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CHAPTER VI

ERRORS IN LAYING AND TRAINING DUE TO MOVEMENT OF
THE SHIP

SECTION 1. ERRORS IN ELEVATION DUE TO MOVEMENT IN
THE VERTICAL SIGHT PLANE

GENERAL

119. If the ship is rolling and/or pitching and the guns are trained so that these move-
ments have a component in the vertical sight plane, the Director Layer will have to move
his director setting handwheel to keep his crosswires or collimator on the point of aim.

‘It is not possible for the Gunlayer to follow .the movement of the director pointers at a
power-worked gun if the Director Layer follows the target continuously. To overcome this
difficulty the Layer should stop moving his director setting handwheel a few seconds before
his crosswires come on to the target, and allow the movement of the ship to bring his line of
sight finally on to the target. This gives the Gunlayer time to get his pointers accurately
in line by the time the gun fires, and there should then be no angular difference between the
elevation transmitted electrically to the gun and that shewing on the mechanical pointers at
the instant the gun fires.

One difficulty is, however, inherent in the above arrangement. This is that the gun,
at the moment of firing, will be moving up or down in the vertical plane of sight. Although
its movement relative to the deck plane should have stopped a second or so before it is fired,
that very fact means that it will be moving relative to the medium in which the shell has
to travel. This introduces certain complications in the laying of the director.

Since the Director Layer stops moving the director setting handwheel before he is on the
point of aim, the crosswire in his telescope stops relatively to the deck plane, but, owing to the
motion of the ship, .moves up or down in space.

A certain interval of time must elapse between the moment that the Director Layer judges
that his crosswire is *“ ON "’ and the instant that the shell leaves the muzzle of the gun. Up
till that instant the shell is affected by the movement of the ship and, if the Layer fired when
he judged the crosswire to be on the point of aim, would fall short of the correct range on a
down roll and beyond it" on an up roll

This time interval between the Director Layer saying to himself ¢ Fire ”? and the shell
leaving the muzzle is composed of three components :—

(1) The Human Lag of the eye to see, brain to appreciate, finger to press the trigger.

(t4) The Gun Firing Interval, from the moment that the trigger is pressed for the
circuit to be completed, the charge to fire and the shell to travel down the bore.

The total of these two intervals is found to be between 0-2 and 0-4 of a second.

(143) A further error is introduced by the fact that the gun is stationary relative to
the deck plane and hence is moving through space. This imparts an angular
velocity or throw upwards or dawnwards in the direction in which the end of
the gun is travelling, at the moment at which the shell leaves the muzzle.

The magnitude of this throw will depend upon the speed of roll relative to a
fixed point in space and the distance of the muzzle from the centre of roll. Its
effect is about one-eighth of that due to the time interval.

To overcome the combined error the Director Layer must complete the firing circuits in
advance of the moment at which his crosswire is on the point of aim. This will be when his
crosswire or collimator is above the target on the down roll and below the target on the up
roll. This is called forecasting and the amount will vary with the time interval for the particu-
lar ship, the speed of roll at the moment of firing and the particular mark of gun. The method
by which this forecast is applied depends upon the type of fire in use, and the details of the,
director installation.

1

FORECASTING IN DIRECTOR FIRING

120. In director firing the estimation of forecast has to be made entirely by eye, and
is the most difficult and important part of the Layer's job. Diagram 4 shews what the Layer
should see at the moment of pressing his trigger in Director Fire with a rate of roll requiring
a forecast of two target heights.

From the above it will be seen that, if the Layer waits until the end of the roll and fires

at the moment when the ship is stationary no forecasting will be necessary. This is not accept- -

able, however, under normal conditions of roll and pitch, as it would slow up the rate of fire
and would also introduce cross-levelling errors of an unacceptable size. Under conditions
of heavy roll, however, when the amount of forecast required near the middle of the roll, when
the angular speed is greatest, would be greater than the field of the telescope, it is necessary
to adopt this method of firing when the ship is momentarily stationary.
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Diagram 4. Forecast in Director Firing. View in Layer’s Telescope at Moment of Pressing Trigger.
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FORECASTING IN GYRO FIRING

121. In directors fitted for gyro firing, the Layer’s and Trainer’s line of sight is kept
stabilised in the vertical sight plane by a gyro-controlled prism, except in the “ P’ sight
where the whole binocular arm is stabilised by a power-follow-up system.

The effect of this is that the Layer looks at the target all the time, and, so far as his view
is concerned, the ship might be stationary. However, the need for forecasting still exists
since the time taken to make the relay which is controlled by the firing contact on the stabilised
portion of the sight is actually longer than the human lag; and the other two components of the
time interval remain as in director firing. ,

In the standard gyro sights types G, H and J a special crosswire, known as a collimator,
is fitted in the stabilised telescope. This is attached to the unstabilised portion of the sight,
and therefore moves across the stabilised field of view at the samé rate as the ship is moving.
It thus gives the Layer the necessary indication, on which to base his forecast, of how fast the
level angle is changing. In the “ P sight a special strip collimator is used. The principle
of this is exactly the same as described above, but the operation is different. This is fully
described in Part 14 of this series,

The gyro contacts close the circuit to the firing relay at the moment that the collimator
crosswire is in line with the stabilised crosswire. The “ P sight has no firing relay, but the
firing switch which replaces the relay and contacts is similarly closed at the moment when
the centre point of the special strip collimator is in line with the stabilised crosswire.

In ships in which time-interval compensating gear is not fitted, or when it is not being
used, forecasting is done by moving the position of the stabilised crosswire, by means of the
“ B’ adjustment, relative to the point of aim. The relay contacts close when the collimator
crosswire coincides with the stabilised crosswire.

To achieve the required effect the latter must obviously be positioned above the point
of aim on the down roll and below it on the up (Diagram 5). This is fully explained in Parts 2
and 13 of this series,

Diagram 5. Forecast in Gyro Firing, View in Layer’s Stabilised Telescope at Moment of Gyro Relay
Contact. No T.I.C. Gear.
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TIME-INTERVAL COMPENSATION GEAR (T.LC.)

122. T.I.C. gear is fitted to most gyro sights and calculates automatically the amount
of forecast required. This correction is measured in minutes of arc and transmitted to the
time-interval receiving gear (T.I.R.) by which it is applied to the contact plate or firing switch
of the gyro firing gear. With T.1.C. gear in use the Director Layer does not have to forecast.
So long as the stabilised crosswire is kept on the point of aim and the firing pedal pressed
when the fire gong is rung, the firing circuits will be energised at the correct moment to allow
the necessary forecast for the rate of roll at the time. The Director Layer must realise that
the firing circuits will be energised before the collimator has moved into alignment with the
stabilised crosswire, and he will not therefore be certain at what instant the guns will fire.
He must therefore be particularly careful that he allows sufficient time for the Gunlayers to
get their pointers in line, or gross pointer-following errors will result. Details of the T.I.C.
gear are given in Part 13 of this series.

Diagram 6. Forecast in Gyro Firing. View in Layer’s Stabilised Telescope at Moment of Gyro Relay
' Contact. Forecast of Two Target Heights automatically applied by T.L.C. Gear.
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NOTE : Similar diagrams for the ** P sight are given in Part 14 of this Sertes.

Gyro firing in conjunction with T.I.C. gear provides the most accurate form of laying
that there is under®afhormal weather conditions, and should be used whenever possible.
The only disadvantage is that the gyro telescopes are sometimes less satisfactory for use at
night than are the unstabilised binoculars, but even so, the fact that they give an elevation
datum which is sufficiently accurate for blind fire should be considered before the decision to
change to director firing is made,

The following table gives the actual amount of forecast required for a 10° level angle in
various ships at various ranges.

Maximum Errors due ‘to 10° Level Angle and Required Forecasting

() (@) @) ) (5) ® -
ANGULAR ERROR
IN MINUTES RANGE ERROR FORECAST
FOR 10° LgveL | RANGE OF | RESULTING FROM REQUIRED.
SHIP GUN ANGLE IF NO TARGET | ANGULAR ERROR | TRUE TARGET
FORECAST (YARDS) IN (3) AT HEIGHTS
WERE MAD RANGE IN (4) (30 FT. B.P.T.)
Nel.on 16-in, 44-6 20,000 820 25
3,000 1,510 6
8-in. Cruisers ., 8in. 29-3 15,000 435 13
3,000 1,055 3
6-in. Cruisers .. 6-in. 24-7 12,000 280 7
Mark XXI111I 3,000 915 3
Destroyers 4-7-in. 29-8 7,000 330 6
3,000 690 3
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(@) Errors calculated from maximum velocity of change in level angle, i.e. with sth
vertical.

(b) Level angle (Col. 3) is from vertical to *“ out ™

(¢) Errors have been calculated for full charge S C. cordite.

(d) For level angles other than 10° the angular errors (Col. 3) are directly proportional and
the resulting range error and forecasting required (Cols. 5, 6) are approximately proportional.

LIMITS OF FORECASTING

123. Experience shows that in director firing it is not possible to forecast more than
“ target heights ”’ whatever the target may be. This is because, under conditions which

would require greater forecasts, the target may move so quickly across the field of view that
the Layer has not sufficient time to judge his forecast.

In gyro firing, even without T.I.C. gear, it might seem possible that greater forecasts

could be made, owing to the target being apparently stationary, but in practice two difficulties
arise w—

(#) Under conditions when the limits of level angle are greater than the field of view
of the stabilised telescope, the collimator moves beyond the field of view at each
end of the roll, and the Layer cannot appreciate the rate at which the level
angle is changing at that moment.

(#) It is not easy to keep adjustment “ B’ continually on the move between four
““ target heights ” above and the same number below. Larger forecasts would
be impracticable,

If conditions are such that forecasting beyond the above limits would be necessary, it

may be preferable to confine firing to the ends of the roll, taking the normal point of aim and
accepting a reduced rate of fire. This must never be done without a direct order from the
Control Officer, since it will inevitably reduce the rate of fire and may introduce considerable
cross-levelling errors if no corrector unit is fitted.

USE OF GYRO AND DIRECTOR FIRING—POLICY

124. The following is a guide to the method of fire to be adopted with the standard gyro

sights under various conditions.

When T.I.C. gear is fitted —“ GYRO " is to be considered the primary method of firing
under all conditions.

When T.I.C. gear is NOT fitted

In slight or moderate seaway, where a forecast of less than four ‘* target heights”’ is

required, gyro firing is to be considered the primary method of firing.

In a heavy roll requiring a forecast of more than four target heights director firing will

probably produce better results and should be considered to be the primary method of firing.
The relegatlon of gyro firing to a secondary position does not imply the abagdonment of the
trainer’s stabilised telescope, which should continue to be used whenever possible.

Trainer’s Telescope only stabilised

Director firing is to be the primary method of firing. Trainer’s stabilised telescope should

continue to be used whenever possible in order to retain the advantage of the stabilised line
of sight.

CH. V1. SECTION 2. ERRORS IN TRAINING DUE TO MOVEMENT AT RIGHT ANGLES TO

THE VERTICAL SIGHT PLANE

CANTED-TRUNNION ERROR

125. If the trunnions of a gun become canted from the horizontal, an error in line will

result owing to part of the elevation being converted into training. The cant of the trun-
nions may arise from roll or pitch, or heel due to alteration of course, having a component
at right angles to the line of sight to the target. Since roll angles are nearly always larger
than angles of pitch, the occasions when this canted-trunnion error is most noticeable are
when firing on fine bearings ahead or astern.

The size of the training error introduced depends upon :—

(a) The cant of the trunnions. This is equal to the angle of roll or pitch which is
causing it multiplied by the cosine of the bearing of the gun relative to the line
about which the movement is taking place, i.e. fore-and-aft if the ship is rolling
and athwartships if pitching, It may be composed of a combination of the
components of roll and pitch, or a more permanent list due to alteration of course,
action damage, etc, It is known as the cross-level angle.

(6) The tangent elevation of the gun. At zero elevation no error occurs, but it increases
progressively up to 90 degrees. '
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The angular error in training (cross-level training correction) is given by the formula :—
Tan « =sin. 6 Tan. ¢

Where « is the,angular error in training due to cant of the trunnions (cross-level training
correction),

6 is the angle of eant of the gun trunnions (cross-level angle),
and ¢ is the tangent elevation of the gun.

The angle 6 is obtained by multiplying the angle of roll, pitch, or heel which is causing
the cross-level angle, by the cosine of the bearing of the gun relative to the line about which
® the movement is taking place, i.e. fore and aft if the ship is rolling or heeled and athwartships
if the ship is pitching or badly trimmed. Normally the cross-level angle will be made up
of a combination of the above effects.

As an example, the cross-level training correction required when firing 6-in. guns right
ahead at a range of only 12,000 yards at the end of an 8-degree roll is approximately 12 units
of deflection. A 600-foot target at that range subtends only 9} units even when broadside
on. At long range the error becomes very serious indeed and large errors in line will result
if it is not corrected.

CROSS-LEVELLING GEAR

126. This is fitted to correct the above error. The theory upon which its design is based
is fully explained in Part 16 of this series. )

The existing cross-levelling sight is hand-operated, the reason for this being that it has,
until recently, been Admiralty policy to refrain from fitting automatic corrector gear until

. R.P.C. for training has been fitted to the mountings, owing to the difficulty of pointer-following
when the electrical pointers in the training receivers at the guns are continuously moving
owing to the cross-levelling correction.

The use of hand gear enabled the above difficulty to be avoided but entailed the use of
forecasting by the cross-levelling operator. This in turn required a system of exceedingly
complicated co-operation between the Director Layer and the cross-levelling Operator, in
order that both might be on the point of aim simultaneously. This was found to be
impracticable, The policy has now been revised, and automatic cross-levelling gear will
eventually be fitted to all low-angle director systems. In the meantime, the existing cross-
levelling gear is to be used to give a constant correction, i.e. the cross-levelling Operator is
to lay on the horizon continuously and make no attempt to forecast. Under difficult
conditions this will inevitably introduce pointer-following errors at the guns, but, although
the line spread may thus be somewhat increased, the M.P.1. of salvos should be more correctly
placed. Under conditions of moderate roll it is considered that a well-drilled turret’s crew
should be able to deal with the movement of the electrical pointers without serious pointer-
following errors.

When R.P.C. of training is fitted, this possible source of error will disappear, since the
power follow-up at the mounting should compete satisfactorily with any normal movement
.of the cross-levelling Operator’s handwheel.

Under conditions of exceptionally heavy rolling, when the cross-levelling Operator finds
it impossible to lay continuously on the horizon, the cross-levelling unit must be locked in

. the zero position and one of the methods of reducing the error described in the following
paragraphs be adopted.

METHODS OF REDUCING THE ERROR WHEN NO CORREVOTOR IS FITTED

127. In ships where no cross-levelling gear is fitted or under conditions described above,
the errors can be mitigated to some extent by the Director Trainer keeping the top of the
vertical crosswire above the point of aim. The lowest-power magnification should be used
in his telescope when doing this. (Diagram 7.)

Diagram 7. Position of Trainer’s Vertical Crosswire when reducing the Effect ot Canfed-Trunnion

Error
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Another alternative is for the Layer to fire only when he judges the ship to be upright
and only in one direction of roll.

This method has, however, two serious disadvantages, firstly it reducés the rate of fire
which is not usually acceptable in ships with fast-firing guns, and, secondly, it requires the
Layer to fire at that point of the roll when the angular velocity is greatest and when the largest
forecast will therefore be required. Under heavy weather conditions this amount of forecast
may well be outside the limits of the four target heights which is the maximum feasible forecast
without T.I.C. gear. In this case the first alternative would have to be adopted, the probable
errors in line being accepted.

128-142.

CHAPTER VII
NEW EQUIPMENT FITTED TO EXISTING DIRECTOR SYSTEMS
SECTION 1. RADAR

EFFECT OF RADAR ON THE DUTIES OF THE DIRECTOR CREW

143. The function of gunnery radar sets at present fitted is to act as the principal range-
finder of the armament concerned, and to measure the bearing of a ship or aircraft which
has not yet been sighted.

The principal gunnery sets are the Type 284 for purely low-angle directors and the Type 285
for combined H.A./L.A. and H.A. directors, In both cases the aerials are mounted on the
director and the training of them is done by the Radar or Bearing-Plot Operator indicating
a bearing for the Director Trainer or the Auxiliary Trainer to follow, or by the Auxiliary
Trainer himself looking at a radar training tube mounted in the director. Very close co-

operation is therefore required between these ratings. The latter may sometimes be an-

-additional member of the Director Crew, but is usually the R/E Operator or the communica-
tion number according to the type of equipment. When the Auxiliary Trainer is training the
director, the Director Trainer should always look through his telescope or binoculars and
try to pick up the target optically, if there is any possibility of a visual sighting.

Radar additions to the directors therefore affect the Trainer rather than the Layer at
present, the latter using his gyro stabilisation to give him the required datum for elevation as
in most other blind-fire procedures.

PROCEDURES WITH LOW-ANGLE RADAR SETS

144. There are three main ways of making use of the Radar sets in low-angle fire :—

(2) Sweeping. The set is used to pick up a target previously reported by a warning
set, the D.C.T. sweeping over an arc centred about an alarm bearing.

(b) Following. The set is used to supply the range, error in rate and bearing for fire
against an unseen target. The tower is trained by the Auxiliary Trainer where
one is available, from information transmitted from the radar tube in the T.S.
to the table training pointer in the director training dial, or by an O.F.I. controlled
from the radar office, or by a radar training tube mounted in the director.

(c) Ranging. The set is used as a rangefinder and error-in-rate finder against a
visible target. .

Full details of the duties of the crew and of the above procedures are given in “ Radar
Operating Procedure, Part 27,

CH. VII. SECTION 2. REMOTE POWER CONTROL OF GUN MOUNTINGS
EFFECT ON THE OPERATION OF THE DIRECTOR

145. The fitting of remote power control of the guns does much to simplify the Director
Layer's task. Theoretically, if the Layer and Trainer lay and train continuously on the
-target and the follow-up at the gun is perfect, the gun becomes stabilised in space. With
manual follow-up this perfection of following at the gun has not been possible, and the Director
Layer has had to stop moving his handwheel before he came on the point of aim to allow
the Gunlayers to catch up. This has entailed the acceptance of movement of the gun at the
speed at which the ship is rolling at the moment it is fired.

This movement of the gun introduces a variety of complications which are overcome by
“ Forecasting ”’, This is described in Chapter VI, Section 1, but it should be clearly understood
that the whole problem only anises because it is necessary to allow the gun to move with the
ship for the instant at which it is fired, instead of keeping it pointed at a fixed position in space
"and letting the ship roll around it.

_ The advent of an accurate automatic follow-up at the guns would enable the forecast
% to he dispensed with under conditions of roll such that the Layer and Trainer, or stabilisation
yn the latest directors, could keep the line of sight accurately and continuously on the target.






