frequent attention, and its return_actinn. which ig eratienlu

- To ensure tm:f.'i;m of -ﬂ-:l;- .“r;r_flﬁé El;t;il-ﬁﬂlermid core to reset on intm'nptionpf the firing
it, the amount of mtnd into the nipple supplying the bueh of the sclenoid (Plate ‘Zi;.:l!
SHOULD BE LIMITED TO THE MINIMUM NECESSARY TO ENSURE SATISFACTOR

BRICATION. {Amendment No. 11.)

e Y e L R L T ==

ADjusTMENTS 0F FIRING GEAR

5. {a) The adjustable tappets are to be set to give 0-01 in, clearance from the firing plunger of the
gun.
{) Adjustments for length are provided in the two vertical firing rods to synchronise the point
at which each gun commences to fire.

{e) The t red operating the resetting switch has an adjustable tappet at ite lower end for
adjusting its length to synchronise the point at which the solenoid circuit is completed with the point
at which the safety firing clutch becomes nearly fully engaged.

(@) Adjustments are provided in the vertical rods of the elevation and training compenent link
gears to allow adjustment of the point at which the salety firing clutch is disengaged. These are
adjusted at the manufacturer's works, and are then pinned. They do not require farther adjustment.

ELEVATING AND TRAINING GEARS
6. Regular attention is to be given to the universal couplings in the drive from the hand drive gear
box to the main gear box,

S50 314830 45 o4
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The resetter boxes require no lubrication, being fitted with fabric pears ; watertightness of the
reseiter boxes mst be carefully mamtained.

The plungers of the power interlock switches must receive frequent attention although their spring
action is assizted by a hooked lever.

SETTING OF HAnD ann PowerR DriveE Fricrion Disc CoUupLINGS

7. The setting of the friction disc couplings is made at the manufacturers and the design i so arranged
that no subsequent alteration shfm]dp be necessary. If it is considered that the loading of a friction
disc coupling is too low, a spare set of bellewille spring washers should be fitted, These washers are
provided in adjusted sets which should give the correct setting when tightened up in the coupling.

Note: To renmew a set of these washers in a hand friction disc coupling, the training or
elevation main gear box will have to be stripped.

In the case of a power friction disc coupling, the appropriate driving motor will first have
to be removed. A minor adjustment may be nmdeﬂiuwever by opening out the coupling
with the maotor in position, as described in Chapter 7, para. 6, and adjusting the thickness
of the distance piece.

JOYSTICK

8. The joystick controllers and the centring springs are below the platform and therefore very exposed.
Frequent inspection of the link gear, toothed quadrants and centring springs is therelore necessary.

TRAINING AND ELEVATION AND DEPRESSION BUFFERS
Y. These are provided with means for filling and should be kept topped up to correct levels,

TRAINING AND ELEVATION RECEIVER DRIVES
10. Excessive elevating and training efforts can frequently be traced to stifiness in their associated
Teceiver drives and these should therefore mcheive atgntiﬂn at the same time as the elevating and
training gear. Due to the very high pressure that can be reached by the modem grease gun the bearing
bushes in the receiver drives may be forced apart thus causing excessive end loadings and hence high
rotational tc:%ues_ Modification No, 33 provides grease relief grooves in these bushes fed by grease {44
nipples Nos. 33, 34, 35, 107 and 108. 2l
(Amendment No, 117

" pump gland, and o ensure water dues not accumulate and scep into the motor windings.
water level in the tank shoold be checked periodically to ensure the immersion heater is
covered,

AUTOMATIC STARTERS (British and Canadian Equipments)
12. The main contact tips of the contactors should be examined periodically and smoothed to remove
the large globules of copper which may ba formed by frequent arcing.  The matt surface which develops
on contacts is, however, in no way detrimental and in fact actually reduces the contact resistance,
The contact tips are to be renewed when worn half way through, The normally closed auxiliary
contacts on the contactors should be cleaned periodically with a rag to remove any deposit which
may have formed on the contact surfaces. ‘lﬁ; moving eontact arms should be free to rock so as
to make contact with both fixed contacts.

The bearing pins of the contectors, the push rod on the overload relay and the normally closed
auxiliary contacts should be lubricated with a drop of approved light oil. This need only be done
two or t times & year.

AUTOMATIC STARTER (WarForp ELEcTRIC)

13. Before starting up, the dashpot on the overload must have the necessary amount of oil inserted.

The sliding clip on the motor shunt field regularing resistances must be securely set to the position

required to give the specified speed of operation of the metadyne set {ses Chapter 5, para. 103).
Whilst in service the starter should be kept clean and 21l ofling points attended to periodically.

ROTATING MACHINES

14. The general maintenance of all the rotating machines is quite similar to that for any othér rotating
electtical machinery,

BEARINGS

15. Bearings and housings are filled with sufficient grease before leaying the manufacturers and require
no further attention before putting the machine into operation. Under normal conditions a machine
will run for many months without replenishment of the grease but the amount of lubrication required
is best determined after inspection of the bearings at suitable intervals, by removal of the outer
bearing caps. No definite ruling can be laid down, for lubrication is affected by climatic conditions
and the number of hours running that occur. Do wof overgrease : damage is more often done throngh
this practice than through undergreasing. A comfortable warmth to the hand placed on the bearing
cap indicates that the bearing is running under the best conditions. Before removing any bearing caps,
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dirt and moisture is to be carefully wiped from the vicinity, Caps and bearings when removed are
to be kept covered with clean paper. If the bearing is dirty, or the grease has deteriorated the bearing
must be removed completely. The procedure for this will be quite clear from a studv of the relevant
ship's officers’ drawing, if it is remembered that the outer races are a push-fit in the housings while
the inner races are a press-fit on the shaft. After the armature has heen withdrawn from the yoke,
ball bearinge can be removed from the shaft by polling an the cuter race, care being taken not to
pull oo the cage.  Roller bearings can be removed from the shaft h].- Pulh.ng on the inside lip of the
inner race with the inner bearing cap.  This may be done by screwing into the bearing three long
studs which project beyand the end of the shaft, placing on the end of the shaft a ugu:rs,teel plate
having three clearance holes through which the bt.l!ﬂﬁ can pass, screwing nuts on to the studs and
uniformly Hightening them op to the plate.
Lg. "I-'::rlashing of bearings should be carried out with two successive petrol bathe, the second being
pt clean,

When recharging the bearings with fresh grease over-charging must be ayeided. The space
between rollers or balls must be well flled with grease and the outer caps about two-thirds filled so
that the grease is in contact with the bearing and yet there iz room for expansion of the grease.

CoMMUTATORS, BRUSHES AND BRUSHGEAR

I7. These parts require careful inspection and attention. Grease and maisture must not be allowed
to apcumulate [ the carbon broshes should be free in the holders without being slack, stiffness of
movement or of the carbons must be remedied without delay and the brush tension spring
should press firmly on the brush and move freely with the brosh.

Merapywe SeEr Brusn TeEwsions

18. Because of the long periods of continuous running that are likely to oceur and alse becanse brush
friction contributes a high percentage to the total machine losses, the correct brush tensions must
be closely adhered to on the metadyne sets. The brush tensions when measured with a new bmsh
should be as follows —

British Canadizn
Metadyne brushes .. ot 10 oz. /brush 8 oz, hrush
Mﬂ‘tadym driving motor brushes .. e 10 oz, [brush 12 0. /brush

Care iz to be taken when Etting new brushes to use the correct grade as specified on the ship's
officers’ drawing.

Frrrivc Mew BruUsHES

19, Care should be taken when fitting new carbons to ensure that they bed correctly to the commutator,
The metadyne driving motor bruu&es may be bedded to a commutator by placing round the
commtator a strip of carborundum cloth or glass paper (not emery cloth), long to overlap
by an amount at least equal to the circumferential distance between adjacent brush boxes, reugh
surface uppermost, so that when the brushes are lowered on to it and the commutater is turned,
the cloth becomes tightened. A few turns of the armature will then be sufficient to grind the brushes
to the curvature of the commutator.  After removal of the earborundum eleth the carbon dust must
be removed from the machine. This may be done by blowing out with clean dry compressed air.
Finally, the brushes should be wiped clean.

20, The metadyne carbons will be rather more difficult to bed due to the small circomferential clearance
between brush boxes, It is therefore suggested that brushes may be bedded by taking out all
metadyne carbons and bedding four at a time in the motor end. When using this latter method
care must be taken to ensure that all brushes are placed the right way round in their holders each
time.

21, When commutator and brush dimensions are such that only a small amount of carbon has to he
removed to bed a brugh, bedding can be carried out by applying a brush bedding stone—not a
commutator stoné—to the commutator with the machine running at normal and the brushes
lowered on to the commutator. A brush bedding stone is & soft stone which powders easily and
cuts the brush surface without cutting the face of the commutater. The stone should be fairly rapidly
traversed across the commutator surface during the operation. All brushes must be removed and
wiped clean after bedding.

22, A new carbon after bedding should be short enough for the brush spring to rest squarely on the top
of the brush.  If a spring rests against the side of a brush it will probably result in the brush being
trapped and held off the commutator. Should a spring become bent, reform it and then check that
it can travel over its complete range without fouling the brush box.

COMMUTATOR MAINTENANCE

23. A commutator surface should be polished, of uniform colour and free from irregularities or burning,
If the commutator is badly burnt or out of alignment a temporary clean up may be made with a
commutator stone shaped to the curvatore of the commuotator. This may involve removing one
or more brush arms. It is essential when performing this operation that the armatore is run at full
spead otherwize “ flats " or hollows will not be removed but will be accentuated.

24, Metadynes may easily be run at full speed by their driving motor and a metadyne commutator
may be stoned under no-load conditions, The metadyne driving motor may be run with two brush
‘arms removed but care must be taken to avoid accidental shock to the operator.
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25. After stoning a commutator or re-turning a commutator in a lathe, the edges of the commutator
hars are ta he carefully examined and any * fashes " or * slivers "' of removed, by cotting very
minute chamfers along the commutator bar edges with a sharp tool which does not turn up edges on
the commutator surface. A sharp penknife has been found to perform this operation satisfactorily
but a specially prepared cutting toal is preferable.

26, After machining the commutator, the micaz must be recessed to the dimensions given on the
ship's officers’ drawing. A seraping tool prepared from 2 hack-saw blade is suitable for this operation.
It 15 important when undercutting micas, to ensure that wo mica is left on the sides of the commmdator
bars flush with, or proud of, the commutator surface. Proud mica iz a well established cause of
commutator “ flatting "

LUBRICATION

27. The colours of the symbols in the lnbrication charts indicate the frequency of the lubrication each
grease nipple or oil cup should receive.  This pericd should be the minimum allowed to clapse, more
frequent attention being given as weather conditions and experience deem necessary. A grease gun
i included in the spare gear box.

A number of the lubricators for the training base assembly are remately fitted and conmected
to the varous items of gear by pipes. Care should be taken when stripping not to damage these
pipes by flattening, ete.

SHIF'S OFFICERS’ DEAWINGS

28. Hach ship will be issued with a volume B.R. 1107 containing coloured plates of general arrangement
drawings, including electrical drawings. The purpose of these drawings is not only for gnidance of
ships' afficers and depot ships in the function of the equipment, but alse to provide a certain amaount
of data, such as item numbers, for reference when ordering replacement parts, and these drawings
should always be consolted before action is taken to order such replacements.

Tlustrated “C " and * D" epares lists will be found at the back of the volume of drawings.

AUTO AMPLIFIER

29, In order to reduce deterioration the awto amplifier when not in daily use
should be energised for & few hours each day, and switched on continuously for as
long as practicable before being required for operational or exercise periods.

Where independent HT. or L.T. switching is provided the amplifier should be
energised with the H.T. of. Any valve deterioration which may arise from this :
procedure is not of sufficient importance to outweigh the advantages to be gained
in overall reliability, safer operating conditions and reduced fire risk.

This procedure should be implemented with due regard to fire risk and safety

in locked and unattended compartments ; cases of difficulty should be reported to
the Admiralty. 5
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Mating of Guns to Mountings. i T Tl

30, The two Mark 11 guns are mated to their particular mounting with the registered number
of the mounting to which they belong stencilled on the elevating are. Pairs of guns may not
be readily interchangeable, When considering replacement of the guns it should be ascertained
that the necessary facilities are available for carrying out the work which, among other things,
may involve adjustment of the elevating arc of the exchange guns or of the pinion of the
mounting.
3l. RN.A, Depots hold G.B.ODE gauge, checking, elevating arc (G.5164). Occasions may
arize when, notwithstanding that the arc of a pair of guns has been checked with this gauge,
unacceptable backlash may be encountered when the guns are fitted in a pasticular mounting.
1f this occurs adjustment of the are or of the pinion may be necessary.

(G 3426/ 54— Amendment No. 7.}
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CHAPTER 7
STRIPPING

I. The mounting should be lifted, for examination and cleaning of roller patl'ﬁ tollers and centre
pivot, in accordance with instructions given in B.R. 202,

T LIFT MOUNTING (Plale 4)
2. i} Bemove the lower ring retaining the centre pivot roller bearing.
{#) Withdraw the cage downwards, complete with rollers.
Noke : There are two diammetrically opposed 4-inch Whit. tapped holes in the cage for
fitting withdrawing screws.
When the retaining ring and roller cage have been removed they must be suitably
supported to prevent damage to the electric eables,

= nuﬁ‘sacnrmﬁ clip bol

m -ﬁf‘.‘ b-l W h* 3
Five of the rear clip bolf nuts sre situated inside the brackets supporting the
driving motors and in some cases it may be necessary to remove both mators in

order to gain access to theds nuts.

(iv) Sling the mounting by shackling four strops to the permanent lifting eves secured to the
mounting. Two of these eyes are secured to the front shield and the other two are situated
below the platform immediately abaft the layer's and trainer’s seats. The positions of these
lugs @re so arranged that the strops are centred on the crane hook so that 4 spreader
i3 ENNeCessaTy.

{1} The mounting can then be lifted sufficiently to enable examinations, etc., to be carried out.
Note: Before commencing any work underneath, the mounting must be chocked.

Care must be taken not to damage the electric cables running through the
centre pivot glands.

[1#1) Hemove

&L b

Tt REMOVE GUNS FROM MOUNTING (Plate 4)
3. 1) Engage the elevation locking bolt.

{it) Disconnect the electric leads running to the gyro sight and the loading lamp box, and remove
the clips securing the leads to the sight brackets.

(ii) Remnove and stow the gyro sight.
(fv) Unbolt and remove the sight support hrmk&ts
{v) Drain the water from the gun jackets and then disconnect the fexible water pipes.
{vs) Remove the left and right firing arms ar the trunnions.
(wit) Take out the screws securing the trunnion bearing cover plates, and remove the plates.
[wéf) Disconnect the safety firing link from the elevating arc.
(%) Unbolt and remove the trunnion bearing caps.
(x) Sling the guns, and then remove the elevation loeking balt.
{x) The guns can then be lifted from the carriage.

TRAINING GEAR

T0 REMOVE A4 TRAINING ROLLER (Plate 4)
4. (i) Hemave one section of guard plates.

{##) Train the mounting until one of the gaps in the upper roller path is over the training
roller to be withdrawn,

{iif) Remove the split pin securing the spectacle plate, nnscrew and remove the roller axis
from the live roller ring. Tﬂcm are accessible through one of the gaps in the upper roller
path and one of the holes in the vertical web of the lower hase plate.

{fv) Remove the roller,
Note : Care must be taken to ensure that the roller axis is serewed up hard to the shoulder
in the live roller ring. Failure to do this may prevent the libricating oil reaching the
inside of the roller, and may also mean that the axis is not truly radial to the live roller
ring.

45
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T DISMANTLE TRAINING DRIVING MOTOR POWER FRICTION DISC COUPLING

{f} Unbalt and remove the ammunition rack. Remove the screws and lift away the floor plate
directly above the maotor.

(6] Dizconnect the electric leads to the motor junction box and remove the conduit tubing which
protects the leads running from the junction box to the motor.

(i3] Sling the motor and then remove the four holding down bolts.
(fe) Withdraw the motor (approximately 3-inches) together with the friction dise coupling until
the coupling disengages from the power drive shaft of the main gear box,
{#) The motor together with the coupling can then be lifted away.
(6} Motor can be removed without removing friction dise coupling by unscrewing the boks
securing motor coupling fo friction coupling.

Note: When re-assembling mator and coupling, always assemble coupling on the gear box
shaft first, do not attempt to slide motor with friction coupling attached on io the
gear box shaft since the oil-seal in the coupling would be liable to damage.

To Open Out Power Friction Dise Couplivg  (Plate 5)
6. Minor repairs and adjustments to the friction disc coupling can be effected with the motor in
pasition as follows :—
(#) remove the seat and floor plate directly above the friction coupling ;
(#} drain off the oil ; And Shalespron weskew -

{iff) remove the set screw,locking the retaining nut to the coupling outer casing. Unscrew
the retaining nut and slide it alang the power drive shaft

{iv} the distance piece, controlling the friction, which is in halves can then be removed.

Notaw After re-assembly, fill with oil. ¢y The .bﬁk,rmﬂ. lockwishor  Should be rovewnd

TO DISMANTLE HAND DRIVE GEAR BOX (Plate 6)
7. [f) Dizeonnect the upper universal coupling.,

(#7) Remove six bolts securing the gear box to the distance piece. The box together with the
training handles can then be removed to the bench for stripping down,

TO STRIP DOWN HAND DRIVE GEAR BOX (Plate §)
8. (i) Drain off the oil.
(fi} Remove the screws securing the cover,
{##7) Lift off the cover together with handles, spindle, bearings and bevel gear.
{17} Remnove the spht pins and nuts securing the bevel gears,
(v} Remove the gears from their splined shafts,

Noie: When re-azsembling, the inner ball-race on the handle 5F.ndh: should be pressed
on with spindle in place and the inner cover plate put on finally.

TO DISMANTLE TRAINING MAIN GEAR BOX (Plate 5)
9. (i} Unbolt and remove the right ammuniticn rack.
i#f) Unbolt and remove the trainer's foot rest, seat and seat support bracket.
Note: The seat support bracket and mounting lifting eye are secured by the same bolts.
(##) Remove the screws and lift away all floor plates with the exception of the one supporting the
cooling water tank.
i#v) Unbolt and remove the cable guards fitted around the right cartridge chute.
(v} Remove six securing holts and lift out the right chute,
(v#] Dniscommect the electric leads from the resetter box and ehaich interlocking switch.
(v1r) Remove the resetter box.
Naote : The coincidence transmitter magslips must be removed before re-assembling this
box, and great care taken to aveid damaging the fibre gear wheels when meshing them with
the resetter driving pinion.

(vsis) Sling the training motor and remove the four holding down bolts. Also unbolt the training
motor junction box.  Withdraw the motor (together with the junction box) approximately
dnches to disengage the motor shaft and the friction coupling, from the power drive shaft,

{fx) Remove the =plit pins, and the bolts, from the coupling connecting the output and the
worm shafts,

{x}) Tap out the taper pin fecuring the coupling to the worm shaft. The half of the coupling
on the worm shaft can now be moved along to clear the spigot.

{xr} Disconnect the hand drive lower universal coupling,
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{x#5) Sling the main gear box and remove the four holding down balts.  The box can then be lifted
away from the upper base plate.

Note: The gear hox must first ba [lifted wvertically approximately $<inch to disengage the
spigot, fitted on the wnderside of the casing, from the recess in the npper hase plate.

IO STRIP MAIN GEAR ROX |Plak §)

10. For stripping purpases the gear hox may be conveniently divided into three sections. They should
be stripped in the following arder :—

To Sivip Keselier Keduclion Gear
(£} drain off the oil ;
{##) remove the resetter driving pinion ;
{it) unscrew the eleven securing belts and remove the reduction gear box cover. This cover
forms the housings for two ings supporting the reduction gearing ;
{fv} withdraw the gears complete with their shafts and bearings ;
(v) remove the split pin and nut securing the first reduction pinion. Remove the pinion,

To Strip Cenive Power Drive Section
{1} take out the securing bolts and remove the reduction gear box casing |

{v#f) remove the split pin connecting the power cluteh operating shaft to the clutch
fork. Withdraw the shaft and the fork ;

{vis) remove the roller bearing and distance piece from the power clutch shaft ;
{ix) withdraw the power clutch shaft together with the clutch, bevel wheel and spur gear ;
{x) remove the split pin and nut securing the spur pinion to the owtput shaft. Withdraw
the pinion ;
(xi) remove four bolts securing the housing for the power drive shaft bearings ;
(##i) remove the bearing housing, together with the power drive shaft, bevel pinion and

To Strip Hand Drive Section
(xi#i) remove the four bolts securing the bevel gear box |
{#ziv) remove the box complete with shaft, hearings and bevel gear
{xv) remove the split pin and nut securing the bevel pinion to the hand drive worm sheft ;
{xvi) remove the bevel pinion and distance piece ;
{xvit) remove the cover plate from the main gear box casing, exposing the waorm |
(xwidid) remove the keep plate and unserew fram the casing the end eap retaining the worm shaft ;
{wix) withdraw the worm shaft and bearing. Remove the worm |
{xx) remove the four bolts securing the bearing housing for the output shaft ;
{xx{) remove the housing complete with gland nut, bearing and oil seal ;

{xxét) remove the split pin securing the hand clutch operating shaft to the clutch fork.
Withdraw the shaft and fork.

{xxei1) the ourput shaft together with the clutch, wormwheel, friction disc coupling and inner
bearing can then be withdrawn,

Re-assembly

1. Re-assembly takes place in the reverse order to that in which the parte were removed.
{#) All gears and moving parts to be adequately lubricated.
(i) At each etape of assembly check that all parts are free moving.

(i) With coupli 334;3 and 14/GR.6571 secured, backlash at friction clutch GR. 6560 not to excesd
1%-22" -4 or -345 movement on 15-in, pointer with applied torque of 8-Ib. ft,

(fv} With resetter drive GR. 6562 secured, backlash at friction clutch G.R. 6560 not to exceed
1 49 or -475 movement on 15-in. pointer with applied torque of 1-lh. ft.

(v} With rack secured, backlash at friction clutch G.R. 6560 not to exceed 12° 42° or 3-32 move-
ment on 15-in. pointer with applied torgue of 8-1b. fi.  Backlash figores are for full right o
left deflections.

(vi) Duplex bearing should be hammered up tightly, necessary clearances being allowed for in the
bearing.

TO DISMANTLE TRAINING WORM GEAR BOX (Plates 4, 5)

12. (i) Unbolt and remove all cable guards surrounding the empty cartridge chutes,
{#) Unbelt and remave hoth cartridge chutes.
(#i) Remove the centre two front clip bolts.
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{iv) Fase the compression on the spring plunger of the safety firing gear and remove the pin
connecting the plunger to the roller guide arm,

{v) Remove the pin connecting the top of the plunger to the crank of the differential pear box,
{vi) Drain the water tank and remove the pipe connecting the tank to the pump.
{rer) Unbolt and remove the spring plungers support bracket.

{miis) Tap out the taper pin securing the coupling to the worm shaft and remove the coupling bolts.
The half of the coupling an the werm shaft can now be moved along the worm shaft to clear

the spigot.

{ix) Disconnect the grease pipes to the worm gear box and remove the holding down bolts.

{z) Remaove oil filling plug.

{xi) Lift the worm box until the dowel and training pinion are clear, and slide the box out to
the front under the safety firing gear differential box.

Nofe: Lifting holes, tapped }-inch Whitwarth, are provided in the top cover to

facilitate the removal of the worm gear box,

With main pinion 7/GR. 8552 secured, backlash at wxg‘;'iingﬁ 13 and 14/GR.
6571 not to exeeed 0° <517 or 22 movement on 13" peinter with applied
torgque of 40-1b. ft.

With rack secured, backlazh at couplings 13 and 14/GR. 6371 not to excesd
2% 18 or -6 movement on 15-in. pointer with ;ﬂfﬁea torque of 40-1b. ft.
Backlash figures are for full right deflection to left deflection.

TO STRIP WROM GEAR BOX (Plate &)
3. (i) Drain of the oil
(i) Remove the keep plate and unserew the end cap from the worm casing.
(%) Remove the split pin and nut retaining the worm shaft.
{iv) Withdraw the sleeve and two worm shaft bearings.
Note : A strongback is provided for this.
(v) Remove the keep plate and unscrew the worm shaft gland nut.

{vi) Withdraw the training worm and shaft (by unscrewing it from the wormwheel) together
with the roller hearing which is secured to the shaft by a lock nut,

{147} Unbalt and remove the top cover exposing the wormwheel.
{viif] Remove the split pin and nut retaining the wormwheel.
{#x) Remwowe the top pinion shaft raller bearing.

(x) Withdraw the wormwhesl.
Note; A strongback is provided for this.
{#) Withdraw the pinion and shaft,
(xi7) Remove the keep plate and unscrew the castellated bush retaining the lower pinion shaft
bearings.
(xii4) The hearings, with distance pieces and oil seal can then be removed.

Re-assembly

14. Re-assembly takes place in the reverse order to that in which the parts were removed.
{f) All gears and moving parts to be adequately lubricated.
(i) At each stage of assembly check that all parts are free moving,

(i) Duplex bearings should be hammered up tightly, necessary clearances being allowed for in
the bearing.

ELEVATING GEAR

15. When dismantling any part of the elevating gear, always first engage the elevating locking bolt.
16. The instructions for dismantling the elevating driving motar and power friction dise coupling,
and for stripping the elevating gear boxes are similar to 1 given for the training gear.

TO DISMANTLE HAND DRIVE GEAR BOX (Plate¥)
17, (i) Dizconnect the upper nniversal conpling.
{#} Remowve six bolts securing the gear box ta the elevating worm box,
(%) The gearbox, together with the elevating handles, can then be removed to the bench for
stripping down,

T} DISMANTLE ELEVATING WORM GEAR BOX  (Plate 7)
18. (i) Remove the hand bevel gear box as abowve.
(i) Remove the guard from the coupling connecting the worm shaft to the output shaft of
the mdin gear“box, * ks i
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(§#7) Tap out the taper pin securing the coupling to the worm shaft and remove the coupling bolts.
The half of the coupling on the worm shaft can now e moved along the worm shaft to clear
the spigot.
{iv) First taking care to sling the box, remove six bolis securing the box to the carriage. The box
together with the elevating pinion, can then be withdrawn and hfted away.
Note. When replacing the worm gear box, ensure that the elevating receiver drive
it pinions are in the closed position before they are meshed with the
vating pinion. .
With main pinion T/GR. 6532 secured, backlash at couplings 13 and 14/GR. 6571

not to exceed 0° +517 or +22 movement on 15-in, pointer with applied torque
of 40-1b. ft.

With rack secured, backlash at coupling 13 and 14/GR. 6571 not to exceed
2 18’ ar -6 movement on 15«in. pointer with applied torque of 40.1b. it
Backlash figures are for full right deflection to full lefr deflection.

T0 DISMANTLE ELEVATING MAIN GEAR BOX
19, (i) Remove the left ammunition rack.
{f{) Unbolt and remove the layer's seat snd support bracket.
Neote The seat support bracket and the mounting lifting eye are secured by the same bolts.
{i#) Remove the serews and lift away all the floor plates excepting the two directly above the
circulating water non-return valve, and the pump motor.
(iv) Remove the joystick assembly as described in para. 26.
{#) Disconnect the wpper and jpwer universal couplings and remove the hand drive shaft.
() Disconnect the electric cables to the resetter bax and clutch interlocking switch.
{vi7) Withdraw the elevating motor as deseribed for the training motor in para. 5 to disengage the
mator shaft and friction coupling from the power drive shaft.
(iif) Sling the gear box and remove the four securing bolts. The box can then be lifted out from
the mounting.

FIRING GEAR

T0 DISMANTLE POWER FIRING CLUTCH (Plafe 9, Diagram B
20. () Disconnect the electric leads to the firing motor.
(i) Unbalt and lift the motor to disengage the mulff coupling. Remove the motor,
{##) Remove the pin from the link connecting the power firing clutch lever to the solenoid,
(is) Unscrew the belts securing the power firing clutch and withdraw the clutch by sliding it
apart from the coupling on the differential box.

T0 STRIP POWER FIRING CLUTCH (Plate 5)
21. (i) Drain off the oil.

(i) Remove the split pin and nut securing the coupling dise to the clutch shaft.

(iff) Remove the coupling disc and distance plece,

{iv) Unbolt the end plate and remove this together with the ball bearing and oil seal.

{v) Remove the clutch aperating shaft end cover plate

{vi) Unpin and remove the clutch operating lever.

([] mnve the grub screw connecting the clutch operating shaft to the clutch operating

(viti) Remove the taper pin and the collar which retains the operating shait.
{ix) Withdrawn the operating shaft.
{x) Withdraw the clutch shaft and the holding clutch assembly.
{#f) Unpin and remove the muff coupling from the worm shait.
(zif) Remove the two plates covering the worm chaft bearings.
(w##) Withdraw the worm, shaft and bearings.
(wiv) Remove the wormwheel cover plate,
(sv) Withdraw the wormwheel, running shaft and bearings,

Re-assembly
29, Re-assembly takes place in the reverse order to that in which the parts were removed.
(i1 At each stage of assembly check that all parts are free moving.
R IR PP P T R R ST R O F
Nuote : When reassembling the power firing clutch, care should be taken to ensurc that the varions
couplings, etc., are mounted on their splines in the correct angular relationships as shown
at the battom of Plates 21 and 22 of B.R. 1107,
{Amendment No. 12.)

e - — = #---__-_--_--iilll
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TO DISMANTLE DIFFERENTIAL BOX (Diagraws 6, Plate §)

23. (f) Remove the power firing clutch as described above,

(f7) Disconnect the return spring and remove the pin from the lever connecting the
intermediate firing shaft to the firing pedal.

{##%] Unbolt the bracket supporting the foot rest, and withdraw this, together with the short shaft
that will disconnect it from the intermediate firing shaft.

(iv) Remove the link connecting the firing shaft and intermediate firing shaft.

{v]) Remove the pins from the levers connecting the firing shaft to the spring coupling rods.

(vi) Unbolt the two brackets supporting the firing shaft. Remove the brackets and shaft.
{ei7} Disconnect the elevation component rod and spring plunger rad from their respective levers,
(w47} Unbolt and remove the differential box,

I'o0 STRIP DIFFERENTIAL BOX (Diagram 6, Plate )
24. (1) Drain off the oil.
(it) Remove the top and front caver plates,

{r#1) Unscrew the set belt securing the coupling to the intermediate firing shaft and remove

the coupling. HRemove the set screw securing the lever to the fixed clutch member,
Remove the lever.

{7v) Remove the intermediate firing shaft end covers. These form the bearings for the shaft,
(v} Withdraw the shaft and clutch spring to the right. Remove the safety firing clutch,
it} Disconmect the two external oil pipes from the oil feed box,
(v} Disconnect the oil pipes and remove the feed box,
Note ; Care must be taken not to damage the oil pipes,
{##is) Remawve the lever from the training component quadrant shafi.
{ix) Unscrew the set bolt zecuring the training component quadrant to iis shaft,
{x) Withdraw the shaft and then remove the quadrant.
{rf) Remove the set bolt securing the lever to the slevation component quadrant shaft,
{xi) Withdraw the elevation component quadrant together with the shaft.
(i) Disconnect the supply pipe from the oil pump,
{x1w) Unbolt and remove the pump cover plate.
Note : The oil pump is bolted to the cover.
{av) Unscrew and remove the two dowels, locating the differential support bracket, from the
underside of the casing.
{+d) Remove the four bolts sacuring the differential support bracket,
{rori) Withdraw the bracket, differential gear, clutch operating cam and shaft.

(xrits) The remaining clutch operating gear can then be removed.

Re-assembly
25. Re-ussembly takes place in the reverse order to that in which the parts were removed.
(1) At each stage of assembly check that all parts are free moving. .

(i) The clutch operating spring should be adjusted with the least compression possible to
engage the chatch.

(47} The quadrants and cam should be fitted on their respective shafts with engraved lines vertical
when levers are horizantal, as indicated by the engraved linez on the levers and bearings.

JOYSTICK

To DISMANTLE JOYSTICK ASSEMBLY (Plat 17)
26. (#) Remove the covers from both contrallers,
(#7) Discomnect the cables to each contreller.
{1#i) Slacken back the glands and pull out the cables.
{ir) Replace the covers and plug up the cable glands.
(v} Remove the seat and its support bracket,
(vi) Remove the screws and lift away the floor plates,
[vfi} Remove the elevation controller as described helow.
Nofe : This is necessary hecanse of the proximity of overhead electric cables.
{wit) Remove the eight bolts securing the joyetick platform to the support brackets,
l#x) The joystick assembly can then be lifted away.
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TO STRIFP JOYSTICK (Plate 11)
27. (i) Withdraw the two pins which secure the joystick bandle with the firing switch box.

{#5) Withdraw the other handle and shaft complete,

{##f) Remove the split pin and nut which secures the top swivel coupling to the lever.

(1) Remove the lever from the swivel.

(v} Disconnect the elevating rod from the elevation toothed guadrant by removing the nut
at the bottom of the rod.

(m)] Remove tha bolts which secure the elevation contreller supporting bracket to the underside
of the platform. The elevation controller and its supporting bracket can now be removed
downwards 5o as to free the swivel coupling from its pivot on the end of the rod.

(i) Withdraw the elevating rod upwards.
{viif) Bemowve the bolts which secure the bracket supporting the training controller to the
underside of the platform.

{ix) This bracket, complete with controller, can now be moved clear of the training toothed
quadrant and taken away.

(#) Unbolt the bracket supporting the training centring gear.

{xf) Remove the retaining nut and the two set bolts securing the training toothed quadrant to the
lower end of the training tube,

{##f) Remove the training quadrant together with the centring gear.

{#i#i) Unbolt and remove the joystick column from the pedestal.

He-assembiy
28. Re-assembly takes place in the reverse order to that in which the parts were removed.
(1) All moving parts are to be adequately lubricated.
{#) At each stage of assembly check that all parts are free moving.
(i) When re-assembling the controllers, the pinions must be correctly meshed with the toothed
sectors. Reference marks are stamped on both the pinions and sectors and when these marks
are in alipnment the testh are correctly meshed.

COOLING SYSTEM (Flaie 14)

To REMOVE PUMP IMPELLER
29, (i) Remove the pump casing and the bearing cover plate at the commutator end of the
pump motor. ;
(i) Haold the motor shaft by the flats provided at the commutator end, and unscrew the impeller
by inserting a square bar in the square recess provided.

TO0 REMOVE GLAND ASSEMBLY
30. (i} The spring, former, rubber washer and carbon ring will probably all come away with
the impeller, but the bronze sealing ring will probakly remain in the pomp cover.
(%) If it is desired to remove the sealing ring, remove the two countersunk head screws and
withdraw the pump cover. The bronze scaling ring can now be tapped oit from the motor
side of the cover.

T0 RENEW ITEMS OF GLAND ASSEMELY
31. (i) ¥ the carbon ring and the bronze sealing rings are found to be ribbed, it is essential that the
contacting surfaces should be machined smooth, and lapped together before re-assembly.

(#1) To fit a new sealing ring first ensure that the housing is clean. Smear the back and periphery
of the ring with jointing compound (' stag " compound or similar), and then tap the ring
into position in the pump cover, taking care not to tap on the lapped surface.

{féf) A new carbon ring can easily be fitted merely by straightforward replacement, but care should
be taken to ensure that the slot in the ring engages the driving pin in the impeller hoss.

(it} A new rubber washer may be fitted after remaving the driving pin, care being taken to replace
the driving pin. [If difficulty is experienced in fitting the washer over the impeller boss, it
may be stretched as necessary by pulling it over a cone of wood, French chalk or petrol will

assist fitting of washer.

Re-assembly

32. {i) A=semble the impeller, gland assembly and pump cover as a complete item. Ensure the slot
in the carbon ring is engaging the driving pin, and then compress the impeller spring and
pump cover as far as possible,

{#i) Bind a piece of thin cord around the impeller, paseing the ends through the stud haoles in
the pump cover so that the gland ly is held in its normal pesition, and the carbon
ring is unahle to disengage from the driving pin.

{50 3183 ®
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(i) Serew the impeller on to the motor spindle, turning the pump cover with it, until, when the
pump cover is nearly butting on the flange, cut the cord and withdraw it entirely. Insert
and tighten the two countersunk head screws securing the pump cover,

(i) Finally, tighten the impeller and replace the pump casing, with a thin paper joint between the
flanges of the pump cover and casing.

JOYSTICK CONTROLLERS (Ships Officers Drawings Nos. 68 and 69)

REPLACEMENT OF INNER AND QUTER MOVING CONTACTS
33. Remove the insulating barrier (item 13} by removing the one OBA fixing screw. Both sets of

4BA fixing screws for items 15 and 16 are now accessible.  When adjusting a new set of contacts the
pressure should be 4% to 44 cunces,

REPLACEMENT OF A UXILIARY CONTRQL RESISTANCES

34, Remove all connections to the faulty unit, slacken the 2BA locknuts at the base casting end of
the resistance unit support rods (item 28) and remove the unit by lowering the vertically slotted end
and sliding out 1o the left when looking at the base casting end of the controller. Replace the new
unit by reversing the above procedure.

REPLACEMENT OF MAIN CONTROL RESISTANCES

35, Half of the main control resistances are accessible immediately the protective cover (item 3}
iz removed. Access to the remaining unite can be obtained by either of the following methods (—
{§) remove the resistance slab fixing screws and the fixing bracket (item 33) and shde the
resistance slab up until it can be turned over, thus exposing the units ;
{#) slacken the two OBA locknuts and the two OBA ﬁ]d{:? screws Which hold the main slab in
position. Slacken the resistance slab fixing screws.  With a tommy bar unscrew the 4 main
support posts (items 20, 21 and 22). Now, providing the two connections to the capaciter
have been removed the whole electrical unit may be removed from the baseplate and any
repairs, electrical or mechanical, may be carried out with the maximum of accessibility.

REPLACEMENT OF BALL RACES AND (ML SEAL
36. Proceed as detailed for the second method of replacing the main control resistances and then
proceed as follows

To remove the front ball race remove the moving bearing support arm [(item 12) and the front
bearing cover (item 18) and extract the front ball race.

To extract the rear bell race first remove the centre location device and then remove the rear
bearing cover (item 38) and extract the ball race. '

Nute ; Before fitting a new ball race first remove all the existing oil. Lubricate the new

bearing with OM.35 oil.

To remove the oil seal remove the oil seal cover and extract the seal.

REPLACEMENT OF QUICK-BREAK SWITCH

7. If it i5 only necessary to replage the switch contacts, access to these is gained immediately the
pratective cover (item 3) has been removed,  Should it be neces to replace the quick-break switch
complete, first proceed as detailed for the second method of replacing the main control resistance,
Access is then gained to both front and back of the main slab.

THE METADYNE SET

METADYNE SET FOR BRITISH EQUIPMENT
38, In the event of any major repairs being necessary involving the withdrawl of armatures, the
following procedure should be adopted.

The machines must first be separated at the spigotted joint as shown on the * ship's officers "
drawings.

To Rewwve Metadyne Diiving Motor drmature

30. Remove the shaft end cover at the commutator end, remove the nuts and bolts securing the outer
bearing caps and lift the brushes clear of the commutator. The machine should then be stood
vertically on end and the armature lifted out by means of the housing, at the same time the housing
should be forced away from the yoke by means of forcing off screws in the tapped holes provided.
When the housing 15 free, steady the armature against oscillation to avoid damage to the
commutatar.

To Remouve Metadyne Armature

40. Take off the outer I:-aa.ringa:l&p at the non-driving end, disconnect the field to brushgear leads
of the driving end metadyne lift all brushes clear of the commutater. The machine should
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then be stood vertically with the driving end uppermost and after removing the housing bolts the
armature should be lifted out by means of the housing, the latter being forced away from the yoke
using " forcing off ¥ screws in the tapped holes provided, When the housing is free, steady the
armature against oscillation to avoid damage to the commurtators.

When remaking spigot joints, smear the steel faces with " luting " compound. The * huting ™
should be just thin enough for brush application. Thinning can be carried out with castor oil or
white spirit.

METADYNE SET FOR CANADIAN EQUIPMENTS

41. As will be seen from the  ship's officers' " drawing the most convenient way of withdrawing the
armature is to remeve the fan cover, the fan hub and key, together with the bearing nut and lubricator
fmmthenﬁtﬁﬂntand:ﬂzmﬂurbmshgeulmd&shmldbgdimnmtd the et then stood
on end, if at F:ﬁihle, with the motor end uppermost. After removing the housing bolts the
armature may be lifted by means of a nut screwed on to the shaft end ; at the same fime the motor
end housing should be forced from the yoke using forcing off screws in the tapped holes provided.

(50 2183) x2







APPENDIX I
SPECIAL TOOLS (Diagram 20)

T FIT ITEMS
INDEX NO.
e (DRG. AND ITEM ¥08.)

1 Strongback for withdrawing wormwheels, elevating and training | 1/GR.6552
worm gear boxes.

2 Spanner to fit end cap, elevating and training worm gear boxes, | 2/GR.6533
and locknut and collar, hand friction clutch. 8 & 10/GR.6566

3 Spanner for cap, elevating and training hand gear box, and cover, | 5/GR.6558
elevating and trainjn“ﬁmﬂ gear box. 9/GR.6571

4 Spanner for retaining nut, motor pinion bearing, glands, elevating | 1/GR.6580
and training worm gear boxes and for cover, elevating limit 1/GR.6559
switch operating gear. 3/GR.6a53

5 Spanner for retaining ring, elevating and training worm gear | 4/GR.6552
IKIxIES.

L] Spanner for cover, elevating and training main gear boxes, 1/GR.6571
7 Spanner, single ended 1-0-in. B.5F. for general use.

B Pin spanner to fit plag for cover and retaining nut, elevating and | 12/GR.6555
training main gear boxes, T{GR.6562

9 Strongback for withdrawing warmwheel power firing clutch. 11/GR.6T00
10 Strongback for withdrawing worm shaft bearing sleeve, elevating | 12/GR.6552
and training main gear box.
11 Box spanner 1-0-in. B.5.F. for nuts securing depression stop. 18/GR.6570
12 Double ended BS.F. spanner for general use -25-in.—-3123-in.
13 Double ended B.S.F. spanner for general use -3125-in.—-375-in.
4 Double ended B.S.F. spanner for general use -375-in.—-5-in.
15 Double ended B.S.F. spanner for general use *5-im.—-f25-in.

16 | Double ended B.S.F. spanner for general use -625-in.—75-in.
17 Double ended B.S.F. spanner for general use +75-in.—-875-in.
18 Double ended B.S.F. spanner for general use -B75-in.—|-04n.

19 Key dor water pump inmipeller, 26/GR.0582
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FAULT FINDING TABLE

small arc (& to 10 min.)
with director statienary o
when following the direc-
tor follows wvery jerkily.

retardation setting.
(d) K]ﬂuh between  fine co-

incidence transmitter magship
and motor.

FAULT POSSIELE SOURCES OF TROUBLE PROCEDURE
. METADYNE RuwwinG lamp | {8} Test awitch on amplifier not to | Check.
burming but Power On Ruw.
lamp et burning and | (i) Control comtactor coil fuses | Rewire
monnting ineperative blown. I
when On push button is | (6] Clatch lever in Hawp position. | Check.
pressed. fiu} Central contacter overload | If contactor closes and immediately
operating due to overload on openis when Ox push is operated
dead side of contactar. search for short cirewit,
A C.ON lampnot burming, | (1) Amplhfier not switched on, Check,
(7] Amp]iﬁu test switch ot to | Check,
(irt) [ndn:atmﬁ lamp fuses blown or | Replace fuse AP, 6848 or lamp.
faiture of lamp,
i) Mo H.F, supply st running, heck,
. Power O lamp burng out | () Amplifier not switched on. Check.
mounting inoperative.
{if} Fault on amplifier. Carry out amplifier tests,
{##d] Motor field civcuit broken,
{#a} Omtput relay eireait breken,
., Mounting hunts over a | () Too moch fine sensitivity or fine | Decrense as necessary,

Examine resetter box and drive and
rectify, or, as a TeMparary measure,
reduce fine sensitivity and adjust
fine pre-retardation to give
running.

. Mounting follows director
bt with abnormal lag,

(4] Mechanical stifiness in drive
from motor to mounting (for
CRALTY brake incorrectly ad-
justed).

(#) Amplifier sticking on coarse
comirol.

(i1} Amplifier sensitivity low.

{iv) Weak signal from coincidence
transmitter,

(v} Limit switch jummed, or fanlt in
limit switch wiring cacsing auxi-
liary vartator to be continuously
energised and limit relay to be
de-energized.

Move director very slowly and note
armature current meter on amplifier.
If the reading is more than about
12 amps. mechanical stifiness is
indicated (assuming wmotor field
current is normal).

Mote if red or green lamp i3 illuminated

amplifier. If red, carry out

aj ate amplifier teste. If tests

prove amplifier correct, then mag-
slips are incorrectly aligned,

Test amplifier.

With ne power on mounting aperats
ditector and meazure maximum
volts across SX-5Y terminals of
amplifier. This sheuld be betwaen
28 and 32 Volts. If much less replace
coincidence transmitter.

Operate push button and check correct
functioning of limit relay. Offset
director and switeh power on, Mount-
ing should run imte line at about
257%sec. If it runs in much slower
then anxiliary variator may be
energised.
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FAULT POSSIBLE SOURGES OF TROUBLE PROCEDURE
6. Mounting rung round to | [f) Amplifier failore. Run through amplifier tests and repair
Bto a.\‘tion;h director is o re-adjust as necessary. and
set between the stope. rectify.
i) Coarse magslip connectionseither| See™ Lining-up ", Chapter 5, para. 117.
X and ¥ crossed, SX and 5Y Check and rectify.
crossed or 1, 2, 3 stator con-
nections meorrect.
{i#f} Phase change in 1100 cycle | Check.
supply.
|
7. When mounting runs in | (i) Coarse pre-retardation setting | (f) Increase pre-retardation to correct
from large misalignment it incorrect. H aver-sheot or reduce pre-retardation
vither over-shonts ot E'j Spspeer coume pre- webevdatin | to correct hesitation.
hesitates before Ening up. Co-pi o MR :
(i) Check brp madsofine  intsivigurl
A+ welrige aoves eifevil,

| asiem, %
* If adjusting the pre-retardation has no effect on the fault, the coarse pre-retardation capacitors
should be tested by the following method :— i g

Make up a test lead with a length of 2 core calble, connectin %n-l'?K, walt resistor in ona
lead and an insulated crocodile clip on the end of each lead, ove %he amplifier from its
case and connect one end of the lead across ome of the phase advance capacitors and the other
end to the 200V, 1,100 evele supply on the terminal grid.  'With an avometer, read the voltage
across the capacitor. A short circuited capacitor will give no reading and an gpen cirowd
capacitor a 200V reading. If an intermediate reading is obtained the capacity in microfarads

(-
of the condenser is given by —y—, where V is the voltmeter reading, When arriving at this

figure, the tolerances of the capacitor (-20-25 %), the resistor (£1, 2 or 3%) and mains volt
and frequency (4-5%) should be ukeL into amgzmt." \ ) Sk
|G, 4041155 —Amendment No. 8.)
-

s ati Gl . pasaring i
Sapaciion— oliagn across plRM—
8. With director stationary | {f) Coarse zero point out of coin- Observe amplifier pilot lam If they

cidence with are repeatedly changing from red to
green cut out the eearse control by
withdrawing chassis at the instant,

red is “'“"E;Tf to green and remove
the coarse- relay valve or J:ﬁc
£

mounting mmtz £ or &
dearees.

£ ZeTh point.

pilot relay open. ace

and put power on again. Tf hunting
stope and the mounting lines up then
coarse coineidence t is oub of

adjustment. Test amplifier balance,
If correct then coarse magslips must
be out of adjustment. Reler to
* Lining up " Chapter 5, para. 117

{#) Fine coincidence point out of
adjnstment.

p rotor connéctions,

{#i¢) Fine magsli
XY aflﬁ, 5Y reversed.

{#) Fine magslip stator connections
reversed.

I, after removing the relay valve or
wedging open the pilot relay as
above, the hmtinﬁ:b:nps but the

op  [several

inters do mnot
g%rnsnutjthe fine magslips require
e gnmg Refer to *' Lining up "',
Chapter 5, para. 117,

Cut out the coarse control as above.
Ii hunting stops bat pointers line
up 20 degrees out; connections
incorrect, Refer to " Lining up™,
Chapter 5, para. 117, and correct
conmections.

Cut out the coarse control as above.
mate director and note direction

of movement of mounting, Refer to

* Lining up ", Chapter 5, para. 117,
and correct connections if

NELLEEATY.

(50 3153
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SCHEDULE OF TESTS
(G642 — British Manufacture. G.643 — Canadian Manufacture)

AUTO OPERATION OF 40 mm. BOFORS TWIN R.P. 50 MARK 5 MOUNTINGS

PERFORMANCE OF AUTO OPERATION SYSTEM
1. The monnting shall follow the auto transmissions so that the misalipnment between the power transmitterz

and the motors driving the various metions of the mounting shall not exceed 3' of arc (except as may be
atherwise stated] under any of the following conditions —

2, Training

(&) At all speeds of tranamission in the range from 4°-8%min. up to 20°%ec. and 4' (6° for Canadian mountings)
of arc up to a speed of 30 sec.

(&) With an acceleration or deceleration up to 15%/kec®.

(e} Under conditions of harmonic roll of amplitede 4+ 30° in 8 seconds period (Maximim  velocity
20-9°/sec, and acceleration of 14-6%/scc.?) except that & maximum misakgnment of & will be accepted
momentarily at the end of roll,

8. Elevation.

(a) At all speeds of transmission in the range from 4-8%/min. up to 20%fsec. and 4" (& for Canadian
mondings) of arc up to a speed of 25%/zec. (30%/sec. for Canadian mountings).

(&} With an acceleration or deceleration up to 15°(sec.

(g} Under conditions of harmonic roll of amplitede £ 30° in 8 seconds (maximom velocity 20-8° fsec,
ali}d“u?ehimé;{m of 146" /3ec.) except that & maximum misalignment of & will be accepted momentarily at
the of roll.

4. The motors driving the mounting shall line up with the director when the latter is stationary, within
< 1" of arc both in training and elevating under all conditions.

5. The motion of the mounting when anto operated from the director shall be free from jerk and oscillation
under the conditions laid down in section 1 of this clavse.

Tt shall also be free from oscillation about the alignment position and th® overshoot when coming into
line shall be reduced to a minimam, the i ant consideration being that the mounting shall line up with
the transmission in the shortest possible time. In this connection the mounting should normally ]me up
after one overshoot in one direction only (affer fwro overshoots for Canadian moundings).

GENERAL

6. Each mounting is to be tested for performance in auto and jovstick operation before despatch from the
contractor's works.

7. Except where fandamental changes in design have been made which necessitate the first equipments being
tested as a whole before despatch, the metadyne generators, amplifiers, cte., may be despatched direct to the
Shi in advance of the mounting

n such cases the mounting is to he tested with standard metadyne generating sets and amplifier which
should be made available for this parpose.
8. Those portions of the equipment which are to be delivered in advance of the mounting {ses para. 4 above)
are to be subjected to the standard electrical tests before despatch and also such tests for individual items of
equipment as are called for from time to time.
8. When the mounting is ready for test, the inspecting officers shall satisfy themselves that the misaligniment
meters are reading correctly by checking them against movement of the El.l'l:l!l.l'llj' director (sz¢ below) as read
on the training and elevating dials of this instroment, power to the mounting being switched off and the
mounting remaining stationary during this test, The amplifier settings for sensitivity and pre-retardation
and the amount of armature current for 6 min, mizalignment shall be recorded on the test shests before
commencing the trials and shall not be altered thereafter, Voltmeter and ammeter readings of the motors
driving the metadyne sets and of the metadyne generators are to be medasured and recorded on the test sheets
for each test as may be applicable,

TEST RIG [Dusay [MRECTOR)

10. In order to ascertain the overall performance of the control system when testing the complete equl;mmt
a dummy director capable of simulating the motions prodiuced by an actual director shall be used

SCHEDULE OF TESTS AT MANUFACTURERS

The gun shall be on a level base for the purpose of these tests unless tests on a sloping platform are
specifically ealled for by the Admiralty.

Copies of the results of these teats are to be forwarded through the Gun Mounting Overseer as follows :—

Original — Te C.0. of Ship or Establishment in which the mounting will be installed.

Bapies — To Sa:retarg of the Admiralty, " G* Branch, Bath (Two will be retained by D.N.O,

and one by DEE,)
63
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1 copy — To the Electrical Sub-Contractor who manufectures the main eleetrical components of the
particular mounting,

1copy — Retained by the G.M.O. for record.

1 copy — Hetained by the A RE.E. for record.

lespy — To be paesed by the A RE.E. to the outside erection stafi of the electrical Sub-Contractor

responsible for the installation, festing of the particular mounting at the ship or
establishment concerned.

The original should be typed on paper of good quality and bound in a snitable folder to preserve it againet
wear and tear.

TEST NO. 1—BACKLASH TEST
Backlash
between the driving motors and the mounting ; and
between the mounting and the black pointers of the director receivers,
is to be measured and recorded for both training and elevating motions for varieus angular positions of the
training and elevating racks.
The tests are to be mrried out to the satisfaction of the Ingpecting Officers.

TEST NO. 2—TEST OF LIMIT SWITCH AND BRAKING ARRANGEMENTS
Attempt to run into all stops {training and elevating) ander power drive, both audo and joystick at all speeds

up to maximum mounting speed.  Impact on the stops and braking effect on the meunting due to the action
of the limit switches to be observed im each case,

TEST NO. 3—0OPERATION OF MAGNETIC BRAKES

“ Stop ' push to be d whilst the mounting is running at maximum speed.  The mounting should
e arrested withouwt u:hcfpl.:-eﬁ:]gock and the pressure of the brakes shall be such as to held the mounting
effectively.

TEST NO. 4—CONSTANT SPEED TEST
Train right and elevate simultanecusly at constant rates of i—
(@) between 47 and 8°fmin.—actual speed to be recorded on the test sheet ;
(B} 5%sec., 10°%fsec., 15°fsec., *20%fsec, (clevation only}—25fsec. (training only) and maximuam
specificd speeds,
prat training left and &prussiu%.u
Mizalignment to be recorded and shall conform with the requirements of para. 1 of this schedule,

TEST NO. 5—HARMONIC ROLL TEST

Train and elevate simultaneously under simple harmonic motion al amplitude of 4 30° and periodic time
of Bsec. for both motions.  Misalignment at mid point and end of roll to be recorded and shall conform with
the requirements of para. 1 of this schedunle,

TEST NO. 6—ALIGNMENT FROM INITIAL DISPLACEMENT

Offzet dummy director to right training to angular values of 10°, 2°, 15° and 80 and switch in the system.
Repeat with mounting offset to left training, elevation and depression. Error in final misalignment te be
recarded and shall conform with the requirements of para. 4 of this schedule. The extent of the overshoot,
the number of oscillations before final alignment and the total time to come into stable alignment under each
test shall also be recorded.

Note : The following data shonld be recorded during tests 4, 5and 6 above,
{a) voltages, currents and speed of the motor driving the metadyne set |
(¥ metadyne armalure current . woltages.

TEST NO. 7—0VERALL SENSITIVITY TEST

With mounting stationary at zero traiming, train director (a) right, (B} left very slowdy. Recornd displace-
ment of director in minutes of arc which just cavses moonting to move.

Repeat test for elevation motion {elevating and depressing) at 45° of gun elevation,

TEST MO. 3—ACCELERATION TEST

{a) For the first mounting of a type or when specifically called for bly the Admiralty the time to accelerate
to maximum specified velocity in elevation and training, simultaneously and separately and also the number
of degrees taken to reach maximum specificd speed under these conditions should be recorded.

This test should be carried out as follows :— few

Obtain values of the dommy director transmission sgeds for training and elevating in each direction
#t which the mounting lag gradually inereases, e, speeds slightly above the maximum Tllmﬂlﬂ%:rﬂﬂi-
With the appropriate speed setting for the motion under test and the director and mounting hned ep,
switch on power and then switch on the dummy director.

(% Oscillograms of training and elevation driving motor voltage and current or a photographic record of
training and elevation receivers aﬁu\m a fime base taken with a cine-camera ronning at 32 or 64 frames fsec.
shonld be taken, Copies should be included in the test veport. )

From the information thus obtained, velocity time curves should be plotted from 07fsec. to the balancing
speed of the monnting,

* Appliss to British mountings only.
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{c) The time taken for the mounting to traverse from rest through arcs of 807 and 120° in training and
40° and 70° in elevation, should be recorded.

This test is required for all mountings and should be taken by off-setting the dummy director by @
sufficiently large angle to prevent retardation commencing and switching in the system. (The elevation
motion must be off-set beyond the mounting stops in this case.)  These times should be taken with the motions
operating separately,

TEST NO. 9—0PERATION OF SECTOR CONTROL

The maximum constant speed of the mounting in training (right and leit) when in scotor control is to be
determined. This shall be done by recording the time taken by the mounting to train from rest through arcs
of {a) 60°, and (B} 120,

TEST KO, 10—]JOYSTICK OPERATION

This is to be tested to the satisfaction of the Admiralty Inspecting Officers. It should be capable of
BRI e e e i Pl b T et e Tt e T peen A BN EREER
B imeacinated et S aposds in Tradlog ek elevaticir will s,
Trninch:xg, 35" fsec. maximum, 33°{sec. minimum. i
Elevation, 28°fsec. maximem, 261°/zec. minimum, an*
{33 to B1§°/sec. for Canadian mountings).

i N (G. 3941)57 —Amendment No. 9.)
TEST KO. 11—HAND EFFORTS

Huré:l efforts. training tight and left, to be recorded at intervals of 30° and elevating and depressing
every 15%
TEST NO. 12—The rendering device should be adjusted both in elevating and training maotions
to render in eithmdirmﬁnnwithatorq&niﬂlh. ft. nsing clutch setting gear shown on drawing

.0, B8RS Diagram applied at the motor coupling.

i s - : (G. 161/57 —Amendment No. 9)
TEST NO. 13—FIRING GEAR

With firing moter running, operate joystick trigger to ensure correct functioning of firing gear,
Test to be carried out to the satisfaction of the Inspecting Officer.

Firing motor voltage and amps. under load and no load conditions to be recorded.

Foot pedal effort to be recorded.

TEST NO. H—SAFETY FIRING GEAR

2 \:’:'tih firing gear in fired position, both power and pedal, correct functioning of safety firing gear 0 be
C s
Test to be carried out to satisfaction of the Inspecting Cifficer.

'Ihil:nﬂlashm tlusgﬁn‘.rls not to exceed 2° in elevation,
TEST NO. 15—CLUTCH INTERLOCK SWITCHES

_ With clevating and training Hand/Power clutches et to Hawp positions ensore thet catch interlock
switches operate, i.0,, that power cannot be applied to either motion,

TEST NO. 16—WATER CIRCULATING S¥YSTEM
Ta be to the satisfaction of the Inspecting Officer. Voltage and amps, under load to be recorded,

TEST KO. 17—SIGHTS TO BE LINED UP TO DIAGRAM G.R, 8890

TEST OM ROLLING PLATFORM. If desired by the Admiralty, tests will be called for with the
mounting on a rolling platiorm.  Details of the tests required will be forwarded should this be required.

OSCILLOGRAPHIC RECORDS For the first mounting of a type or when specifically called for by the
Admiralty cscillographic records shall be taken of (&) voltages and carrents of metadyne set driving motar,
{b] gun driving motor carrents and voltages, (¢} misalignment (where applicable) for teste 2, 5, Gand 10.  For
tests 2 amd 10 the oscillograms shall be obtained with the elevating and training motions heing tested
separately and for tests 5 and & simultanecusly.

Noes

Test 2. Oscillgrams of gun driving motor currents and voltages for maximum speeds, tight
training and elevating only are required. Oscillograms are to show meunting coming off the stops.

Test 6. Oscillograms to be taken when running in from B0° misalignment, right training and
elevation only.

TesT 10. Maximum braking information is also to be obtained by throwing the joystick controllers
in the teverse direction, once maximuom zpeed has been attained to stud 20, the point on which the
external resigtances in the main and auxiliary variator ciresits are zero,
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RESTRICTED

40 mm. Twin R.P. 50 Mk. 5 Mtg.
Mtg. Reg. No.

Report of tests at Maker's Works before delivery.
In aceordance with Admiralty Schedule of Tests, G. 842 (or G. 843 lor Canedian Mountings).

Admiralty Contract No.

Ship or Service,

Manutacturer.
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ADDENDUM TO SHOP TRIAL REPORT

40 mm. Twin R.P. 50 Mk. 5 Mtg.

Aute Operation History Sheet

| MANER'S MAKER'S
TDESCRIFTION MANUFACTURED BY MARK X0, | DRAWING SERIAL

HUMBEE HUMBER

Gun Training Motor

Gun Elewiting Motor ...

Elev. Resetter Box sk sa as

Trg. Joystick Contreller ...

Elev. Joystick Controller... .. ..

Trg. Clutch Intetlock ... o i

Elev. Clutch Interlock ... -

Trg. Limit Switch... i s

Elev. Limit Switch

Lamp Box & Way ... veh  Cabn e

Push Bution Box ... sah T e

Trg. Sector Switch

AUXILIARY MOUNTING EQUIFMENT
MAKER'S MAKER'S
DESCRIFTION MANUFACTURED BY MARK NO. DRAWING SERIAL

NUMEBER NIIMBEER

Water circulating Pump Motor ...

Firing Motor

Type 6 Mk. 2 Sight .

Range Tnit =~ ... i

Diirmmer Ulnit i G e

Regulator Unit ...

Immersion Heater... via o

SHOP SLAVE TESTING EQUIPMENT
DESCRIFTION MARKE N0,

*Metadyne Motor Generator Set ...
Metadyme Anto Starter ... -
Metadyne Contactor and Relay Panel .. ...
Motor Alternator Set i Pl

* Elpvation sad training sets quoted separately for Canadian equipments.




Datu af Trial

Amplifier Settmgs
Sensitivity (with meter)
Pre-retardation

Armature current for 6 mins. displacement

Check of mizalignment meters

APPENDIX 111

40 mm, Twin R.P. 50 Mk. 5 Mtg.

TEST MO. 1—BACKLASH TEST

{#} Between driving motors and mounting,

Elevating

Reg. Nao.

Elen,

ANGULAR POSITION

D

ﬂ-ﬂ ]5\! mﬂ

ﬁﬂ

Backlash ...

o
1

Training

ANGULAR POSITION

ﬂh

&7 1207 180*

Backlash ...

{#i) Between Mounting and Black pointer of Director Indicator.

Elevating

ANGULAR POBITION

!%

15“‘3!]‘

45°

m‘?

Backlash ...

Training

ANGULAR POSITION

120° 180°

m*‘am}“

Backlash ...

|
l

TEST NO. 2—TEST OF LIMIT SWITCH AND BRAKING ARRANGEMENTS

Impect on the stops and braking effect due to limit switches to be observed.

CONDITION

DBSERVATION

AUTO CONTROL

JOVSTICK CONTROL

SECTOR CONTROL

Training Right ...
Training Left ...
Elpvating
Diepressing e
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TEST NO. 3—0PERATION OF MAGNETIC BRAKES
** Stop " push to be pressed while mounting is running at maximum speeds.

TEST NO. 4—CONSTANT SPEED TESTS

Train right and elevate, and train left and de spress at constant s of between 4° and &7fmin. (actual
speed to be recorded) 5%sec., 10°fsec., 15%sec., m . (elevation l, 25 faec., 30*isec. (training only).

Trasming Right and Elsuating
Rl MOTOR DRIVING TEG. ELEY.
METADYNE SET GENERATOR GENERATOR
SFEED
Trg, Elew. Volts | Amps. | RPM.| Volis | Amps. | Valls | Amps.
per min
5° persec. ... o
lnn a e + +
15“ 1 L)
MR - - -
w (3 Er _—
m‘ T3 ik + FrE ey gt
Training Left and Depressing
o MOTOR DRIVING | TEG. ELEY.
METADYNRE SET l GENERATOR GENERATUR
SPEED |
|
Tre | Elev. | Volis | Amps. |[RPM.| Volis | Amps, | Voils | Amps,
i
: e
pet min.
&° per sec.. .
“]P ar e e
W
m‘ b ki il e S
25° e BE L =
¢ i i | ] - —

Separate tahles required for elevation and training meta-
dyne generators in Canadian equipments
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TEST NO. 5—HARMONIC ROLL TEST .

Training and elevate simultaneously under simple harmonie motion at amplitude of 4 30° and periodic
time of 8 sec. for both motions (max. vel. 30-8°%sec. and accel. 14-6%5ec.®).

MOTOR DRIVING METADYNE SET METADYNE ARMATURE CURRENT
MOTION i
Valis Amps. | RPM. | Volis ‘ Amps

Peak—Training ... |
Peak—Elevating ... ,.,1

Misaliznment

MOTION END OF ROLL MIDDLE OF ROLL
Training Right ...
Elevating ... Sl

TEST MO. 6—ALIGNMENT FROM INITIAL DISPLACEMENT

Offset dummy director to right training to angular valoes of 10 min. 2° 15" and 80° and switch in system-
Repeat with mounting offset to left training, elevating and depressing, !

TIRECTOR
QFFSET

ERRORS IN
ALIGNMENT

MOTOR DRIVING
METADYNE SET

OVEE-~

GENERATOR SHOOT

OSCILLA- | TIME
TIOMS See.

Folis

Amps,

RP.M.

Omin. ..

TEST NO. 7—0VERALL SENSITIVITY TEST

Train

director very slowly until mounting just moves and record displacement. Repeat for eleva-
tion and depression at 45%

THAINING RIGHT

TRAINING LEFT

ELEVATING

DEPRESSING

Displacement
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TEST NO. 8—ACCELERATION TEST

Time taken for mounting to mowve from rest through arcs of 60° in training and 40° in elevation.

! TIME |SECS)
MOTION ANGLE
PERMISSIELE
I MAXIMUM ACTUAL
=i |
Triiting Right — = = %v 7 B0 2.8
Training Left 5 5 e = o B0® 2:8
Elevating a0s 2.2
Depressing .. o s iz s v 40° 2-2 |

& . 4 tﬂ
Starting from rest at extreme limit of depression, record the time taken for the mounting
1alt=.'r.ra1:t2e:1I| from -40° to +70° at maximum speed, and repeat for depressing from extreme elevation,
recording between 307 and 07,

PERMISSIBLE
ACTUAL TIME IN SECS. THEQRETICAL TIME

MOTION {10 BE DETERMINED
WITHIN ACCURACY OF a
RECORDING METHOD USED) | yax. (SECS) \ MIN. (SECS)

1-13 1-07

Elevating i3 - r| 1-13 ‘ L0

(. -j'ﬂﬂjﬁ — Amendment No. 8.
B AT

Time taken for mounting to traverse from rest through arcs of 80° and 120° in trainng and 40 apd 70°
in elevation to be d:l:rrmned mmmmw

S R i e

The speeds in training and elevation are to be within the following limits :—

Training, 35%/zec. maximum, 33°/sec. minimum,
Elevation, 28°sec. maximum, 26}°/sec. minimum.

(G. 364157 —Amendment No. §.)

e Lo L | e o et e B 112 "Wt L B ] i s - AR Spe i e
120* ik
e s : 40
Training Left ... Bl Deprossing e - :
¢ 120° : II 70
|
(50 3183) . =
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TEST NO. 11—HAND EFFORTS

MOTION 0 (o 120" ‘ 180° 40

Training right .. ... | | p
Training left ... ... '

MOTION %o o ‘ 15° ! 30° w0 | 60° 75 | e

Depressing i

Elevating G o ‘ ‘ ‘

TEST NO. 12—RENDERING DEVICE

e e e e e e e e et e e e e P R S ——

Rmdmngdwmeshnﬂdhaﬂuﬂﬂﬂbnlhhllﬂnﬂngnndmngmmmdumm

ther
direction with a ue of 24 1h, nﬂngchhhaﬁﬁnggmﬂﬁmmdmmgﬂ.ﬂ&&ﬁ&m
Disgram 44A) upplltgiqat the motor ncmphng. [

tr. 18157 —dAmendment No. 9.
,Eﬁ?ﬁ'ﬁ:‘{é‘;‘:‘g‘_‘_ﬁ;::'ﬂ'__” el A o i Sl b ol AR ....'........n..........’n.n-.-.-l{..i-.i-i.-.-.i-'.'--.-i--------.--------------------.?..--u-}';-'

Rt b BB LI LE R |8 i ot WS S0 8 A w4 B R U e

TEST NO. 13—FIRING GEAR

With firing motor running operate joystick trigger to ensure correct functioning of firing gear.  Guns to
be cocked,

Firing Motor Current and specd.

CONDITION VOLTS AMPS, RIEM,

Hﬂ m e LLL) LEd]
Firing load ... b

Foot pedal effort, guns cocked. It
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TEST NO. 14—SAFETY FIRING GEAR
nm“kr:d_ﬂl firing gear in fired position, both power and pedal, correct functioning of safety firing gear to be
e

TEST NO. 15—CLUTCH INTERLOCK SWITCHES
With elevating and training Hand/Power clutches st to Havp positions ensure that dutch interlock
switches Operate,

‘ VOLTE ‘ AMPS,

Pump running ... s | |

Circulation of water,

TEST NO. 17—Sights to be lined up to THagram G R 8800,

TEST NO. 18
Cp TOller CIOATATION BEE L | Lo oooivercr i hrmson oo et mans sy S8R

S0 31855 re




74

(2d4) venop #|qnag) Jayduy wswudjes)p) jo weilen sewayyg |7 weadey

HIANY. NIV
WOd3 Alddns
aval  ~00ll ADG?
:%ﬁ_ Ut e i
ragg N
H3LIms
IS
£l
st AD $—-—¢g-—-——-_SEEEE - ________
ZA SeZIAD
1A
A
m a |
w
i)
5
o
¥} ALt b
4 L
o
L4
& 5
[13
i sd3 s zd
g
3 !
I
Aew
m m AL+
: WOl g
& [ASNVHL QIO e sSNVEL QD |
| zl Td L '
i e e T e e e P T e et e e e e o e o et it e I |
B NOILOW ¥, NOILLOW

(A5]

YLIOA HOHS3

ahNYHL ?JH!EDMDD%\‘OHJ 9



APPENDIX 1V

MISALIGNMENT AMPLIFIER UNIT (DOUBLE MOTION TYPE)
{see Diagram 21 for circuii arrangement)

The fonction of the amplifier unit is to measure the voltage of the coincidence tranemitter magslips in
auto systems. This voltage is proportional —within the werking range of the amplifier unit—to the misalign-
ment between the direcior and the mounting. Therefore, the amplifier output is a direet measure of the
misalignment, The outpit is indicated on a centre gero instrument scaled 10<0=10, which has to be calibrated
againat a known misalisnment before use.

The amplifier unft iz a two motion unit, that is, it consists of two independent misalignment amplifiers,
which can be used simultaneously.

The colncidence transmitter voltages are applied to the primaries of the grid transformers T1 and T2
The secondary windings are provided with a number of taps so that the transformer ratios may be varied

means of the " coarse sensitivity *' switches 53 and 54 ; these switches have 3 positions—Low, MEDium
and Hicw. Ganged “ fine sensitivity "' potentiometers Pl and P4 are connected acrose the outputs from
the selected secondary windings and the sliders of the potentiometers are connected 1o the grids of double
triode valves type NR.78 (CV 1285). These circuits are arranged so that grids are in push-pull,

The coarse and fine sensitivity controls are necessary so that the amplifier can be used with magslips
having sector values between 5° and 180°. The maximum sensitivity at which the amplifier can be set is
normally only required at the highest sector value, and the following figures will give some idea of the results
which may be expected if this setting is used :—

MISALIGNMENT FOR 10 DIVISIONS

SECTOR VALUE DISPLACEMENT OF METER
B 1 min.
L 2 min.
m’p LR LEE LR aed Bmi.“..
180° . e 36 min,

Normally, with sector angles np to and including 40° it will not be necessary to use a sensitivity higher
than that which will give a meter displacement of 10 divisions for & misalignment of 10 min,

The anodes of the valves are supplied with A.C. from the same source as the magslip chain, a transformer
being used to obtain the correet voltage. The anodes are arranged to be in phase. en the coincddence
trinsmitter voltage is zero, that is, when there iz no misalignment, the currents in the two halves of the valves
are #qual, and therefore the voltage across the anodes is gero.  Any out of halance due to manufacturing
tolerances in valve characteristics and component values is adjusted by means of amplifier trimmer
potentiometers, P2 and PS5 in the anode circuits.

A voltage from the comneidence transmitter corresponding to a certain relative displacement of the director
and the monnting causes the corrent in one half of the valve to increase and that in the other to decrease,
A difference of voltage now occurs across the anodes and is mepsured by the instrument connected between
these two points, justable resistances P3 and PG known as ¥ instrument trimmers " enable the instruments
to be calibrated against a known applicd signal.

Mathod of calitrating the Misalignment M eler
As the mizalignment meter s more accurate than any of the indicators fitted on auto systems it is necessary
to calibrate the meter independently. Tao do this the following procedure is to be adopted.
1. Ascertain the maximuom voltage which can be obtuined from the magslip chain concerned. This ean
be done by rotating a magslip and measuring the maximum coincidence transmitter voltage with an Avo.
2. Decide on the mizalignment that the full scale deflection of meter shall represent.

d. From the above determine the magslip voliage appropriaiz to the maximum misalignment. The
following example illuztrates this,

The maximom magslip voltage Vim 15 25 wolts, The sector value of the magslip chain is S - 407 whilst
the full scale deflection shall %e made equal to Mx = 10 min.
Misalignment voltage for 10 min.

. 380
V = Vm sin ?Mx

-zssin%m

= 25 ein 80" =25 0-0262
e 655 volts

4. Connect up to the main amplifier using the fexible multicore lead provided.
5. Set the pointer of the instrument to zero by means of the mechanical adjustment provided on the
instrument,
6. Turn the run/balance switch to BALANCE and, using the amplifier trimmer, balance the amplifier, when
this is done turn the switch to the Rux position (the instrument should read zero).
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7. Insert the maximum resistance in the insteument cirenit by turning the instroment trimmer in 4 counter
clockwise direction,

B. Select the motion to be tested by means of the Motion A—Motion B selector switch,
%ﬂﬂwit:h the Instrument run/balance switch to Ruw and switch the main amplifier Test(Run switch to
ST.

10. Check that the instrument amplifier is still balanced with zero input test signal from the main
amplifier.

1. Apply a test signal voltage equal to 125 per cent. of the maximum misalignment voltage (V).

12 With this voltage select the first valve of coarse sensitivity beginning with the lowest at which satumtion
may be obtained by increasing the fine sensitivity, Saturation will be indicated when an increase in fine
sensitivity produces no further {or very little) increase in meter deflection. The fine sensitivity setting
at which this condition first exists is the correct one,

158, Reduce the test signal voltage to the maximum misalignment voltage and using the instrument trimroer
adjust the instrument to read 10 divisions.

4. Apply an equal test signal in the opposite direction. The mstrument should again read 10, bet on
the other half of the seale.  [f this is not the case, compromise by adjusting the instrument trimmers {0
obtain equal error on the instrument for clockwise and counter-clockwise signal.

Nwde: This error will be positive in one direction and negative in the other, e, the instrument will read
elightly ever " 10 ” one way and slightly under " 10" in the other.

15. Reduce the test voltage by 50 per cent. The instrument should now indicate half its original value,
If thisis not so it is an indication that the amplifier s saturating during its working range. Tt will th refore
be niecessary to repeat the adjustments as outlined above substituting say 150 per cent. instead of 125 per cent,
in the saturafion test.

Nofe: Once the meter hag been set up for a purticular magslip chain it should not be necessary to
recalibrate it for a very long period unless some of the cnmﬁnmts of the instruments are changed, As
the meter settin-&n will vary from one magslip chain to another it is suggested that paper dials be pasted
on the front of the meter and the dial settings for each magslip chain be marked on them.




APPENDIX V

ELECTRICAL DIFFERENCES BETWEEN MARHK 5 AND MARK 5* MOUNTING

MARK 3 MARE 5=
'Emmmutor i i oo | 220 volt DLC. 440 wolt, 3 phase, 60 eyele, AC.
‘Water circulating pump motor | 220 volt D.C. 440 volt, 3 phase, 60 cycle, A.C,
'._nmnue.lnn heater G .. | 220 wolt D.C. 3 heat | 440 volt, 3 phase, 80 cycle, A.C. 2 heat
Metadyne driving motor .. | 220 welt D.C. 440 volt, 3 phase, 80 cycle, A.C.

. The Mark 5* has, in addition, a metrosil fitted across the training limit switch to limit the maximum
training speed to 35°sec., and an interlocking relay, IR.1, to ensure that the 220 volt D.C. control
cireuits are not energised until the metadyne set is running (sez Plate 174),

AF.0 P.271/57 Amendment No, 8
(T B




APPENDIX VI

DETAILS AND NUMBERS OF MODIFICATIONS TO THE MOUNTINGS

Serial numbers have been alloeated to all medifieations anthorised to the 40 mm. Bofors Twin BP.
50 Mark 5 mountings as follows. Details of future modifications with their modification numbers will be
promulgated as amendments to this handbeok.

T
DEG. OR CATEGORY 5UFFLY OF BY WHOM S MOD
aurnnmw} DESCRIFTION SRR it PR MATERIAL S S g
| |
— Elevating and training | G.R.6560 — - 7 1
friction clutches. Brass
liner introducsd be-
tween  steel  sliding
surfaces to prevent |
Seigure.
Safety firing gear difi- | G R.G658 — — =
etential box,  Stop
provided on G.M. cover, Frior to delivery
4/, K. 8658 replaced by and retrospective
steel insert. Fonly i defects
develop. =
Clutch operating gear | G.R.G572 = a 3
lever. Travelincreased | G R.B574
Lo eut out switch before |
hand clutch iz engaged.
Elevation Hmit switch | G.R.G6580 — — 4
operating gear. Quad-
rant and gear teeth
sirengthened by in-
ereqade in width. e
Fitting of armament { G.R 6868 - — Prier to delivery. | B
broadcast loudspeakers | Sh. | and 2 Mot retrospective
on mounting. unless approved as
a definite require-
mietil.
AF.C. | Provision of canvas| AF.O. As required — Frior to delivery and | 6
B722/45. | cover, scotchman and | Diagrams retrospectively if
miuzzle bags. 411145 | MECESSATY,
{1=4
=&
AFO. | Fitting of training| AF.OQ, Drefect - Ships® stafe asgisted | 7
687445, | balance weight, TDiagrams 1 where necessary by
415 Dockyards Re-
7':5" x pair Establishments.
AFD, [To make a tool for AF.0. Defect - Ships" staffs, depot | 8
} 1027/46 | removing truncion ball | Diagram ships or repair estabe
TALES, : 1!,113 A lishments
AF.0. | Replacement of firing AF.0. “lpsarfra- — Ships' staffs, assisted | &
Pl | cam, to prevent a run- | Diagram AL where negessary
33Lifs1 | away gun in cases of | BBME | popur Dockyards an
; faulty adjustments, 12 |3 repair establishments |
AF.0Q, | Drain hole vided in AF.0. Defect — Ships'staffs and G.E. | 10
4195/47 | support tugol'h:tweﬁn THagram depots for meuntings
{cancels | carriage plates. 168/47 in stare
AFO. BEL: M
4030/47) Aeirs R A
SH ITEM 45
AF.O. Relﬁasitimhtg of last A F.0. Defect — | Ships’ slaffs 1
385/49 | cable clip on mounting i
1o clear hale in for
extractor spindle, bR&. Ao
AT ag
-




< 50 APPENDIX VI
| | SUFPLY OF BY WHOM MoD
DEG. (R CATEGORY
ALY RSP TV DIAG. ¥O. | OF MoD. | MATERIAL TO BE DONE o,
AF.0O, Fitting Type § Sight of ATFO Defect | Ships' stafls assisted
BROIEDZ British mammfacture Diagram where by
1352 e 5 and Tie-
o O e ir 1
AF.O, Welding ends of segments — Dafect J Ships' staffs with
TR in Differential Gear Box assistance of Dock-
| Estab-
nts and Depets
AFAO Modified baolt to clear AT Diefeet Ships' stafls  with
2R0EIR2 mte testing tolescope I a.ﬁhtauoe of Diock-
] of Type & Sight Wﬁ f*& epair Estab-
TRe. rw- Lﬂamnunmmm
Brd F4aF
AFO, Mode to cover of DNf- —_ Diefect Ships' stafls  with
B2 ferential Grear Box Cover assistance of Dock-
irud Hepair Estab-
ishmants and Depota
AF.O. 189158 | Power aad hand clutches | A F.O. Defect Ships' stafls, Repair
mma&ig by | —leckbg plates added Dﬁﬂ.ﬂl Estahlishments and
A F.0, 2252159 N 53.-: Diepots
AF.0. Add:Hon-uI stap E:ceon AF.O. Diefect Ehips" staffs, Dock-
PORR5S THagearmn yards, Repuir Estab-
453 lishments and Depots
bEe wao- as applicabln
Do Gasid
Rmnf battery AF.O. Diofect Ships" staffs, Ropair
tor fate Diagram Establishments and
5 Diepots
et e
Il
Conversion ofMark 4 to AF.O, Diefect Ships” staifs, Kepair
Mark 11 Gun Madifica- Dingram Estahlishments and
tons to siEgk brocket Bi54 TNopats
halts DEG HE-
BN G3d4
Redoeetion of ngles of AF.O. hefect Ships' stafls, Repair
Establizlments amnad
b bepas
e
Pedal Firing Geat Pro- | AF.O. Defect Ships' staffs, Repaic
vision of positivetop Thagram Establislments o
17754 Deputs
PapT bld. o3 .
e R, eTdu (G. B5T1/58—Amendment N
alact Ships' Stafis, Repair P
AF.O. Check Fire Lamp 1o I 1 Eﬂﬁuhlhhmmu and
134654 point upwards to kuyer's Depots
s
AF.O Racklash in Rooeiver = Dudect =
AFO, Elevating and Trainin AF.O. Defect ml.'-ﬂd-
28756 i) Algwmit Totk | Plakism EEE‘“ i %
Lirg, Mo. mm and. GE
D.N.O.0823 Depots
and
D N.O082H

4

(G. 404155 —Amendment No. 8,

—



< 50 APPENDIX VI
| DG, DR CATEGORY SUPPLY OF BY WHOM MOD
. i}
AT HIERIRIIIN DEAG. ¥O. | OF MoD. | MATERIAL TO BE DONE ¥
e ——— . I —, :
AF.0O, Fitting Type 6 Sight of AF.O Drefect — Slrl{a’ staffs assisted
BADIAZ British mannfacture Diagram where by
o 'Ili.f‘.iz o D 5 and He-
'z ‘{:E pair Establishments
AFLO, Welding endds of segments — Defect - Ships" staffs  with
247351 in Differentinl Gear Box assistance of Dock-
m Repair Estab-
nts and Depets
AFO. Modificd  balt to clear AT 0 Diefoct - Shipa' staffa  with
2RUEIR2 mte testing tolescope Diagran assbstance of Dock-
of Type B Sight Fy5L , Repalr Eatab-
DRe rewe ishmentsand Depots
Ed3%
AF.O, Mode to oover of Dhf- - Defect - Ships" staffs  with
ferestial Gear Box Cover assistance of Dock-
m\ds Repair Estab-
metts nd Depota
|
A F,ﬂs ml,l'ﬂ Power and hand clutches AFO. Drefect —_ Ships" staffs,
{Amended by —leckig plates added I Eampablhhmnm
2
AP bES Wo g
AF.O. Add:ﬁond stap E:cc on AFO. Diefect - Ehips" staffa, Dock-
BORE53 door conmeting Diagram wards, Repair Estab-
49,53 lishments and Depots
| b wo- as applicabls
.' bro Gaid
AFO. of battery AF.O. Defect — Ships” stafis, Ropair
187/54 Inimwr ite Dingram Establishments and
5 Tepots
et . e
¥
AFOQ. Conversion ofMark 4 to ATF.O Diefect .- Ships” staffs, Hepair
55054 Mark 11 Gun Madifica- Dingram Establishments and
tHons to sigh brocket 854 Dopots
y balts DEC we-
el BHE H3d
; L Redoction of ngles of ﬁ.FD Dhefect — Ships’  statls, Repair
54 i EstabHshments amd
G [
%T 1’& ml
ALT.0. Peadal Firing (seat  Pro- AF.O. 1Fefect - Shipe' staffs, Repair
W72/54 vision of positivetop Digram Establishments aml
17/54 Daputs
PapT Bld. o).
R BT (G. BST1/58.—Amendment Nk
= tafiz, Repair '+
AFO, Checle  Fire o = i mp:a;]ihmmu
134654 point upwards to buer's Depots
By
.l
'iﬁ‘ AFO Backlash in_Reosiver — Defect = =
e 2 __J Ul - —
: A F.0Q, Elevating and Trainin AF.O, Defect = ivia! nilie
! 28756 zoro Alignment ImiE Drngram EE:PS Etﬂﬂhm i %
fators {56 (1) necessary, amd
and (3) Repair  Establish-
ARG ments and GE.
and Digea
| D008
| 1

¥

(G. 4041/55.—Amendment No. §,

-



APPHNDIX VI 81
AGTHARTTY AERaRTI AN DRG. OR CATEGORY SUFFLY OF BY WHOM oD,
DIAG. HO OF MOT. MATERIAL TO EE DONE uu:
AFQ. Training and Elsvation AF.O. }
SN | e Sk it | D B e T
gear assistance of
= ﬁ-l'_i]“ Dockyards and
Provision of access Drp. Nos. = ¥ Equip-
through floor | DXNO meat Depots.
Elevation motor clutch. BOEEE and
B — = =TT s e mm N = W Ty W FELEE R - s N, = =T T O e e e L
AFOL Elevation and Training I AF.O Defect To be Ships’ Stads. b1
S010/57 Receiver Support [agran demandeil Shore
Braclots 4157 Establshiments,
—Watorproofing DM, Docleyards,
Arrangements— 1247 Ropair
fitting of Establishments
CoAC D, T Hat " and Guanery
seal Equipment
Depots
AFO. Hand Elevating AF.D, Dfect To be Ships' Staffs, E
#1158 and Traning DHagram demamnaded Shore
Lower Bevel Doxes— Bi58 Establishments,
BETANEHETLE Dirg. Ma. Doc ;
for wates-proofing Part G r
6578 Tistablishments
afd Gunmry
Eguipment
Depots
ATFO. Elewnting anc — Defect To be Ships' Stafis, 1
1208/57 | Training Drives— Dy N8 demanded | Shore
Friction Clutches— Gr LSE Establishments,
Lockwaaher for Sot (] o Dot B,
2t A sttt
=L ments
GRL3 and Gunnery
Edquiprent
Drepots
AFO. Firing Clutch AF.O, Deifect - Ships' Stafls, 32
BIR5T Solenoid—NModification i m Pase Staft and
40 ensnre frecdom of 48/ Tleat Share
the core: to Tésct on Establishwnents
imterruption of the and Dopots
firing circuit
AFO. Elevating and AF.O. Diefect - Ships" Stafis as
418/58 Training Receiver Disgram when
Dirives—provision of Greg (1) TCCossLEY
additional grease wikys and (I {with Dockyand
in bearing bashes 1o . Mo, azsistnce],
relisve grease R B G.E. Depots
prEsELrE— S Mod. No. 4 and
Ch. 8, para. 10 and Docleyazids
G K. B7E0 when preparing
Modd. No. 4 or relitting
mountings for
service
AF.O. Power Fiving Gear AT, Drefect — Ships' Stafls 34
117458 Cliatehe— Dipgriune il Shore
elimination of 15/54 Establishinesits
slugpishness in DO
operation 111
(Amendment No. 12.)
AF.0, B.A50GSE Amendment No. 12
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DG, OR CATEGORY | BUPFLY OF BY wWiou oD,
ALY gt BlAn, ¥O, orF Man. MATERLAL IO BE DONE wo.
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Amendment No, &
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