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FIRE CONTROL EQUIPMENT

DEFLECTION CONVERTER, MARK 1
AND MARK I, MOD. 1

GENERAL DESCRIPTION

This publication is RESTRICTED and will be handled in accordance with
Article 76, United States Naval Regulations, 1920
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FIRE-CONTROL EQUIPMENT

DEFLECTION CONVERTER MARK I AND MARK I, MOD. 1

GENERAL DESCRIPTION

PURPOSE

I. The deflection converter changes the rela-
tive deflection in knots which is gﬁnerattd by
the Ford range keeper, Mark IT, Mod. 3, into the
angular deflection through which the auns must
be displaced from the line of sight to allow for
the distances which the ships will move at right
angles to the line of sight during the time Lalu:n
by the projectile to pass from the firing ship to
the target ship. 1t also corrects this deflection
automatically for drift of shell and provides a
means of applying spotting corrections.; The
resultant deflection is indicated on a dial ecali-
brated to read in mils, 1 mil deflection being
cqual to 1 yard deflection at a range of 1,000
yvards.

' MOUNTING

2. On the Ford range keeper, Mark 11, Mod.
3, with which the deflection converter is de-
signed to be used, there is a correction ring
which surrounds the deflection dial and is nor-
mally operated by a knob on the case. When
the deflection converter is applied, the correc-
tion ring is replaced by a follow-the-pointer
ving, and in place of the deflection knob there is
u crown gear which engages a similar gear on the
outside of the converter. These gears form the
only eperating connection between the two in-
struments.  The converter is attached to range

keeper in the position shown in Plate 1 by four
serews.  Detatls of the mounting are given
under heading “ Installation.”

METHOD OF USE

As shown in Plate 2, the deflection con-
verter has a range drum and a knob for setting
it, a defleetion drum and defleetion knob, and a
spot knob which operates a spot drum directly
under the deflection drum. In operation, the
range drum is set to correspond to the range
shown on the range keeper, the deflection knob
is adjusted to keep the white arrow on the
follow-the-pointer ring of the range keeper
matched with the trinngular-shaped pointer of
the range keeper deflection dial, and the spot-
ting correction is applied by turning the “spot
knob.”  The angular deflection in mils at which
the gun should be set will then be indicaled on the
deflection secale of the converter,

MECHANISM OF INSTRUMENT

4. As previously stated, the deflection con-
verter receives the relative deflection in knots
between the firing ship and the target ship from
the range koeper and converts it into the de-
flection in mils through which the guns must be
displaced to allow for the speeds of the two
ships, the range, the speed of the projectile, and
the drift, provision also being made to apply

(3)



spot correction,
the mechanism by which this is a{'mm]}hshad
15 shown an Rlate 2.  Since the arrow tepresent-
ing zero on tlie fnl]r‘rw the- -pointér seale is kept
matched with the zero point of the deflection
dial by turning the deflection knob, the posi-

tion of this seale and of the deflection rack rep-

resents the defleetion in knots, This rack con-
tains a pin which operates in qinh nf i}lw arm and
controls the movement of the arm about the
pivot. Operating 1 the slot is another pin
attached to a slide nrounted on the
along;which it moves.  The position of this bar
ands the. vertical, position of the slide and pin
aresdeternuned, by-the range racks actuated by
pinions. commeeted through bevel gears to the
range knob and. to the range drum. The gradu-
ations.on - this f.hum represent time of {light of
[.‘lli‘lj[‘-‘f‘tllﬂ divided. by the Lﬂl[‘L‘aiJIJllleE range.
ITence thedrum is. calibrated for the lmltwulﬂr
eun with which the mstrument is to be used.
The figures on the drum read ranges in thou-
%rl.mh of yards. |

. 6. Now, the function of the elements thus
.,fur E[E‘E{:'_.]‘l_bﬂd 18, to ‘convert the deflection in
knots:as received from -the range keeper and
as represented by the position of deflection
rack into deflection in mils which is repre-
sented hr the position of the slide on the
range “bar.*The next step is to correct this
value for: drift.; - This is done by mounting a
cam plate on the drift rack and having the
pin. in-slide operdte.in the slot of the cam
plate.” This slot is shaped to correspond to
thre drift curve -of the gun, which is- plotted
with ranges -as -ordinates and drift in mils as

-abscissas. - The aetion .of the pin in moving |

along the slot is to select different abscissas
or drift values corresponding to different
range values as represented by the position of
the range bar. -

A sehematic diagram showing |

and ond gear by the spot knob.
range bar

6. It is evident, then, that the displacement
of the drift rack equals the algebraic sum of
the displacement of slide and the drift. Thus
the drift correction is applied and the dﬁ]ﬂﬂ-ﬂ{'—
ment of drift rack represents the deflection in

mils corrected for drift.

7. The final -operation is to provide for
applving spot corrections to this deflection.
This is done by differential, in which one gear
1s turned through a gear train by «drilt rack
The spider
member which is conneeted <to-the delleetion
drum will e’ turned ta a position: represent-
ing the algebraic difference between the posi-
tions-of the two gears.  Henee the defleetion.
dial will indicate dellection in mils corvected
for drift and with spot corrections applied.

8. The dellection dream is graduated frona0. .
to 20, 20 representing 200 mils.  Zero deflece-
tion 1s normally 100 mils and is represented .
by 10 on the dram. - The spot deum has 10
trisngular-shaped pointers, five indicating up
and five down.  The livst fourspots ~bhoth up
and down represent 10 mils cach and the
[ifth 8 muls each, so that the maximum spot
correction that can be applied is 48 mils,

9. On the range “drum the ficnres represent
the range n thnumndq of vards, ,

10. A flat coiled spring on the 5[m|{~ shaft
of the differ ential tends to draw all mov able.
parts, such as gears and shafts, in oine diree-"
tion and thus take up any hnci-.ln,uh or Jost
motion between gear teoth. For a “similar
purpose there are two coiled wire springs
attached between the range slides and thﬂ
frame. "

11. 1t remains to explain | m more detail how
knots deflection are converted into mils deflec-
tion. Referring to Plate 2, lizure 2:

ab=Displacement of deflection rack and repri-=ents knota
deflection K as received {rom range keeper.



ac =Vertical length "between ab and pivet e. This

remains constant.
de=Vertical distance between pivot ¢ and slide pin.
The range drum is so calibrated that de tqmﬂa
Time of flight X C
Range
Where C=a constant which takes care of the machine
dimensions and of the conversion of knots into yards
per second.
BBy similar triangles—

df _de 1 dr= dexab
gD A6 R

That 18 — : -
C__ Timeof flight

- AI=geX Range

ae * knot deflection

k] '

which equals deflection in. mils when the constant = 1B

miven the proper value,

INSTALLATION

12, The range keeper, Mark II, Mod. 2, is
provided with a spot correction ring which
surrounds the deflection dial. Before the
converter is installed the range kecper has
been returned to the factory (Ford Instrument
Co.) and this ring and the crown gear to which
it 1s attached is removed. Then the old
gricdluations on the ring are replaced by a single
arrow to make a follow-the-pointer ring, and
the crown gear is cut around the {:nmplf-tﬂ
circumference and follow-the-pointer arrow is
placed on the deflection dial. The knob and
shaft used for applying the spot corrections
on. the range keeper is then removed, the
rebuilt ring and the recut crown gear are put
back in place, and a new bushing and shaft are
installed. The new shaft has a pinion at the
inner end which meshes with the ring crown
gear. At the outer end of the shaft is a ecrown
gear which is to mesh with a crown gear on the
outside of the converter. The training crank
1s removed when the converter is installed, also
the shaft and its worm to which the training
crank is attached are removed.

13. As these converters attached to the range
keapers are used in connection or attached to a
director, they are trained by gears attsched
to the training post extending from the base
of the range keeper. As the director is trained
these gears unwind or work ‘the opposite to the
director train, so -that the proper relation is
kept between the “ 0. S.”” (Own Ship) and “"
(Target) dials of the range keeper.

14. The open sight and its standard are
removed from the case of the range keeper,
and a plate for supporting the converter is put
in its place. If a Mark I converter is being in-

| stalled, the plate is attached at onco to (he

seat from which the sight standard was re-
moved, but for the Mark I, Mod. 1, instrument,
the seat and a part of the casc flange of the
range keeper must be milled down, and the
deflection knob opening must be reamed out.
In putting on the plate the screws are left so
that the bracket can be moved slightly for
adjustment. .

15. Before putting on the converter the
follow-the-pointer ring on the range keeper is
set so that the arrow comes directly under
lubber line of the deflection dial, the deflection
scale of the converter is set at 10, and the spot
dial 1s set so that the triangular-shaped pointer
representing its. mid-position comes under
number 10 on the deflection dial. The range
is set for 1,000 yards.

16. The converter is then screwed to the
bracket by four cap screws, its position being
fixed by two dowels. Next the meshing of the
crown gears is adjusted by shifting the position
of the bracket, and when the proper position
is obtained the converter is removed, the
bracket is tightened to the case, and the posi-
tion fixed by drilling and inserting dowels.
This done, the converter is again screwed to
the bracket, and the installation is complete.



~17. The Mark II, Mod. 2, range keeper when
the above changes are made in it and when
the deflection converter is attached then
hecomes the Mark II, Mod. 3, range keeper.
The Mark 1I, Mod. 2, range keeper may be
modified to a Mod. 3 by semovihg the “spot
correction ring” and the “crown gear” to
which it is attached and the deflection dial and
then returning them to the factory. The
crown gear will then be cut 1n its entire cir-
cumference and the ““follow-the-pointer” arrow
placed on the “spot ring” and deflection dial.
Upon the return of these from the factory the
other changes given above may be made and
the deflection converter attached. [CAuriOoN.—
This work should not be undertaken except by
an expert on the Mark I1 range keepers.]

ADJUSTMENTS

18. When 'the deflection converter leaves the
factory, all drums are correctly set with relation
to the instrument mechanism, and no adjust-
ment will be necessary unless this initial set-
ting is changed. To check the setting, obtain
the drift and arbitrary deflection curve sheet
for the gun, and, for different range setiings,
check the deflection drum readings with the
deflection values shown on the cupve sheet.
The check should be made with several different
knots deflection values.

Zero selling

'19. The correet initial setting of the instru-
ment can be made in the following manner:
Remove the instrument case and bring the arm
to a vertical position. A small hole in the cam
plate will then line up with the slot in the arm,
Then turn the range shaft until the lower pin
15 against the lower end of the slot in the arm.
In this position of the mechanism the range
drum should read 1, the deflection drum 10, and

are known.

the triangular-shaped spnt_mnrlc should be
directly under the 10 of the deflection drum.
The stop block on the shaft turned by the
deflection knob and stop block on the spot
shaft should be in the mid-positions of their
travel or within a fraction of a turn of this
position.
Range drum adjustment

20. The range drum can be adjusted simply
by slipping the drum with respect to its
gear. ‘This is possible since there is only a
friction connection between the gear and drum,
pressure being maintained by a cup-spring
construction on the side of the drum which is
compressed against the gear during assembly.

Spot drum adjustment

21. The spot drum is mounted in a similar
way except that a cup spring is compressed
between the drum and its gear, and adjust-
ments can be made by slipping the drum, as
in the case of making the range drum adjust-
moents.

Deflection drum adjustment

22. It would seem that the deflection drum
could be adjusted by turning the spot shaft
until the reading of 10 appears and then slip-
ping the spot drum to its mid-position. IHow-
ever, since this procedure leaves the stop
block on the spot shaft out of its mid-position,
it 1s evident that the deflection drum has been
adjusted by bringing the spot shaft out of
position. This method should therefore be
used only for very slight adjustments.

Calibration

23. The range drum and the drift cam of the
deflection converter are made for a gun and
projectile for which the time of flight and drift
Should either or both of these
quantities be changed, the converter must be



supplied with a new range drum and new drift
eam, properly calibrated for the new conditions.

CARE OF INSTRUMENT

24, After the deflection converter has been
properly installed it requires no operating
attention except the oiling of the slides. This
should be done at the same time that the
range keeper is oiled. A high-grade light min-
etal oil should be used for the purpose. The
licht mineral oil used in the Waterbury gear
has the proper qualities.

95. The Mark I, Mod. 1, deflection converter
differs from the Mark I in that the range drum
is graduated for use with 6-inch 53-caliber
guns and also in details of the casing. The
inner or side.of the casing next to the range
keeper is milled off. This allows the instru-
ment, to set closer in against the range keeper.
The bezel and side of the range keeper has also
been milled off, forming a new seat for the de-
flection converter. This method of mounting
the two instruments together decreased the
over-all dimension by about 1} inches. This
saving in over-all dimension was required in
the mounting on the directors. Care should
be taken tosee that the deflection converter is
used only for the caliber guns for which it is
designed. Thisinformation is given on a name
plate secured to the outer side of the casing.

26. The deflection drum on the converter is
craduated in 200 equal divisions, every 10
divisions being stamped from 1 to 20, the posi-
tion of zero or no deflection being either5or 10,
depending on whether the guns have their
middle deflection position at 50 or 100.

27. The converter Mark I, Mod. 1, is the
same as the Mark I, except that it is graduated
for use with 6-inch guns on the scout cruisers.

28. 1f it is ever found necessary to change
the middle deflection point of the deflection

1

drum of the converter from 100 to 50, proceed
very carefully as follows:

(1) Set range to 1,000 yards, deflection to

100, and spot ring to position of “No spot.”
Remove converter from the range keeper by
taking out the four securing bolts.
" (2) Remove the cover, held by 12 machine
serews, taking care not to injure the rubber
gasket. It is advisable to take a measurement
from the 100 deflection mark to the right-
hand end of the brass frame for convenience
in setting the drum after the cover has been
taken off. This measurement is approximately
1.65 inches.

(3) Remove two screws at the back of the
casing, turn the spot knob so that the pin
which engages a slot in the detent disk is below
the spot knob shaft, and the entire mechanism
may be lifted out of the casing.

(4) Set the deflection drum back to 100 de-
flection (by using the measurement above
mentioned) and turn the spot knob shaft so
the spot ring is in position of “No spot.”
Holding the deflection drum in this position
against the action of a spring (which will tend
to rotate it as soon as the two screws mentioned
below are released) turn the entire mechanism
bottom side up.

(5) Release the two headless set screws in
the hub of the large brass gear, turn the
mechanism right side up and slip the deflection
drum to the right with the fingers pushing on
its surface until 50 is in alignment with the
vertical arrow head on the spot ring; it should
also check up with the measurement (1.65-
inches) to the right-hand end of the brass frame.
Tighten the two headless set serews in the hub
of the large brass gear. The spot ring is held
by friction and may be turned on its shaft
independently of the spot knob if necessary
for accurate setting.
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(6) Turn the spot knob so the pin is in its
lowest position [as explained in paragraph (3)]
and replace the mechanism in its casing.

(7) Care should be taken to have the cor-
rection circle on the range keeper in the posi-
tion of no deflection when the converter is
bolted back on-the range keeper; it is adjusted

by turning the crown gear just outside the |

range keeper casing. The converter deflection

O

should read 50, the range drum should read
1,000 yards, and the spot ring should be in the
position of “No spot’” before replacing the
converter on the range keeper.

Cuas. B. McVay,

Chief of Bureau
Navy DEPARTMENT,
Bureau or ORDNANCE,
December, 1922
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