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SUMMARY

ORDNANCE TARGELL
JAPANESY ANTI-ATRCRAFT FIRE CONTROL

: A careful exemination of all Japanese fire control systems and
particularly anti-aircraft systems discloses any .number of quite excellent
ideas, many of them well carried out, but mostly they are in details only and
not original basic coneeptions. An example of the former

wave mechanism, a description of i

were no fire control systems eit

"line of sight" £yTo with one degree of freedom or the free gyro. The use of
gyros was strictly limited to providing artificial horizons.

Based on standard principles, there were asany new Japapese fire con-
trol systeams such as the RAIUN, the Type III, and the BIODOBAN Tyre II.

- In the field of short renge, high angle fire control, all Japansese
gystems were based on the course and speed sight principles. The Japanese
made very complicated course and speed systems, while admitting apparently to

" themselves, that the primary errors of estimation of target course, speed and
range were out of all proportion to the small corrections applied for wind,
drift, parallax, etc. Descriptions have been glven of two of these types of
course and speed sight director systems (Type 95 and Type 4 lod. 3) but not of
the remainder, some of which were simpler, as nothing of value woulc be gained
by describing various types of outmoded systems.

The most outstanding characteristics of Japanese anti-asircraft Tire
control were (1) opties; (2) the limited application of power follow-ups, end
"(3) the use of optical methods for hand follow-ups, '

The best features of the standard Japanese long range High Angle
Fire Control System Type 94 are (1) careful design, (2) unity or thought, and
(3) excellent layout. A visit to the aircraft carrier RYUHO at Kure Naval
Base confirmed these impressions. The director both inside and out was
spotlessly clean and tidy; the layout was excellent. There were no untidy
cables, pipes, tubes, or excrescences. The inside of the director had polished
linolewrn on the false deck ‘and was supplied with indirect lighting giving an
impression of excellent cooperation between designers, manufacturers, and navy
yards. . .

In blind firing systems and autofollowing with rate aiding, Japanese
naval designers had not progressed far, Although some of their ideas were up
to date, they were handicapped by the bombing of their industrial plants capa-~
ble of fine precision work. AS a result the accuracy of radar systems was not

re, and the resulting operational practice was far
the radar to put a searchlight or a group of searchlights roughly in the cor-
rect place in the sky and then to track optically in the normal manner.
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‘Location of Target:
= Kure Naval Arsenal
Yokosuka Naval Arsenal

Nippon Optical Cqmpany*(TOKYO)

Japanese Personnel Interviewed:

N Jiro, ICHINOI, Commander, IJN (Ret). Fire control designing engi-

SR neer; Kure Naval Ordnance- ‘Experimental Laboratory and Head of
Fire Control Factory 1940 - 1945; attached to First Technical
“Institute, YOKOSUKA, from April 1945 to August 1945.

Mr. FUKAEDA, designing engineer, Nippon Optical Company, Mizunokuchi,
TOKYO, from 1943 to date.

= OKUDA, Lieut, Cdr., IIN (Ret). Gunnery Officer of the battleship
NAGATO.

Relatgd.Renorts;

For information on stable elements, stable verticals, gyro horizons,

servo mechanisms and ma%netlc torque amplifiers which operate with
the high angle fire control systems described herein, refer to
NavTechJap Report, "Japanese Surface and General Fire Control", In-

dex NO. 0"31.

For references on equipment other than that referrea to above, such
as 8ynchros, wiring diagrams, ete., refer to NavTechdap Report,
"Japanese Fire Control™, Index No. 0-29.
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INTRODUCTION

Although the target brief calls for a descriptive report of ship-
borne anti-~aircraft fire control, it is thought that the report should also
inelude Japanese naval anti-aircraft fire control for land use. In spite of
the fact that such anti-aircraft fire control systems are for land use, they
are fundeamentally naval conceptions -- designed and manufactured by naval fire
control engineers and contractors, anda intended to be operated by naval per-
.gonpel -~ for the defense of naval bases and naval arsenals,

The standard shipborne naval anti-aircraft fire control system is
the type 94 (KYUYON SHIKI KOSHA SOCHI) and is the equivalent in many respects
of the U. S. Mark 37 Director System. The firm which made this system, Nippon
Opticel Company, was still to a large extent intact and the staff was still
available, making it possible to obtain from the chief design engineer, Mr.
FUKAEDA,a small pamphlet describing the system. This pamphlet is included as
Enclosures (D) and (E).

The system which preceeded, in order of development, the Type 94
KOSHA SOCHI was the Type 91, &nd this was equivalent in many respects to. the
U. S. Mark 33 System.

1n the introduction to NavTechJap Report, "Japanese Surface and
General Fire Control", Index No. 0-31, there is given a complete list of Jap-
anese terms used for the different systems; for this report some excerpts are
Jisted in order to identify the systems. Because the Japanese system of no-
menclature is so complex, it has been found useful to use their words and
descriptive titles. The following are the terms encountered in this report:

HOIBAN 000000.0‘;00t!.ll'o....olol'..o.o'-.o.'o-.roo Low Angle Director
KOSHAKT cevoeosscessssssaseanssesvesscscnsesscseasoe High Angle Director
SHAGEKIBAN .cee0scces0ss0c0ceccsesescsceseccssoscns Low Angle Computer
= = KOSHA SHAGEKTBAN sececscaececececcoecscscsessccovanns High Angle Computer
BIODOBAN '............‘...a.....Q.....o.......'... High Angle Computer
KOSHA- SOC}E G0 00 00000060 NPEESESIECEOISOEISOEODRO High A-ngle Fire Control System
DENTAN HOIBAN 00 0 B 00 0B QSN B OOV SP RO COECOIECOELIRNOIBSBAERTOIEPSTSIONS Radar Diréctor
! KOSHA SHAGERT SOCHIL seecessscscsccecee Shért Range High Angle Director

This report covers all the naval anti-aircraft systems in existence at the

close of the war and also those under development, including high angle systems
for large guns. .
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THE REPORT

Part I
JAPANESE ANTI-ATRCRAFT FIRE CONTROL

f
Type 91 High Angle Director System (KOSHA SOCHL)

1. General, This high angle director system consists of director and com-
puter combined on one pedestal with no plotting room, no stable element,
and is similar to the U. S. Mark 33 System. The only differsnce is the
absence of a rangefinder in the Japanese System.

The Type 91 was designed in the late 1920's and ships were being ecuipped
with this system in 1930. It was designed principally for high angle, but
it is also suitable for surface fire. I% is a full tachymetric system
based on polar coordinate principles and identical in its approach to the
problem with the Vicker's Army Predictors.

The optics are leveled and cross-leveled by the leveller and cross-leveller
s0 that the director is, in fact, tri-axial in just the ssme way as the

TYPe; 9.

The system is cumbersomeﬂto operate and requires eleven operators. OFf
these eleven, ten actually operate the director and one is a communication
member., There are rn servos or follow-ups; instead, pointers are matched,

The photographs in Figures 1 and 2 show the Type 91 removed from BB NAGATO.
It is identical to the model shown in Figure 3 where it can just be seen
through the camouflage to the left of the rangefinder tower on BB HARUNA
shown in Figure 4.

The distribution of the operating personnel is as follows:

= Forward ; a, (Cross-Leveller
b. Leveller

AfY c. Total elevation follow-up for cross-
' ‘ level correction.

d. ILateral and vertical spotting corrections,
initial settings for wind, time of
flight follow-up.

Lateral and vertical deflection

Starboard Trainer
Compass follow-up

Port Layser
. Level and cross-level converter (i.s.,
resolver from horizontal to deck
values)
Range, range rate and range spotting
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TYPE 91 HIGH ANGLE DIRECTOR
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Figure 3
TYPE 91 HIGH ANGLE DIRECTOR,
BB HARUNA

Figure 4
BB HARUNA
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Solution of the Problem

-« RBlevation:

‘Present elevation Correction due to wind and
own ship speed
Vertical deflection
«. Daily corrections (barometric
correction due to deék  '® height and I.V. correction)
tilt
a, Spotting
¢ Super elevation

Training:

F+3+Z+aw +et+H+D
c

Present bearing € “gross-levelling correction

Lateral deflection X Parallax

Drift b, Spotbting correction

Correction due to wind
and own speed

Time of Flight:

=T, T

T, Time of flight

dT
t, Correction (including dead time (¢+) andt -——
correction at

3 Weights snd Sizes. The physical dimensions of the director are: one
meteT square, two meters high and three tons in weight.

hs Efficiency of the System. The system was handicapped by the fact that
the Tangerinder was separate from the director and it was found very c¢if-
ficult for the rangetaker to be on the same target as the director, not
only because the rangefinder was separate, but also because the rangefinder
had no level or cross-level assistance ®nd was, in fact, bi-axial.

Since équipment was based upon slant range instead of helght, it differed
in this respect from the Vicker's System from which it was taken; and there-
fore, enabled correct solutions to be made for diving and climbing target.
This feature was a theoretical advantage rather than a practical one as the
task of Operator Number 5 (lateral and vertical deflection) hecame diffi-
cult when there was much roll or pitch.

The training of the director was manual and there was no form of rate aid-
ing .in the instrument. )

The system was primarily designed as an anti-aircraft system, but it was
also used for surface fire., Surface fire at dusk-or under poor light con-
ditlons was stated to have been very bad because of the inefficiency of the
sights, telescopes, and optical systems as regards their ‘light transmitting
qualities.
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This system was stilivin use in the Japanese Navy at the close of the wWar,

being substituted as qulickly as possible by the more satisfactory Type 94.
Maintenance was diffieult but not frequent in the absence of power follow-
ups and electronics.

No ‘sketches or schematic diagrams have been made of this system since it
is considered obsolete.

B. Type 94 High Angle Director System /KOSHA SOGCHI)

1. General. The Type 9/ System wes the standard Japanese naval fire con-
trol sysfem in use at the close of the war.

It was fully tachymetrie, consisting of a tri-axial director (KOSHAKT-Type L
94) and a computer (in a plotting room below decks) incorporating a spher- =
ical resolver for deck tilt. There were several modifications and im- ‘
provements to the system over a period of years and in the latest ones a
stable vertical based upon a pemdulous gyro took the place of optical
leveling and cross-leveling in the director.

R The system as a whole is similar to end can be compared with the U. S.

o Mark 37 System. It is an outgrowth of the Type 91 and retains many of the
same basic features, i.e., it is a polar coordinate system depending on
accurate slant range and provides solutions for diving and climbing targets.

It has hydraulic training using the tilting plate pump principle, whick
was lacking in the Type 91. This hydraulic training is not automatic or
rate-aided,

2. The Director. The director (KOSHAKI) pictured in Figures 5 and 6 is
= ' shown installed in the aircraft carrier RYUHO in Figure 7. The rangefinder
is cross-leveled and leveled as are the layer's and trainer's optics. It
is capable of directing fire agasinst surface targets as well as gircraft, T
but even in the latest ships (YAMATO and MUSASHI Class), the directors R
were not equipped with any radar antennae for blind fire, although radar R
‘range is used for the system.

3. [The Computer. The computer (KOSHA SHAGEKIBAN) is similar both in size
and weight with the U. S. Mark I Computer. Its operation is mechanical
throughout except for the magnetie clutch type of follow-up, a sample of
which has been sent to the U. S. and a description of which is given in
the documents which have been seized and sent to the U, S. The computer
contains a spherical deck tilt corrector (instead of flat linkages as in
the Type 91) for converting tri-axial data to bi-axial data, Follow-up is
by an optical system and this can be seen at the left end of the computer
in Pigure 8, The accuracy of this optical follow-up is not known, but it
is unlikely to have been very successful in view of the many different
versions of this gear that appear in succeeding modifications. The com-
puter has a range plot, the main purpose of which is to obtain a gond
‘range rate by aligning a slit of light with the slope or present range. A
description of the system and more particularly the computer is given in
Enclosure (D) which was prepared by the Nippon Optical Company. In addi-
tion, Enclosure (E) contains design data seized at the Nippon Optical Com-
pany and is considered to present a falr analysis for design errors. 1In
addition to the foregoing, some further figures and limits follow.

4. Description

a. Production: The NIPPON KIGAKU ¥OGYO KATSHA and their subsidiaries
= . ‘were responsible for the production. Some additional information on

this firm is given in NavTechlap Report, "Japanese Ordnance Research,

Testing and Training", Index No, 0-38,

13



RESTRICTED

igure 5

F

ECTOR

&
—
=
~r
=
&
o~
B~

DIRECTOR

TYPE 94




1YPE 94 DIRECTOR
CARRIER RYUHO

TYPE 94 COMPUTER, DESTROYER HANAZUKT




RESTRICTED

Production of this equipment commenced in June 1937, using desigﬁs )
dated about 1933 or 1934, at a rate of 5 units per month and at a cost =
of approximately 136,000 yen each.

o b. Limits and reguirements:
: i N 2
Speed of Operation B
) Elevation @ P 0 G992 0 0E PP EC I SORPROTROIOEOEREPOEEIENIEDS 80/530
Training ' TEEREEEEEEENY EE NN W N A I SN N I A NI AN A B A B léo/sec
Accuracy of Solution
Train and E1evation eecececcseccececnses 12 minutes of arc
. ) Fuze -’onco.ouoo‘..ooo.notooooc'o'ocoo-oo.-o- 0-02 Seconds
Average Time for Smooth Tracking eeecescesceesses 20 seconds
solution TIME cecesveccoscsccccesconssconce 10 to 20 seconds
Inputs to the -Computer
Present RANZE cevevesscssccssecssss L5 to 20 km, (Auto)
Present Height esvessevesssosecaneace O to lo lﬂn. (H&nd)
Elevablon ANEle esecscsssccessessece —150 to 1050 (Auto)
Training Angle [(EEE XN N NI N NN NI X I NI IR A S BN N ] 22200 (Auto)
N CrossRoll '!.Q'.'.BI......‘Q.l.“....'..".. rloo (Auto)
Roll .'0...0......0'.'......’0..'.....'.0"0. t150 (Auto)
‘Praining Spotting COTTection eessesseesess S200mm (Hand)
Elevation Spotting Correction «ieesesceeres 200mm (Hand)
FUtUTre RANZE cesssecessccsccess 850 to 12,500 m ( 8em gun)
Future RANES secesessscecsecnse 750 Ato 15,0001(10cm gu.n)
Puture RENEE eessccessccssosss 700 to 12,500 m (12 & 12.7
, cm guns)
Range Rate .'..‘0"....“C..Q.......C.. i50(‘-)‘k1]-0ts (Hand)
Range Correction ...eeeescevesccesse ¥3000 meters (Hand)
Range SpOLtiNg seeccecscscssascocceee 3000 meters (Hand)
Fuze ‘COrTeCtion .ceevsscececesccosess 10 Seconds (Hand)
Outputs from Computer
Lateral Deflection sseesssccccscosscesconane £45% (Auto)
vertical Deflection n..0.’0..00‘@_‘00....00.0. tBOO (Auto)
Fuze coouo.coco.coo.ooncooooooocyov 1 to 14.3 seconds (Auto‘)

i

ﬁ C. Physicél dihensions and weight:

Computer
: Length 6P 9P 080 GOS0 E00C0C0PNIESEPEENONBOIEOOENITEOEDPOLEOSISLILS 1.5 m
vlidth .........'l0.’.9“."...DGOOQCGOCQO'OQI'OI.II 0.58m
Height .l.......Q....‘.‘0’00000.CIODGQOQOCCO0.0QIC O:92m
&Veight ...Q...O"...'..l.G..QOIG.O..I.'.O.....'. l* tons
Director ‘
working Circle .;.Q....000.'.'..0‘.....00.'0'...I 5mdi8—
Pedestal Of DiTECLOT seecscsecscocsesscensss,ss L8 m dia
Height -..0."0..009'0.....0oucaon......‘......ﬂ.l l.‘ém
Weight .'l.l....cl'..nl.'...e00000000".0.00...0 3% tons

d. Transmissions:

ﬁggg Transmitter Type From To
Range f ‘ Power Selsyn Single (500m/rev) Director Computer
Presenf Tievation Power Selsyn Single {1°/rev) Director Computer
Present Training Power Seisyn single (2%/rev) Director ComputeT
Inelination . Power Selsyn Single (2°/rev) Director Computer

SHIP-Lateral Deflect Diff. Selsyn Single (3°/rev) Director Guas

16
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Name Traagsmitter Type From TQ

Vértical Deflect Diff. Selsyn Single (3°/rev) Director  Guns

Fuze Selsyn Single Computer Guns
LAND-Léteral Diff. Selsyn Double (28°,360°) Director Guns
= Vertical N Diff. Selsyn Double (10°, 90°) Direector' Gums
Fuze Selsyn Double (10!, 50") Computer  Guns

5, Modernigation. Below are listed the most mcdemlimprd#ements to this
- system at the close of the war:

a. Opeuing fire on an estimated enemy course and speed before computed
quantities could be transmitted to the director and without weiting
for the scolution time to expire,

b. Easler mass production (e.g. no ball bearings less than 1/8n diaj.

S . ¢. Radar range and, later still, elevation and bearing for indirect
' and blind fire.

o d. Tolsrances of 10! of arc in both training and elevating.

= e es&~ Better target designation and target acquisition,

v

v - £, A calculated accuracy at 250 angle of sight, 45° bearing and pro-
a : vision for, a 500 knot target.

é. No three dimensional cems; used instead ballistic drvms with curves
thereon, operators used hand follow-up,

. he No wind correctibn mechanism installed for wind corrections to
range or to vertical deflection. : '

i, No range plot for rate of change of range but rate intergralors
used instead for fuze prediction, ‘

In fact few of these improvements were ever carried out on this system and
it was due to the difficulties in realizing these improvements that the
Type III.(shipborne) system was introduced. This system is described in
part I (E) of this report.

C. Tlectrical AA Computer For Large Caliber (uns

1.  General, A description of Japanese anti-~aircraft fire control would
not be complete without a brief description of an electrical AA computer
" designed to provide a form of barrage fire for large caliber guns. Figurs
9 shows this computer secured to the end of the main low angle tabls
(SHAGEKIBAN Type 92) of BB NAGATO. This, however, is only ome part of the
device, the other parts include an attachment to the range plot for provid- .
ing future range to a bulkhead unit which contains drums with paper and e
. metal cruves with follow-up arrangements. (See Figures 10 and 11.) The :
- only remaining components are target speed and target angle transmitters in
the director. A description of each of the two main portions follows,




w  Figure -y
ELECTRICAL AA COMPUTER, BB INAGATQ

{

2, Deflection Calculator (The Bulkhead Unit). One drum is calibrated for
vertical deflection and the other for lateral deflection. The hand cranks
are therefore retated in terms of sine, 7, and T respectively to sat-
Isfy the equation- . R

1 R, cosa

N v cos B

T for lateral deflection and
RlCDS a

0=E_§u%§_§ulg,'r for vertical deflection.

target velocity

target -angle

future range

future angle of sight
T - time of flight

\ dR
Range rate being pra sin 8 cos a,

3. Deflection Transmitter. These transmitters are turned by handles which
rotate potentiometers to provide an electrical balance in the circuit of
which the deflection calculator is a part. hen the two voltmeters read
zero, the conditions are satisfied and the correct deflections are” trans-
mitted to the guns.

L, Deflections. Deflections so calculated are not very accurate end there
are no corrections for parallax or dip (parallax due to vertical base).

18
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TYPE 92 RANGE BOARD
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Figure 11
CURVES USED WITH FIGURE 9
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D.

Only barrage fuzes were fired with this system and it is understood from
interrogations that the equipment was designed initially for use against
torpedo bombers. YAMATO and MUSASHI had such devices fitted to their
SHAGEKIBAN Type 98.

Card System for H.A. Fire for Large Caliber Guns

This card system is not unlike the card system at one time in use in the U. S.
Nayy and at different times advocated in the British Navy. It is only of in-
terest from & documentary point of view and a brief description is given for
this purpose. B

1. Input Data kequired. Target speed, target inclination and continuous
readings of present range.

2. Output Data Required. Future range (for the correct selection of fuze),
vertical and lateral deflections.

3. Theory Upon Which the Cards are Based. Figure 12 shows the relation-
ship between pressnt and future range for an approaching target where:

0 represents present range

AN
P represents the rﬁnge at the time of firing
, Q represents,futufé range
Assuminguthat t, 1is time required to use the table (R to 3 seconds

is time required to transmit the data to the gun by
telephone (3 to 4 seconds)

is time required for setting the fuze (5 seconds)
. is loading time (20 seconds)
is time for obtaining o2 accurate range cut (15 seconds)
is time of flight,-
and if %%'is the range rate, we get

dR

1 = —_
R R (tl i, t tg * ) Zﬁf"'

‘ dR
R R—-(t, + L, v+t + t, + t + t)—
Lt O

1 3 " 5 2)

For NAGATO (t, +t, +t

+t,) was considered to be a constant and egqualed
L5 seconds.

3

dk
Therefore R' =R = 40 ~—— vveeresosssvsvsnressoscscascrcnns (3)

dt

Equations (2) .and (3) are the fundamental equations to obtain R' and Ry
from uny present range R for different values of range rate so that, if
present runge and range rate are accurately and continuously known, future
range and the correct instant for firing can also be continuously obtained.
See Figure 13.

4. Practical Applicavion. Ranges from 3000 to 24,000 meters are tabulated
in 1000 meter invervals and range rate from zero up to 360 knots in 20 knot
intervals with the cards prepared as in Figure 14 for range and deflection.
The control officer then applies the present position data, telephones tae

22
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Figure 13
DETERMINATION OF FUTURE RANGE AND INSTANT FOR FIRING
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EACH TARGET SPEED

d |30 /A

Note : V - Vertical Deflection
L - Lateral Deflection
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Figure 15
TYPE III DATA COMPUTER FCR SHIP USE,
GENERAL ARRANGEMENT
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deflections to the guns, and with a buzzer system indicates the fuze set-
ting. ~When the actual present range is ripe the control officer presses

the firing mong which rings in the L.A. Director (HOIBAN) and the layer a.d -
trainer oress their triggers.

5, The crews had to be practiced continuousiy for any degree of efficiency.
Even accepting human errors, it was difficult to obtain consistant results,

Type ITI Anti—Aircraft-Fire Control System (KOSHA SOCHI) For Ship Use

1, geperal. This system is a shipborne equipment in contra-distinction te
the Type III for land use, a description of which follows in section F of
Part I. There is no similarity between the two systems, the same type

. number being indicative only that they were conceived at approximately the

same timei.

The evolution of this system began after the Battle of Midway in July 1942
at whizh time it was found that the standard Type 94 System even with mod-
ern improvements introduced as a result of war experience, did not meet the
requlrements of the Japanese Navy.

The Type 'TI1 is essentially an(. H.A. System and was lntended to supercede
the Type 94. Kure Naval Arsenal was selected to manufacture the equipments.
The primary requirements in the design of the Type III were to provide a

- rgpid dolution time, to ensure that layer, trainer and control officer were
ohserving the same target and to reduce to a minimum the possibility of
target, iiscrimination errors. The system of prediction is based upon the
rectangular coordinate system and is fully tachymetric. The computer
(XOSHA™ SHAGEKIBAN) transmits gun data direct to the guns (series priacinle}
Otiher special features are as follows:

. ‘womplete blind fire usmng radar data.

b. Comntral officer has scooter control for slewing to train
the  director on to any target which he selects.

¢c. An estimated target course and speed can he set sc as to
get approximate deflectlurs without having to wait for a solution

time.
d. Simple conversion to other ballisties.
e, No ballistic three dimensional cams ~ hand follow-ups instead.

P, Highest possible accuracy with wind corrections to future
range and vertical components of deflection.

2. Computer (KOSHA SHAGEKIBAN), The following, in brief, are the equﬁ-
utions to be solved.

v cas 6T = x, sin & and

v sin 8T = Ax + x; (1 ~ cos §)
From these we get ' X, 8in §
v cos 6 = T

and, ) Ox + x, (1 ~ cos 3)
- v sin8 =

m
X

x 88
8T

v Ccos 6 =

26
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and ) y sin & =£§i
dT
o we get éxpressions: “3%%?= v cos @ =.§L§$ﬂ;1
_ dx . Ax + x, (1 - cos)
, T v sin @ T
For the mechanical solution to the problem, therefore, the following are
used: .
in &
x f= f (v cos @ =_ﬁ__s_;£_.9..(l)
and ):=f(vsln«9=Ax+xlé1—cosb)]"(fﬁ)

The mechanical output from an integrator provides the correct solution to
equation (1) if B is an input to the disc, and x is the displacement of
the ball cage from the center. Expression x sin 8/T comes from multiplying
iinkages amd is fed into the ball cage of another integrator so that the
output is J v cos 8. These two quantities are subtracted in a differential
and the difference shows up on a rate matching dial., By rotating the hand
wheel in terms. of & the rates are then matched and equation” (1) is:satis-

fied.

Equation (2) is solved in a similar manner, If, when tracking a terget,
it is necegsary to keep handle & rotating, it indicates a continuously
altering target speed, target course, OT both, so that.in the case of the
) latter, approximate predictions on a curved course can be obtained. Super-
RN elevation and time of flight are obtained by following-up the indicated
N height on the curves on the drum for superelevation and Ty. The solution
‘ of the balliatic functions are cerried out in the sgme way.

This equipment was never completed, but manufacture of the prototype was
, well underway at the end of the war.

No drawings or data of any sort exist”for this equipment,kbut the five
illustrations mey give an idea of the general principles.

| -
F. Tvpe IIT Anti-pircraft Fire Control System {(KOSHA SOCHL; For Land Use

1. General. Chronologically the Type III Anti-Aircraft Fire Control
System {KOSHA SOCHI) for land use was more advanced at the close of the
war than the Type III System for ship use and one experimental model had
peen completed. This particular piece of equipment {computer, not direc-
tor) was agtually seen at Toyokawa Naval Arsenal and was one of the very
few pieces of equipment in the whole of the area which had not been com-

pletely |destroyed by fire or by bombing.

This con@uter for use with the newest type high velocity gun (12.7cm, 50
cal, Type I) had been designed with the following considerations in mind:

a. High accuracy at extreme range; 30,000 meters (plan range).'

b;/Eigh accuracy for ordinary corrections such as ballistic wind,
temperature, and initial velocity.

¢. large separation of "gun batteries and directors up to a maximum
of 500 meters. :

= ) d. Strict economy of materials and labor.

e, Spitability fur mass production methods.

28
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f. -Suitability for easy alteration to other ballistics,

RESTRICTED

g. Disregard for economy of weight, space and the numbef'of personnel

required since it was for land use at fixed positions.

h. Most trensmissions, particularly for (a) and (b) were two speed--
course and fine--to obtain maximum accuracy.

i.- Complete blind fire, but not autofollowing, by radar was consid-
ered to be of primary importance. .

Although both this equipment end the RAIUN Type 5 (a description of which
follows in Part I, section G) are primarily for land use, they have a
place in these descriptions of naval fire control since they have as their
background naval philosophy and naval design; moreover, they weré made
under naval auspices at naval arsenals and were to be” used by naval per-

sonnel.

2. Divector (KOSHAKI). This is of the conventional type ana similar to
the regulsr Type 94 but without cross-leveling arrangements or sights Tor
level and cross-level. It mounts the standard 4.5 meter rangefinder and

has the usual selsyn transaissions. It also has receivers fcr rzdar data
so that by matching pointers the director can be following rudar informa-
tion instead of optical information. The director arrangements are shown

in Figure 20 from which it will be seen that it is not powered or rate
aided and the operating personnel are as follows:

g, Layer ’ . 4. Range transmitter
b. Trainer ) : ec Spotter
c. Range setter

3. Computer (KOSHA SHAGEKIBAN)

a., Basic theory. Computations are based on the rectangular cocrdinate

method and the regular formulae are solved:

xlcos(,6+ 8) — xcos B+ Dcosp= VT oeorees (1)

x, sin (5+ 8) — usin B+ Dsinpu= Vgl -vvvone (2)

The basic theory is similar to that used in the Sperry Army Predictor

though the method of ‘solving the eguations 1is different and is shown

briefly in the schematic diagram Figure 21, The chief characteristics
of this computer is that it is in five separate pieces with mechanical

shafting connecting the first four and electrical wiring only to the
fifth., It is arranged in this manner for the sake of convenience and
because for land purposes no economy of space or weight is necessary.
In order to obtain the highest accuracy possible very large resolvers
are used (about 2 feet in diameter). Time of flight is produced by
following a curve upon a drum and ballistic corrections are made up

from:
(1) Vertical and lateral deflection due to wind velocity.
(2) Time of flight correction due to wind velocity.
(3) vVertical deflection due to I.V. drop and air density.

(4) Time of flight correction due to I.V. drop and air density.
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S

Position of director

Position of gun

Pfesent position
" Future position

Present horizontal range

LA + x Future horizontal range
Time of flight

‘Distance between director and gun
Lateral deflection

Azimuth bearing of gun with réspect to direchor

‘Compass bearing of target

Yy, Yy, Vz, Velocity components of V(V, third.dimension)

Figure 22
TYPE III VECTOR DIAGRAM

b. Physical arrangements. The five boxes can be bri i
‘Toilows (see Figure 23): efly described as

(1) Slant range and elevation are received

present plan G
height are calculated., ’ P Tange anc

(2) Component resolvers solve xcos f5,X sin B,X 8in(B+3)and X cos(f+8}
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(3) Deflections are nalculated by rate mechanisms. s and Ax are
obtained also, by means of folliowing a pointer on a drum, the time
of flight correction resulting from dead time is calculated.

(4L} Time of flight and cuadrant elevation are obtained by follow-
ing curves on cylinders. corrections to vertical deflections and
time of flight from the ballistic correction box show up on selsym
receivers. These corrections are added differentially to the iseT-
tical components to provide gun elevation. Lateral deflections
however, are added directly to the outgoing gun training trans-
missions.

(5) The corrections are calculated by electrical resolvers (i.e.
Wheatstone Bridge type of circuit, similar to the principle em-
loyed in the Electrical AA Fire Control System for the main
Eat%ery of NAGATO). The various ballistic functions which can ce
obtained by future horizontal range and height are determined by
following curves on cylinders, the rotations of which are propor-
tional to future range.

The data required are:
(1) sSuperelevation .

R PRS2 where v, is standard superelevation and «, is correc-
tion including wind, 1.V. correciion, etc.

(2) Lateral deflection (Dg!
DT=8+Z+A

where 5 is lateral defleection and Z equals drift and & wind correc-
. tion.

(3) Time of flight T, and T, (Fuze timei
T, = To+ T!

where T, squals standard time of f£light and T'equals correction

including wind, I.V. drop, -and air density.
T, =T, +AT + T
where T, is correction aue to dead time

daT
T, =T,——
€ . dt
where T, = dead time)
AT = correction for powder fuze

d. Arrangement of personnel.® This is shown in Figure 23

G. Type 5 Anti-Aircraft Fire Control System for Land Use, "RATUN" (Thunder-
cloud)

v

1, History. Of all the Japanese fire control systems this, perhaps, 1is
the Most interesting, as it represents the very latest and most up-to-date
thinking et the close of the war. Comdr. TCHEINOI was responsible for most
of the design and planning.

The scheme was an éttempt-to defend the vital Xure Area againsi B=-29 at-
tacks. The equipment was actually finished and satisfactory trials com-
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Figure 24
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pleted when the war came to an end.

2. General Description. The whole purpose of the scheme was to provide
the maximum concentration of fire in the smallest possible three dimen-
sional pattern in the sky.

The gun batteries to be controlled were spread out on the hill tops sur-
rounding XURE. There were five batteries in all, each buttery consisted
of three twin 12.7c¢cm guns (Figures 24 and 25). This meunt 30 guns capable
¢f firing, say, 10 rounds per minute or a total, therefore, of 3U0 rounds
per miaute. 8

There was a further proposal to lay cables to anchored cruisers so as to
control their guns with the data from the RAIUN,

In addition, it was hoped to use a Type III (land) equipment suitably mod-
ified for 16-inch guns so that battleshlps could also engege attacking
bomber formations with their main armasment when conditions permitted.

txelud .ng the shipts batteries, however, and considering the five groups of
viree win mountings only, one of the groups was known as the main battery
and th: others as auxiliary batteries. Fach battery had its own optical
rangef inder (Figure 26) 'and auxiliary director, but the main battery had in

" g3ddition the radar antenna and main director of whi: n the latter was iden-
tical to the KOSHA SOCHI Type III already described.

] _ o
The calcutating mechanism for providing gun data for transmissior. Lo these
tatteries was housed in a building halfway down the mountain side and
associated with a general communication center close by.

This calculating mechenism was the heart of the RAIUN and consisted of
seven large units (0.8m x 0.6m x 0.6m). These units (see Figure 27) per-
formed quite .separate and upecial functions as follows:

a. Setting Unit. So cailed because all initial settings are made in

= this unit, such as wind speed, target speed and ballistic data.

b, and . ¢, Transhmission Unit. For transmitting gun data corrected

for time of flight and quadrant elevation to two auxiliery batterlea
each, (See Figure 28.)

d. -Deflection Unit. For providing lateral deflection, drift, and
bearing, and transmitting this data te four auxiliary batteries. (From
this it will be seen that two transmissicn units are recquired for the
four auxiliary batteries and these are mechanlcally connected to the
setting unit--as is also the deflection unit.)

e Firing Unit. So called since the actual fire of the batteries is
controlled rrom this unit. It consists of a plot providing time of
flight data; the guns are fired only when the fuzes become "ripe" or,
in other words, when the time of flight is such that all bursts occur
at the same instant of time (at the same place). See Figure 29 and the
right hand diagram of Figure 31.

£, Situation Unit. This is a plan position indicator and is supplied
with radar data so that the control officer can observe the position of
attacking bombing formations and select a new target il necessary. The
original scheme was arranged for present position data, but this was

altered to future position information since this provided the control

officer with more "up-to-date™ information.

-

&, vype III Data Computer (KOSHA SOCHI)., The standard design of
data computer is described previously. Im the equipment at XUZZ,

35
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Figure 25
RAIUN TWIN MOUNTING

Figure 26
RAIUN RANGE FINDER
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Figure 2%
RAIUN TRANSMISSION UNIT

Figure 29
RAIUMN FIRING UNIT
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'however,“the Type III data computer was missing and a simpli?
with resolvers had been in use. The Type IIT would have been i
when available.

Mechanisms and Formulae

a. Resolvers. The solution of trigonometrical ratios in the RAIUN is
performed by electrical resolvers. The resolver used is an ordinary
selsyn whose three phase winding has been converted to two phase and
whoge "stator" could be rotated as well as the rotor and independently
of the latter. This is done in order to obtain ¢sin (6> @) or -

£ cos {6 ~ ¢} in the form of a voltage. I a voltage scual to I is given
to the stator and the stator and rotor turned to values of 6 and i re-
spectively. then the voltage in the phase of the rotcr will be propor-
tional to £ sin oOr ¢ cos and the other will be £ cos or -2 sin. Figure 30
‘'shows how this can be done. It will be seen that by means of a volt=
meter G, £ cos (6 - ) can be read or by using a potentiometer and
zero method with G,,.£ sin (6 ~ ¢) can be obtained in terms of the me-
chanical rotation of 4 handle. Figure 30 also shows how two vectors

A and B can be added and a resultant vector C obtained by completing
the parallelogram for solving:

C=4Acos (£~ L) -Bcos (£, - £
and -~ Asin (B, —B) -Bsin (g - B =0

These vectors are solved by the resolver method as shovm in Ficure 31
in which G, indicates the zero position voltmeter. The hhndle g rmust
be rotated until the voltmeter G 1¢ at the zero position and handle

C rotated until G, is- at zero, %Some modifications had been made to .
‘this scheme; the two rotors were not rigidly coupled but had 2 differ-
ential between them. The stators under these conditions could be
fixed. Since the motions between rotor and stator are only relative,
it is reasonable that by this method £, - £, can be sclved ecually weil)
It can now be seen that this resolver méthod is well adapted for
solving a pentagonal figure as shown in Figure 32 in which Gj-repre-
sents the gun position and O the director.

In its simplest form, this pentagon can be reduced to a triangle when
the gun is sited with the director and there is no wind vector.

The number of pentagons to be solved in this manner are egual to the
number of auxiliary batteries. The solution of these pentagonal figures
is really the heart of the RATUN System. It will be appreciated,
therefore, that there are no parallax problems in tiis system and the

- preblem is solved separately for each gun position.

b. Caleculated functions and guantities,

(1) Wind. Suppose that the projectile is moved L meters due to
the wind during the time of flizht T, then L/T represents somse
velocity of the wimd (but different from the actual wind velocity

" Wy) and aiso a function of Wy, range, and height.

{2) Time of "light and Superelevation. These are obtained by
following~up the regular height curves of time of rlight and
guadrant elevation, the rotation of which is in terms of horizontal
future range. ) ) )
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Figure 30
RAIUN RESOLVER PRINUGIPLE
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REZTRICTED

0-POSITION OF MAIN
DIRECTOR (MAIN-BATTERY)

P- PRESENT POSITION
OF TARGET

G:-NO L AUX-BATTERY

D-DISTANGE: OF AUX-BATTERY
FROM 0

M-ANGLE OF AUX-BATTERY

T;-TIME OF FLIGHT REFERRED
TO NO i AUX-BATTERY

Q;FUTURE POSITION OF
TARGET WITHOUT WIND
REFERRED TO G; ,

R-FUTURE POSITION OF
TARGET REFERRED TO G;

X: FUTURE HORIZONTAL
RAMGE,

V- TARGET HORIZONTAL,
VELOCITY

W-FUNGTION OF WinD
VELOCITY W, ,X; a
HEIGHT

O, W, -TANGENT ANGLE @&
DIREGTION OF WiND

Figure 39
RAIUN SO{TUT,I OY OF PENTAGON

(3) Puze Time. The method of obtaining simultaneous bursts has

been referred to in paragraph 2 under the heading "Firing Unitn.
The paper moves in the direction of the arrow (see Figure 31, right
hand diagram) and the slits in the. carriage throw light up to the
underside of the paper. The distance of each slit of light from
the base line SI represents the time of £light for each battery.
Eacn battery, therefore, is fired when the correct moment i:z dster-
mined by the plot operator who pushes the appropriate button.

Lo Accuracy of Flectrical Resolvers. The component electrical resolvers

referred to earlier have an accuracy of not better than 20 owing to a poor
sine wave form., These resolvers were adapted from ordinuary syncrros, but

it was planned to design some specially i'or the job for wiiich an aceuracy

ot 1° was desired. ' :

iwo of the resolver. have been sent to the United Stas for furtusr study.
Two of the time of flight and quadrant elevation drums hizve. also besn
shipped.

H.4./L.4. Destroyer Fire Control Systems ~ Type 2 P0IBAL and Tyos
BIODOBAN

L. ueneral., This systen was. specially designed for ise

ers. as an all burpose equipment, The dosigners wers fscud with the

of designing a computer suitable for both L.A, and [, i o
BIODOBAN did meet the requirements, the complications were considsr

be eut of all propo.tion. Tor instance, instead of maling the gquipmrent
basically suitable for either H.A. or L.A. {that is to = , Tor large
angular rates or alternatively swall aogular rates) an uitenpt was mzde to
use the sume mechanisms to provide ecual accuracy Tor hoth extremes by the
interposition of change gears and clutches operated by change-over hazndles.
To change: over, therefore, from H.A. to L.4A. and viee ver g, reguired very
careful drill anu a complicated linin~ up procedurs.
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In spite of the extreme complication necessary to obtain equally accurate
T.A. and L.A. Pire and inesmuch as guns used were priparily L... wozpons,
(12.7em, 50 cal) tne saips ritted with these eyuljuents were not satis-
factory for H.A. fire.

. The systen belongs to the conventional "series” tyve of syztém znd gun
transrissions are made direct from the computer.

2. Type 2 (HOIBAN) Diréctor. The director (see Figure 34) is entirely
enclocer im a tower and the whole structure is trained by hydraulic power.
The director is bi-axial snd there is no cross-leveling of the optics as

in the full H.A. systems. On the top of the tover is mounted a 3 meter
rangefinder which is free to train (separately from the tower) and the
operator moves 1t quite easily. In the tower in addition to the regular
layer's and trainer's sights, there are two others; one for the control
officer for spotting and the other for uce as an inclinometer (target =nglek

The following personnel are reguired for operation:
a. Trainer f. Control leveller
kb. Layer g Inclinometer operator
langze ~etter Communications
Rénge taker Communications
Control oificer
Figure ju;shows the positions of these men. Under conditions of H.A. fire,
the operator previously carrying out the duties of ianclinomever operator

becomes the leveller and level is transmitted by differential selsyn to the
computer (BIODOBAN).

Its size is 2 meters in diameter and 2% meters high and weighs 4i toms.
This director was designed and manufactured in Kure Arsenal,

3. Computer (BIODOBAN) Type 2. This H.A./L.A. Computer (see Figure 35)
is stated to be the most complicated piece of fire control ecuipment made

by the aAichi Clock Company.

The method of prediction is the "angular rate multiplied by time” principle
using rate integrators. In more detail it may be stated as follows:

‘a. Range rate due to target movement is obtained from a range plot.

b. TFor vertical deflection, the vertical rate component is multiplied
by time of flight.

¢. Tor lateral deflection; the lateral rate component is nultiplied
= by time of flight.

To get these rates, the rate matching methrd 1is adopted and the following
equations are solved mechanically:

- (1) Range

TR
R, # R+j—-—~dt+ARlT[~;.

_where R, “Is future range
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Te

is range difference due to target speed

R is  daily correction plus own:speed correction plus
spotting

is time required to obtain range cut
(2) Vertical Deflection.
 ptotbhotbp T total deflection
- where ¢ 1is superelevatibn
o 1is vertical deflection
N 1s spot
iy equéls dip
and ¢ =¢, +d with ¢, being superelevation in the case of
L.A. and ¢, being the correction obtained from a three dimensional
cam for correction in H.A. This vertical deflection is added by

differential selsyn to the director setting to provide gun eleva-
tion, .

(3) lateral Defiection Dp
Dp =D+ S5+ Z+ D,
where D is the deflection due to target speed
s 1is the deflection due tc own speed
7. equals drift
D, equals spot
(4) Time: of ¥light T,
| | T, =Tyt T+ T,
where T, equals: time of flight in the case of L.A.
T, equals correction to time with H.A.
7 equals correction for dead time, etc,

¢

The size of BIODOBAN is 1.36 x 0.75 x 0.9 meters and its weight
is I.25 kilograas.,

Type,57Blind Fire H.A./L.A. Destroyer and L.gobt Cruiser Fire Control

System (DENTAN HOIBAN)

"1 1, General. The urgent need of a radar director (to take the place of
' the: HOTBAN Type 2)-and to work with the BIODOBAN Type 2 brought about in
C 1944 the design of the DENTAN HOIBAN.

' One: of the primary considerations was: that there should be as little al-
. teration as possible to the HOIBAN Type: 2 or to the BIODOBAN Tyrpe 2.

The new blind firing director remained, therefors, a two axis design; it
became somewhat heavier and taller on account of the radar antenna and

rather more complicated on the training side due to the addition of more
follow-ups.
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Tt is unfortunate that there are no drawlngs OT handbooks for this equip-
ment, as it represented the latest ideas in Japanese fire control equip- -

- ment .for destroyers and light cruisers. The only information which has
been-gathered is from Commander ICHINOI.

Figure 36 shows the direetor and the disposition of personnel within it.
2. Operation of the Director. In order to keep the director trained

upon a target by observation of a spot of light in the trainer's cathode
ray tube, the training component is split into two parts {see Figure 37):

a. Change of bearing due to target speed.

i

b. Own ship alteration or course.
The amount of alteration due to training on account of own ship's altera-
tion of course is transmitted from the computer (BIODOBAN Type 2) throush

~a differential to the sensitive side of the hydraulic training unit. The

change of bearing due to target speed is added to this cuantity through a
differential and transmitted to the computer where predictions are carried
out as already described.
The diégram shows that the director can be trained from three places:

a. The‘cpntrol officer's T transmitter.

be .The:rédér operatbr's Tlitransmitter.

c. The trainer's haﬁ?wheel.

—
PNTENNA

LN VIEW

| FLENIBLE CABLE

BOLL BEACNG

CONDENSOL COLLLING

| [IAED PRET

WRVE GLHOE

/. EPNGE SETT7ERL
2 BANGE TEANIMITIER

? i j} ADSSISTANT
CENEEAL COMSTELTION

S CROSSLEVELLER

Figure 36
GENERAL ARRANGEMENT OF DENTAN HOIBAN TYPE V
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.The first two are received through a selector switch by Ry on the sensi-
tive side of the training gear. The layer rotates his handwheel in terms
of a=- i, which is angle of sight plus roll in the line of sight or direc-
tor setting. This guantity, added to vertical deflection (in H.A.) and
superelevation, enters the mechanism box for "future” position (i.e., gun)
data. Only the director setting feeds into the "present" box. Both boxes
are fed with cross-roll and their outputs are &, and & . These, in tiarn,

,1 : are transmitted to receivers R3 and R;, so as to *obtain transmission of 8
S (target bearing) and A+ & (fubure ta%get bearing).

Je A Simple Sine Wave Mechanism

1. General. It is believed that this mechanism may be entirely Japanese,
but If not, so far as is known, it is not found elsewhere in British,

. American or German fire controel. It is the invention of Mr. MIZUNO of
the NIPPON KOGAKU KOGYO. Mr. MIZUNO was lost at sea in & submarine on his
way to Germany in 1943, This mechanism is sultable for solving sines only
within certain limits and, therefore, its application is strictly limited.
It is to be found in the Type 9L Computer (KOSHA SOCHI), so the mechansim
can be further examined and analysed in the U.S.A. The mathematics of the -
scheme is presented below.

2. Description., Thlss simple mechanism consists of two regular spur gear
wheels mounted eccentrically. One drives, the other is driven.

Let theSe two spur gears of pitch diameter 2a mesh wfth each octher but
- with an eccentricity of ¢ and whose relation, therefore, can be shown as:

2
e
¢-- 8 +'*:—Sin g+ & (E‘) Sin 20 t eceseoscasrssssesseacoesersstoressrsvaransen (1)

where ¢. = uniform rotational angle of the driver

and ¢ = non-uniform rotetional angle of the driven.

The redius of each spur wheel being "ev, let 01 and Py be the centers of .
the gears, and O and P be the rotational centers as in Figure 38.

Let A be rotated by an angle f , then 03 traces out a path to 05 and Py to
P, and the positions of the gears change from AB to A'B', then:

Q,Ps=22 and ‘OP=a-e+a+e=2a

Then we obtain the following relationships:

_OZPZ cos § ~ PP, cos ¢ + 00, cos 6 = oP i.e,

2a cos § - efcos ¢ — cos 6) = 2a

X C055=l+%“(cos¢"cos a) -a-oa--o».‘aul-nu-nconauo-nv---‘unu.-.nn-o (2}
and 00, sin 6 + PP, sin ¢ = 0, P, sin 8, i.e
e(sin 6 + gin-¢) = 2a sin &
e <]
Sinszz_a (sin9+Sind))-.--.............-............ (3} g

By squaring and adding we obtain:

- e e?
x4+ = {eos ¢ ~ cos. 6) +VZ;? {2 -2 cos pcos 6+2 sin 6 s~ &

cos¢—cose=%E-[l|-¢os (p+8)1]




Figure 38
SINPLE SINE WAVE MECHANISM

Putting 4 =0 + .9 &and neglecting higher terms we get:

cos@-—A@sinB—cosG=é—:—(l—cos2d>—A9 sin 28)

§ _ s - therefore
4 =& (2 sin"6 - A9 sin 26)
app 1 -8B
2asin 8 a

Thusnwe get ;
e
0o =Ssing 1+ 2 SN
a 2a sin @

- & . 8+é(ez
=~ —-—sin- B P
5 oin-e ? SiN 26 + vevese

Neglecting the higher terms, therefore, we can say that:

¢: 6 "_Sina L R R O N N R (4)

3+ Mechanical Application., If wé wish to get sin o from o we substitute
¢ = mowhere m is & constant. Then:

e -

g TEME * — SIN M0 eesverstsavrosanevotvrsrnsonnresrrasrencsaresasssenss (O}

a
. - . e

This must-be equal to nsino S0 that we put n sino = mo + —sin mo where

n is a constant, - a
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Buﬁ.as this cannot be true for all values of o we assume
that
i o= o,

it
1t

[
SO 1.lhat n-sin 0'1 = ml +:—Sin mo'l Y N RN R R RN ] (6)
a

If we determine m, e, and a; we can find n from this equation. Generally
speaking, however, if om be. the maximum value of ¢ and -~ on is the
. maximum value of negative deflection we have to give the following limit:

m(omton )=2Krm OSKZL yovvescosnnsononovsossassrsrosssonsosonsnsvseossl(7)

Tf a value of k is assumed, om and on being known, m is determined
and from (6) for values of "e" we obtain values of n., ¥rom eguation {5)
values of ¢ are calculated for all values of e and the acceptable error
found for the relation ¢ = n sin o The most suitable "e" can then be
selected,

For the best results the maximum value of "e" is avout 2mm when "a" is
50mm. B

PART 1T
Short Range H.A. Direckor Type 95 (SHAGEKIL SOCHI)

1. General. The Type 95 short range H.A. director system was the stand-
ard one 1in use by the Japanese Navy.

It is based on the "course and speed" principle and originally copied frmm
the French "Le Preilur" sight.

It is the only system which was associated with a remote controlled mount
and this was the 25mm MG.

The mést usual kind of installation was three twin-gun mounts controlled
by one director, but sometimes there were two triple gun mounts instead.
“In all cases of multiple mountings, the elevation and training motors

were interconnected by selsyns to prevent the motors getting out of step.

A 1111 descoription of the Ward—Leonard'Reﬁote Power Control is given in
NavTechlap Report, "Japanese Fire Control", Index No. 0-29, but the
following remarks are relevant.

2. DescriEtion. The control officer has a scooter control which has two
pairs of vibrating contacts; one for elevating and one for training; these
contacts are vibrated by means of an eccentric cam.

If the scooter control is moved, one side of the pairs of contacts will
complete the circuit for a longer time than the other and the generator
will be tnereby excited so that the motors will be driven at high or low
gspeed accordingly and in the appropriate direction. Figure 39 shows this
arrangenent. .

The maximum target speed that could be set 1o this system was 600 kilo-
meters/hour. When the demand for handling higher speed targets was made,
the only satisfactory solution which could be supplied was the addition
of)an stched ring sight in the control officer's telescope. ({See Figure
40, : : i

This rihg sight provided for 900, 800 and 700 km/hr target speeds.
3., Remarks., Since therc were no drawings or descriptions of this system,
the above has been obtained through interrogations. It appears that the

Navy could not procure the necessary manufacturing caravity to fulfill iis
requirements and decided, therefore, to simplify this ecuipment which then

52
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800 KM./HR.

V=700 KM./HR

THIS IS USED WHEN V
LESS THAN 600 KM/HR.

Figure 40
RING SIGHT IN TELESCOPE OF KOSHA SHAGEKI SOCHI

became known as the Type 4 Mod 3 and is described in the next section.

It is curious that: the Japanese Navy took no steps at all to design any

ot%e; form of sight based on more advanced principles or which wer= tachy-
metric.

Simplified Short Range H.A. Director System {Type 4 Mod 3) (KOSHA SEAGFKI

SOCHT) - ‘

1. General. The illustrations of Enclosure (F) show the equipment which
resulted from the requirements outlined in the remarks on the Type 95 .
Director System (see Part II, Section A). The greater simpliéity of man-
ufacture did much to hasten the more extensive fitting to ships of short
range directors and the uge of it on land, It was stated that_ the suc-
cessful development of a i hp friction type torque amplifier also contri-
buted to the popularity of the Type 4.

This sight was intended for the control of:

A 25am Machine Gun Mounts.

b.  l2cm Multiple Rocket Guas.
Tt was also used as the main director in small modern destroyers having
one single and one twin 12.7cm gun, and as the auxiliary director for
land use (also for Type 98, 10cm and lzcm guns).
The basic differences from the Type 95 are as follows:

g,  Tracking was manual.

b. No anti-log cam was installed as on the Type 95, but
instead & graphical method was used., (Deflection multiplied
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_ by ballistic quantity is obtained graphically instead of
mechnically and superelevation is not set automatically but
‘must be separately.) :

N

2. Description. This Type 4 Mod 3 sight consists of five main sections:

a. Blevating gear.

b. Traversing mechanism. (When used on laend, a response
differential for training is provided.)

¢. Dummy target with its mechanical linkages.
' 4. TFuze setting equipment.
8. Vqrtica% and lateral spotting correction gear.

3, Limits of Operation.

a. Angle of Elevation: + 800
Angle of Depression: - 15°
Transmission Speeds
_Elevation: Coarse 900 /rev
Fine 10°/rev
Training: Coarse  3600/rev
FPine =~ 20%/rev
"Fuze: Coarse 50 secs/rev
Tine 5 secs/Tev
(Note: One revolution of the elevation handwheel elevaies sight 3°.)
¢. Range
HeA. 10CH SUN coceneccscssccane 2000 to 14,000 meters
12-12.7Gm guns 'EE RN EEE NN N 2000 to 10,000 mﬁters
LoA. 10CM ZUN covcacsassscscsccse 100 to 13,000 meters
12-12,.7CM ecoscecvscesvecscccce 100 to 10,000 meters
Target
DiVINg BNELE eesevvecccsssassnsccasscanonssscne to 90°
Climbing 8NELE eseecesasesoscoscsesvcnocnnccne to 30°
COUTSE eoocessvsscsssessscsssosasstossoasass 0 to 360°
Speed cecesvscsseseecsnscscasacnrcncac 0 to LOO knots
Treining Limit: 2 revolutions each wey (total 4)
pDeflection spotting, lateral and vertical:160 mils.
Fuze
10CIH EUR eocesosscssscsosnsosaansssacse 0 to 38 seconds

1l2cm gun P T R Y E RN R R 0 to 28 seconds
12,76 GUI .coecesssscsvosnssvsoanoses 0 to 35 seconds
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(Spotting correction from 0 to 8 seconds.)

Working circle: 2 meters l

veight: 295 kg (without shockproof mounting)

Personnel’: :
‘(1) Control officer

(2) Tracker '

(3) Range setter

(4) TFuze operator

(5) sSpotter )

L. Functional Description (See Figure 1(®Jin Enclosure (F). The rotating
can be trained on pedestal A and the training angle is -obtained
from the gear D which rotates on the fixed gear C attached to the mount
A. The lateral deflection from the spotting knob is added differentially
and the total gun train is transmitted by the gun training transmitter.

Fuze time is obtained by rotating handwheel G to follow indicator H on-
the range curve on the time of flight drum and this is then transmitted
by the fuze transmitter. The elevation portion of the sight with its
telescope L is connected to gear J attached to the gear box I and the open
sight K.

Target course is set by aligning the dummy airplane with the fuselage of
the target (there is a mechanical response differential so that director
training does not affect target bearing).

Tertical and lateral deflections are outputs of the dummy airplane linkege.
Vertical spotting correction is added to the vertical deflection and gun
elevation is obtained. =

Superelevation is obtained by rotating nut O until the correct range mark
is reached.

Target speed 1s set on the target speed bar U against the curves T.

5., Design Considerations. Correct gun training and elevation occurs when
future e%evatIon is 30° with a l2cm gun and LOO with a l2.7cm gun. In
Figure 41 the situation is represented graphically.

If 0.B and OPM are similar triangles

ONI __P_M o.oiooooooo-00.c.oooocoa.loﬁoOoonool.octcoaoa.o(l)

0B — AB
Tf OBB' and OMN aré similar triangles

Q_M_ _‘m‘:’[ =9’IL{' .......'....'.'..D....D"......Q.........(ZV)
- OB®* - B'B OB -
From (1) and {2) we get PM - Q%ﬁéﬁ = ng R ) =
‘ ¢ 1 ‘
In order to get the burst to oeccur at B, the superelevation ¢ (i.e. drop
of projectile during flight) must be considered; the target speed curve
can be drawn by calculations of the quantity L vT.
. 121
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Figure 41
VECTOR DIAGRAM FOR DIRECTOR TYPE 4 MOD 3

The' velue L T/R, will also be determined if the future range R, and future
angle o are fixed. (The error resulting from these assumptions increases
considerably at over 6000 meters). The . superelevation scale is obtained
by making the scale of the superelevation linear; this admits of only one
angle at which superelevation is exactly correct. 1In Figure 42 NM is at
right angles to OH. Then in the similar triangles NMS and ONR we have:

ZMNS = ZMR = ZLa
and’ ) . ON sin ¢ = NM cos a,
_ONsing _ L sing
cos a CosS a

Fuze time is obtained from range and height. The height of the cylinder
is 60mm {diameter) and one revolution indicates 110C; length is 2.5mm,
equivalent to one second.

therefore

For L.A. fire, range can be set by the L.A. range dial on the vertical
deflection dial.

For night L.A. fire, a spirit level is used instead of the open sight so

that a rough stabilizetion can be sffected, The training angle is obtain.-
ed under these circumstances from l2cm binoculars. -

57
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W Figure 42
- VECTOR DIAGRAM KOSHA SHAGEKI SOCHI
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ENCLOSURE (A)

LIST OF FIRE CONTROL EQUIPMENT SHTPPED TO OIL, INDIANHEAD, XD,

NavTeéhJap
Equipment No.

TE50-3004
05
07
08
09
10
11
12
13
14
15
JE21-3405

Type
Type
Type
Type
Type
Type
Tyﬁé
Type

Ttem’
oL Fuée Time Computer (Nippon Optical)

9 Vertical Deflection Resolver (Nippon Optical)
9L Parallax Converter (Nippon Optical)

94 Fuze Time Computer (Nippon Optical)

94 Vertical Deflection Resolver (Nippon Optiecal)
94 Lateral Deflection‘Resolver (Nippon Optical)
IIT Land Use:AA Computer (Nippon Optiecal)

94 AA Director (Nippon Optical)

" Pointer's Optical Sighting Bracket (Nippon Optical)

Layer's Optical Sighting Bracket (Nippon Optical)

Cross-lieveller's Sight (Nippon Optical)

Type

91 Mod 2 AA Director (YOKOSUKA)
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"ENCLOSURE (B)

LIST OF FIRE CONTROL DOCUMENTS SHIPPED TO WDC VIA ATIS

NavTechJap
Document No. ITtem ATIS No.

~ ND21-3429 Fire Control Tests - FUSO {Battleship) 3945
3430 'Fire Control-Tests - SUZUYA (Cruiser) 3946
3434 AA Defense for Naval Vessels 3950

3435 Type 94 AA Director - Adjustments 3951
ND21-3440 to Type 94 Director- Computer for l2.7cm 393L
ND21-3440-47  Twin Gun

Second Level of Computer
®(DR/dt) (T)" Calculator
First Level of Computer
Elevation Transmitter
Everyday Correction
Roll Receiver H
Bearing Receiver ;
Compass Receiver
Elevation Receiver
Third Level

Cross Levéller's Sight
Pointer's Telescope
nTn Pransmitter
Leveller's Telescope
Everyday Correction
Compass Card

[ I T O I I IR I

ORI O\

'
=
(=]

ND50-3440-17 Fourth Level :
-18 Second level (Middle Plate) =
-19 Trainer's Telescope
-20 Vertical Deflection
-21 lateral Deflection Cos(a - o)/Cos o cam
=22 Lateral Deflectlon
-23 Plot
=24 Plct
-2 own Speed Correction
-2 nTt Cam
=27 Axis Converter
-28 Parallax Correction
-29 Parallax Correction

. =30 Pime of Flight Clock
-31 n(DR/dt) (T)" Calculator
=32 Super Elevation
=33 Rate Mechanism No., 1
=34 Rate Mechanism No, 2
=35 Rate Mechanism No., 3
=36 Rate Mechanism No. 4
=37+ Director No. 1
-38 Director No. 2
-39 Director No, 3

- =40 Director No. 4
=41 Director No. 5
=lp2 Bearing Transnitter
=43 Bearing Transmitter
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NavTechJap
Document No.

. ND50-3440-41,
L5

-L6
=47

= ND21~3441 to
ND21-3441-55

L

\
[ S B I O |
W R~JOWME WM

1
=
DO

-13

1
=
nE

-17
-18
-19
«~20
-2
I -22
ot =23
ol _ =24
N g =25
-26
27
-28
-29

-31
-32
-33
=34
-35

-37
- -38
-39
-10
41
=42
=43

-5
~Lb
=47
-48

-16"

e \\

ENCLOSURE (B}, continued

Ttem

Bearing Transmitter (Calculation)
Bearing Transmitter

Blevation Transmitter.

Notes on Assembling Computer

Type 92 L.A. Data Computer for 36cm and
4L0cm Guns

General

Plot

Plot

Plot:

Lateral Deflection Dial
Range Rate Dial

Plot ‘

Range Receiver

Own Speed Resolver

own Speed Resolver
General Plan View
Bearing Rate Dial
Target Speed Resolver
Own Speed Resolver
Wind Speed Dial

Time of Flight Dial
Bearing Gear Train
Compass Card

Own Speed Resolver
Plot

Plot

Rate Mechanism

Range Averager

Plot

Deflection Transmitter
Time of Flight Mechanism
Target and Own Speed
Deflection due to Target Speed
Bearing Gear Train

‘Rate Mechanism

Starter

Range Transmitter
Dip Correction Gear

Compass Card

Bearing Dial

Range Receiver

Bearing Gear Train

Bearing Dial _

Deflection Calculator due to ¥ind Speed
Bearing and Range Rate Dial

Target and Own Speed Dial

Plot

Rate lfechanisn

Range Dial

Future Range Dial

Range Correction Dial

Manuel Gear Train

ianuel Gear Train

Future Range Dial

ATIS No.

3935
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NavTechdap
Document No. Ttem

ND21-3441=50 Range Difference due to Own Speed
~51 Target and Own Speed Dial
=52 Range Difference due to Target Speed
-53 Plot . :
-55 Rate Mechanism
-55 Wind Veloeity Dial

NDRL-3442- 1 Blueprints: Type 92 L.A. Computer for
ND21=-3442-19 20cm Gun

Wind Velocity Dial

Bearing Dial

Range Difference due to Own Speed
Range Difference due to Target Speed
Own Speed Deflection

Target Speed Deflection

Range Dial

Future Range Correction Dial

Own Speed Dial

Target Speed Dial

Dip Correction Gear

Plot

Plot

Plot

Wind Velocity Deflection

Drift

Future Range Dial

Plot

-19 Compass Card

I I N T B I
O C3~3 O\ RESW D

-10
~11
-12
-13
~14
=15
-16
=17
-18

NDR2L-3443- 1 Type 91 AA Director
ND21~3443-24

Mounting

Pointert's Telescope

Trainer's Telescope

Leveller's Telescope

Cross Leveller's Telescope
Vertical Cross Roll Correction
Parallax Correction

Roll Converter

Lateral Deflection No. 1
Lateral Deflection No. 2

Time of Flight Calculator
Vertical and Lateral Deflection Calculator
Vertical Deflection Calculator
Vertical Deflection Calculator
Parallax Calculator

Drift Calculator

Future Range Calculator No. 1
Future Range Calculator No. 2
Range Rate Calculator

Compass Card

Cross Roll Correction Gear
Wind Correction Gear

Super Elevation Gear

General Arrangement of Calculator

O B~ ONE W

3 1
et
O

(A I
[ e ]
g oM W

62




RESTRICTED

ENCLOSURE (B), contlnued

NavTechdap
Document NO. Ttem ATIS No.

ND21-34L44- 1 to Type 95. AA Director (For Ground Use) 18
ND21=3h4kh-

General Arrangement of Communication Wires
General Arrangement Of Communication Wires
First Level
Second Level
Third Level
" Fourth Level
Fifth Level
Sixth Level

"NDR1~-3445- Type 94 Liod 1 L.A. Director
=~  ND2L=3LkL5-2 ,

Firing and Illuminating Circuits (NAGATO)
Bearing Gear Train (NAGATO)
cross Levellerts Corrections (NAGATO)
Elevation Gear Train (NAGATO)
Bearing Gear Train (CHIKUMA)
cross Leveling Correction (CHIKUMA)
Tlevation Gear Train (CHIKUMA)
Bearing Gear Train (MOGAII)
cross Leveling Correction (LIOGAMI)
Flevation Cear Train (MOGANT)
Firing and Illuminating Circuits Secondary
Battery (HIEI)
Renge and Deflectlion Recelvers Secondary
Battery (HIEI)
Bearing Gear Train Secondary Battery (HIEI)
Bearing Gear Train Secondary :Battery (HIEI)
-15 cross Leveling Correction Secondary Battery
(HIET)
-16 Bearing Gear Train Secondary Battery (HIEI)
-17 Bearing Gear Train (MUTSU Secondary Battery)
-18 Elevation Gear Train (MUTSU Secondary Battery)
=19 General Arrangement
=20 General Arrangement (HIEI Secondary Battery)
-21 Cross Leveling (MUTSU Secondary Battery)

ND21-3446- 1 Type 9k Mod 3 L.A. Director
ND21=34L6~

L

1 General Arrangement of Tower
2 Training Gear Train

3 Tlevation Gear Train

L General View

NDR1=-3447-
ND2I-3447~2

to Type 94 L.A. Data Computer {BIODOBAN)

1

6

1 Component Resolver

2 Plan View Upper Part

3 Deflection Dial

L Plan View of Tower Parts

5 Plan View of Upper Part

6 super Elevation Correction Gear
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NavTechdapb "
pocument No. Item ATIS No.

NDRY-34L7- 7 Future Range Dial
- 8 general Gear Train
-9 Plan View of Lower Part
“-10 cenerali Calculator
~11 peflection and sown Speed Dial
-12 Transmitter Gear Train
~13 plan View of Tranamitters
1l Bearing Dial
-15 Motive Powel
=16 Range Rate Dial
=17 Differential Selsyn
-18 plan View of Upper Part
=19 plan View of Upper Part
=20 Super plevation gorrection Gear
-21 Future Range pial
22 General View
-23 . Plen View of Lower Part
~2h plan View of Tower Part of calculator
-25 pilan View of Upper Part of Calculator

. ND21l-3448- 1 to glectrical AA Data Computer
NND21-3AA8--7

- general View of Deflection Follow-up Device
Target Angle setter
Schematic Diagram of glectrical Lines
Schematic piagram of Unit
Target yelocity Setter
gchematic Disgram - General
peflection Ccaleulator

NDR1-3452 cimplified AA Computer TYPe 2 {1942)

3L79 AA Firing Data converter of Type 9l Mod 1
gpotting Instrument

3480-1 Mechanical Play and Transmission wfficiency of
pestroyer Director - First Repord 3988

34,80=2 Mechanical Play and rfficiency Transmission
, of Destroyer Director - gecond Report

381 - General;bescription of Type 91 AA Director
sight

3482 AA\Deflection pable (7cm. Type 88 Army Gun)

3483 ‘ AA Deflection Table {1l2.7cm LO cal
" 8cm LO cal Gun)

ND50-3006-1 DENTAN HOIBAN Type 5 GA
=2 DENTAN HOIBAN Type 5 GA

3007 SHAGEKIBAN Type 9g, Brief pescription
3020-1 - qehematic Diagram KOSHA SOCHI' Type 91

-2 gchematic Diagram (Gear Train) KOSHA SOCHL
TYPG.91
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NavTechJap
Document No. Item

ND50-3020=3 Schematic Diagram (Perspective) KOSHA
SOCHI Type 91 -

3021-1 Notes SHAGEKIBAN Type 94 _
-2 Description with Diagram SHAGEKIBAN Type 94
-3 Adjustments and Lining up

3022~1 Schematic Diagram BIODOBAN Type 94
-2 General Construction

3023 Machine Gun Sight (SHAGEKISOCHI) Type 9L
3024 Schematic Diagrams KOSHA SOCHI Type 95
3025 Handbook Complete KOSHA SOCHI Type 2

3026 Schematic Diagram KOSHA SHAGEKIBALN Type 3
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ENCLOSURE (D)

TYPE 9l ANTIAIRCRAFT DIRECTOR EQUIPMENT
(KYUYONSHIKI KOSHA SOCHTI)

Prepared by Nippon KogakukogZyo K.K,, TOKYO
(Tapan Optical Industry Co.)

GENZERAT, DESCR¥PTION

A. Type .

Angular velocity type, for indirect firing, composed of three main parts -
Direetor, Computer and Gunhouse.

1, Pre-war type for use on & ship, "KYUYONSHIKI KOSHA SOCHI"

2. Mid-war type for use on & ship, "KYUYONSHIKI KOSHA SOCHI"™ KAT
TCHI (Revised type) -

3, Mid-war type for use on land, "SANSHIKI RIKUYO KOSHi SOCHI ICHI
GATA" .

These three types are the same in general principle, but differ in details.
B. General

The director is a sighting or directing instrument for use-on a ship or on
jand., It measures the present values of elevation angle a , training angls
B and range R (and lateral and vertical inclination angles i and iy} and
¢continuously transmits these to the computer. B

The computer calculates mechanically the necessary firing data - total
elevation, deflection angles and fuze setting time - from above mentioned
present data and transmits them to the gunhouses.

The equations solveq are as follows

R R-rg%-T by recofding method

1

R .
=—R— T -3;: - (1 - cos 8) sin a sin (a +0) by balancing wheel
1
R . R
= da8 ggs a sin « sin la +0) by balancing wheel
1 dt cos (a + o)

L p=¢ (T, o +0) i ,
R, = R (T, o +o) OY functional gears, multiplicator, camoid.
\ . £ (1)
Tnherent speed correction ~ -V sin (£ + CP*'5)ff—C::—ET
Parallax correction = B sin ( B+ Cp%—S)jLiEL~—~by functional gears and pro-
. § la + 8)portion mechanisms.

For the correction of rolling and pitehing of ships, & so-called "co-
ordinate - convertor", an optical model of co-ordinates, is used. The out-
put data are transmitted to the gunhouse being corrected by correction
devices.

The:types of guns, controlled are 10cm AA gun with nechenlcal fuse, 8cz
AA gun with mechanical fuse and 12.7cm AA gun witi: mechanical fuse.




RESTRICTED

ENCLOSURE (D), continued

. The types of ships on which it is Titted are battleships, aircraft carriers,
cruisers, and destroyers.

PRINCTIPAL DATA OF DIRECTOR

Lo Direcfor

Name ‘Wotation . Transmitter Range Notes

Present R Pow. Selsyn 1.5 to 20 km Computer
Range

Height 0 to 9.5 km Reference
Elevation - Selsyn -159 to0+90° Gunhouse
Elevation Selsyn  0° to 90° Computer

Training g Selsyn + 220° Computer
Angle ;

Vertical Selsyn 15° Computer
Inclina-
tion

TLateral i " Selsyn 4 10°. Computer
Inclina-
tion

Vertical Sq + Gunhouses
Correction

Iateral -~ ° Sy’ £ Gunhouses
Jorrection-

B. Rangefinder and Telescopes

Name Magnification Field Pupil Objective

L.5 m AA Rangefinder 12, 24 39 1,5° 432 mm 48 mm
Sighting.Telescope for elevation 8 ) 7.5° 5 L0 mm
Sighting Telescope for training 8 ' 7.5° 5 40 mm

Sighting Telescope for vertical 8 7.5° 5 . 40 mm
inclination

Sighting Telescope for lateral k 7.5° L0 mm
inclination

= (¢, Personnel

1. Director officer Range observer (R)
2. TVertical pointer {a) Range transmitter
"3, ILateral pointer (8 + Cp) Spotter

L. Vertical inclination pointer (1) : Runner

5, Lateral inclination pointer (ij) Assistants
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Do .Summarz

Total wedght: 3,500 tons, approximately.
- Training motor: Electric motor -5 hp at 100 or 220 volts DC or h‘kilo-
= watts at 220 or 440 volts AC.

Hydraulic gear: Jonney's gear. (K 2.5)

For the sake of convenience in sighting an oscilla-

OScillapion damper:
tion damper 1s installed.

ITI. PRINCIPAL DATA OF COMPUTER

A, List of Input Data

Namé Notations

Receiver

Present range R

Range change rate dr
at

Spotting Se
- Range correction

Time of flight

Fuse correction
Elevav.on
Training

Compeass

Vertical inclination

Tateral inclination

Correction for target
on the level

Inhe: ent speed corr. .

Parallax correction

Pow. Selsyn
Set by hand

Hand input
Hand input

Set by hand

Hand input
Pow. Selsyn
Pow. Selsyn

Hand input

Selsyn repeat-

er
Pow, Selsyn
Pow,., Selsyn

Hand input
Hand input

Hand input

Range
1l to 29 Xm
+ 500 kt

+ 3,000 m
+ 3,000 m

1 to 43 sec

+ 10 sec
0 to 90°
no limit

no limit

+ 10°

159

Notes
From Director

By aligning renge
marks on the
range change rate
chart

Spotting by obser-
vation

ieather latitude
correction & C

By aligning opti-
cal slit in range

marks on. the renge
change v. chart

From Director
From Director

From Main Compass

From Director
From Director

By time of flight
correction

Follow .the point-
er dial

Follow the point-
er disl
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= Neme ‘ Notation Receiver Notes

Vertical total corr. Hand input Co-ordinate con-
. verter

Tateral total corr, Hand input Cor-ordinate con-
verter

B, IList of Output Data

Name Notation Transmitter Range Notes

Fuse ) -7+ Te Selsyn ) 1 to 43 sec For Gun

Vertical totalécorr. Differential For Gun
Selsyn i

Tateral total corr, Differential For Gun
Selsyn

C, Personnel
1. Computer officer.
2. Range and range change rate setter. By operating the handwheels
of time of flight and range change rate, the optical slit line is
aligned to the range marks on the range change rate chart. B

3, Vertical deflection setter. Operating the vertical deflection
hendwheel stops the balancing wheel of the vertical deflection dial.

L. Lateral deflection setter. Operating the laterasl deflection hand-
wheel stops the bealaneing wheel of the lateral deflection dial, :

5, Compass receiver. By operating the compass handle the pointer
follows the compass repesater., ‘

6.+ Vertical inclination correction setter. : =

7. Lateral inclinatjon correction setter. Both No. 6 and 7 operating
their hendwheels set the mark "0” of the "Optical Co-ordinate Conver-
- ter" o the fixed murk,

8. Correction Setter No. 1. Correction for fuse setting and for level
target. .

9. Correction Setter No. 2., Correction for parallax and for inherent
gpeed.

D. Summary
Total weight 2,000 kg, approximately.

Constent speed eleetric motor, 100 or 220V, IC, 1/4 hp, 4,000 RPM.

Dimensions end external appearance are shown in annexed figures.




RESTRICTED
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IV. PRINCIPLE OF COMPUTATION

Assumption:

Target~speed is constant.

Target does not change its course.
Notation:”

See Data List (paragraph IIT)ana -
Figure 1(D) . ‘

Fidure 1(p)
TYPE 94 COMPUTER
DIAGRAY OF PROBLEX

.Fundamental equations:

: d
R, sinla + o) ~-Rgina = —d—tR' 8in (e + o}-T

: . d
R, cos (a + o) sin & = R cos —ﬁT
dt
_d
R, cos (a + o) cos § - R cos a -d—R cos (a + ¢)T

R1=R+E-T+Rl{(l-cos 8) cos a cos (a + o) +l—coso}

in §'= R cos a d,@T

- sin R, cos a + o dt

R da_. .

sin ¢ = — EET”- (1 ~ cos 3) 8in a Sin (a + o)
R, dt

Time of fliéht T is a function of future range R) and future elevation.
 Therefore,

R, =f (T, a + o)

1

Superelevation is also $=d (R, o4 o
O = (T, o + o)

Inherent speed correction « is given by

= -V gin (B+Cp+8)fI(R, a+o)

f(T)
—_— - 3 + + ——————,
V sin (8 + Cp + 5} -

where V is inherent speed and the calculation is carried out assuming V is 30
knots. Th3refore, when V is 24, for example, the correction value must be

- multiplied by 24/30, i.e. 0.8, This multiplication is -accomplished by change
gears. } )

7
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Parallaex correction n

n=psin (8 +Cp+ 8)/R, cos la + o)
F (M
F la + o)
B is the base langth (distance between director and the gunhouse) and the cal-

culation is -carried out assuming B = 4O m. Therefore, fcr other -base lengths
change gears are used for multiplication.

n =18 sin (8 + Cp + 5)

The meeﬁanicé of the computer énd arrangement of its parts are shown in Figures
1(D) to 4(D).

IAnGE CpnoE,

AATE Cog RANBE CHANDE KATE VWAL » v
r\mmuﬂeu o
Fotuny Rutes O X
" // ;
B b=t 5 s
=
N

\Latesas PepLEcTon {eompass Rspeatse
MCN(: AL

nggm r“ﬂwd 4&&4@& Tranusip Avope Qs L

Flgure 2(D)
TYPE 94 COMPUTER
ARRANGEMENT OF CONTROLS” AND POINTERS
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RESTRICTED B ENCLOSURE (D}, continued
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Figure 3(Dj
TYPE 94 COMPUTER
SCHENATIC DIAGRAH
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ZRANING TELEICOPE Yegrcae I L5 LArees Lievirae Teiescors

FEIICOFT [ ompcrmret / FeieKoTE .
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l:j : |

'ﬂ{ . / \ ! |
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= e '
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w
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Figure 4(D)
TYPE 94 COMPUTER
DRAKING OF PLAN AND SIDE VIEWKS
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y o "ENCLOSURE (E)

TYPE 94 DIRECTOR MODIFICATION I
GENERAL DESCRIPTION OF DESIGN

Prepared by Ichiro MIZUMO
Kewasaki First Designing Section i
Nippon Optical Company ‘ g

O ( , 12 January 1944 o
3 , 2

A. Introduction .

After the outbreak of the China incident it was necessary to increase suddenly
the: number of Aj directors aboard ships, and considerable progress was made, =
. However, it was apparent that Japanese optical concerns previously engaged in
*"  the manufacture of AA directors could not meet the demands and so plans were
made for their menufacture at navy yards as well. :

e Then, when the Greater East Asia War commenced, &n urgent need for increasing
.. the number of shipboard AA directors arose. Thereupon plamns for the immediate

: construction of AA directors and increased production were advanced by Tech, -
1t. Comdr. SUGANUMA of the Navy Technical Department, Tech., Lt., Comdr. ICHIL g
of the Kure Nevy Yard, and others. Furthermore under the leadership of Comdr. =
y NAKAYAMA of the Navy Technical Department, cpinions of personnel who used the <1
. equipment were considered and the following plan was formulated by integrating §
ST . their ideas with those of personnel from the Naval General Staff, the Yokosuka E .
' Gunnery School, and the Tateyama Gunnery School, which manufactured the AA
- . directors. An outline of requirements for AA directors to be used aboard newly
SISt constructed vessels follows:

l., To be capabie of conducting pointer fire and spot firing.
2., To be capable of firing by estimating target course and target speed.

; 3, To be capable also of angular velocity type firing,

S L. To make feasible target course and target speed type firing and the
L conduct of pointer fire by sight base only.

5, To be capable of being produced in quantity.

6. Easy to repair and easy to interchange parts, : Ey

'?1; 7. To be capable of being easily assembled by anyone with simple instruc-
e tion. | ‘ ‘ N
 }' 8. To make night firingipossible. _;é

9., 'To make possible indireet fire at plenes flying in and out of clouds.,

1};4 ” 10. Easy target desigmation from commander to AA director.

li‘ Suited to a hypothetical vertical angle of 25 degrees, hypothetical
horizontal angle of L5 degrees, and -target speed of 500 knots,

‘12, To show a tolerance of about 10 minutes.

13.. Wo reduce calculator error to less than 100 meters in direct-fire,

To use multiple communications.

14,

75
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15. Equipped with range receiver, elevation receiver, lateral angle re-
" o€e? 3r (using radar).

16. Top turning sPeed of 18%/sec.
17, Planned so as to leave a simplified target shelf and rangekeeper,
18. It must not use a ball-bearing the housing of which is less than 1/8".

The above regquirements have many variations and digressions, It is almost im-
possible to satisfy them all, TFor that reason the “Type 3 AA Director” was
designed at Kure Navel Yard as a concrete plan which was comparatively satis-
factory in view of ths above aims, Furthermore, taking into account the many
uses to which it had been put, plans and designs were executed by the Nippon
Optical Industry which resulted in improving the "Type 94 AA Director™ and
more: closely satisfying the above aims.

B. Xssentials of the Type 94 Imprdved AA Director

In order to effect a greater production of the: Type S4 AA Director the follow-
~ing policy was laid down with the aim of simplification.

1. Although planned construction to modify alr pressure and difference in
muzzle veloclity has been stopped, it has been decided to modify the firing
rangs in the future.

2. The time of flight clock is to be eliminated.,

3. GCorrections of the conveying angles will be by a manual crank,
; Gorrection of gun spacing will ‘be by altering the gear ratioc.

“ L Range not to be recorded, but to be represented by an outline in
flight.

5. Wind corrections will not be made. Drift correction (and own speed
correction) only will be made (as heretofore). Own speed will be by
altering the gear ratio to standard speed.

6. The range handwheel to be discarded and the time delay handwheel to
be substituted.

7. As heretofore, no predicting interval correction will be effected.
However, the time delay correction scale and the range scale will be
brought closely together and the predieting interval correction will be
reduced to an average.

8., Tt will be possible to set the range measurement by altitude and angle
of sight, and by curved line cyllnder tracking.

9, The angle indicated by the commander's glasses will enter the left lens
of the tracking binoculars and by tracking this, the AA director may be
controlled by the commander. )

10. The: binoculars will not be fitted with simple illuminators.
11, U51ng target course and target speed, simple predictlng calculatlons
-~ will be carried out where the commender is, and the predicted angle will be

sent to the rangekeeper by means of communications equlipment. At the
rangekeeper this will be used in tracking and be transmitted to the guus.
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TYPE 94 HOD 1 DIRECTOR
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ENCLOSURE (B), continued

In item 9 above the communications equipment which transmits the angle indica-~
ted by the commander's glasses and the simple calculator mentioned in item 11
are manufactured at the navy yard (s). The rest of the equipment is manufac-
tured by the Nippon Optical Co., Inc.

In accordance with the above, the rangekeeper and communications systems are
shown in Figure 1(E) and Figure 2(E).

C. Basic Theory

Referring to Figure 3(E), with O as firing position, take the front of the
3ight as the vertical plane and the level surface as the horizontzal plane.
Make as the projection of the firing point the aiming point which is in the
vertical plane of PQ and the horizontul plane of F, §, . However, a fixed co-

ordinating surface is mdde on the firing panel. This is equal to G Q. O Q

Figure 3(f)
TYPE 94 YOD 1 DIRECTOR
DIAGRAY OF PROBLEY
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ENCLOSURE- (E), continued

and the extension O, P, coincide at Q A perpendicular is dropped frole
end it coincides with the horizontal llne drawn on the horizontal surfece from
Qataq, Then a perpendicular line is dropped from Q to P and coincides with
its extension at @',, Next the perpendicular line QQ .is dropped from Q@ to®',
and the perpendicular line @, is dropped from ¢, at qh. The distance from 0*
to the aiming point and to the flrlng point are R and P, respectively. The
angles formed by the horizontal surface with the aiming point aund the firing
point ere a and a+ o, , respectively.
oP R
09, = R,
OOPu R cos a

0,8, = Rycos (a + o)
@', =R cos (a + o) 8in &

’

@, = 0,@', =R cos (a + o) (1 - cos §)

2

Qsz = Q‘2Q‘3 =09, cos & =R, cos (a + o) {1 - cos §) cos a

QQ, = @@, sin a Ry cos (a + o) (cos 8) sina

09, = 0Q, cos 0 =R, cos o
Q2Q3 =0Q, siho =R, anco
If the firing panel moves in a direct line with uniform speed, and the target
moves into the path of the shell in & direct line at uniform speed, then
i dB )
tipQt, = —T
34t

R da
Q' , = T
2 dt
. dB
QOO o - Rcos a-aE-T

T =4 [R;,(a™t o]

7
On the other hand.

1 1 ]
0Q', - 0P - Q',Q",
= Rcos o R -R, cos (a+ o) (1 -~ cos 8) sina
__;_ A _ )
00,07, = 09, + @,0Q",
=R, cos la + o) (l-cos 8) sin a + R, sino

=R, cos {a + o) sin §

Ergo - if alllthree sides are equal to preceding we may say (T is time of
f1light) that:

R, cos o -R - R, cos (a + o) (1 - cos 8) sin a

R_1 cos (o + o) (1 - cos §) ein o + R, sinc
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ENCLOSURE (E), conttnued

dB :
R cos a EE_T =R, cos {a + o) sin &

Ny

Then, if: we differentiate these -

dR .
Ry, "R+ —T+R {1 ~coso)+cosacesla+toc) (l-coss)feriss (CL)
dt t

da R

TN = sinq+ sin a cosula + ) (1 - COS 8) sevrvvseavsvoeressnssansssnss (C2)

dBR , _cos (a* ol

= L SIT S vevevesseseirsvevesocsssserrrrevorsorarosrsonnaes (CB)

dt R, cos a

That is to say that equations (Cl), (C2), and (C3) are the basic methods of
calculating for angular velocity.

D. Range

Concerning the range of Type 94 AA Director if we simplify the mechanics and
let
R, =R+ PPN 12 B

dt
there should be an error of

R, {{1-coso)+cosalatal(l-cosslf
5 First, consider the area coveringR and R, : if we call the angle formed by
R and R, at its top surface A it is evident ﬁ;om Figure 4(E) that since

Ry = R4 —T + Ry (L= COSA) vavenrnssusssresssnssonesnsnsssnansasasaranenes (D2)
dt

the difference between equations(D1)and(D2) will be R, (1 - cos A} . Tf we come
pare this to equation(Cl) we have

R

, (L- cgs A) =R, {(l ~ cos o) + cos‘a cos (a + ol. (1 - cos 3) .;......... (D3}

Let 0 represent target course and V target speed on the surface under consid-
eration then (see Figure 4(E)
VT sin 6
sin A = ——
X

Figure 4(F)
TYPE 94 HOD 1 DIRECTOR
DIAGRAY FOR ANALYSIS OF PROLLEY

8l
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ENCLOSURE (E), continued

il -

TV in @2
cos A = T TFER = 1 -[—q‘: Bin 71

VT sin 6 2 VT sin @ *
L R,

=1-%(——) -1/81

R, Ry

3 2
T ocosh =k (SO 1/g
. R,
Therefore, we know that in general (1 - cos A) is proportional to the rate of
target speed. Therefore, when the rate of target speed is low, (1 - cos A) is
‘extremely small. But when the target speed is great, the problem is more dif-
£icult. Making R, the perpendicular dropped from the line of target course

(see Figure L(E).
% R sin (8 -M) TR,
(D5)

Sin (6 - }\) = o'-:tn.-ao-.c'uno...u.----coc-cecoocooc---o-o---ool-.-...-..

From equation (Dk)

. VT : VT
- sin 7\-{ 1- g cos (8 —M} = cos A — sin (6 - \)
1 ' R

3

vT
—sin (6 - \)
R A

tan A =
1 - 2= COS (B = Adsvesssevssosacasserssssrsasesasssiossesrsos (D8]

1

F_rc;m this the gunnery rules are determined. In equation (D8} if we assume R‘? ,

R. must follow, and we derive (6 - A). In equation (D6) then when we assune
we: derive » and conseguently we can calculate R,(1 - cos Al In actuality, tbough
we "determined the gunnery rules, we leave only determined R, since T=f (R,

{a + 0)] and T has not been derived. However in the foregoling problem, since
(1 - dos A) was proportional to (1)?/(R,)? and if we choose the maximum value
for T and calculate on the same R, , we derive, the maximum for (1 - cosA) ,
Then, in meking the gunnery rules, when we have a 10cm gun, R, # 10,000 m or

T, +o-, 15 assumed to be the maximum T. Furthermore, since R, > 10,000 =
OT T, o= & is in general the average value of T, we substitute T, , ,. ,

for %he sale of convenience, and continue calculations. Since V= 200 m/, and

R, is 1000 to 8000 m, the result is identical with Figure 5(E).

However, when we consider it further, we cannot presume R, (1 - cos Al.

. dR —
Thus Rl =R + d'_t T +“Rl (1 - cos >\) hescercasesevass e o vecss B Itess o RSO OB DR RV

but T = § (R, {a+ o)) _

dt
but T = F (R, (at o )]
ioreover ‘ R, + OR

aT
T+ — OR
dR
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ENCLOSURE (FR), continued

- 0 om GUY
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/

506
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—

Figure 5ik)
= TYPE & YOD 1 DIRECTGR
: R, ns. R (1 - ccs Al

Therefore equation (DY) 1s

' dr dv = dR _ dp dT
R*AR, =R + — (T + —AR,) = R . Ll AR B O
1 1 4T de 1 ;H’T4 it ax £y e -
When we complete equation (07) from (D9}
dR 4T
= o - 4+ - - AR
AR, R, (1 cos A) @, 1
-R* (1 - cos X) ,
ARy - dR dT R % Pol
dt - dR, \
Moreover
dR
—— =V cos @
at

Since wi have calculéted ¢ from equations (
dR/dt . | Therefore, when we discover 4T/dR,
wetermine AR, by using the previous R, (1 -¢

ihen this 1s determined we have the diagra:
most part, identical with the Toregeing d
relative position is near, the error is sm

83
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ENCLOSURE ( _E') , continued
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Vo
Figure 6(E)
TYPE 94 0D 1 DIRECTOR
R, vs. AR,

method ‘in equation (D8) ., However, when the relative position is distant, the
& errors may be great if one u:es that method. The denominator of equatilon

{D10} conbtains

dR
= dR dT _dt _ Target speed
9. . dt dR;'de T Residuai speed of shell.
dar

Since V of the target speed is great and the above proportion amounts to more
then 1, the shell cannc% hit the target. Consequently when the relative
position is dlstant, errors are great. Eveéen so; firing at a target with a
great relative speed and with a distant relative position is almost impos-
sible, so we do not consider such cases. If-3% is a problem with only a

~ small relative distance, we use the method of equation (D8) and we may say

.- that we can gain our object. Although we have derived AR/dt iIn the above

calculations, it is a restatement of-Figure 7(E). With this we can find out
how to complete drR/dt = ~V  when there is small relative distance.

E. Range Ratio

The formula for firing distance as shown in equation {Dl) is correct though we
used method of equation (D8), but the result is influenced by R/K; T which was
used in the basic methods of equations (C8) and (C3). Let us conslder this

¥ next: e _

—

i

T R=R+1R—T R, (1 - cos N}
dt

1 1

84
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ENCLOSURE (E), continued

daT 3

R= R+— T
dt

R ¢ R

Ai—T)= -7 T -= T
gl Rl Rl
R R v R
=pA (=T — T -=T '

N Rl _‘Rl Rl__R__l_r_r_.__l_ Rl T+ AT 1 =
RT R "R T "R, * OR, T B
Rl Rl

1 A AR AR
= (1 4= =15 (1L -—>2) (1+—0)=(=++—)
(1 + 1) H ! f
= 1
Therefore: T
Ar=1 - T= ="M
= de
L AT dT R ol
T dR, T R,
=
A= T) ]
.ﬁfh__:—é§L+.31 R ARy _ AR 4T R 1) (
R "R "®T R 2R T cevevesecenssenes (EL,
Rl

In order to consider the-error of o or 8§ dependent on AR/R;-T) , and to cal-
culate them singly, let us follow equation C2) as closely as possible.

a R

dt de ) 2

- da

R
N = — AT
ct R

%]
R\

=. 1 .llCl".l-'lnl"llll.loll'l-llolat"‘llll.l‘-'.l'lllnr'ocl-loc::c!-l {
R -
R - -

W eevesnseasssrravssatenarsrrrnensensesccersarsnrssrans (E3}

1]
o

AS

e~ e s e Ve

Now o = 10 degrees. In celeculating pAs using the foregoing result as-well &s
equatiors (El) and (E2} , we get the diagram in Figure &(%). Accordingly,

. we may say that the near 1elative position is for the most part correct when

dependent on this, Now in actuality ©is not fixed and when the relative posi-
tion is distant, o is small, while when the range is close, o increases. The
error changes when the relative-distance is great but it is now calculated
without regard for tais change. If it depends on botn ¢ =nd eguation (E3),

we may treat it &s the result of the alagram in Figure 8(Z) without =lterstion.
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. ENCLOSURE (7), continued

F. Computer for Range Ratio

The calculetor of range ratio is correct even though formula (pg) Wwas use
was determined from equation” (F1) . But bthat formula was used, so let us
solve it-in the following manner:

“o dR,

Bm R4 T it s . (Fi)
1a, = dt

2

R

i

In these formulas, if-we take the difference between 1?/R, and T for gunnery
rules, we have dlagrams Figures 9(#) wud 11(E). As we discover 1n the diagrass
we can make :

TZ
== T f (T) sesercernressrernorres
R,
18
This ‘is shown in the diagrams. tHowever, in such a case how great an error is
created in'rR/R, T ? This must be determined,

R I R R R I I I N A A I R N A R I I A NI

However, when we consider the influence exercised +, | /K-T) on
equations (E2} and (E3); can be used without alteration, °

s
R

""l"l.t'l.l'.!v‘l'!!l..l'lllIl')vlobnlnlIvvlv
R J
(™ i

T)

R -
A= T) =
AZ = 5—*_1"1""-“ R R N N R {FE)

K
™
Rl

We discovered in (¥4) that A(R/R -T) is the function of dr/dt , but as shown in
paragraph D, dR/dt is generally equal to the target speed when the relativs
vesition is near. To simplify, we may say that:
dR
* -200m/sec
. dt :
¥e calculated Ao in parggraph B, finding Ac when o = 10°. When we apply the re-
sult tc the gunnery rules, we get the dlagram in Figure 12(Z). Cne would sup-
pose that the srror for an Seci gun would be fairly large, but this is accepted
in order to leave a common #(T) for both the 8cm and lZ2c¢m guns for convenlernce
sake in converting gunnery rules. Naturally, if we consider them separately
“there is 2 degree of difference between the 1Ccm and lzem guns.
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ENCLOSURE (E), continued
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ENCLOSURE (E), continued
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ENCLOSURE (E), continued

G. Computer for Time of Flight

Time of flight 18 the function of .firing distance and angle of elevation.

T = FIRy,, @) sevssvavsennrssscesassssenscersssansssossnsesnnsacsssscsosssss (G

However, sincea, = a + o R, must obviously be & function of T and a,
€e8e Ry = FIT), 0g) eenvessvssssnnnsoscssronarsorsrsssssnsssnaaveessssceerroeesese (G2)

_To consider it another way, we have the diagrams in Figures 12(E) to 15(E)
showing it for each type of gun. The fact we find immediately from the disgrsams
is that the influence of a,on k, in Figure 13(E) is less than the influence of

a, on T, therefore, -

Ry = FUT) + £, Ty ay) wavennusnnsonrenernieennrnnsnninenieinnineceeeensee (63

n this case we must cube it. %(Tve) will become relatively small compared to

(T} . This is'because the final product of the cubing is comparatively small
and It is advantageous to be able to calculate accurately the greater part of T
considéred on the firing table. Figures 13(E) to 15() show 71,(T) whose fune-
tionsl form is derivgd by a functioning setting gear (KANSU [AGURUIA) for T in
‘the sume mponer as Ti/R, was derived. The function setting gear 1is changed
depending pn the type of gun, and conversiom for gun types is easily made.
Eyen so, f,(T) ‘remains the same for both l2.7cm and 8cm guns as in the case o7
«T /R, « 1In other words, instead of operating the firing range ring and the
range change ring as herstofure, when one wishes to operate the mechanism whickh
determines the firing range, rate of range change and the desired R (i.e. the
. range controller), one operates the t ime of flight ring and the range change
ring end tne answer is correct. To put it another way--if one wants to meni-
pulate the firing range handle one degrese, and then determine the time of
Piight from this, the mechanism is muech simpler.

- He Computer for.Anglé’of Superelevatibn

The aﬂg}e of superelevation is the funetion of R, anda, ; and the time of
flight is also-.the function of R and a, . '

§ :fz{_(Rl, a, )
T =fR, o)

It we detepm@ne R from both of these formulae We get
L S7F (T,, @y 1 evuvenseionsnnensnrueisnannensinnessiasieoaserserenesueranes (H)

When we look ‘intc. the.detalls of this form of the function there is relatively

a small degree of ervor, and we cansprofit as follows: :

L= (1) Fla + o) soveneetarnnvininieraonennninitaieiita (B2)

When we solve for £ (T} by applying (H2) to eheh type of gun we get

§12.7 :f12.7(T)’ f‘a + o) lllll.lillIOQ----lvl"‘IOIIQIIql"'l.llllll.l!'lu‘...

I i

Lo = F1olT) Fla + 0 vuserinnennianinrensnerenneisteinsinernernenenas

T S G T e
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ENCLOSURE (E), continued

is deterpined in

f;'ﬂ f In all these, fla +o! is applied to eaci type of gun, and i
g ing only f(T)

1 common manner, Consequently, if we handle it sinply b* &g
to the function setting gear, conversions for zun types will

Tne superelevatlon angle tables aepenuunt in the z2bove formulae
follow. The ierror curves are sihown in PFigures 16(%; to 18(z).
. was derived froin the machiné& that

; L= _)C (T) j- (a + )
| F0.54(T) + £ {f (et o) - G.s}
Since this is similar to
: 2
T" dR
Rgag.2 &
R, R, dt

it is identical with the computer fcr range ratio.

I. Firing Tablglfbomputer Charts for Time of Flight and for Angle of Super-
elevation

When the computer mentioned in paragraphs G and H is set to determine the
" firinz tatle, sccurate calculations for the entive firing taoles are necessaiily
possible, That is, only points within the scope of the firing table formulrs
can be accurately calculated by the computer. Points outside the scope will
have comparat1v=lv large errors with the machine. See Figures 19(E) to 21(®).

Je Vertical Prediction Compubter

The calculations of the vertical prediction is dependant on the basie forrmulae
(C2). -

= - T=gsino + sina cos {a + o) (1 - ¢S 3] eveevcovssvasssscnsrsnnenss {J1)

In this formuls, let us first conuider solving sin a singly. “hen the secornd
gear is gempred eccentricallv with one side as the main wheel and the other _as
an aitenddnt wheel, the relation between their angles of rotation is as follows

'P:ezsin 9"‘(’;)1&511’194' !ll!l'.l'l..l-.g--'.l.-l.lll‘llct-cl.u-au'l't.a" (JZ)
where € angle of rotation of main wheel (radians)
.?%» - : ¢ angle of rotation of attendant wheel (radians)
‘+a dlamete of gear pitch

e eccentrizity i =

and since we derive sino frow o.......0 = co0s o
If so, then ¢ = f(6) = f (8in o
In these when we choese sin & (a/e) correctly, ¢ =nsino

At tkis point the amount or error is extreiwly small, _.oreover o = + 300 ang
m and n are comparastively coastant.
Next, let us consider the second term of eguation (J1)

sina cos la + o) (1 - cos §) = 4isin (2a + o) - sino } {1 = CoS 8) vaveess (33)
i
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ENCLOSURE (E), contlnued
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_ Table I(E)
. SUPERELEVATION ANGLE 12,7 Gun
ato -1
& 0° 200 20° 30° 400 50° 60° 700 [— go®
Caleulsted amt, | 0° 36,6 0° 36,4 | 0° 346 | 0° 32,8 { 0% 9.2 | O° 23.2 | 0°19.0 [ O° 130 ™ 76
1 {Actusl amt. 0° 36,6 0% 359 | 0% 34.4 | 0° 31,6 o® 27,9 | 00 237 | A 186 | 0° 13.0 rm 7.1
» Error 0 - ~0,5 -0,2 -1.2 -1.3 +0.5 -0.4 0 -0.5
Calculated amt. 1° 19,7 1° 178 | 1° w8 [ 1° 9.8 | 1° 22 ‘ 0° 52,6 | 0° 40,6 | O° 22,6 | OF 15,4
2 [Actual amt. 1° 19,6 1° 183 | 1° 14.6 {1° 8,7 | 1° 0.8 | 0° 51,3 | 0°39.9 |0” 27.6 | O° 1.5
Error _0,1 +0.5 -0,2- -1 -1,4 -1,3 -0,7 -1.0 ~0,9
Calculated amt, | 2° 12,8 P 9.4 |20 52|10 58,0 [ 1° 43.6 | 2° 27.4 § 1° 8,2 | 0° 47,2 | 0° 25,0
3 |Actual amt. 20 12,8 2° 10,6 | 2° 4.6 | 10 54,8 | 1° 418 | 10 25,3 | 1° 6.7 | 00 6.1 | o 2.9
Error 0 +1.2 ~0.6 ~3.2 -1,8 -2,1 -1.5 -1.1 -1.1
Calculeted amb, |- 3° 18,6 3% 15.4 20 54,3 | 2° 33.4 | 2 9.4 | 1°41,2 | 1° 10.6 | 0*>37.0
4 |Actual emt, .30 18,5 | 3° 159 20 52,4 | 2° 33,10 22 89 | 1905 |10 9. | o°35.6
Error -0.1 +0.5 -0.2 - 1.9 ~0,3 -0.5 -0.7 -1.5 -1
Calculated amt, | 49 39.9 40 35.2 | 4° 25,6 | 40 7.0 | 3°°39.4 | 3° 4.0 | 2° 26 19 38.2 o® 52.0
5 | Aetual amb. A0 4003 | 49 34 | 4° 25.4 | 4% 50 | 3° 373 | 3° 27 | 20227 | 1° 382 | O° 50.6 |
Error +0.4 +2,2 -0,2 -L.9 -2.1 -1.3 +0,1 0 1z |
Caleulated amt. | 6° 19.3 6° 15.5 | 5° 59.8 | 5° 37.0 | 8° 0.4 | 4° 11,8 | 3°16.6 | 2° 16.c | 1° a8 |
6 | Actual amt, [6° 1944 6° 17,0 | 6 2,2 1 50 33.6 | 4° s55.8 | 4° 9.2 | 3°13.8 | 2 1.4 ) 1° 92
Error +0,1 +1.6 +1.4 3.4 ~4.6 -2.6 -2,8 1.6 0.3 |
Caleulated amt. | 8° 18,4 | 8 16,0 | 70 58,6 | 7° 25.6 5° 33,0 | 20204 | 2° 9.8 | 1°32.8 |
7 | Actual emt. 8° 18.5 8% 17,9 {.7° 58.1 | 7° 2.7 5° 33,8 | 2224 | 3° 04 | 1°32.7
Error +0.1 b4l -0.5 -2.9 +0.24 +2,0 +0.6 -0 |
Caleulated amt, [10° 37.3 | 20° 38.2 [10° 16,6 | 9° 34.0 | 8° 34,0 | 7° 5.4 | 5°45.4 | 4° o0 4 ?° L.E
8| Actual amt, 10 38.1 | 20° 40.2 {10° 17.9 | 9° 35.2 | 8° 36,7 | 7° 21.8 | 50512 | 40 5.2 |2° 7.14
Error +0.8 +2.0 +1.3 +1.2 +2,7 16.4 +5,8 “4.8 -3.1
Calculated amt. | 13° 13.9 | 13° 23.2 [13° 1.6 |10 16,6 |11° 10,6 | 9° 34.6 | 7940.0
9| Actual emt, 13° 13.2 | 13° 26.4 [13° 5,2 |12° 207 [11° 16,1 | 9° 48,5 | 7° 56.8 ;
Error -0.7 +3.2 +3.6 +5.1 £5,5 +3.9 +16,8 E
Calewlated amt. 16° 38,2 [16° 33.4 [26° 1.4 |15 2.2 ‘
10{ actual amt, 160 40.4 {160 36.5 [16° 9.9 |15° 25.9 ’
Error +2.2 +3,1 +8,5 +23.7
Calculsted amt, [ 19° 45.1 | 20° 38,2 |20 21.4 B
11| Actual amt. 19° 46,3 .| 200 39,2 [2° 35.9
Error +1,2 +1,0 +24.5
Celoulsted amt,| 230 58,7 260 10,6
12{ Actual amt. 2/° 0.2 | 26%) 14.6
Error +1.5 —v+1"0 i




ENCLOSURE (E}, continued

Table II(E)
g SUPFRELEVATTON ANGLE 10em GUN_
= E & ato
= R i o° 100 20° 30° 40° 50° 60° 70° 20°
Caleulated amt, | 0° 22,1 | 0° 209 | 0° 212 | O° 20,0 {0° 18.2] 0o° 16,0 [0® 133 | o® 10.4 | 0° 7.3
- 1 {Actual anmt, 0° 22,2 | 0® 21,9 | 0° 2.0 | 0° 19.6 {0° 17.7] o° 15,5 |0° 129 jo° 101 | O° 7.1
: Error +0,1 0 - 0.2 -0.4 -0.5 -0.5 -0.4 -0.3 -0.2
Caloulated amt. | O° 42,8 | 0° 42,5 | 0° 41.1 | 0°938.6 [0° 34.7| ©0° 29.8 |0° 24,1 |o® 17,7 | o® 110
2 | Actual ami, 00 43.6 | 0° 427 | ©® 40.8 | 0° 37,6 [0° 33,5 ©° ;|8 |0° 23,2 {0° 17,1 | ®10.7
Brror +0,8 +0,2 0.3 -1.0 ~1,2 -1,0 -0.9 -0.6 -0.3
Caleulated amt, | 2° 7.8 | 1° 6.9 | 1° 4.5 | 1° 0.2 |0° 538, 00 45.9 | ® 366 | ® .2 | ®153
3 | Actual amt, 1° 93| 1° 7.4 | 1° 3.7 | 0 s8.6 [0° s1.8) 00 4.0 |0® 351 fo® 253 | 0® L9
- Error 1.5 10,5 -0.8 ~1.6 ~2.0 -1.9 -1.5 -0.9 0.4
Calculated amt, | 1° 38,3 | 1° 36,3 | 1° 32,1 | 1° 25,4 |1° 16,0 1° 4.6 o° 36,2 | 0° 2.3 [‘
4 Actual aut 1° 40 | 1° 37.0 | 1° 3.2 | 19 23,3 (1° 13.3] 1° 1.8 0° 3.9 | 0° 19.6 4
, Error +2.1 +0.7 -0.9 -2,1 -2,7 -2,8 -1.3 -0.7
Caloulated amt. | 20 15,6 | 2° 11.8 | 2 52 | 1° 553 11° 4210 1° 26,5 | 1° 8.4 | 0°47.9 | @° 6,2
5 | Actual amt, #0184 | @ 10| 2 41 [1° 52,2 [1° 389 19 22 |19 5.6 | 0°u6.3 | o287
BError . +2,8 +1,2 -1,1 -3,1 -3.2’? =-3.3 -2,8 ~1.6 -0.5
Celeulated amt, | 3% 1.8 | 2° 55,3 | 2° 45.0 | 2° 30.8 {29 13,0 1° 52,1 | 1° 28,24 1° 1.7 | ®33.3
= 6§ Aotual ant, ° 62| 2° 56.8| 2° 434 | 2° 21| 91 1° 481 | 1° 2 | 0ome | 325
| Ezvor 44 1.5 1.6 -3,7 1 -39, 40 | 732 -1.8 -0.8
Coleulated amt. | 4° 1.5 | 3° 489 | 3° 32.8 | %° 13.1 |2 49.5  2° 224 | 1° s2.0 | 180 | o° a7
.| 70 Actusl emt, T2 66 30 s8] 30 3131 0 o4 |2 25, 2 w0 1% 485 | 1°15.9 | ® Z0.8
= Errer 52 2117 st -3 e -2.1 -0.5
' Calculated 50 18,4 | 4° 55.6 1 4° 32| 4° 3.9 [3° 329! 2° 585 [ 2 20,1 | 1°937.8 | o° 5zl
8 ! Actual amt. 50 231 | 4° 597 4° 30.6 | 4° 0.6 [3° 23; 2 s4.2 [ 2° 26,6 | 19353 | 0@ 50 |
. Erzor. ha? 31 -0.6 -3.3 4b -3 L s 2.5 ERY
§ Caleulated amt, | 6 52.4 | 6° 1.0 5° 3.1 4 25.5] 3° 422 |2 ses | 2 18 |10 a9
= 7 9 ; Actusl. ast, 6 555 | 6° 29| 52 3.6 22 23| 3° ;o ! 2 sus | 1°9,7 | 1° 3.6
iggmr +3,1 +3,9 +0,5 -3 ~3.2 ' -3.0 -2.1 -1,3
" Celeulated amt, | 8% 43,2 ] 7° 57.9 | 7° 20.6 | 6° 20.8 | 5° 29,7} 4° 356 | 3© 370 | P304 | 1° 2.5
“ 10 Actusl amt, 8° 3.7 80 o8| 7° 122 6 203 |5° 284 4° 3.8 | 3 353 | P35 | 1°19,7
" Error +0,5 +2,9 +1,6 -0,5 | *-1.3 -0,8 -L7 -0.9 -0.8
| Calculated amt, | 10° 50,1 | 9° 54.5 7 51,9 1 6°48.6 | 5® 423 | 4° 301 | 2° g8 | 1°40a
11| Actual amt. 10° 476 | 9° 6.3 7° 55.4 | 6° 51,6 5° 45,2 | & 314 30 10,4 | 1° 40,8
p Error -2.5 +1.8 +3.5 +3.0 +2,9 +1,3 1.6 -0,7
Celoulated amt, | 13° 12,7 | 22° 8.4 [ 10° 57.8 | 9° 42.0 [8°26.6 | 7° 7.3 | 5° 3.0 | 3"58.6 | 2° 6.6
12| Actusl amt, 13° 8.3 |12° 9.5 |1° 22 9° 9.8 80352 | P U6 | o me | 0 3.8 | 2° ox
Ervor L A 1.1 +hed e | 86 2.3 +5.8 +5.2 -2.8
Calealated emt, | 15° 517 | 14° 41,0 [ 132 21,5 {11° 5.4 [20°32.3 | & 9.4 | 7° Lo | 1.8 | 2.8
13| Actual amt, 159 46,8 | 14° 43.3 | 13° 30,1 | 12° 10,3 |10° 46.6 9° 15.0 | 7 77 59 20,3 | £ 55.7
Exror -4.9 +2,3 +8,6 +13.9 | +15.5 +15.6 *13.7 12,5 6.9
. Caloulated emt. | 28° 48.3 [17° 361 | 16° 12.6 | 1° 45.2 |12° 2.2 | 11° 52,7 |10° 272
1| Actusl amt, 18° 44.2 | 27° 42,5 | 16° 2.1 | 15° 10,9 |13° 50.0 | 12° 23.4 l100 s8.2
Error ~4.1 +6.4 +16.5 +25.7 +28,.8 +30,7 +31,0
. Celculated amt, | 220 4,7 | 21° 00 19° 47.0 | 18° 46,6
15| Actual amt, 21° 9.7 [ 21° 10,1 | 20° 11.8 | 39° 271
Error -5.0 +10.1 +24,8 +40,5
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ENCLOSURE (E), continued

Table III(E)

W

RESTRICTED

’ SUPERELEVATION ARNGLE 8cn GUN.
‘ato
& ® 10° 20° 30° 1@° 1 50° 60° °
70 80°
, |Caloulated amt, | 0° 24,5 | 0° 24,2 | 0°23,3 | 0°2,9 4 0°319.7 | °17.1 | 0138 ® 9.9 ® 5.9
1 [Actusl amt, 2.8 2.2 | 0233 | 0°20.5] 0°19.2 ] ®16.4 | 00131 | ® 9.6 | 00 59
Error +0.3 "o 0 0.4 -0.5 j =07 -0.7 -0.3 o
Calculated amt, | 0° 53,7 | O° 53.1 | 09514 | 0°48.0 ¢ ©O°42.9 0°3.6 | c®28.8 | 0°20.2 } 0°11.1
2 |actual anmt, 0° 55,0 | 0°53,9 | 0°5L,3 | 0°47.2; 00418 i 0°353 o 27.9 0® 19.2 © 11,0
Error 1.3 +0,8 -0.1 -0.8f -1 -1.3 ~0.9 ~0.5 -0.1
Galoulated amt, | 1° 34.1 | 1°33.0 | 1°29,5 | 1°23,0! 1°13.7 0° 48.9 0° 34,1 o° 18,0
3 {Actual amt, 13,2 | 1°33.1 { 1°29,0 | 1°2,8) 1°12.1 0° 47.6 0% 33,5 0° 13.1
Error . ¥2.1 +0.9 - 0.5 -1,2 - 1.6 -1.3 -0.6 + 0.1
Calculated amt. | 2° 30,9 { 2°28,1 | 2® 21,5 | 2°10,8; 1°559 | 1°37.7 1° 16.6 o0 53.2 0° 27.4
4 | Actusl amb,i: © 337 | 22207 | 2°21.3 | 20 931 29536 | 19349 | 1°u.6 | 0%523 | 0° 2.0
 Error + 2,8 '+ 1,6 -0,2 - 1.5 - 2.3 - 2,8 -2,0 ~ 0,9 +1.6
| Caleulated ant, | 3°49.9 | 3° 4.7 | 3°33.9 | 3°36.5; 2° 53,6 | £ 259 |1°54.8 | 1°19.5 | 0°40.8 |
5 | Aotual ant. Pz | P i | Pma | P1s0| Poog | Pme |1°522 | P19, 22 |
Error +3.3 + 2.4 -0.1 “L5| -27 -31 -2.6 -0.6 +L.4
Caloulated amt, | 5° 34,2 | 5°%.9 | 5710,5 | 40447 4°11,5 | 3°31.2 2466 | 19556 | 0 5.5
6 iActual amt, 50 37,5 | 5° 28,4 | 52103 | 4° A3.1| 4° 8.4 | 3% 28.6 | 2 4.2 1° 5.3 1° 2.0
Error + 3.3 +1,5 -0,2 -1.6 -3.1 - 2.6 - 2.4 +0.7 +2,5
Caloulabod smt. | 7 424 | 7°34.0 | 122 | € 37.7| 2523 | 4°57.7 | 2 55.7 | 2 4.8 1° 25.4
7 {Actual amt, P .51 344 | P12 | 69356 5°49.5 | 4°55.5 | 39 55.1 2° 47,0 1° 9.2
Error +2,1 +0.4 -1.0 -2,1 - 2.8 -2.2 - 0.6 +2.2 +3.8
Codlratated amt. | 100 12.8 | 10° 5.6 | 9°40.1 | 8°58.1] & 0.5 | 6°5L,1 |5°29.3 | 3534 | 2 2.3
8 {Actual amt, 10°12,9 | 10° 4.4 | 9°38.4 | & 56,5] T .1 | 62507 | 5735 | 30585 | 20 8.7
Error | +oa - 1,2 - 1,7 - 1.6 1.4 ~ 0.4 +2,2 +5.1 A
Caleulated amt, | 13° 6.6 | 13° 3.8 11° 52,17 10°50,9 | 99301 {7°53.0 | 5°45.3 | 3°16.0
9 | Actual amt, 13° 4.7 | 13° 1.7 11° 55,0 | 10° 53.7 | 9°36.0 {8° 4.4 6° 2.8 P 27.4
Error Py -19 - 21 +0.9 +2.8.| *59 +11,4 * 15,5 - 1.4
Caleulated amt. | 169 27.4 | 16° 36.2 |16° 24.8 | 15° 55.1| 15° 19.3
10 |Actual amt, 16° 25.3 | 160 26,8 {16° 27.9 | 16° 2.6| 15° 31.7
Error - 21 +0.6 +3,1 t.5)  +12.4
Caleulated amt, | 20° 22,6 | 21° 1,7 |21° 43.5

11 { Actaal amt,

20° 20,5

21° 3.8

21° 54,0

Error

= 2.5

+ 2,1

+ 10,5




RESTRICTED

dr=O0°

5678 SI0H 12 13/% 15

£ ——-——o—l( m

—_———e FIELOD OF FIRE
———— T LIMUT OF FOCUVLCY
————— L UINUT OF ACCLLRCY

(2ZM. FICING TABLE LINUT

Rigure 18(F)
TYPE 94 ¥OD 1 DIRECTOR
ACCURACY LIXITS

0 N 12 15 14 ¢S 16 17 18 19 20

" ™m
| ——— — FIEAP OF FIRE- . & K

; e T LINNT Of= ACCURACY
~ = e e P LINTIT  OF-FCCUEACY

10e@-FIRING TABLE- tifritT

. ‘ Figure 20(8)
- ' ) TYPE 9% MOD 1 DIRECTOR -
it ACCURACY LIKITS

101



RESTRICTED

56 78 S /002 B4 IS
£ =k

——— FIELD OF FRE

T LMIr aF- socu -
—-—PLINIr oF mccy

8 em FHOING TABLE LIM) 7T

Figure 21(F)
TYPE 84 ¥OD 1 DIRECTOR
ACCURACY LIMITS

§ S ) £

In fjhese, when o is within 30 degrees, and & is within : 450, the absolute
value of eaquatjon (J3) 1s extremelLy small and so, even if we substitute ¢ for
sin ¢ in formuld (J3) the error will be small.

sin a cos (e +o) (1 -cos 8) = i{ sin (2¢ + o} -o"d,} 11 - o8 8) vanrevess (J4)

When we use the final machine result of (J2) and formula (J3) even combining
them with, (J1) as follows, we may say that the error will probably be small.

sin o 8 sin a cos la + o}{1 - cos §) = flo) + ﬁ{s‘m (20 + o) = 0paq)(1l = €COS'T) wuens (IB)

Whereupon, the amount of error ofo used in formula (J5) when calculated from
Ao will be shown in table following and Figure 22(E).

K. Horizontal Prediction Computer

Basié formula for the calculation of horizontal prediction is

18 R cos la + ol

Hﬁ‘: Sins .l...'..l'l.'l.i'.'ll'.ll.'ll.'l".l'..'l.ll..l (Kl)
at R, cos a

However, when we transpose this

L . {sin(a+a+8)-s’m(a+a—s)}
COE a cOS a =

sin (o + o + &) sin {a + o - 8}
=é4

—-— '} .llI......ll.ll..l(KZ)
oS a CcOos a
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ENCLOSURE (E), continued

Table IV(E)

Figure 22(E)
ERROR CURVES~FOR VERTICAL PREDICTION COMPUTER
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ENCLOSURE (E), continued

In tkis, sin (o * o + 8)/cos a ¢ and sin {a + o - §)/cos a have the same genersl
form @s the machine (calculation) only we substituted a —o -5 for a+oc + 38
Conseguently, we can calculate the horizontal prediction with another computer

., Of the same type. Thus, we cau decrease the number of computers.

Since_o.= Q,--_a'annoi; .be-caleulated mechanically, we can get a correct calculs-
tion for ¢« only between 0 degrees and 75 degrees. When this is exceeded we
‘ean ealculate more closely.

L. Devistion (Drift) Cemputer -
The simplest formila for use with' the deviation computer is =a (T - t),

That is to say if we enter the deviation from this, T , the time of flight, by
certain gear ratio can be added to the train as drift. For each type of gun

.this is as follows:

o 21 '
12,7cr gun, 2 T {T - 3)

1Cem gun, 2 = 1,5 (T - 1)
8em gun, 2 = 1,5 (T - 1) B
Therefore, conversions for gun type can be edsily made by changing the geesr
.ratio. -See following Tables V(E)}, VI(E) and VII(E) and Figures 23(E) to
25{(E} fo1 values in the firing table and values from the machlre.

i, Angle Correcting and Speed Correcting Computer

In angle correétion if we make b the distance between the position and the A2

Diregtor, then

_Bsin (B + Cp + 8)
R, cos (a + o)

onln-.---nnntsno'u'-n-------l.t»n-ulc-nn'eiinvutun..i-r(.Ml)

n

However 1 o HD
R, cos la + o) fla + o)

CP PR P SN IR0 E IR PO RTEPEOER PRI OIS RESPIEIFERIECETSY (MZ)

[n the abtve, when we solve f(T) and f (e + o)

- ;:(V sin [B+ Cp + 8
8 fla + o)

On the other hend, we can most nearly express (own) speed error by
_ Ve (BE+Cp+ 38
fla + o)
5More¢>ver, we ctn use fla + o) as identical in both (M3) and (M4) ., As &
standard rule in (M3) , B= 40 m and in (M4) Vv = 30. The othert and V ars
made equal to tne B and v of the ship by a previously determined gear ratio.
If we caleulate the constants by the computer, then
.skn (B %+ Cp + &) ~

= FUT) veeacasesossvessassnsnssscssasassssasossssscnssac (M5)

fla ¥o)
sin (B'# Cp + 8)

= "'——_"—""—"—*'-F‘T) ".Oll'.!lf"‘llﬂ'.tl.'lll.llll.l"lllll'lll'llol‘ .
YE T G o " (Me)

The ¢omputer ig the same in all respects, for both n and W . Only F T ang
gﬁw(T) are interchanged. Moreover it is the same for each type of gun with
only a change ¢f gear ratio effected. .

Tt IR P P T T TTETRN (. :2

) l]CW(T) -lntl-rtnno--.'o.gvo-o.vn'vo--c---o-l-.v--'...o'(MA_)
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ENCLOSURE (E), continued

Table V{E)
AMOUNT OF DEVIATION 12,7cm GUN
(MINUTES)

Rl

Actual amt

“Caleulated amt.

Error

Caleulated amt,

Acbus\,l amt,

Error

Calculated amt,

Aotual an'b.'

Error

Galculated amt,

Actual amt, ' “,\;

Error

Caleulated amt,

Actual amt,

Error

Calculated amt,

4dctual amt,

Error

Caleculated amt,

Aotual amt,

Error

Calculated amt,

Actual amt,

Error

Calculated amt,

¥ Actunl amt,

Error

Calculated amt,

Actual amt,

Error

4 Caleulated amt,

Actusl amt,

Error

Calculated emt,

Actual amt,

Error
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ENCLOSURE (E), continued

Table VI(E)
ANO OF DEV'\EATION

i ato
S ; -

20° 20° 30° 20°

R,

Caloulated amt. 0.9 11

Actual amt, - 1.4 -1.4

Error = 2.5

Calculated amt, 2,4
Actual amt, A

Error -2,0

Caloulated amt, “3,9 4.5

Actual amb. : 2.3 2.3 2.4

Error -1.6 -2,1. | -21

Caloulated amt, 5.9 6,4 6.9

Actual amt, - 4.5 4.6 4.6

Errer =14 -1.8 -2.3

Calculated’ amt, . 9.2 10.0

Actual aut, : 7.1 7.1

Error -2.1 ' -2.9

Caluulatpd amt, 12.5 1.1
Actual amt, 9.9 10.0

Error ¢ -2,6 4.1

Galculsted ant. ! 16,6 9.5

Actual amb. ‘ 13,0 | 1.1

Errgr " =36 - 6.4
lCaloulated smt, i 2.8 | %.8

v -
8 | sotual amt, : ‘ 16.6 i .8
{Error - : : -5.2  -10,0

” - a6 1
Calculated emt, 28,6 36,6
20,8 211

Actual amt.

!Brror T7.8 TS

¢ . loaloilated amt,

''10 iactual amt.
Brror

o

Calcylated amt,

Actual amb,

Error

Caleulsted amt.

Actual amt.

Brror

Caleulated aumt,

Actual amt,

Error

Calculated amb.

Actual amt,

Error

Caloulated amb.

Actual anmt.

1
|ExTor
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ENCLOSURE (R), continued

= Table VII(E)

AMOUNT “OF DEVIATION 8cm GUN
(MINUTES)
at o
R, . -
oo 10° 2% | 30| 40° 50°| 60°| 70° | 80
Calculated amb. ‘1.1; L4 L7 1.4 L.k 1.7 1.4 1.0 2,0
1 |Actual amt. 03] 03] 03] 03} 03| 03] 03| 03| 03
Error “1.1 0 -1 | -4 | -1 | %1 ) - | -La | - o7 | -7
Calculated amt, 501 27} 3.0 301 3.0 3.0]| 30! 34| 51
2 |Actual amt. 2.6 2.6 2.6 2.6 2.6 2,6 2,6 2,6 2.;—
Error = Ouh | = 0.1 [~ 0uh |"~0k [ -Ouk |- 04 } - Oub| ~ 0.8 |- 2.5
Caloulated amt. 50 511 51| 51| 5.1 57| 6.8 | 9.1
3 |Actual amt. 5ub | Suk | Sub 1 5ub | 5k 5.4 5.5 1 5.5
Error 1+ 03 +0.3 +0.3 +0.3 |+ 0.3 - G.3 -1.3 | - 3.6
Calculated ambe bl 7] 7.8l 78] 82l &4 95| 15| 169
4 |Actual amt. 90| 9.0 89| 89| 88| ssl| 88| 90 9.2
Error £ 206 | L6 ] L1 |+ L1 |+07 [+ 0 =07 ] - 25 (- %7
Caloulated smte | 1L | 1.1 | 111 | 1.1 | 1.8 | 12.8 1 12| 179 {423.10
5 [ Actual amt. B | B3| 132 | 1.1 ) 1.0 | 13.0 | 11| Bk | 1.7
Error $2.3 1 422 | +2.1 | 2.0 1+ 1.2 | +0.2 - 0.7} -ks5 .7
clodated w, | 109 | 1.2 | 159 | 159 | 165 | 17.9 ¢+ 20.6| 26.7, 46.2

Actual amt,

8.4 | 183 18.1 | 18.0

18.1

1 18.3

+
18.7 |

Error

+3.1 +2.2 *1.5

0,2 |

- 5,0

T

Calculated amt,

19.6 ! b 2.6 | 23.0

3.5 \
[ 15,9

26,0

{ 20.4| 1.9

Actual amt,

23.8 | BT 3.7 | 23.8

2.9 i

25.1

Brror

+ 4.2 ; 3.8

Calculated amt.

24,6 i 25.7

Actual amt,

29,5 | 29.6 1 30,1 | 30.4

31,0

3L.9 ] 33.2

Error

by 14 | 1.7

+4e9

5.1

-13.7 |~ 2.3

Calculated amb,

311 33.1

Actual amt.

35.7 | 36.2

Error

+ 46 |+ 3.1 - 1,6 |~ 5.6

.5

~32.9 |- 76.8

Calculated amt.

38.11 41.9

Actual amt,

42.5) 43.6

Error

t Leh 17

Caleulated amt. 47,6 ;. 54,7 | 65,1
11 | Actual amt. 50,21 52.4 | 56.0 ]
A +2,6 ; - 2.3 ~-9.1 i
Le. wlated amb, P71.2 ;
T2 ual eat. Pen3 '
[Ermr P ~6.9 i !
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ENCLOSURE (EJ, continued

127 e GUN

M1 23000

=z 1000
'I‘;H’wo

+= 1000
L5000

7 8 b4 190

Figure 2318)
DEVIATION CURVES

/0 e GUAI

8 9 0

Figure 24(K)
DEVIATION CURVES
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ENCQOSUHE (B), -continued R

8 cm GUA

90

L ’ » ¥ So 3 ;- 8071
B : ) w:60°

| AEE! ]
7

K= 40°

:=20°) ds=0°
. wqpl//j;7f

\\
\
. 3
3

Y m\g
N
N

AN

10 .
g~ |
- 1
Q9 /i 2 3 4 5 6 7 &8 9 /G 4 /(2
£ /(m
. : i =
Cien - ‘ , i Figure 25(E)
N ) DEVIATION CURVES
- L = £,
= . L3
Voo S ! i 0
72
n =Zn =1,28 0 ]

n = 1,200

= 1.2 Wy,

WB = 1.5 Wig
In ﬁhééé, the sub-numbers show the type of gnn. Bothn and w are standard for
10 cm gun. Accordingly the fixed values, on the firing teble and cozputer
values are as shown in Tables VIII(E), IX(E))X(E) and Figures 26{%, ta 31(E}.

N, Fiat Trajectory Correcting Computer

gince there are some differences iin the type of shell, weight of :=hell exc.,
between ithe AA shell (high-angle shell) and the flat trajectory shell, the

trajectories will differ; there is a correction of angle of rear sight onliy
depending on whether AA or flat trajectory fire is belng carried out. Flat g
trajectories corrections are: . e

(Ry) = T, (Ry)

AL CFLAT
= R,

= fi7)



ENCLOSURE '(E), continued

Table VIII(E)
CONVERGING ANGLE

ato

12.7cn GUN

) calcuhted amt, .

s s e & Sy

10 Z BO—T Le: t

o ! o

13725 13ﬂ6 11.63 158.8 ; l795l

o |

213.9

Actual amb,

7.2 | 7.2 8.5 8 ﬂ 9.5 lu5.o

Error

603

T62., -65.8 - ~7z.o' e 0 |-108.9

- Caleulated amb, J

68.8 | 69.8; T3.2 9.4 | 9.8

" 2:Actual amt.

8, 2 107.0

Error

ca.'l.culated amt.

3 Actual amt.

6 -8 -95!—11.3
52.9‘ 59..

58.h

lk.b
71.3

46,1, b65 485 52021

‘Error

C&lw]ated amt.

3

e

' ~0.0

3.9

+043 =~ 0.3

' -t
~0.7 ; 1.4

3hal; 39.7 | u..9

L; Actual amt.

33.8 : 33.9 38.0 ° uz.s, 50.0

Error

Calculated amt.

5 Actual amt.

|

Error

Calmlated amt.

DRI . S

" 6 Actusl amt, I

: Error

Calmla.ted amt

i

ok

35.9 |
33.8

S o1

318

30.2

‘}5

275.

27-9 bo29. 3

POV

27 . 28.

~0.7 - —092 —12 ~1.¢£>__L—21l -31

zé.snl 23.3 a.a 2.5 299 357
?2 5 22,6 23-5 77 ¢ 28.2 33 1
-Oh L -0.7 1.3 -1.7 -z 6

196 Ta0.0 09 2.7

-0.9
T

. 7 Actual amt,

9.7 o 29

K Error l

Calculated amt.

8 ‘ Actufal amt.

i Error

19.8 20,6 ¢ 22.1
+0.1

0.2 -0.3 ! Jo.6 -L7

17.2 19.9 22.1;%

177;

17 2 183 :

—

17. 8 18.9 19 7

+0.6  ~0.2 -o.a'

2,0, 25.8

| caleulated amt.

15.3 *© 15.5 16.3 ! 176 20.0 !

9 ‘ Actual amt.

16,3 163 16.8 E—I7~_9T

h
\ Error

s’?nz’erO.s-' +05 ] +o.3

+1,0

| Calculated amt.

lh.é 15.9 |

Actual amt.

Error

Calculated amb,

Actual amt .

e R

+0.9
133
11;.1v .3 !

Error

C&lculated am‘r..2 i

Actua.l amt.

Error

*L.7 +lb 42,0
; ]

11-5;
131+'

]_16|

687

26 7

535'

!

"h.

- 0,97 20
R .
238‘
232

-_06,

7.5
U616 & 622 | 648 69.91[ 7351 92.4 s 74

130' '
‘...

*ll;

1.9 1

’208

91.7

JRNDRE

36.8? 122.9

', l3h.

—— [... ——

561

50 1I 70.9 i

: ‘9-5_§
e

9.0
-7.8
574 ¢
55.’.6

393
361;

2.9 5.8

s s03

32.4 k5.2

- 51
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ENCLOSURE (F}, continued

Table IX(E)
CONVERGING ANGLE

Galculated amt,

Actual amt.

Error

Calculated amt.

Actual amt,

Error

Calculated amt.

Actual amt,

Error

Calculated amt.,

Actual amt,

Error

Caleulated amt,

‘Actual .amt.,

Error

Calculated amt.

Actual amt.

Error

Calevlated amt.

Actual amt.

Error

Calauleted amt. | - : Iy

hobual ant. ! ‘ 01 3.0 420!

i y )
Error =04 ~2.3 |

Calaulated amt. N 30.6 0 4.7

Actuwal amt. 30.3 © A2-6‘

Error * PT03 0 2.1

Calculated amt, D275 0.2

Actual amt. 6 27.3 | s

Error 0.2} -1.7
It

Calculated amt, - ! 25.0i 36.6

Actual amt. 8 25.0

Error

Calculated amt.

Actual amt,

Exror

Calculated amt,

4
{Caleulated amt.

;_rActua.l ant .

| Exrror

Calenlated amt.

Actual amt.

!m-ror
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ENCLOSURE (E), continued

r

Table X{(E)
CONVERGING ANGLE gem GUN

10

-

;Calculated amt. 139.6

o
+ 1., Actual amt. 4.6

 Error -65,0

i Calculated amb. 69.8

" Actual amb. 63.5

Error ~6,3

i Calculated amt. 46.5

; Actfual ant, 47.3

Brror +0,8

Calculated amt, 34.9

" 4 hetual amt. |-33.8

' Error = 1.1

| Calculated amt:. 27.9 |3

' 5 \Actual amt. 26.2

{ Error - 1.7
i

*Caleulated ambe 23.3

| 6 Actual amt. 2.5

i
| Brror - 1.8

Calculated amt. 20,0

‘| Actual amt, 18,6

| Error "l

Calculated amt, 17.5

| Actual ant., 16.6

Error -0.9

Calculated amt.

i
Actual amb,

Error .

Calculated amt,

Actual amt.

Zrror

Calculated amb.

Actual amb.

Error




ENCLOSURE (F), conttlnued

12.7 om GUN

WA
\ \\\ \
&\\\\\
AN
N

N
N

Figure 26(E)
TYPE 94 HOD 1 DIRECTOR
R, vs. n

Vidure 271(8)
TYPE 94 MOD 1 DIRECTOR
Rl ng, n B
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ENCLOSURE (E), continued

Figure 28(&)
TYPE 94 ¥OD 1 DIRECTOR

R, vs. n

_Hence, graduations are made for A; dependent on T, when we investigate %%
" %o make it correspond to the graduations of T, we find that Al inereases.
Conversions for gun types are mzade by changing the graduations.

0. Target Director (AA Director)

The commander is stationed in a projection set-up in the turret of the 4A direc-
tor. When he sees the target in the 8cm A4 binoculars (since the pointers ang
setters nre within the turret, fleld of vision is limited - and since the point-
ing and setting telescopes ere only 4em, and of inferior telescopic power ccx-
pared to those of the commander) the commander determines the tdrget. There
‘are many cases ol bungling because of the extremely great lapse of ftime re-
ouired for the pointers and setters to discover the target. Consequently, it
was determined that the commander should define the target; in order to inform
the pointers and setters of the director and bearing, the commander comrunicates
the angle of elevation and the angle of turn as shown in his binoculars. .TLis
angle is entered on the left lens of the telescopes for pointing and setting.
In order to simplify their movements so as to be able to follow the targets
closely without moving their eyes from the telescopes, the pointers and setters
" always announce the guide seen in ‘he left lens over the communicator. vhen
tne commander defines the target, he too will:flash the pilot light and submit
his findings by the communicator, as in Figure 32(E). The pointers too when
they pick up the target, will push the foot-operated switch and work the com-
mender's buzzer. Moreover, since previously on the left lens oi the polinter's
(telescopes) a red light from the panel has meant "Fire", a red lignt will

mean "Firem ‘and a white light will mean "follow the target".

’
/"

14
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s

E’NCL()SI/R@' (E), -continued

Table XI(E)

HORJZONTAL ERROR WITH A THIRTY KNOT SIDE-WIND 12.7cn GUH
—_— - i} S
5 " o ‘ '
i ) 0000 1000 2000 3000 4000 5000 6000 7C00
Caloulabed amt., | 5.3 T
1! Actual amt, 5.3 R
| Evor 0.0
Calealated amt. | iih | 13.2 I R R A
' 2 [ Actuar am. 1.2 | 124 T T
Error -0.2 | -0ls -
Caleaulated amt'.‘ 18,6 19.6 24,5 R
37 Actual amt. 17.5 | 19.0 | 23.9 ) o
Ervor -0.7 | ~0.6 | -0.6 T
T Caloulabed amte. | 2603 | 27.2 | 30.2 | 39.2 T
4! Actual et 25.3 | 26.3 | 29.4 | 3.2 o ;
| Exror -13 [ -0.9 |-0.8 | ~1.0 T
' lcaloulated amt. | 35.1 | 35.7 | 37.7 | h2.5 | 55.8 | P
15 | sotual amt, 3.5 | 3hek | 36.8 | b2 | 55.7 ; % |
‘| mrror -6 | -L3 | -0.9 | -0.4 | -0.1 ﬂ
[ coroutstea amt. | 43,6 | war | usis |48 | 555 | w1l 1_“_‘
i .6 | Actual amt. 52,1 | 42,9 | 45.0 | £9.0 | 56,8 | 76.5 | ; i
L[ Evor L5 | L2 |-05 |+03 |+1.3 |r24 | |
i | Caleulated amt., 51.7 | 52.4 | S5l | 55.8 | 60.3 | 70.1 } 95.0 -
| 7| Actual ant. T50.9 | 5L9 | 53.6 | 56.9 | 63.0 | 7.6 . 99.9 )
A - 0.8 - 0.5 |+002 |f1L | 27| @5 teg o
[ Calowlated amt, | 59.5 | 60.2 | 613 | 63.0 | 66,5 | Dok | 863 | 1203
g | Actual amt. 59.6 | 60.6 | 62.5 | 65.2 | 70.2 | 781 | 92.8 ‘ 116._9"%
Eevor WL | 10uh | w2 | c2.2 | 3.7 | b7 | 59 66
Caloulated amb. | 6.4 | 67.5 | 68.6 | 70.5 | 741 | 80.0 90,0 ‘%_1079;2 ;
9 | Actual amt., 67.9 | 69.1 | 70.9 | 73.9 | 78.3 | 849 i 95.9 { 115.7 |
Error L5 | L6 | w23 | Bk |t ka2 |+ b9 59 |- 6.5 |
Galoulated amt. | 73.7 | 7h8 | 76.5 | 79.3 | €3.5 | so.1 ,—Ic_)l;é"f.i'z—l.l ;
10 | Actual ant.. 76.0 | T7.2 | 79.h | 82.5 | 86.9 | 945 .10k4 i 110.1
Errvor 23 | 2 | 92,9 | 32 | B |- bk 26 " —2.0'1
Calculated amt. 8Ll.4 82.8 85,3 8".3" 96,7 _]J-.O..]:‘ o T
11 |Actual amt. | ‘;33.:6___%‘87;.;“"‘8‘3;.5 15009 | 957 0306 o
- il v | s | e e es T
Caleulated amt.. | 89.6 | 92.2 | 96.6 _i L ,L___E___j
12 | Actual amt, [ o5 920 oo |+ 1
}Errcr E +0,91 - 0.2 -1.7 , l E’,¥ ,_,Ji v ;




RESTRICTED

ENCLOSURE (E), comntinued

Table XII(E)
HORIZONTAL ERROR WITH A THIRTY KNOT.SIDE-WIND  1Ccm GUN

- : N I
a oa S
' 60 70
5.7

Calculated amt. 8.5

Actual amt. . 6.0 8.5

| Error . . g 0.5

Calculated amt. . . 1.0

Act®al ant, o . 12.5

Error + U9

Caleulated amb. 17.8

Actual amt,

Error i

Calculated amb.

Actual amt,

Error

Caleulated amb.

Actual ant,

Exror

Calculated amt.

Actual amt,

] Error

l Calculated amt,

[—
7, Actual amt,

—
! Error

1
. Caleulated amb.

—
8 Actual ant.

% ! Error

; Calculated amt. |46, £8.5 | 1015

9*! Actual amt. W3 ! 7 7L 100

EEn'or . L0t H o, - 2,5

Caleulated amt. . 8 | SL1 | Shh | 3.2 B0.3 1134
! . e

Actual amt. 89,5  127.9

Error , SBT3

Calculated amt, | . 98,3 1394
- H +

Actual amt. 11027 W72

Error

Ca.lculated“a;x-t. )

12 | Actual amt,

¢« Error

j Caleulated amt.

.13 | sctval amt, T6.4
; z
1 Error - - 1.2

I calculated ant, 85.0

14 rAcmml ant. 83.6 | 95,0
} -

- .
t Calculated amb.

15 * Actual ant, Los ) a2

;wﬁmr L -14.8 - 20,1
t
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ENCLOSURE (E), continued

- Table XIII(E) ,
HORIZONTAL ERRCR WITH A THIRTY KNOT SIDE-WIND 8cm GUN

Py

70°
Calculated amt. 17.6

Actual amt, 11&.'.7

Error ~0,3 -2.9

Caloulated ambs | 134 38.5

Actual amb. 11.9 32.3

Error -1.5 ~6.2

Calculated amt, 22,7

Actual amt, 19.9

i Error - 2.8

| cdlculated amt, | 33.8

4 | Actual amt, 29.5

Exrror ~he3

Calculated amt. | 46.2

5 i Actual amb. ' 40.6.

| Brror ,/,l i ~5.6 |

_ Caleulated amb. ! 57.9 ;

6 | Actusd ant. D525 |

! Error ~54 l

Calculated amt. 68.3 l

Actual amt. 6h.2 i

Error -4l i

Calculated amb, , 77.6

Actual amt. T5.7

Error bo-1.9

Calculated amt., 85,9

v
i
L
H

Actual amt. ¢ 86,7

+0,8

Calculated amt. | 9he6 _

Actual amt, t97.2

Fxror ' +2,6

Caloulated ant. | 103.7

Actual amt, © 107.0

EREE

Calculated amb,

Actual amt.

Error
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ENCLOSURE (E), continued

2.7 crm. GUAS

’ ]
/M = 66&0
Hon (7000
e
H =
— /%% aco
W _////‘;7,‘;}'2”&
pu /2
/

Pigure 29(E)
TYPE 94 ¥OD 1 DIRECTOR
Rl vs. w

P. Examples of Computing

As already shéwn,the calculation of the second form of R in paragraph D the
range ratio in paragraphs E aend F, and the vertical predictions in paragraph J
it is certain that any number of errors may occur with the problem of calcula-
tion.

On a course in which the minimum horizontal range is 1000 m, & 12.7cm gun is
rired at & flying target with an altitude of 4000 m and a speed of 200 m/sec.

‘ dR .
{1 R1=R+ET+R1 { (l-—gos 5) + cos a cos {(a + o) {1 - cos §) KI
d -
a—% T sin o + sin a cos (o + o) (1 - cos o)

R
R]
dB R cos (a + o) | s w
— = ———————— sin, &
Ry

dt cos a




ENCLOSURE (E), continued

10 cnm GUN =77 ° =607

. R L _ Figure 301(£)
e : i, . TYPE 94 KOD 1 DIRECTOR
= PN " . , o ) R1 vs. W o N

IS} B S

. o o di
> S . da R S = %~ cos b
e o T —eoT =o .+ sin 2a + o) ——

dt R rad

= L “‘ o o ) .

o ' ‘ dB« R - cos (a + o) L
: S - T = ~——=v——- s5in 3

i

. - N i . ‘ .
. o . da dR ) .. ‘
T ’ = aTb'L T Ty FITY ] = Fle) + {ﬂum (2a + o) T Ty >—~-<--—~~—~~
gl_i [T- dR £ry T = ¢3s (o + o) sin &
dt dt -

=

. cos a
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ENCLOSURE. (E). continued

®cm Gun A=70° A260° a=50° A:40* o= 30°

- :,0 _ v [ / 4701 //a. o'//amja/- 7%7;/ ﬁ,fja)// o ' '
o LY
| | Vz

8
[~
~
NS R

/
7
A/
/

R
N
N
N

N

1, Zo
- e Y 4

20 7
. /0
B a Y} 2 3 4 s 6 7 8 9 @ tr 12

e Km

. Figure 51(F)
TYPE 94 ¥OD 1 DIRECTCR

R1 vsS. W

In this method of calculation, (1)'is correct for all calculations. The basic
calculation of (2) is for the old Type 94 and (3) for Type 94, improved.
Accordingly the results of the calculations are as in tiie Tollowing table.
“When R in the upper left hand column is the basis of calculation we calculate
the respective a,, Ry, dRsdt, da/dt which are in corresponding positioms.
The R for (2) and (3) which is on the lower half of the table is the K.shown
since only the values of g and & change when calculating (2) and (3), those
for (2) are shown as (?) and while those for (3) are shown o' and '

Wwhen we consider these errors; A8’ and A¥'" are almost identical, ard of
/o is about tune same value.as o. Though the errors have been lessened, we =
o bring the calculation of the upper and lower portions of the table clozer o
the basic caleulations. The influence of the range ratio is nardly shown.
. But in short it shows that the theory in paragraphs E, F, and G is correct.

That‘ an error occurs in the latter is inevitable when we consider tne influenc
of R. But that will be exact when R 1is sma;Ll as shown by Figzure 6(®).

120



EXCLOSURE (E), coniinaed

ANGLE OF ELEVATION

COMMANDERS TRLESLOPE
FROM FOOT PEDAL

FPOINTER'S
LEFT LENS

‘BuznER @@ i—g—-o——

SENDING

LIGHT SHCEWING
DiRECLTION OF

TARGLT{ []

TO LENBHES
ANGLES HEIGHT e
RS L.

QQ—I FOOT PLDAL.
FOR POINTER

SEMNDING

T 1

RECEIVING
LIGHT SHOWING
PIRECTION OF TARGET =

P
COMMANPELRS BINOLULAR TRAVIERSING WHEBSBL

% LEFT LENS
OF SRTTER
COMMANDER"S i

FooT PEPAL

~
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TARGET DIRECTOR- LAYOUT
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RESTRICTED

ENCLOSURE (F)

- TYPE 4 MODIFICATION 3 SIMPLIFIED SHORT RANGE DIRECTOR SYSTEM
(KOSHA SHAGEKI SOCHI)

Legend for Figure 1(F)
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Figure 1(F)
TYPE 4 NOD 5 SINPLIFIED SHORT RANGE DIRECTOR




RESTRICTED 0-30
ENCLOSURE (F), conilnued

BN ' - COMMON SIGHT
S : i TARGET SPEED GRADATION

ELEVATION SCALE
7 POWER MONOCULAR

FQUILIERATOR SPRING CYLINDER

SIGHT DEFLECTION CORREC-
* TION EREVATING WHEEL

SIGHT ANGLE CORRECTION AND

FLAT TRAJECTORY RANGE HANDLE.{ BREAST-FAD

MOUNT

= Figure 2(F)
TYPE 4 MOD 3 DIRECTOR, RIGHT VIEW

- & TARGET COURSE BOARD (TABLE)
TARGET COURSE ARROF

HANDIE TARGET SPEED POINTER

FUSE TIME DELAY (CURVED
LINE) SCALE CYLINDER

= ) Figure 3(F)
TYPE 4 MOD 3 DIRECTOR, LEFT VIEW



ENCLOSURE (F), continued

Figure 4(F)
TYPE 4 MOD 3 DIRECTOR, FRONT VIEW

TARGET COURSE
SCALE NEGATION
TRANSMISSION AXLE

Figure 5(F)
TYPE 4 MOD 3 DIRECTOR, REAR VIEW

RESTRICTED




RESTRICTED

ENCLOSURE (F), continued

STEEL BELT
ADJUSTING ROLLER

SIGHT ANGLE TRANS-
MITTING STEEL EELT

STEEL BELT
CONTROL FITTING SCREWS

Figure 6(F)
TYPE 4 OD 3 DIRECTOR. INNER VIEW OF ELEVATING ARC




RESTRICTED

ENCLOSURE (F), continued

BEARING STRUT FITTING

GEAR HOUSING

Figure 7(F)
= ryPE 4 HOD 3 DIRECTOR. DRAWING, FRONT VIEW



RESTRICTED

ZNCLOSURE (F), continued

BEARING STRUT FITTING

MTRROR SEAT LOCKING PIN

Figure &(F)
TYPE 4 HOD 1 DIRECTOR, DETAIL, FRONT VIEK
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